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FOREWORD 

The primary avionics software system (PASS) requirments for the computer 
programs that execute in the Shuttle general-purpose computers (GPC's) are 
specified in the Computer Program Development Specifications (CPDS's) and the 
Functional Subsystem Software Requirements (FSSR) documents. The requirements 

are specified at three levels: 

Level A CPDS - System-level constraints and capabilities 
Level B CPDS - Functional requirements 
Level C FSSR - Detailed-level requirements 

The Level A CPDS specifies system-level constraints and capabilities that 

are not oriented toward any particular program end item. The Level B CPDS 

specifies system-level requirements for guidance, navigation, and control 

(GN&C) and detailed requirements for systems management (SM) and vehicle 

utility (VU). The Level C FSSR's specify the detailed requirements for GN&C 

and display/ controls. The Level C reconfigurable requirements are specified 

in the systems management and payload documents. _The Level A, Level B, and 

Level C requirements documents are Listed in Section 2, Applicable Documents. 
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1.0 INTRODUCTION 

1.1 PURPOSE 

The purpose of the Ascent/Return to Launch Site (RTLS) Navigation Level C 
document is to present the requirement details and formulations of the Ascent/ 
RTLS navigation Level B functional requirements for the orbiter guidance, 
navigation, and control (GN&C) flight software. 

1.2 SCOPE 

This document contains the requirements, details, and formulations for 
those navigation functions that are operative during the ascent and RTLS por- 
tions of the space transportation system (STS). The navigation functions are 
those specified in the GN&C Level B functional requirements document. 

1.3 ORGANIZATION 

This document is organized into the following sections: 

1.0 Introduction 
2.0 Applicable Documents 
3.0 Overview 

4.0 Detail Requirements 
5.0 Supplemental Material 

Section 1 defines the purpose, scope, and organization of this document. 
Applicable documents are listed in Section 2, and an overview of the naviga- 
tion program is described in Section 3. Section 4 presents the detailed 
requirements of the document. In general, each subsection of Section 4 is 
structured as follows: 

e Text 

e Input parameter table 

e Qutput parameter table 

e Principal function tables (input/output, I-load, K-load, constants, 
and cross-references) 

1-1 

STS 83-0005B



Table 1.3-1. 

Space Transportation 6 
Systems Division 

Symbols Used in Tables 

  

  

        

Syabol Description 

Char Character string 
D Discrete 
bP Double precision 
F Scalar, floating point 
I Integer 

M Matrix 
s Single precision 
Vv Vector 
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2.0 APPLICABLE DOCUMENTS 

2.1 LEVEL A DOCUMENTS 

SS-P-0002-140 NSTS Downlist/Uplink Software Requirements 

SS-P-0002-150 #NSTS Launch Data Bus Software Interface Requirements 

SS-P-0002-170 NSTS Systems Level Requirements, Software 

2.2 LEVEL B DOCUMENTS 

SS~P-0002-510 NSTS Functional Level Requirements, GN&C 

SS~P-0002-550  #NSTS Functional Level Requirements, Vehicle Utility-02 

SS-P-0002-580  NSTS Functional Level Requirements, Systems Management 

2.3 LEVEL C DOCUMENTS 

STS 83-0001 Operational Flight Level C, Functional Subsystem Software 
Requirements; Guidance, Navigation, and Control, Part A, 

Entry Through Landing Guidance 

STS 83-0002 Operational Flight Level C, Functional Susbsystem 
Software Requirements; Guidance, Navigation, and Control, 
Part A, Guidance Ascent/RTLS 

STS 83-0003 Operational Flight Level C, Functional Susbsystem 
Software Requirements; Guidance, Navigation, and Control, 
Part A, Guidance On-Orbit/Deorbit 

STS 83-0004 Operational Flight Level C, Functional Susbsystem 
Software Requirements; Guidance, Navigation, and Control, 
Part B, Entry Through Landing Navigation 

STS 83-0005 Operational Flight Level C, Functional Susbsystem 
Software Requirements; Guidance, Navigation, and Control, 
Part B, Navigation Ascent/RTLS 

STS 83-0006 Operational Flight Level C, Functional Susbsystem 
Software Requirements; Guidance, Navigation, and Control, 
Part B, On-Orbit Navigation 
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- STS 83-0007 Operational Flight Level C, Functional Susbsystem 
Software Requirements; Guidance, Navigation, and Control, 
Part C, Flight Control Entry--GRTLS 

STS 83-0008 Operational Flight Level C, Functional Susbsystem 
Software Requirements; Guidance, Navigation, and Control, 
Part C, Flight Control Volume 1, Ascent Flight Phase, 
Volume 2, Ascent 

STS 83~0009 Operational Flight Level C, Functional Susbsystem 
Software Requirements; Guidance, Navigation, and Control, 
Part C, flight Control Orbit DAP 

STS 83-0010 Operational Flight Level C, Functional Susbsystem 
Software Requirements; Guidance, Navigation, and Control, 
Part D, Redundancy Management 

STS 83-0013. Operational Flight Level C, Functional Susbsystem 

Software Requirements; Guidance, Navigation, and Control, 
Part E, Inertial Measurement Unit Subsystem Operating 

Program 

STS 83-0014 Operational Flight Level C, Functional Susbsystem 
Software Requirements}; Guidance, Navigation, and Control, 
Part E, Volume 1, Navigation Aids Subsystem Operating 
Program, Volume 2, Star Tracker Subsystem Operating 

Program 

STS 83-0015 Operational Flight Level C, Functional Susbsystem 

Software Requirements; Guidance, Navigation, and Control, 
Part E, Subsystem Operating Programs, FC 
Sensor/Controller 

STS 83-0016 Operational Flight Level C, Functional Susbsystem 
Software Requirements; Guidance, Navigation, and Control, 

Part E, Subsystem Operating Programs, FC Effector 

STS 87-0017 Operational Flight Level C, Functional Subsystem Software 
Requirements; Remote Manipulator System 

STS 83-0020 Operational Flight Level C, Functional Subsystem Software 
Requirements; Displays and Controls 

STS 83-0026 Operational Flight Level C, Functional Subsystem Software 
Requirements; Cuidance, Navigation, and Control 
Sequencing 
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JSC-19350 . NSTS Flight Software Initialization Load 

e Volume I General Requirements 
e Volume II Mission I-Load Requirements 

JSC~19478 Payload Management, Level C Flight Software 
Requirements 

JSc-19590 Systems Management, Level C Flight Software 
Requirements 

2.4 ICD DOCUMENTS 

IcD 3-1011-02 GPCc/DEU ICD 

ICD 3-0068-03 PASS/BFS ICD 

In the event of a conflict between the documents referenced herein and 
the contents of this specification, the precedence shall be determined as 
defined in paragraph 1.3 of CPDS SS-P-0002~-170, Volume 1, System Level 
Requirements, Software. 
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3.0 OVERVIEW 

3.1 OPERATIONAL NAVIGATION PROGRAM 

For the space transportation system (STS) the operational navigation 
program has requirements specified at three levels: system level (A), func- 
tional level (B), and detailed level (C). In addition, the level B and C 
requirements are specified in separate documents for guidance, navigation, and 
control (GN&C) and for system management (SM). This document is the ascent/ 
RTLS navigation part of the GN&C level C STS requirements. 

3.2 GN&C SOFTWARE MAJOR FUNCTIONS 

The orbiter general-purpose computer (GPC) provides the following GN&C 
major functions: 

e Guidance (GUID) 

e Navigation (NAV) 

e Flight control (FC) 

e Redundancy management/moding, sequencing, and control (RM/MSC) 

¢ Subsystem operation programs (SOP) 

e Displays and controls (D&C) 

e Other 

This document specifies the software functional requirements for the GN&C 
major function, ascent and RTLS navigation. 

3.3 NAVIGATION SYSTEM OVERVIEW 

The basic function of the navigation system is to provide an estimate of 
the Orbiter state, based on either inertial measurement unit (IMU) only or 
IMU-NAVAID data during all of the flight phases. This document provides 
detailed navigation software functional requirements for the ascent and RTLS 
operation sequences (a list of operation sequences is contained in 

Table 3.4-1). 
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3.3.1 Navigation Functions , 

In general, the navigation software requirements can be divided into the 
following major functions: 

Navigation control. Performs the initialization of navigation function 
parameters and sets up the sequencing of functions to accomplish naviga- 
tion requirements. 

Measurement scheduler. Selects the appropriate sensor measurements in 
accordance with selection criteria. 

Data handler. Prepares data for sensor measurement processing. 

Navigation reconfiguration. Initializes state vector (and covariance 

matrix for sensor measurement processing or navigation state updates) and 
prepares site location data. 

State and covariance propagation. Propagates (i.e., integrates to cur- 
rent time) state and covariance matrix for subsequent sensor measurement 
processing. Also propagates state at a faster rate for user parameter 
calculations (see below for definition). 

State and covariance update. Determines and performs state and covari- 
ance updates, i.e., calculates new values of the state and the covariance 
matrix based on the measurements. y) 

User parameter calculations. Computes state-related parameters for 
guidance, display, control, and other users. 

In this document, each of these functions is discussed in detail according to 
Mavigation phases for which they are applicable. 

The navigation software requirements, as presented, make assumptions 
about how nonnavigation functions will be performed. Completion of the soft- 
ware requirements will require adequate definition of the timing and data 
timetagging mechanization and the input/output processor (IOP) mechani- 
zation. Changes in the navigation software requirements may be necessary, 
depending on actual implementation of the nonnavigation functions. 

The details of each function and their interconnection with each other 
are shown in Section 5.2 by means of flow charts. These flow charts are not 
to be construed as requirements but rather as examples of how the requirements 

stated in the text may be implemented. 

In the ascent and RTLS navigation principal functions, the state vector 
has six components: three each for position and velocity. This state vector 
is time-propagated with IMU data. In addition, in the RTLS navigation func- 
tion, the state vector may be measurement-updated with data from barometric 
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altimeter, TACAN, and MSBLS. Drag pseudomeasurements are also utilized for 
state vector updating. The Kalman filter scheme is employed. 

The RTLS navigation software has provisions to allow the crew to select 
some sensors manually and to override the automatic measurement residual 
edit. Provisions have also been made to enable the crew to manually update 
the state vector by means of a keyboard entry. A ground uplink command may 
also cause the onboard state vector to be updated based on ground 
observations. 

The navigation software also provides parameters needed by guidance and 
display. Position and velocity propagation has been designed so that it may 
occur at a faster rate for users than for the navigation external sensor data 
(filter) processing (ESDP). Covariance matrix propagation must be performed 
by the ESDP function. The fast~rate propagation for users is updated with 
the ESDP updated vector (which is more accurate) each navigation cycle. 

3.3.2 Navigation-Related Functions 

The above designation refers to a function called “area navigation.” 
This function supports a specialized display device by providing it with 
information related to the navigation and guidance functions. 

3.3.3 General Requirements 

General requirements are software requirements in the category of ser- 
vices available to one or more users, that are not uniquely related to the 
Navigation function. 

The general requirements include, but are not Limited to, the following: 

e Ascent precise predictor 

e Ascent site lookup 

3.3.4 Requirements and Assumptions Overview . 

The following two sections present an overview of the requirements and 
assumptions of the STS ascent and RTLS navigation software. 

3.3.4.1 Requirements. The following statements are navigation require- 
ments that must not be violated. 

1. During the time that a state vector is being read by nonnavigation 
application software, that state vector or portions thereof will not 
be updated by the navigation software. The reset equations in the 
user parameter propagator shall be so protected. 
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2. -Statements that snap data on entry into navigation shall be made so S\ 
that each sensor's data and the respective time tag are consis~ 
tent. The time tag is assumed to be measured in mean solar seconds 
from December 31 0.0 hours prior to the year in which the mission is 
launched. If a mission extends into a new year, the time will not 
be reinitialized to zero at the beginning of the new year. 

3. Data from all sensors will be collected at the beginning of each 
filter cycle, so that they are timewise as close to each other as 
possible. The sensor data snap functions should not be interrupted 
by other programs until they are completed. 

4. During RTLS navigation, processing of a measurement to update the 
state vector and the covariance matrix must be completed before the 
processing of the next measurement is started. 

5. Processing of all sensor data available at a given filter cycle will 
be completed before starting the next filter cycle. 

6. The IMU redundancy management selection filter must provide 
navigation with the total accumulated sensed velocity in M50 
coordinates. Redundancy management must also provide navigation 
with ADTA (barometric altitude), TACAN, and MSBLS data with data 
validity indicators and time tags as appropriate. 

7. Filter statistics are in double precision so that the quadratic form i) 
of the Kalman filter can be used. 

8. There will be a manual override of the filter residual edit for 
TACAN and barometric altimeter sensors and for drag altitude mea- 
surement processing. 

9. Both automatic and manual capability will be available for selecting 
navigation sensors for navigation processing. 

10. The six elements of the navigated state vector consist of the posi- 
tion and the velocity of the Shuttle navigation base point in M50 
coordinates. The vector is converted to appropriate coordinates 
(such as runway coordinates) for users. 

ll. Selected sensed velocity data are used without reference to the 
quality of the data. IMU data good flags, if any, are not used by 
Navigation, but by the IMU redundancy management. 

3.3.4.2 Assumptions. The following statements represent assumptions 

used for the navigation formulations and are reflected in the flow charts 

given in Section 5.2. 
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Initialization (event 14) shall be performed after platform release 
but before engine ignition. Initialization shall occur 8 seconds 
prior to SRB ignition to prevent long-term integration of acceler- 
ometer biases. 

Completion of initialization shall be the event that initiates 
cyclic execution of both the ascent navigation principal function 
and user parameter-state prepagation function. 

If a launch hold of more than 1 minute occurs after navigation 
initialization has been performed, cyclic execution of the ascent 
navigation principal function shall be cancelled and initialization 
shall be performed again. This recycle shall be performed by soft- 
ware external to the navigation flight software and accomplished 
while the vehicle is still on the ground. 

No external sensor data processing shall be performed by the ascent 
navigation principal function. 

Modeled venting accelerations shall not be employed in the state 
propagation during OPS-1 and OPS-6 (Table 3.4-1 for OPS defini-~ 
tions). Modeled drag accelerations shall be employed only during 
periods of nonthrusting flight when IMU sensed accelerations are 

below a given threshold level (in magnitude). 

If no RTLS abort occurs, the final action of the ascent navigation 

sequencer principal function is to save then-current data (in pro- 
tected Locations) for initialization of navigation in the succeeding 
computer memory load (either OPS-2 or OPS-3). It is the responsi- 
bility of the incoming navigation function to take appropriate 
action to account for the time Lapse between memory 
reconfigurations. 

OPS-1 and OPS-6 software are core-resident, and selection of an RTLS 

abort (i.e., hand-over of control authority from one navigation 
sequencer to another) does not cause a computer memory reconfigura~ 
tion or stop then-current cyclic processes. No provision is made to 
initialize OPS-6 navigation from saved OPS-1 data. 

The ascent navigation principal function will be used throughout 
Major Mode 601 (Table 3.4-1 for major mode definitions) until com- 
pletion of the external tank separation maneuver. 

The ascent navigation principal function shall be cancelled and the 
RTLS navigation principal function selected on proceeding to Major 
Mode 602. 

Once the RTILS navigation principal function is active, drag, TACAN, 
MSBLS, and barometric data processing capability will be provided. 
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Sy 
OPS except OPS-9. The ascent/RTLS navigation sequencer shall remain 
in control until the end of rollout. 

The capability to select only TACAN range or only TACAN bearing is 
not in the current baseline. The navigation software will assume 
that RM will satisfy a separate DG for each of TACAN range and 
bearing and that RM will set the appropriate DG to bad if either 
range or bearing is not locked up. 

Drag may be processed with TACAN, and drag may be processed with 
barometric data. However, both drag and barometric data may not be 
used together to update the state vectors. 

Nav assumes that RM sets a data-good for each of the MSBLS 
measurements. 

The baro probe is assumed to be at the navigation base. 

There is no onboard antenna location correction for MSBLS range and 
azimuth and TACAN range and azimuth measurements. 

All MSBLS onboard antennas are assumed to be collocated. 

No manual capability to override sensor data-good flags exists 
within the navigation software. Such override, if any, will be . 
through the redundancy management or selection filter functions. ( 
Data will be presented to the filter for processing only if the 
data-validity flag is set to GOOD. Even in that case, however, the 
data will be incorporated only if the residual edit passes or the 
sensor force switch is set. 

A whole vector (M50 coordinates) update to the onboard state may be 
command uplinked from the ground during OPS-l. A delta state vector 
(in runway coordinates) correction update from ground calculated 
data may be performed either directly by ground command uplink or 
manually by the crew during OPS-1 or OPS-6. 

The air data transducer assembly (ADTA) will supply navigation with 
a flag indicating the air speed of the vehicle is in the Mach jump 
region. 

3.4 OPERATION SEQUENCES AND MAJOR MODES 

Table 3.4-1 identifies the names for the various operation sequences 
(OPS) and their major modes referenced in Section 4, Detailed requirements, 
and Section 5.2. Detailed descriptions may be found in Level B CPDS. 
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Table 3.4-1. Operation Sequences and Major Modes 
(Major modes Listed are only for ascent and RTLS operations) 

  

  

Major Mode 
Operation Sequence No. Major Mode Name 

OPS-l: Ascent operations 101 | {Terminal count 
102 First stage 
103 Second stage 
104 OMS 1 insertion 
105 OMS 2 insertion 
106 Insertion coast 

OPS-6: RTLS operations 601 RILS second stage 
602 RTLS entry 
603 RTLS TAEM 

OPS-2: Orbital operations 

OPS-3: Entry through landing operations 

OPS-8: On orbit checkout 

OPS-9: Preflight/postflight checkout         
  

3.5 IMPLEMENTATION CONSTRAINTS 

The navigation subsystem design is capable of recovering from the effects 

of many transient-type errors. Accordingly, the software design shall not 
preclude this capability by causing a program halt, permanent discontinuance 
of navigation processing, or loss of protected data as a result of program 
check or error interrupts. 

Check or error interrupts shall be prevented by software safeguards, or 
standard fixup and error returns shall be, provided that are appropriate in the 
Navigation function as described in Level A CPDS, Section 4.6.4. 

The footnotes (Fl, F2, etc.) specified in Section 4 of this document — 
refer to the specific fixup described in the Level A CPDS. 

3.6 TIMING 

Timing in this document is related to error free processing conditions. 
See Level A CPDS SS-P-0002-170, paragraph 4.4.2A, for timing related to error 

processing conditions. 
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4.0 DETAILED REQUIREMENTS 

The various subsections of this section specify the detailed requirements 
for the Shuttle navigation system flight software package operation during 
OPS-1 and OPS-6. This document contains STS detailed requirements for navi- 
gation and user parameter processing principal functions for ascent and RTLS. 

When viewed in the larger context of the total Shuttle flight software, 
the navigation software package documented herein is, itself, a modular system 
whose function is to supply various parameters required by other major modular 
systems such as guidance, displays, flight control, and others. The require- 
ments placed upon the navigation system by these various users often play a 
large role in determining the design structure and cyclic rate structure of 
the navigation system. The required interfaces between the navigation system 
and the other major software systems that use navigation system data are 
presented in the Level B CPDS document which controls all the interfaces 
between principal functions. 

Table 4.0-1 shows the traceability of the software segments in FSSR 
Level C with respect to the CPDS Level B. 

Table 4.0-1. Software Requirement Traceability 

  

  

CPDS Level B FSSR Level C 
Section No. Software Segment Section No. 

4.139 Ascent navigation sequencer 4.1.1 
4.147 Ascent/RTLS navigation sequencer 4.1.2 
4.15 Ascent navigation 4.3.1 
4.205 RTLS navigation 4.3.2 
4.238 Ascent site Lookup 4.5.2 
4.197 Ascent user parameter processing sequencer 4.1.3 
4.19 Ascent user parameter processing 4.6.1 
4.200 RTLS user parameter processing sequencer 4.1.4 
4.20 RTLS user parameter processing 4.6.2 
4.236 Ascent precise predictor 4.5.1 
4.237 Ascent area navigation 4.7           
The automated data base (IDD, I-load, and K-load) tables provided herein 

define initialization and signal (parameter) interface requirements either 
between hardware (LRU) and software elements or between software elements and 
other software elements. In the event of a conflict between the data base 
tables and other internal tables, the SASCB data base-controlled tables take 
precedence. 

—
 

99
65
68
49
 

  

1a GN&C software element is either a sequenced principal function, crew- 
generated specialist/display function, or an OPS display function. 
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SL, Note that IDD output (source) tables which reflect parameters going to 
input (destination) "TLM" shall not be interpreted as a signal actually being 
downlisted. The parameter may only be available for downlist in COMPOOL and 
may not appear in a downlist format. 

If there is a conflict between the data in the flow diagrams and the 
written requirements, the written requirements shall have precedence. 

4.1 NAVIGATION AND USER PARAMETER SEQUENCER PRINCIPAL FUNCTIONS 

The sequencer principal functions shall initialize and sequence the 
proper navigation and user parameter functions to meet navigation and user 
requirements. For the STS ascent and RTLS computer load, there shall be two 
Navigation sequencer principal functions and two user parameter sequencer 
principal functions that control navigation and user parameter principal 
functions. 

Sequencers | Operational Sequences (OPS) 

  

  
Ascent Ascent - OPS-1 

Ascent /RTLS RTLS - OPS-6 

For purposes of discussion in this section, the act of cancelling a 
cyclic process shall mean that the process is permitted to complete an 
in-progress cycle (if applicable) before initialization computations and yy 
subsequent scheduling activities are performed. 

4.1.1 Ascent Navigation Sequencer (4.139) 

The ascent navigation sequencer principal function will initialize and 
initiate cyclic execution of the ascent navigation principal function. Cues 
for performing the proper navigation initialization and sequencing during 
OPS-1 are defined in the Level B GN&C CPDS. The particular events and navi- 
gation actions pertaining to the ascent navigation sequencer are shown in 
Table 4.1.1-l. 

A. Detailed Requirements. The ascent navigation sequencer principal function 
will be invoked upon occurrence of Event 14 (approximately 8 seconds prior to 
SRB ignition and after platform release) and terminated in one of three ways: 

e When normal termination occurs on proceeding to OPS~2. 

e When an AOA abort occurs on proceeding to OPS-3. 

e When an RTLS abort occurs and the ascent/RTLS navigation sequencer 
principal function is invoked on selection of OPS-6. 

1. Navigation initiation (Event 14) = Prior to initiation of cyclic exe- 
cution of the ascent navigation principal function, initialization of 

necessary parameters shall be performed. me 
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The selected accumulated IMU velocity (V CURRENT FILT) and time tag 
(T_CURRENT_FILT) shall be read and saved. A special read request may 
be required for this first-time initialization to acquire IMU data. 
These data are then stored for future use by the state propagation 
subfunction: 

V _LAST FILT = V CURRENT FILT 

T _LAST FILT = T_CURRENT_FILT 

The pad-loaded navigation base origin in earth-fixed geodetic coordi- 
nates (latitude, longitude, and altitude) shall be transformed to an 
earth-fixed Cartesian position vector (R LAUNCH_EF) by using the 
geodetic to earth-fixed function (refer to Section 4.4.2.3) and shall 
also be transformed to a M50 vector (R _FILT) by using the earth- 
fixed to M50 transformation matrix obtained from the coordinate 
systems function (refer to Section 4.4.2) evaluated at the sensed 
velocity time tag (T_LAST FILT): 

R _LAUNCH_EF = GEODETIC_TO_EF(NAVBASE_LAT_ZERO, NAV BASE_LONG_ 
ZERO, NAVBASE_ALT ZERO) 

R _FILT = EARTH FIXED TO M50 COORD(T_LAST FILT) R _LAUNCH_EF 

The M50 velocity vector (V _FILT) will be computed with use of the 
MSO position vector (R FILT) and the earth's angular velocity 
vectors 

V _FILT = -V _REL (0, R _FILT) 

The function V REL is discussed in Section 4.4.5.2 

The model employed for computing the initial acceleration vector will 
be the basic gravitational model (Section 4.2.1.2) with no drag 
accelerations modeled. Selection of this model configuration is 
accomplished by setting 

GM_DEG = 2 

GM_ORD = 0 

The acceleration due to gravitational forces (G OLD) shall be com- 
puted for use in user parameter processing position and velocity 

propagation. The equations for this calculation are presented in the 
acceleration model subfunction (Section 4.2.1.2). 

G _OLD = ACCEL(GM_DEG, GM_ORD, R FILT, V FILT, T_LAST FILT) 

A control flag (indicating usage of IMU data) will be set to the 
appropriate value: 

USE_IMU_DATA = ON 
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Additional initialization for the user parameter state propagation 
subfunction (Section 4.6.1.1) will be accomplished as: 

T_IMU_LAST = T LAST FILT 
V _IMU_LAST = V LAST FILT 

A _SENSED = -G OLD 

Initialization for the user parameter state propagation subfunction 
will be completed as described in Section 4.2.4.- 

The IMU-sensed accelerometer threshold level used in the ascent 
navigation state propagation subfunction will be ‘set to zero, thus 
forcing usage of IMU data until the main engines are stowed. 

  
ACC_PROP_MIN = 0 

The last task of the initiation process is to enable the cyclic 
execution of the user parameter state propagation and ascent naviga- 

tion principal functions. 

ASCENT_INIT COMPLETE = ON 

After completion of initiation, cyclic repetition of the ascent 
navigation principal function will be initiated. The repetition rate ) 
(DT_ASCENT NAV) of the ascent navigation principal function will be i 
premission determined and independent of the repetition rate for any 
other navigation principal function. 

Stow SSME's for Entry (Event 43A) - When the main engines are stowed, 
the IMU-sensed acceleration threshold value will be reset to a 

nonzero I-load value 

  

ACC_PROP_MIN = ACC_PROP MIN REF 

thus enabling use or nonuse of IMU data based on a test of this value 

by the ascent navigation state propagation subfunction. No cancella- 
tion and rescheduling of the ascent navigation principal function is 
required. 

Initiate guidance (Event 45) - 15 seconds prior to OMS-2 ignition, 
the IMU-sensed acceleration threshold value will be reset to zero 

ACC_PROP MIN = 0 

thus forcing use of IMU data by the ascent navigation state propaga- 
tion subfunction. No cancellation and rescheduling of the ascent 
navigation principal function is required. 
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4. OMS engine purge completed (Event 488) or Reconfigure after &CS 
backup translation burn (Event 47B) - After completion of either the 
OMS-2 burn or the BCS backup translation burn, whichever occurs, the 
IMU-sensed acceleration threshold value will be reset to a nonzero 

I-load value 

ACC_PROP MIN = ACC PROP MIN REF 

thus enabling use or nonuse of IMU data based on a test of this value 
by the ascent navigation state propagation subfunction. Mo cancella- 
tion and rescheduling of the ascent navigation principal function is 
required. 

5. Transition from Major Mode 106 to Major Mode 201 or Transition from 
Major Mode 106 to Major Mode 301 (Event 60 or Event 59) = On a crew 
command to exit Major Mode 106 to either OPS-2 or OPS=3 (i.e., a 
computer memory reconfiguration), the final action of the ascent 
navigation sequencer is to save parameters in protected memory 
Locations to supply initialization data for the OPS-2 or OPS-3 
Mavigation functions. Current data will be saved, and ic is the 
responsibility of the OPS-2 or OPS-3 navigation functions to account 
for the time lapse occupied by the reconfiguration of computer mem= 
ory. Prior to the saving of this data, cyclic execution of the 
ascent navigation principal function must be cancelled. The neces- 
Sary computations are: 

R FILTINIT = 8 FILT 

V _FILT_INIT = V _FILT 

T_FILT_INIT = T_CURRENT FILT 

B. Interface Requirements. Input and output parameters are given in Tables 
4.1.1-2 and 4.1.1-3, respectively. Principal function input and output param 
“eters, along with the I-loads, K-loads, constants, and cross-references, are 
presenced in Tables 4.1.1.l-1 through 4.1.1.1-5. 

C. Processing Requirements. None. 

D. Constraints. The IMU's must have been released (placed in an inertial 
mode) prior to Event 14. In addition, the IMU SOP and [MU &M selection filter 
must be active and supply daca for the navigation initialization before 
execucion of the navigation initialization equations which occur at Evenc 14. 

Calculation of ACC _PROP_MIN upon changing flight phases shall not inter 
rupt operation of che ascent “navigation principal function. 

E. Suoplemental Informacion. A suggested implementation of these require- 
ments 1s 1tllusctrated in ASCENT_NAV SEQ of Section 5.2. 
  

Forcing use of [MU data until the main engines are stowed is required to 
Lnsure incorporation of accelerations due to the MPS dump into the navigated 

state as these accelerations may be less than the nonzero [-Loaded value. 
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Forcing the usage of IMU data immediately before and during the OMS-2 
burn is required to ensure the detection of thrusting by the user parameter 
state propagation subfunction even if the ascent navigation state propagation 
subfunction has not detected thrusting yet. This action prevents an abrupt 
change in the user parameter state the first time it is reset by navigation 
after OMS-2 ignition. 

Table 4.1.l-l. OPS-1 Level B Events 

International 

  

  

          

Event Navigation Navigation 
No.® Event Name Criteria Action 

14 Navigation Tr 7 8.0 sec Initialize ascent 
initiation navigation navigation 

43A Stow SSME's for End of lst powered | Reset ACC_PROP_MIN 
entry flight mode to ACC_PROP MIN REF 

45 Initiate guidance Begin second Reset ACC_PROP_MIN 
powered flight to zero 
mode 

48B OMS engine purge End of OMS-2 Reset ACC PROP MIN 
completed maneuver to ACC_PROP_MIN REF 

60 Transition from OPS transition to Save data for OPS-2 
Major Mode 106 to OPS-2 from OPS-1 navigation initiali- 
Major Mode 201 zation in protected 

memory Locations 

59 Transition from OPS transition to Save data for OPS-3 
Major Mode 106 to OPS-3 from OPS-1l navigation initiali- 
Major Mode 301 zation in protected 

memory locations 

47B Reconfigure after End &CS backup Reset ACC PROP MIN 
RCS backup transla- translation burn to ACC_PROP_MIN REF 
tion burn 

‘current Level B CPDS designation.   
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Table 4.1.1-2. Ascent Navigation Sequencer Input Parameters 

Input Sanple 

Description Syebol Sources Type | Precision | Range | Unies Rate 

Latitude of vehicle navigation base NAVBASE_LAT_ ZERO (a) F oP rad Sequencer 
at reference point on pad rate 

Longitude of vehicle navigation base | NAVBASE_LONG (a) F oP tad Sequeacer 
at reference point on pad ZERO rate 

Altitude of vehicle aavigation base MAVBASE_ALT_ZERO | (a) v 8 fe Sequeacer 3 
ac reference point on pad rate Is 

on 
Accelerometer sensed acceleration ACC PROP MIN (a) F 8 ft/, As = 
threshold value REF sac required n 

Current Shuttle position vector BR _FILT (b) v DP fc Sequencer 
cate 

Currene Shuctle velocity vector Vv FILT (b) v $s ft/ Sequencer 
sec rate 

Accumulated IMU velocities associ- V _CURRENT (b) Vv oP fe/ Sequencer 
ated with R_FILT and V_FILT FILT sec rate 

Time tag of current Shuttle position | T _CURRENT__ (b) F DP sec Sequencer 

and velocity vector FILT rate 

MSC event: Liftoff minus 8 sec EVENT_14 (b) D ON/OFF Sequencer 
rate 

MSC event: stow SSME's EVENT_43A (b) D ON/OFF Sequencer 
rate 

MSC event: OMS-2 TIG-15 sec EVENT_45 (b) D ON/OFF Sequencer 
rate 

MSC event: flag indicating RCS EVENT_47B (b) D ON/OFF Sequencer 

backup translation burn rate 

MSC event: OMS engine purge EVENT_48B (b) D ON/OFF Sequencer 
comp lected rate 

MSC event: terminate OPS=1 and EVENT_60 (b) D ON/OFF Sequencer 
transition to OPS=-2 rate 

MSC event: terminate OPS-1 and EVENT_59 (b) a) ON/OFF Sequencer 
transition to OPS=3 race 

NOTE: Input parameters associated with che acceleration models are identified in Section 4.2.1.2 for the 
ascenet/RILS operations computer load in the ascent precise predictor K-load table. 

4see ascent navigation principal function (4.15) I-load and K-load cables. S 
See ascent navigation sequencer principal function input parameter cable (Table 4.1.1.1-1). Is 
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Ascent Navigation Sequencer Output Parameters 
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International 

aw 
  

  

Oucput Comp 
Description Symbol Destination] Type] Precisioa | Range | Unics Rate 

Time of the filter state vectors T_LAST_FILT (b) F oP sec Sequencer 
race 

Current Shuttle position vector & _FILT (b) v 1) ft Sequencer 
rate 

Currenc Shuttle velocity veccor V FILT (>) v 8 ft/ Sequencer 
sec race 

Flag indicating che use of INU USE_IMU_DATA (bd) D ON/OFF Sequencer 
daca in state propagation rate 

Vehicle tocal acceleration vector G _RESET (b) v $8 fe/ Sequencer 
(MSO) used in user parameter sec? | race 
state propagation 

Vehicle position vector after all | 8 RESET (b) v oP fe Sequencer 
navigation updates. Reserved for race 
resec of guidance integrator 
position vector R_AVGG 

Vehicle velocity vector after all V _RESET (b) v $ fc/ Sequencer 
navigation updaces. Reserved for sec vate 
resat of guidance integracor 
velocity vector V_AVGG 

Time associated with reserved T_RESET (b) fF DP sec Sequencer 

reset state race 

Copy of V CURRENT FILT reserved as | V IMU RESET (b) Vv yy fc/ Sequencer 
velocity count at start ot extrap- sec race 
olation anterval when guidance 
integrator 18 reset 

Switeh indicating (on) that currence] FLLT_UPDATE (b) D OFF ON Sequencer 
measurement processing is complece race 

Shuttle velocity vector saved V _FILT_INIT (b) v s fe/ Sequencer 
across memory reconfiguration and sec rate 
ueed for navigation initialization 

Signal co ascenc UPP sequencer ASCENT_INIT_ (b) D OFF/ON 
indicating completion of ascent COMPLETE 
navigation initialization 

Accelerometer threshold tese for ACC_PROP_MIN (b) F s 20. fc/ Sequencer 
atate propagation sec’ race 

Previously read selected accumu- Vv LAST FILT (b) v s fe/ Sequencer 
laced IMU velocity sec race 

Shuctle position vector saved R _FILT_INIT (b) v oP ft Sequencer 
acrous memory ceconfiguration and race 
used for navigation initiralizacion 

Time tag of navigacion inicial- TFILT_INIT (b) t oP sec Sequencer 
teation data carried across race 
penory reconfiguration                   Dsee ascent Mavigacion sequencer principal function output parameter table (Table 4.1.1.1l-1). 
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Table 4.1.1-3. Ascent Navigation Sequencer Output Parameters (Cont) 

  

  

Oucput Comp 
Description Symbol Destination | Type] Precision | Range | Unite! Rate 

Previous value of TLAST_FILT T_IMU_LAST (b) F DP sec Sequencer 
rate 

Previous value of V_LAST FILT Vv _IMU LAST {b) v DP ft/ Sequencer 
” sec rate 

Sensed acceleration A _SENSED (bv) v s tc/, Sequencer 
. “— sec race                 

  

*see ascent Navigation sequencer principal function output parameter table (Table 4.1.1.1-1). 

  
  

4-9 
STS 83-0005B 

rer remar re eT NTR SAT EIT  



  

  

Rockwell secstameccton OLN Festina 

4.1.1.1 Ascent Navigation Sequencer (4.139) Principal Function Tables. 

The ascent navigation sequencer principal function input and output 

parameters, along with the I-loads, K-loads, constants, and cross-references, 

are presented in Tables 4.1.1.l-1 through 4.1.1.1-5. 

The values for the I-loads are contained in the I-loads requirements 
document (JSC-19350). 
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Table 4.1.1.1-1. Ascent Navigation Sequencer (4,139) Input/Output 
Functional Parameters 

DBFN: D3B8008-D PN: VP707100037PO00L JULY 17, 1989 OI8D REVOS PAGE 303 
INPUT FUNCTIONAL PARAMETERS FOR ASCENT NAVIGATION SEQUENCER ASC NAV SEQ 64.139 bo 3 § 

R 
DATA E 

FSSR NAME M/S ID NOMENCLATURE SOURCE UNITS TYPE C ' 

ENT STOW_GIH_POSN V9ON8254XC ENTRY STOW GIMBAL POS FLAG MSC BD ° 
M_TODE_1T05/FAmM_105 V90X8623X MAJOR MODE 105 FLAG MSC 3 

HH "201 V90X8189X HAJOR MODE 201 FLAG HSC & 
NAUG_INIT_FLAG V90K8414X NAV INIT FLAG R/S LCH SEQ BO 2 
NAV_PF_INIT V90X8195X INITIATE PWD FLT NAV HSC o 
OPS_PRO_FLAG 101 V93K0009X OPS 101 PRO FLA UI 98 
PROP_FLAG_OFS V94J3791CA PRIME PROP SYS INDICATOR FLAG ASC MNVR DIP 
R_FICTCL) V90HO58GCA X-COMP OF FLTR°S CURR POS VECTOR ASC NAV FT 
ROE ELT OD) V9OHOSS5CA Y-COHP OF FLTR°S CURR POS VECTOR ASC NAV FT 
R_FILT(3) V90HOS86CA Z-COMP OF FLTR’S CURR POS VECTOR ASC NAV FT 
SEL_V_M50(1) V90L2557C SEL TOTAL X VEL M50 IMU RM FT/S DPL 
SEL_V_M50(2) V90L2558C SEL TOTAL Y VEL M50 IMU RM FT/S DPL 
SEL_V_M50(3) V90L2559C SEL TOTAL Z VEL M50 IMU RH FT/S DPL 
TIME_| V90W2553CA TIME OF SEL TOTAL M50 VEL IMU RH s 
TIME_V/T_CURR_FILT V90W2553CB TIME OF SEL TOTAL M50 VEL ASC NAV s 
v_FICTtTqy) V90L0624CA X-COMP OF FLTR‘S CURR VEL VECTOR ASC NAV FT/S 
VIFILTC2) V90LO0625CA  Y-COMP OF FLTR'S CURR VEL VECTOR ASC NAV FT/S 3 
VIFILT(3) V90L0626CA 2Z-COMP OF FLTR'S ogueR VEL VECTOR ASC NAV FT/S a 

V90K8169X MM 301 FROM MM 106 FLAG MSC is 
V90X8632x OMS ENGINE PURGE “COMPLETE MSC S 
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DBFN: D38008-D 
OUTPUT FUNCTIONAL PARMTE SE 

FSSR NAME 
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Table 4.1.1.1-l. 

100037P00 JULY 17, 1989 
ERS FROM ASCENT NAVIGATION SEQUENCER 

M/S ID NOMENCLATURE 

V90A89G6C X-COMP OF SENSED ACCELERATION 
V90A8947C Y-COHP OF SENSED ACCELERATION 
V90A8948C 7- OF SENSED ACCELERATION 
V90AB938CA ACC THRESHOLD TEST FOR STATE PROP 
V90X8924K ASCENT INIT COMPLETE FLAG 
V90U8937CA ACC MODEL DRAG CONST FOR ST PROP 
V90X0224XB FLAG IND NAV FILTER PROC COMPLETE 
V90A0243CB SEL X-COMP OF GRAV ACCEL VCTR RST 
V90A0244CB SEL Y-COMP OF GRAV ACCEL VCTR RST 
V90A0245CB SEL 2-COMP OF GRAV ACCEL VCTR RST 
V90HO584CB X-COMP OF FLTR‘'S CURR POS VECTOR 
V9OHOSS5CB Y-COMP OF FLTR°S CURR POS VECTOR 
V9OHU586CB Z-COHP OF FLTR°S CURR POS VECTOR 
V90H1276CC X-COHP POS VCTR TO INIT NEXT OPS 
V90H1277CC Y-COHP POS VCTR TO INIT NEXT OPS 
V90H1278CC Z-COHMP POS VCTR TO INIT NEXT OPS 
V90HO2Z35CB SEL X-COHMP OF UPDATED POS VCTR RST 
V90H0236CB SEL Y-COHMP OF UPDATED POS VCTR RST 
V90H0237CB SEL Z-COHP OF UPDATED POS VCTR RST 
V90W1287CC TIME TAG OF VCTR TO INIT NEXT OPS 
V90W89G1C PREVIOUS VALUE OF T_IMU 
V9OWBS22CA TIME OF FILTER STATE VECTOR 
V90W0225CB TIME OF FILTER STATE VCTR 
V90X0538XE FLAG TO USE IHU ACCUM VEL OR HOT 
V90L06245CB X-COHP OF FLTR°S CURR VEL VECTOR 
V90L0625CB Y-COMP OF FLTR’S CURR VEL VECTOR 
V90L0626CB Z-COHP OF FLTR‘°S CURR VEL VECTOR 
V90L1279CC X-COMP VEL VCTR TO INIT NEXT OPS 
V90L1280CC Y-COMP VEL VCTR TO INIT NEXT OPS 
V90L1261CC Z-COMP VEL VCTR TO INIT NEXT OPS 
V90L8942C X-COHMP OF PREVIOUS V_IMU_CURRENT 
V90L8943C Y-COMP OF PREVIOUS V_IMU_CURRENT 
V90L8944C Z-COHP OF PREVIOUS V_IHU_CURRENT 
V90L0247CB SEL X-COMP OF ACCUM SENSED VEL RST 
V90L0248CB SEL Y-COHP OF ACCUM SENSED VEL RST 
V90L02469CB SEL Z-COHP OF ACCUH SENSED VEL RST 
V90L0621CB X-COMP VEL W COV MTRX & FLTR UPDTE 
V90L0622CB Y-COHP VEL W COV HMTRX & FLTR UPDTE 
V90L0623CB Z-COMP VEL W COV HTRX & FLTR UPDTE 
V90L0239CB SEL X-COMP OF UPDATED VEL VCTR RST 
V90L0240CB SEL Y-COHP OF UPDATED VEL VCTR RST 
V90L0241CB SEL Z-COMP OF UPDATED VEL VCTR RST 

Ascent Navigation Sequencer (4.139) Input/Output 
Functional Parameters (Cont) 

((
' 

OT8D REVOS PA ASC NAV SEQ 64.139 Books 5 225 
P 

DAT e DESTINATION UNITS pone E 

ASC UPP FT/S 
ASC UPP FT/S 
ASC UPP FT/S 
ASC NAV RTLS WAV FT/S. 
ASC UPP SEQ,LPS 
ASC NAV, Ries NAV FT2/SLUG 
ASC UPP,TLM FT/S2 
ASC UPP,TLH €T/S2 
ASC UPP,TLH FI/S2 
ASC NAV FT 
ASC WAV fT 
ASC WAV FT 
ORB/RHD WAV SE D7 WAV SE FT 
ORB/RND WAV SE WAV SE FT 
ORB/RND WAV SE WAV SE fT 
ASC FT oot 
ASC Upp FT 
ASC UPP FT BFL 
ORB/RND WAY SEQ,B/L MAV SEQ $ 
ASC UPP $ 
ASC WAV, ,RTLS MAY $s 
ASC UPP,TLA $ 

ASC MAY FT/S 
ASC MAV FT/S 
ASC MAV FIsS 
ORB/RHO NAV SEQ,D/L MAY SE FIsS 
ORB/RND NAV SEQ,D/L MAV SE FI/S 
ORB/RND NAV SEG,D/L WAV SE FT/S 
ASC UPP Vs 
ASC UPP FT/S 
ASC UPP ate 
ASC UPP FI/S 
ASC UPP FT/S 
ASC UPP FT/S 
ASC NAV FT/S 
ASC NAV FI/S 
ASC NAV FI/S 
ASC UPP FT/S 
ASC UPP FT/S 
ASC UPP FT/S 
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Table 4.1.1.1-2. 

FSSR NAME MSID0 

NO REQUIREMENTS 

Ascent Navigation Sequencer (4.139) I-Loads 

PFS TLOANS UPDATE B/L 
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Table 4.1.1.1-3. Ascent Navigation Sequencer (4.139) K-Loads 

PFS KLOADS UPDATE B/L 

F SSR_NAME MSID MC KLOAD VALUE ENG UNIT DT PR S PR FCIN LAST CR EQTN MSID 
OESCRIPTION 

NO REQUIREMENTS 
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Tab . - : . 
le 4.1.1.1-4. Ascent Navigation Sequencer (4.139) Constants 

NROKRHM. FSSR2.DATA( X01 )BOOKS 
PFS CONSTANTS UPDATE B/L 

SSESCRIPTION 
ee wanna STO MENA 

a UNITS | oT PR $s PF REF LAST CR EQTN MSID 

cto) 

== -- 

TESSERAL HARMONIC COEFFICIENT 5127635957 NO F oO 

c102) 
TESSERAL HARMONIC COEFFICIENT £2 3p721623 ND F oo 

C103) 
TESSERAL HARMONIC COEFFICIENT £:22907694 ND F oO 

c104) 
TESSERAL HARMONIC COEFFICIENT 

E 30466625 ND F oO 

C105) 
TESSERAL HARMONIC COEFFICIENT £:37966803 NOD FO 

C106) 
TESSERAL HARMONIC COEFFICIENT 

+ -B0552749 No F oO 

c107) 
TESSERAL HARMONIC COEFFICIENT £. 78642615 NO F Oo 

c108) 
TESSERAL HARMONIC COEFFICIENT £:35973749 ND FD 

c109) - .41542493 NO Fo 

= TESSERAL HARMONIC COEFFICIENT E-08 

_ DT_ASCENT_NAV 
+3.84 SEC F Ss 

uw SEQUENCING TIME INTERVAL FOR 
ASCENT NAVIGATION 

EARTH V97U4376C +.140764487566 FINN3/ FO . 

RTA TH GRAVITATIONAL CONSTANTS E417 SECHEZ 

EARTH POLE(1} v98U8460C 28322844 NO FS 

X COMP OF UNIT VECTOR IN DIRECTION E-02 

OF EARTH'S AXIS OF ROTATION IN M50 

ARTH POLE(2) v98U8461C - .50279960 NO FOS 

= EARTH MP OF UNIT VECTOR IN DIRECTION E-04 

nw YONA TH'S AXIS OF ROTATION IN M50 

5 

F Ss 
(3) v98U8462C 99999598 NO 

7 & EarTe He OF UNI IT_VECTOR IN DIRECTION &+00 

aes OF EARTH'S AXIS OF ROTATION IN M50 Fo 

- 2 EARTH_RADIUS_EQUATOR 
v97U5324C , 209257414698 FT 

ea EARTH EQUATOREN RADIUS 
i630 E 

F oO 

2° EARTH_RADIUS. G' 
V97U5325C +.209256561680 FT 

3 EARTH DTS OS {GRAV ACCEL) 
£408 ; 

15146460 RAD/SEC F 
EARTH_RATE 

V97U4379C azz oeths 

EARTH'S ROTATIONAL RATE 
E-0 

ELLIP 
V97U5332C g335z5zggoo00 NO FO 

LTP TH’S ELLIPTICITY CONSTANTS 
; 

$101) 
V97U5492C 2282357454 NOD F 

TESSERAL HARMONIC COEFFICIENT 
e - 

$102) 
V97U5493C 2190231337 

TESSERAL HARMONIC COEFFICIENT 
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Table 4.1.1.1-4. Ascent Navigation Sequencer (4.139) Constants (Cont) 

MROKRMM FSSR2.DATA{XO1 1BOOKS 
PFS CONSTANTS UPDATE B/L 

  

FSSR NAME 
DESCRIPTION MSIO 

$(03)} V97U5494C 
TESSERAL HARMONIC COEFFICIENT 

$104) V97U5S4¢95C 
TESSERAL HARMONIC COEFFICIENT 

stos) V97U5496C 
TESSERAL HARMONIC COEFFICIENT 

$106) V97U5497C 
TESSERAL HARMONIC COEFFICIENT 

$007) V97U5496C 
TESSERAL HARMONIC COEFFICIENT 

Ss 98} V97U5499C 
TESSERAL HARMONIC COEFFICIENT 

$ 09 V97U5500C 
TESSERAL HARMOMIC COEFFICIENT 

Zeal 01 V97US582C 
ZoMAL MAQPOMIC CLEFFICIEMT 

Zw. $2 YOTLESEIC 
Zod RAMI CLEP FICTEMT 

cas 3 VITUESESE 
Zh NAIPTILE COE FFICTEMT 

VO7UESESS ZONI LI O64 
Zirh MARPTINLE COEFFICIENT 

  

VALUE UNITS OT pR 

4.272670 
e-on* Wo F Oo 

-.2125929 este No Foo 
#.1968107 
egg e?? No FD 

- 44125015 
E-06 No FO 

¢.14718958 
E-06 No Fo 
-.12140873 No 
£-07 F 8 
¢.63163541 NO 
E-08 F 
0 NO F oO 

¢.10626271 No F oO 
E-02 
=~. 25358868 uD fF oO 
€-05 
-.16246180 "oO fF oO 
E-05 

wat 

whe 

  

  

99
65
68
u)
 

99
65
68
89
 

uo
ew
ig
 
sw
er
st
s 

v
o
n
s
p
o
d
e
u
e
s
 
sl
ed
s 

a 
"9 

  

jJ
BU
OP
OU
sE
{U
} 

}e
mM
yx
90
H



Space Transportation ¢g Rockwell 

Systems Division International 

Table 4.1.1.1-5. Ascent Navigation Sequencer 
(4.139) Cross-keference 
  

  

        

FSSR Name Source Name 

V _CURRENT FILT SEL_V_MSO 

T_CURRENT_FILT TIME_V 

ASCENT_INIT_COMPLETE ASC_INIT_COMPLETE 
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4.1.2 Ascent/RILS Navigation Sequencer (4.147) 

The ascent/RTLS navigation sequencer principal function shall provide a 
capability for control of the navigation principal functions should an RTLS 
abort be required during ascent. Initialization, canceling, and sequencing of 
Navigation processing principal functions for these two navigation phases 
shall be accomplished. 

Cues for performing the proper navigation initialization and sequencing 
during OPS-6 are defined in the Level B GN&C CPDS. The particular events and 
navigation actions pertaining to the ascent/RILS navigation sequencer are 
shown in Table 4.1.2-1. 

A. Detailed Requirements. The ascent/RTLS navigation sequencer principal 
function shall accept control from the ascent navigation sequencer principal 
function on a crew selection of OPS-6. Once initiated, the ascent/RTLS navi- 
gation sequencer principal function shall maintain control of the navigation 
principal functions until the end of the rollout major mode (crew proceed to 
OPS-9). 

1. Crew selection of Major Mode 601 - Crew selection of Major Mode 601 
is accomplished via a hardware switch selection or keyboard entry. 
Cyclic repetition of the ascent navigation principal function will be 
discontinued and then reinitiated at the repetition rate DT RTLS 

  

SECOND STAGE; the rate shall be premission-determined and independent \) 

\ of the repetition rate(s) of any other navigation principal func- 
tions. No further control activity is required of the ascent/RTLS 
Navigation sequencer principal function during Major Mode 601. 

2. Crew proceed to Major Mode 602 - On a proceed to Major Mode 602, 

cyclic repetition of the ascent navigation principal function shall 
be discontinued and the required parameters shall be initialized for 
subsequent execution of the RTLS navigation principal function. The 
computations necessary are the following. 

Pad-loaded values. of the expected values of the magnitude of the errors 
in each of the components of the position and velocity vectors, together with 
the associated cross-correlations, expressed in the UVW coordinate system, are 
used to construct the initial M50 6 x 6 covariance matrix by invoking the 
covariance initialization subfunction (Section 4.2.3). Then the drag constant 
and the minimum acceleration threshold for employment of IMU data in state 
propagation are computed by the equations 

DRAG CONST = DRAG CONST RTLS 

ACC_PROP_MIN = ACC_PROP_MIN REF 

where DRAG CONST _RTLS is an I-load parameter. 

4-18 
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After initialization is complete, cyclic repetition of the RTLS naviga- 
tion principal function shall be initiated. This cyclic repetition shall be 
continued at the same rate until selected MSBLS range and azimuth data are 
valid, at which time cyclic repetition of the RTLS navigation principal func- 
tion at a higher rate shall be initiated and continued until the end of 
rollout. 

The repetition rates for the RTLS navigation principal function shall be 
premission determined and independent of the repetition rate of any other 
navigation principal function. 

B. Interface Requirements. Input and output parameters are given in 
Tables 4.1.2-2 and 4.1.2-3, respectively. Principal function input and output 
parameters, along with the I-loads, K~loads, constants, and cross-references, 
are presented in Tables 4.1.2.1l-1 through 4.1.2.1-5. 

C. Processing Requirements. None. 

D. Constraints. It is assumed that transition to Major Mode 601 occurs 
before the ascent navigation sequencer discontinues use of IMU data for state 
propagation and that transition to Major Mode 602 will occur only after final 
termination of thrusting for the duration of the mission. Without this 
assumption, it would be necessary to reconfigure the gravity model and the 
employment of IMU data at either or both of the above-mentioned transitions. 

E. Supplemental Information. A suggested implementation of these require- 
ments is represented in Section 5.2, ASCENT RTLS NAV SEQUENCER. 

Table 4.1.2-l1. OPS-6 Level B Events 

  

  

        

Event Navigation Navigation 
No.4 Event Name Criteria Action 

A30 Mode transition from | Transition from Cancel ascent navigation}; 
102 to 601 OPS-1 to mode 601 | reschedule at RTLS rate 

A31 Mode transition 103 Transition from Cancel ascent navigation; 
to 601 OPS-1 to mode 601 | reschedule at RTLS rate 

A39 Mode transition from | Mode transition Cancel ascent navigation} 
601 to 602 from 601 to 602 initiate RTLS navigation 

A39B | Mode transition from | Transition from Cancel ascent navigation}; 
104 to 602 OPS-1 to mode 602 | initiate RTLS navigation 

N/A N/A RTLS navigation Cancel RTLS navigation} 
with MSBLS range reinitiate at higher 
and azimuth valid | rate 

4cCurrent Level B designation.       
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Table 4.1.2-2. Ascent/RTILS Navigation Sequencer Input Parameters 
  

  

                  

ea 
Taput Sample 

Description S8yabol Sources Type | Precision | Range | Unite Rate 

Flag indicating availability of MLS MLS AVAIL (a) D on/OFF Ae 
data needed 

Flag indicating MSBLS range data MSBLS_RANGE_ (a) o on/OFF As 
are good DATA_GOOD needed 

Flag indicecing MSBLS asiauth data MSBLS_AZIMUTH_ (a) D ON/OFF Ae 
are good DATA_GOOD needed 

Square root of diagonal elements SIG_DIAG_UVW_ (bd) v oP vary As 
for OPS 6 covariance matrix RTLS needed 
initialization 

Correlation coefficients to CORR_COEFF_RTLS | (b) Vv DP As 
initializae covariance matrix needed 
for RTLS 

Shuttle position vector in M50 R_FILT (a) v DP fc As 
coordinates needed 

Shuttle velocity vector in M50 NV _FILT (a) v s ft/ As 
coordinates sec needed 

Shuttle drag constant DRAG_CONST_RTLS | (b) F s fe2/ | As 
slug needed 

Minimum aagnitude of nongravitational | ACC_PROP_MIN REF | (b) F S fe/ As 
acceleration required for employment sec? needed } 
of IMU data in state propagation ) 

Sequencing time interval for ascent DT_RTLS_SECOND_ | (c) F Ss sec As 
navigation during RTLS second stage STAGE needed 

High rate sequencing time interval DT_GRTLS_NAV_ (ce) F s sec As 
for RTLS navigation RIGH needed 

Low rate sequencing time interval DT_GRTLS_NAV_ (ce) F S sec As 

for RTLS navigation Low needed 

4see ascent/RTILS navigation sequencer input parameter table (Table 4.1.2.1-1). 
See ascent/RTLS navigation (4.205) I-load and K-load tables. 

“See ascent/RILS navigation sequencer constant table (Table 4.1.2.1-46).     

Table 4.1.2-3. Ascent/RTLS Naviatgion Sequencer Output Parameters 
  

  

                

  

Output Comp 
Description Symbol Destination | Type | Precision] Range | Units | Rate 

Covariance matrix (a) M DP vary | As 
needed 

Minimum magnitude of nongravita- ACC_PROP_MIN (a) F s fe/, As 
tional acceleration required for sec needed 
employment of IMU data in state 
propagation 

Shuttle drag constant DRAG_CONST (a) F DP ft2/ | As 
slug | needed 

“See ascent/RTLS navigation sequencer output parameter table (Table 4.1.2.1-1). 
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4.1.2.1 Ascent/RTLS Navigation Sequencer (4.197) Principal Function 
Tables. The ascent/RILS navigation sequencer principal function input and 
output parameters, along with the I-loads, K-loads, constants, and cross- 
references, are presented in Tables 4.1.2.1l-1 through 4.1.2.1-5. 

The values for the I-loads are contained in the I-loads requirements 
document (JSC-19350). 
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Table 4.1.2.1-1, Ascent/RTLS Navigation Sequencer (4,147) Input/Output Functional Parameters 
OBFM- DSBees-p  —py- VP7071 cees7Pee 

JULY 17, 19 
z 

» 1989 
OleD REVeS PACE 306 

INPUT FUNCTIONAL PARAMETERS FOR ASCENT/RILS NAVIGATION SEQUENCER A/RTLS NAV SEQ t 64.147 BOOK : 5 

R 

F 

DATA E 

SSR MAME 
M/S ID NOHENCL ATURE 

SOURCE UNITS TYPE C 
PRS _AVATL 

VOOXS720xB HLS AVAILABILITY ASC SITE Lookup 
- 

MiSI? DaTa_cooo VOOX3003K = HSBLS AZIMUTH DATA coop SF 
BD 3 

PLSRARGE OITA coon V3X3063X = -MSBLS RANGE DAYA 600D SF 
BD S 

rei_COC€_361/nA_o62 V90x8194x MAJOR MODE 601 FLAG HSC 

iz 

rer 682 
¥90x8174x MAJOR MODE 602 FLAG HSC 

2 

R_FILT 1) 
V9GHOS84CA = X- COP. OF FLTR°S CURR POS VECTOR ASC NAV FT 

2 

R-FILT 2) V3QHOS8SCA = Y-COHP OF FLTR'S CURR POS VECTOR ASC NAV FT 
o 

R-FILT 3} V90HOS86CA =. 2-COHP OF FLTR*°S CURR POS VECTOR ASC NAV FT 

WIFILT«L) V9OL862GCA = X-COHP OF FLTR'S CURR VEL VECTOR ASC NAV FI/s 
2 

WIFILT(2) V30L062SCA Y-COHP OF FLTR'S CURR VEL VECTOR ASC NAV FI/S 
z 

WLFILT(I3) V20LQ626CA 2-COHP OF FLTR*S CURR VEL VECTOR ASC NAV FI/S B2 
V90x8159x HM 601 FROM HM 102 MSC 

2 
oo 
i 2} 
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Table 4.1.2.1-1. Ascent/RTLS Navigation Sequencer (4.147) 
Input/Output Functional Parameters (Cont) 

DBFN: D3B008-D PN: VP707100037P00L JULY 17, 1989 OI6D REVeS 
OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT/RTLS NAVIGATION SEQUENCER A/RTLS NAV SEQ 64.147 ponte. 224 

P 

DATA ec FSSR NAME M/S ID NOMENCLATURE DESTINATION UNITS TYPE C 

ACC_PROP_HIN V90A8938CB ACC THRESHOLD TEST FOR STATE PROP RTLS NAV FT/S2 
DRAG_CONST V90U8937CB ACC MODEL DRAG CONST FOR ST PROP RTLS NAV FT2/SLUG 
E(1-T) V90U0650CB COVARIANCE MATRIX ELEMENT 1-1 RTLS NAV,TLM 
E(1-2) V90U0651CB COVARIANCE MATRIX ELEMENT 1-2 RTLS NAV 
E(1-3) V90U0652CB COVARIANCE MATRIX ELEMENT 1-3 RTLS NAV 
E(1-4) V90U0653CB COVARIANCE MATRIX ELEMENT 1-4 RTLS NAV 
E(1-5) V90U0654CB COVARIANCE MATRIX ELEMENT 1-5 RTLS NAV 
E(1-6) V90U0655CB COVARIANCE MATRIX ELEMENT 1-6 RTLS NAV 
E(2-1) V90U0656CB COVARIANCE MATRIX ELEMENT 2-1 RTLS NAV 
E(2-2) V90U0657CB COVARIANCE MATRIX ELEHENT 2-2 RTLS NAV,TLM 
E(2-3) V90U0658CB COVARIANCE MATRIX ELEMENT 2-3 RTLS NAV 
E(2-4) V90U0659CB COVARIANCE MATRIX ELEMENT 2-4 RTLS NAV 
E(2-5) V90U0660CB COVARIANCE MATRIX ELEMENT 2-5 RTLS NAV 
E(2-6) V90U0661CB COVARIANCE MATRIX ELEMENT 2-6 RTLS NAV 
E(3-1) V90U0662CB COVARIANCE MATRIX ELEMENT 3-1 RTLS NAV 
E(3-2) V90U0663CB COVARIANCE MATRIX ELEHENT 3-2 RTLS NAV 
E(3-3) V90U0664CB COVARIANCE MATRIX ELEMENT 3-3 RTLS NAV,TLH 
E(3-4) V90U0665CB COVARIANCE MATRIX ELEMENT 3-4 RTLS NAV 
E(3-5) V90U0666CB COVARIANCE MATRIX ELEMENT 3-5 RTLS NAV 
E(3-6) V90U0667CB COVARIANCE MATRIX ELEMENT 3-6 RTLS NAV 
£(4-1) V90U0668CB COVARIANCE MATRIX ELEMENT 4-1 RTLS NAV 
E(4-2) V90U0669CB COVARIANCE MATRIX ELEMENT 4-2 RTLS NAV 
E(4-3) V90U0670CB COVARIANCE MATRIX ELEMENT 4-3 RTLS NAV 
E (4-4) ¥90U0671CB COVARIANCE MATRIX ELEMENT 4-4 RTLS NAV,TLM 
E(4-5) V90U0672CB COVARIANCE MATRIX ELEHENT 4-5 RTLS NAV 
E(4-6) V90U0673CB COVARIANCE MATRIX ELEMENT 4-6 RTLS NAV 
E(5-1) V90U0674CB COVARIANCE MATRIX ELEMENT 5-1 RTLS NAV 
E(5-2) V90U0675CB COVARIANCE MATRIX ELEMENT 5-2 RTLS NAV 
E(5-3) V90U0676CB COVARIANCE MATRIX ELEMENT 5-3 RTLS NAV 
E(5-4) V90U0677CB COVARIANCE MATRIX ELEMENT 5-4 RTLS NAV 
E(5-5) V90U0678CB COVARIANCE MATRIX ELEMENT 5-5 RTLS NAV,TLM 
E(5-6) V90U0679CB COVARIANCE MATRIX ELEMENT 5-6 RTLS NAV 
E(6-1) V90U0680CB COVARIANCE MATRIX ELEMENT 6-1 RTLS NAV 
E(6-2) V90U0681CB COVARIANCE MATRIX ELEHENT 6-2 RTLS NAV 
E(6-3) V90U0682CB COVARIANCE MATRIX ELEHENT 6-3 RTLS NAV 
E(6-4) V90U0683CB COVARIANCE MATRIX ELEMENT 6-4 RTLS NAV 
€(6-5) V90U0684CB COVARIANCE MATRIX ELEMENT 6-5 RTLS NAV 
E(6-6) V90U0685CB COVARIANCE HATRIX ELEMENT 6-6 RTLS NAV,TLM 
HM_CODE V90Q0555CB SNAP-MAJOR MODE CODE TLM 
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Table 4.1.2.1-2. 

NO REQUIREMENTS 

Ascent/RTLS Navigation Sequencer (4.147) I-Loads 
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Table 4.1.2.1-3. A/RTLS Navigation Sequencer (64.147) K-Loads Ascent/RTLS 
Navigation Sequencer 

OI88 MISSIONS 

  

FESR ae TON MSID MC KLOAD VALUE ENG UNIT OT PRS PR FCTIN LAST CR EQTN MSIO 

CORR_COEFF_RTLS(1) V97U5764C +0.0 E+00 NO F D C G4.1467 896614 

CORR_COEFF_RTLS(2)} V97U5765C +9.0 E-01 NO F D C G4.1467 89661A 

CORR_COEFF_RTLS(3) V97U5766C 40.0 E+00 ND F D C G4.147 89661A 

CORR_COEFF_RTLS(4 3 V97U5787C 40.0 E+00 NO F D C G4.147 89661A 

CORR_COEFF_RTLS(5) V97U5788C 9.0 E-01 ND F D C G4.147 89661A 

CORR_COEFF_RTLS(6) V97U5789C +9.0 E-01 NO F O CG4.147 689661A 

CORR_COEFF_RTLS(73 V97U5790C +6.0 E+00 NO F O C G4.147 689661A 

SIG_OIAG_UVH_RATLS(1) Vv97U5791C 41.0000000 E+03 FT F D C G4.147 89661A 

SIG_DIAG_UVH_RTLS(2) V97US792C 42.0 E403 FT F BD C G4.147 696614 

SIG_DIAG_UVK_RTLS(3) V97U5793C 43.0 £+03 FT F D C G4.147 689661A 

* SIG_OIAG_UVH_RTLS(4) V97US794C +%.0000000 E+00 FT/SEC F D C G4.147 69661A 

& SIG_DIAG_UVH_RTLS(5) V97U5795C +4.0000000 £+00 FT/SEC F D C G4.147 89661A 

SIG_DIAG_UVW_RTLS(6) . V97U5796C 46.0 E+00 FT/SEC F D C 64.147 89661A   
DBFN: 0534 DATE :07/14/88 
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Table 4.1.2.1-4. 

NROKRMM. FSSR2.DATA( X02 IBOOKS 
PFS CONSTANTS UPDATE B/L 

Ascent/RTLS Navigation Sequencer (4.147) Constants 

  
DT_RTLS SECOND _STAGE 

SEQUENCING 

DT_GRTLS_NAV_HIGH 
RIGH-RATE SEQUE 
FOR GLIDE Rist NAVIGATION 

DT_GRILS_NAV_L 

FOR GLIDE RTLS NAVIGATION 

FSSR NAME 
_DESCRIPTION MSID ___tec VALUE UNITS OT PR S_ PF REF LAST CR EQTN MSID 

TIME INTERVAL FOR ASCENT 1.92 SEC F s 
NA YGATION DURING RTLS SECONO STAGE 

NCING TIME INTERVAL 1.92 SEC F $ 

3.64 SEC F s 
TOW-RATE SEQUENCING TIME INTERVAL 

of 
33 
#4 

+ 
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33 
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Table 4.1.2.1-5. Ascent/RTLS Navigation l: 
Sequence (4.147) Cross-References a 

FSSR Name Source Name 

MSBLS_ RANGE DATA_GOOD MLSRANGE_DATA_GOOD 

MSBLS_ AZIMUTH _DATA_GOOD MLSAZ_DATA_GOOD     
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4.1.3 Ascent User Parameter Processing Sequencer (4.197) 

This principal function will provide a capability for initialization and 
control of principal functions and subfunctions associated with the computa- 
tion of user parameters during the nominal ascent operational sequence. This 

cl 

International 

Qt 

sequencer will provide initialization and control of the ascent user parameter 
processing principal function and its subfunctions. 

Events that are to be used as cues for performing the required initiali- 
zation and sequencing are defined in the Level B GN&C CPDS. The particular 
events and a summary of the associated user parameter actions pertaining to 
the ascent user parameter processing sequencer are given in Table 4.1.3-1. 
Principal function input parameters, along with the I-loads, K-loads, 
constants, and cross-references, are presented in Tables 4.1.3.1-l1 through 
4.1.3.1-5. 

A. Detailed Requirements. The ascent user parameter processing sequencer 
shall be invoked at navigation initiation and will be terminated in one of 
four ways: 

‘ 1. When termination occurs upon a proceed to OPS~2. 

2. When termination occurs upon a proceed to OPS-3. 

3. When an ascent abort occurs and the RTLS user parameter processing 

sequencer is invoked upon transition to OPS-6 (abort selection of 
RTLS during mode 103 or following SRB separation command for abort 
selection of RTLS during mode 102). 

4. On any exit to GN&C OPS-9 from mode 101. 

The following paragraphs state the detailed requirements for the sequencer 
itself, on an event-by-event basis. 

ASCENT INIT COMPLETE-Navigation initialized. 

a)! 

Prior to cyclic execution of the 
user parameter state propagator (Section 4.6.1.1), initialization of necessary 
parameters shall be performed. This initialization will be accomplished 
within the ascent navigation sequencer described in Section 4.1.1. 
is required that cyclic execution of the user parameter state propagation 
function not begin until the flag 

ASCENT_INIT COMPLETE 

is received from the ascent navigation sequencer indicating that ascent 
initialization is complete. Cyclic execution of the user parameter state 
propagator then will commence at a repetition rate of 6.25 Hertz. 

EVENT 19-Solid rocket booster ignition command. Based upon this cue, the 

ascent user parameter processing initialization subfunction (Section 4.6.1. 
will be performed: 

CALL: ASCENT_UPP_INIT. 
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D Following this initialization, cyclic repetition of the ascent/RTLS user 
fy parameter calculations ‘(Section 4.6.1.2) and the ascent user parameter HSI 
. calculations (Section 4.6.1.4) will commence at a repetition rate of 

dy 1.04 Hertz. 

EVENT 28-Solid rocket booster separation command. Cyclic repetition of the 
user parameter state propagation function shall be changed to a repetition 

li rate of 2.08 Hertz. 

EVENT 3l-Guidance fine countdown initiate event. Based upon this cue, the 
cyclic repetition rate of the user parameter state propagation function shalt 
be changed to a repetition rate of 6.25 Hertz. 

EVENT 32-MECO command. Based upon this cue, the cyclic repetition rate of the 
user parameter state propagator shall be changed to a repetition rate of 
1.04 Hertz. 

EVENT 36-Transition to mode 104 (OMS-1 insertion). Based upon this cue, the 
current schedulings of HSI calculations, and the ascent/RTLS user parameter 
calculations are to be cancelled. 

EVENT 45-Initiate guidance (OMS-2). Based upon this cue, the current sched- 
uling of user parameter state propagation.is to be cancelled. Cyclic pro- 
cessing of user parameter state propagation is to be rescheduled at a repeti- 

tion rate of 1.04 Hertz beginning with this event. 

Input parameters for the sequencer are given in & B. Interface Requirements. 
The sequencer has no the principal function interface, Table 4.1.3.1-l. 

output parameters. 

C. Processing Requirements. None. 

D. Constraints. None. 

E. Supplemental Information. It is required that the state vector be updated 
by the user parameter state propagator just prior to initiating cyclic pro- 
cessing of the orbit insertion guidance principal function and, further, that 
the state vector also be updated immediately following OMS ignition. The 
scheduling of the ascent user parameter state propagator is to be shifted to 
meet these requirements whenever orbit insertion guidance is to be initi- 
ated. The intent here is to get the executions.of the user parameter state 
propagator in synchronization with those of the guidance program, with the 
propagation occurring just prior to each guidance pass. These processes will 

be begun at such a time before ignition that OMS ignition occurs only shortly 

before a propagation cycle so that Little sensed velocity change will be 
missed over the next propagation step. A suggested implementation for these 
requirements is illustrated in Section 5.6, flow chart ASCENT UPP SEQ. 
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Table 4.1.3-1. 

  

Rockwell Space Transportation 
International Systems Division O 

Event Flag Inputs for Ascent User Parameter 
. Processing Sequencer . 

  

  

  

Event Event Flag Action Taken by Sequencer in 
Flag Description Response to Event Flag 

ASCENT_ | Navigation initializa- | Initiate performance of the user param- 
INIT_ tion complete flag eter state propagation function at a 
COMPLETE repetition rate of 6.25 Hertz. 

EVENT_19 | Solid rocket booster Perform the ascent user parameter 
ignition command processing initialization. Initiate 

ascent/RTLS user parameter calculations and 
ascent user parameter HSI calculations at a 
repetition rate of 1.04 Hertz. 

EVENT_28 | Solid rocket booster Change the repetition rate of the user 
separation command parameter state propagation function to 

2.08 Hertz. . 

EVENT_31 | Guidance fine count- Change the repetition rate of the user 
down initiate parameter state propagation function to 

6.25 Hertz. 

EVENT _32 | MECO command Change the repetition rate of the user 
parameter state propagation function to 
1.04 Hertz. 

EVENT_36 | Transition to mode 104 | Cancel ascent/RTLS user parameter calcu- 
(OMS-1 insertion) lations and ascent user parameter HSI 

calculations. 

EVENT_45 | Initiate guidance for | Cancel and reschedule cyclic processing   OMS=-2   of user parameter state propagation at a 

rate of 1.04 Hertz.     
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4.1.3.1 Ascent User Parameter Processing Sequencer (4.197) Principal 
Function Tables. The ascent user parameter processing principal function 
input and output parameters, along with the I-loads, K-loads, constants, and 
cross-references, are presented in Tables 4.1.3.1-1 through 4.1.3.1-5. 

The values for the I-loads are contained in the I-loads requirements 
document (JSC-19350). 
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Table 4.1.3.1-1. Ascent/User Parameter Processing Sequencer (4.197) 
Input/Output Functional Parameters 

  

  

DBFN: D38008-D PN: VP707100037P00 JULY 89 OI8D REVO PAGE 6 INPUT FUNCTIONAL PARAMETERS FOR ASCENT USER PARAMETER proctssine SEQUENCER ASC UPP SEQ i : § 508 

R 
DATA E . FSSR NAME M/S ID NOMENCLATURE SOURCE UNITS TYPE C 

ASC INIT COMPLETE V90X8924K ASCENT INIT pc OHPLETE FLAG ASC _NAV SEQ 
ECO_C V90X8569XA HECO COMMAND FLAG SSHE ors fe HC ceope. ~104/HH_104 V90X8152K MAJOR HODE™ 104 FLAG MSC a MH_CODE_ 601 HH_ 601 V90X8194X MAJOR MODE 601 FLAG MSC 3 NAd_ INIT FL V90X84G14xX NAV_INIT FLAG R/S LCH SEQ BD {3 NAV_P INIT” V90X8195X% INITIATE PD FLT NAV HSC 2 S_H HECO™ V90X1963XB FINE COUNTDOWN DISCRETE ASC 2STG GUID $s 

SRB IGNITION CMD V90X8377X SRB IGNITION C AG R/S LCH SE BD | 

She-SEP-END-FLAG Wsexesaice Eup SEPARATION conan FLAG eT sEr’ ste 
° V90X8333xX SRB SEPARATION INITIATION FLAG SRB SEP Seq . BD 
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Table 4.1.3.1-2. Ascent/User Parameter Processing Sequencer (4.197) I-Loads 

FSSR NAME MSIO ENG UNIT OT PR OS PR FCTIN CAT 
wwe ween wane ete ewe Meee wee wwe ww wo wwe = www we wm ww oo ww os ee ee ee eo 8 BOD ORE LLL DS OD DP 

NO REQUIREMENTS 
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Table 4.1.3.1-3. Ascent/User Parameter Processing Sequencer (4.197) K-Loads 

FSSR NAHE UNIT DT PR S PR FCTN LAST CR EQTIN MSID DESCRIPTION MSIO MC KLOAD VALUE ENG 
SI  S S e e O mw e wee e eee ewe ee ee ree eee ewe ee wes women = cc ee wwe ww wwe cweweeocewocce 

NO REQUIREMENTS 
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Table 4.1.3.1-4. Ascent/User Parameter Processing 
Sequencer (4.197) Constants 

NROKRMM. FSSR2. DATA(X10 )BOOKS 
PFS CONSTANTS UPDATE B/L 

FSSESCRIPTION MSID Hc VALUE UNITS DT PR S_ PF REF LAST CR EQTN MSID 

NO REQUIREMENTS. 
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Table 4.1.3.1°5. Ascent User Parameter 
Processing Sequencer (4.197) 

Cross-References 

  

FSSR Name Source Name 
  

  
ASCENT_INIT_ COMPLETE ASC_INIT COMPLETE 

SRB_IGNITION_COMMAND SRB_IGNITION CMD       
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4.1.4 RTLS User Parameter Processing Sequencer (4.200) 

This principal function shall provide a capability for initialization and 
control of those principal functions and subfunctions associated with the com 
putations of user parameters during the return-to-launch-site (RTLS) opera- 
tional sequence. The RTLS user parameter processing principal function and 
its subfunctions, as well as the ascent area navigation principal function, 
shall be initiated and controlled by this sequencer. 

Events, which are to be used as cues by the sequencer for performing the 
required initialization and sequencing, are defined in the Level B GN&C 
CPDS. The particular events and a summary of the associated user parameter 
actions pertaining to the ascent/RTLS user parameter processing sequencer are 
given in Table 4.1.4-1. 

A. Detailed Requirements. The ascent/RTLS user parameter processing sequen- 
cer shall be initiated upon the occurrence of any of the following events: 

1. Abort selection of RTLS during mode 102 

2. Abort selection of RTLS during mode 103 

3. Abort selection of RTLS during mode 104 

This sequencer shall be terminated upon the transition from OPS-6 to vehicle 
utility OPS-9. 

The following paragraphs specify the detailed requirements that were 
summarized in Table 4.1.4-1. These requirements specify, for each of the 
event cues to be utilized by the sequencer, the actions that the sequencer is 
to initiate. 

EVENT A30 - Solid rocket booster separation command. On the basis of this 
cue, cyclic processing of the user parameter state propagation subfunction 
(Section 4.6.2.1) shall continue at a repetition rate of 6.25 Hertz. Cyclic 
processing of the user parameter HSI calculations (Section 4.6.2.5) shall 
continue at a repetition rate of 1.04 Hertz. Cyclic processing of the powered 
RTLS user parameter calculations subfunction (Section 4.6.2.2) shall commence 
at a repetition rate of 1.04 Hertz. 

EVENT A3l = Abort selection is RTLS during Major Mode 103. On the basis of 
this cue, cyclic processing of the user parameter state propagation 
subfunction (Section 4.6.2.1) shall be increased to a repetition rate of 6.25 
Hertz. Cyclic processing of the user parameter HSI calculations (Section 
4.6.2.5) shall continue at a repetition rate of 1.04 Hertz. Cyclic processing 
of the powered RTLS user parameter calculations subfunction (Section 4.6.2.2) 
shall commence at a repetition rate of 1.04 Hertz. Cyclic processing of the 
ascent/RTLS calculations (Section 4.6.2.4) shall continue at a repetition rate 
of 1.04 Hertz. 
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EVENT A34A_= MPS guidance cutoff task discrete. On the basis of this cue, the G_ 
cyclic processing rate of the powered RTLS user parameter calculationa sub- 
function (Section 4.6.2.2) and the ascent/RILS calculations (Section 4.6.2.4) 
shall be increased to a repetition rate of 2.08 Herta. The cyelie processing 
rate of the user parameter state propagation function (Section 4.6.2.1) shall 
continue at 6.25 Herts. 

EVENT A39 = Transition from Major Mode 601 to Major Mode 602. On the basis of 
this cue, cyclic processing of the powered RTLS user parameter calculations 
subfunction (Section 4.6.2.2) and the RTLS HSI calculations (Section 4.6.2.5) 
shall be cancelled. Cyclic processing of the ascent/RTLS calculations (Sec- 
tion 4.6.2.4) shall be decreased to a repetition rate of 1.04 Herts. The 
cyclic processing of the TACAN display computations for RTLS (Section 4.6.2.6) 
shall commence at a repetition rate of 0.52 Hertz. Cyclic processing of the 
user parameter state propagation subfunction (Section 4.6.2.1) shall continue 
at a repetition rate of 6.25 Hertz. Cyclic processing of the area navigation 
principal function (Section 4.7) shall commence at a repetition rate of 
1.04 Herts. 

EVENT A39B ~- Transition from Major Mode 104 to Major Mode 602. On the basis 
of this cue, cyclic processing of the ascent/RILS calculations, the glide RTLS 
user parameter calculations subfunction (Section 4.6.2.3), and the area navi- 
gation principal function (Section 4.7) shall commence at a repetition rate of 
1.04 Herta. Cyclic processing of the user parameter state propagation sub- 
function (Section 4.6.2.1) shall be increased to a repetition rate of 
6.25 Herts. The cyclic processing of the TACAN display computations for RTLS 
(Section 4.6.2.6) shall commence at a repetition rate of 0.52 Hertz. 6”) f) 

  
EVENT A4l = Transition from Major Mode 602 to Major Mode 603. On the basis of 
this cue, cyclic processing of the glide RTLS user parameter calculations 
subfunction GUIDECOMP RTLS shall be increased to a repetition rate of 6.25 Hz. 

TC END = Transition to Approach/Land. On the basis of this cue, the 
ascent/RILS calculations (Section 4.6.2.4) shall be cancelled. Cyclic 
processing of the user parameter state propagation subfunction (Section 
4.6.2.1) shall continue at a repetition rate of 6.25 Hertz. The cyclic 
processing of the TACAN display computations for RTLS (Section 4.6.2.6) shall 
continue at a repetition rate of 0.52 Hertz. Cyclic processing of the area 
havigation principal function (Section 4.7) shall continue at a repetition 
rate of 1.04 Hertz. 

B. Interface Requirements. Principal function input and output parameters, 
along with the I-loads, K-loads, constants, and cross-references, are pre- 
sented in Tables 4.1.4.1-1 through 4.1.4.1-5 

C. Processing Requirements. None. 

D. Constraints. None. 

E. Supplemental Information. A suggested implementation for these require- 
ments 1s illustrated in Section 5.6, flow chart RTLS_UPP SEQ. 

Ra 
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Table 4.1.4-1.° Event Flag Inputs for RTLS UPP Sequencer 

  

Event 

Flag 
Event Flag 
Description 

Action Taken by Sequencer in 
Response to Event Flag 

  

  

EVENT_A30 

EVENT_A31 

EVENT_A34A 

EVENT_A39 

SRB separation command 

Transition from Major 
Mode 103 to 601 

MPS guidance cutoff 
task discrete 

Transition from Major 
Mode 601 to 602 

    

Continue ASCENT_RTLS COMPS and PW_HSI_ 
COMPS at a repetition rate of 1.04 Hertz. 

Initiate powered RTLS user parameter cal- 
culations at a repetition rate of 
1.04 Hertz. ‘Continue repetition of user 
parameter state propagation at a rate of 
6.25 Hertz. " 

Increase repetition rate of user param- 
eter state propagation to 6.25 Hertz. 
Initiate powered RTLS user parameter cal- 
culations at a repetition rate of 
1.04 Hertz. Continue ASCENT_RTLS COMPS 
and PW_HSI_COMPS at a repetition rate of 

1.04 Hertz. 

Change repetition rate of powered RTLS 
user parameter calculations and ASCENT_ 
RTLS_ COMPS to 2.08 Hertz. Continue 
repetition of user parameter state propa- 

gation at a rate of 6.25 Hertz. 

Initiate glide RTLS user parameter cal- 
culations at a repetition rate of 
1.04 Hertz. 

Initiate the area navigation principal 
function at a repetition rate of 
1.04 Hertz. 

Cancel the powered RTLS user parameter 

calculations and the PW_HSI_COMPS. | 
Change repetition rate of ASCENT_RTLS_ 
COMPS to 1.04 Hertz. 

Initiate TACAN DISP_COMPS at a repetition 
rate of 0.52 Hertz. 
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Event Flag Inputs for RTLS UPP Sequencer (Cont) 

  

Event 

Flag 
Event Flag 
Description 

Action Taken by Sequencer in 
Response to Event Flag 

  

  

EVENT_A39B 

TG_END 

EVENT_A41   

Transition from Major 
Mode 104 to 602 

Transition to autoland 

Transition from Major 
Mode 602 to Major 
Mode 603   

Increase repetition of user parameter 
state propagation to a rate of 
6.25 Hertz. 

Initiate ASCENT_RTLS_COMPS at a repe- 
tition rate of 1.04 Hertz. 

Initiate glide RTLS user parameter cal- 
culations at a repetition rate of 
1.04 Hertz. 

Initiate the area navigation principal 
function at a repetition rate of 
1.04 Hertz. 

Initiate TACAN _DISP_COMPS at a repetition 
rate of 0.52 Hertz. 

Cancel ASCENT_RTLS_COMPS 

Increase glide RTLS UPP subfunction 
GUIDECOMP RTLS to a repetition rate of 
6.25 Hertz     
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4.1.4.1 RILS User Parameter Processing Sequencer (4.200) Principal 
Function Tables. The RTLS user parameter processing sequencer principal 
function input and output parameters, along with the I-loads, K-loads, 
constants, and cross-references, are presented in Tables 4.1.4.1-1 through 
4.1.4.1-5. 

The values for the I-loads are contained in the I-loads requirements 
document (JSC-19350). 
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Table 4.1.4.1-1, 
8 Sequencer (4,200) 
ers 

DBFN: D3B008-p N: VP707 

  
    

P 100037Po001 
JULY 17, 1989 

OleD Revee PAGE 312 

NPUT FUNCTIONAL PARAMETERS FOR RETURN TO LAUNCH SITECRTLS$ Upp SEQUENCER RTLS UPP SEQ 64.200 BOOK; Ss 
R - 

DATA E 

FSSR NAME 
M/S ID NOMENCLATURE 

SOURCE UNITS TYPE C 
OQ 

HM_CODE_601/HM_602 V90X819qy MAJOR MODE 601 FLAG 
MSC 
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Table 4.1.4.1-2. RTLS User Parameter Processing Sequencer (4.200) I-Loads 
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Table 4.1.4.1-5. 
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RTLS User Parameter Processing 
Sequencer (4.200) Cross-References 

  

  

FSSR Name Source Name 
  

  
No requirements 
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4.2 SUBFUNCTIONS COMMON TO SEVERAL NAVIGATION FUNCTIONS 

This section documents detailed requirements for subfunctions that have 
been identified as being common to two or more ravigstion principal functions 
or their major subfunctions. The detailed requirements specified here will be 
referenced from the sections to which they are cummon and may be regarded as 
inserts to paragraph A (Detailed Requirements). 

4.2.1 State Propagation 

This subfunction will perform a number of tasks related to propagation of 
the Shuttle state vector. The task of reading (snapping) the IMU is performed 
when the total accumulated sensed velocity is required to account for non- 
gravitational accelerations during integration of the equations of motion. 
Modeled drag acceleration is computed in those circumstances in which IMU 
accumulated sensed velocity is not used. The equations of motion are integra- 
ted with the use of a super-g algorithm designed primarily for powered-flight 1 
phases (i.e., those phases in which appreciable nongravitational acceleration 
is experienced) but used also during coasting flight phases. 

vi
v6
eg
a)
 

4.2.1.1 IMU Data Snap. The IMU data snap task will provide the capa- 
bility to obtain the selected IMU<sensed accumulated velocity, expressed in 
M50 coordinates, along with the associated time tag. These data will be 
stored for use in the state propagation subfunction. Data from one good IMU 
are required as indicated in the following example: 

SNAP IMU (V CURRENT FILT, T_CURRENT_FILT) 

These data are obtained from the IMU RM. 

The SNAP statement above implies the assignment of current values to the 
variable names shown in parentheses. 

4.2.1.2 Acceleration Models. The tasks that perform integration of the 
Shuttle equations of motion require models to compute either gravitational 
and/or nongravitational (drag) accelerations. If IMU accelerometer-sensed 
velocity data are used in the integration process, then only gravitational 
accelerations need be modeled. If accelerometer data are not used, then drag 
acceleration needs to be modeled in addition to the gravitational 
acceleration. 

The acceleration function shall be called by its users with values for 
GMD, GMO, R, V, and T. The input flags GMD and GMO control the degree and 
order of the gravitational potential model to be used. R and V are the posi- 
tion and velocity vectors of the vehicle in the M50 coordinate system and T is 
the time tag associated with both of these vectors. 
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First, the central force term of the earth's gravitational acceleration 
shall be computed. This is to be accomplished by calling a special routine 
(CENTRAL), which is available for execution by functions other than the navi- 
gation function. 

CALL: CENTRAL 

INLIST: RB 

OUTLIST: ACCEL,R_INV 

The calculations performed within the routine CENTRAL are the following: 

R_INV = 1.//8| 

ACCEL = -EARTH MU R_INV? RB 

The parameter RB INV must be output because it will be used later in computing 

the other (noncentral force) terms of the gravitational acceleration if so 
requested by the user function. . 

Next, one of the input flags (GMD) is tested to see if only the central 
force term is requested or if additional acceleration calculations are 
desired. If the central force alone is required (GMD = 0), then no other 
calculations are to be performed. If, however, perturbing accelerations are 
wanted (GMD > 0), the following gravity and drag perturbing acceleration 
vectors shall be initialized: 

G=0 
D=0 

Next, the transformation matrix from earth-fixed to M50 coordinates shall 
be obtained, in order to find the earth-fixed position vector and the corre- 
sponding unit vector: 

FIFTY = EARTH_FIXED_TO_M50_COORD(T) 

R _EF = FIFTY! R 

UR = RLINV R _EF 

The gravitational perturbation to ACCEL shall be calculated (Sec- 
tion 4.2.1.2.1) and stored in the vector G. If GMD = 4, then the acceleration 
vector due to drag shall be calculated (Section 4.2.1.2.2) and stored in the 
vector D. The total acceleration is now calculated 

ACCEL = ACCEL + G + D 

A suggested implementation of this task in the form of detailed flow 

charts may be found in Section 5.2. 
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4.2.1.2.1 Gravity. The earth's gravitational attraction will be modeled 
by using S. Pines’ uniform formulation of the spherical harmonics development. 
The following variables are to be set up to serve as starting values for the 
recursion relations used in the Pines formulation: 

AUXILIARY = 0 

RO_ZERO = EARTH RADIUS GRAV B_INV 

RO_N = RO ZERO EARTH MU R_INV" 

Al 2 = 3. UR, 

Ao 2 = 3. 

L=1 

ZETA_REAL, = 1. 

ZETA_IMAG, = 0. 

A is a two-column array used for temporary storage of the Legendre polynomials 
and the derived Legendre functions (which are Latitude-dependent terms), RON 
is the distance-related term, and AUXILIARY is an intermediate scalar 
variable. 

The recursive calculations then will proceed, using as many components of 
the one-column arrays ZETA REAL and ZETA_IMAG as required to account for the 
effects of the tesseral harmonics. 

Do for I = 1 to GMO: 

ZETA_REAL,,) = UR, ZETA_REAL, - UR, ZETA_IMAG, 

ZETA_IMAG,,, = UR, ZETA_IMAG, + UR, ZETA_REAL, 

The derived Legendre functions will then be obtained by means of recur- 
sion formulas, multiplied by the appropriate combinations of tesseral har- 
monics (the Legendre polynomials will be multiplied by the zonal harmonics 
coefficients), and stored as certain auxiliary variables - Fl, F2, F3, and F4. 

Do for N = 2 to GMD the following steps (1 through 5): 

An+1,2 = (2. N + 1.) Ay 2 

Ay,1 * 4n,2 

Ay,2 = UR3 Anei,2 

K = 2 
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2. Do for J # 2 to N 

Ayeye,1 7 Ay-se1,2 

Ay Jel ,2 = (UR; AN-342,2 * Ay-332,12/K 

KefKetl 

3. Fl #0. 

F2 # 0. 

F3 = -A, ) ZONALy 

F4 = A) 2 ZONALY 

(These account for the zonal harmonics contributions.) 

4. If the maximum order of tesserals wanted has not been attained (i.e., 

if N < GMO), do for Nl = 1 to N: 

Fl = Fl + Nl Ay) ) (C, ZETA_REALy, * S; ZETA_IMAG,) ) 

F2 = F2 + Nl Ay) 1 (S; ZETA_REAL,, - C, ZETA_IMAGy)) 

DNM = C, ZETA _REALy),, + S, ZETA_IMAGY) 4) 

F3 = F3 + DNM Ayje),) 

F4 = F4 + DNM Anyy) 9 

L=L+1l | 

(These take into account the contributions of the tesseral and 
sectorial harmonics.) 

5. RO_N = RO_N RO_ZERO 

Gy) = G) + RO_N Fl 

Gy = Gy + RON F2 

G, = G; + RON F3 

AUXILIARY = AUXILIARY + RO_N F4 

(These equations multiply the sum of the zonal and tesseral effects by the 
appropriate distance-related factors, store the results as the components of 
the acceleration vector G, and prepare for final computation by obtaining the 
intermediate scalar variable AUXILIARY, which accounta for an additional 
effect proportional to the unit radius vector UR.) 
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Once these calculations have been completed (N = GMD) and stored, the 
earth-fixed force vector will be obtained and rotated to the M50 coordinate 
system. 

G= G ~ AUXILIARY UR 

G= FIFTY G 

This is the perturbing gravitational acceleration vector needed for the 
equations of motion of the Shuttle. The values of GMD and of GMO may be set 
by the user independently. However, it is necessary that CMO < GMD. A maxi- 
mum value of 4 for GMD will be used, which will make the array ZONAL have 
4 components, the arrays C and S have 9 components each, ZETA | REAL and ZETA_ 
IMAG have 5 components each, and A have a maximum dimension of 5 by 2. 

The terms shown in the earth's gravity calculations as C, and S, are 
usually represented by C and S. respectively, but were renumbered for 
single subscript utilizatfon; the “terms called ZONAL, correspond to Swe 

A suggested implementation of this task is shown in the detailed flow 

chart, ACCEL EARTH GRAV CODE, in Section 5.2. 

The S. Pines formulation of the gravitational potential may be found, in 
condensed form, in the paper “Uniform Representation of the Gravitational 
Potential and its Derivatives," AIAA Journal, Vol. 11, No. 11, November 1973. 
In expanded form and with an earlier draft of the computer program herein 
presented, it may be found in JSC Internal Note No. 75-FM-29, May 27, 1975, 
"Use of a Nonsingular Potential." 

4.2.1.2.2 Drag. The computation of drag accelerations will vary accord- 
ing to the values of an input indicator, designated here as GMD. The value D 
of this acceleration will be set to zero when the acceleration function is 
called. 

IF GMD # 4, the value of D shall not be changed. 

IF GMD = 4, D shall be computed as 

D = - CD RHO DRAG CONST |[V R| V aR 

where the CD is the vehicle's drag coefficient; V _R = V REL (V,R), where V 
and R are, respectively, the velocity and position “vectors in M50 coordinates; 

v _REL is the function that computes the relative velocity of the vehicle with 
respect to the atmosphere (assuming no wind), described in Section 4.4.5.2. 

RHO is the density of the earth's atmosphere} and DRAG CONST which is an. 
I-load for ascent and RTLS navigation, is one-half the cross-sectional area of 
the vehicle divided by the vehicle's mass. 
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‘ The calculations will be performed in the following order! First, the 
altitude (needed for the computation of the atmospheric density, RHO) will be 
obtained from the expression 

ALT = H_ELLIPSOIN (R) 

H_ELLIPSOID is the function that computes altitude above the reference ellip- 
soid, described in Section 4.4.5.1. 

The density then will be found, from one of three different equations; 
the equation used will depend on the altitude range. 

For ALT < 200,000 ft, 
RHO = 5.27039 E-7 

(1962 standard atmosphere atmospheric density tor al'.tude of 
200,000 ft). 

For 200,000 < ALT < ALT_ZONE_CHANGE, 
RHO = SEA_LEVEL_DENSITY EXP (DENSE, + DENSE, ALT 

+ DENSE3/ALT) (Fl, F2, F3) 

For ALT > ALT_ZONE_CHANGE 
RHO = SEA_LEVEL DENSITY EXP (DENSE, + DENSE, ALT 

+ DENSE, /ALT) (Fl, F2, F3) 

Once the atmospheric density has been obtained, the velocity relative to the 
atmosphere expressed in M50 coordinates, VR, will be found. 

After the vector V_R has been calculated, the drag coefficient will be 
obtained from the square of the sine of the angle of attack (SA) and the abso- 
lute value of the sine of the sideslip angle (SB) 

SA = (SIN(ALPHA))2 (F9) 

SB = |SIN(BETA)| (F9) 

where the angle of attack (ALPHA) and the angle of sideslip (BETA) are avail- 
able from the attitude applications calculation subfunction. The sine of 
double the sideslip angle is also needed. 

$2B = 2, SB SQRT(1. - SB) (F4) 

  

Fltnis equation shall be protected against floating point overflow 
(Section 3.5). 

F2this equation shall be protected against floating point underflow 

(Section 3.5). 
Fithis equation shall be protected against divisions by zero (Section 3.5). 
For: s reference shall be protected against square roots of a negative number 

(Section 3.5). 

Fothis equation shall be protected against return value of sine or cosine with 
magnitude greater than unity (Section 3.5). 
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and the drag coefficient is given by 

CD = (CDF + CDN SAEXP_SHAPE_FACTOR) (1, -s3) + CDS SB + CDA $2B SA 

where CDF, CDN, CDA, CDS and EXP_SHAPE FACTOR are K-loads for the ascent 
precise predictor principal function. 

The altitude will be obtained from the expression 

ALT = H ELLIPSOID (BR) 

H_ELLIPSOID is the function that computes altitude above the reference 
ellipsoid, described in Section 4.4.5.1. 

Next, a test on the altitude will be performed. If the current altitude 
is less'than 600,000 feet, a second test will be performed to see if the alti- 
tude is less than 300,000 feet. If the second test is true, then altitude 
will be assigned the value of 300,000 feet. Regardless of the outcome of the 
second test, the angle of attack effects on the drag coefficient will be 
modeled according to 

DIFF_CD = DIFCD1L SIN (DIFCD2 ABS (ALPHA) =. DIFCD3) + DIFCD4 

where DIFCD1 through DIFCD4 are K-loads for the ascent precise predictor 
principal function. The altitude effects on the drag coefficient will then be 
calculated. If the altitude is less than 400,000 feet, a parameter reflecting 
this altitude dependence will be computed as 

- LOG_10_KN = KN1 + KN2 ALT + KN3 ALT? 

Otherwise, this parameter will take the form, 

LOG_10_KN = 0.054287 LOG (KN4 + KNS ALT + KN6 ALT?) 

The parameters, KNl through KN6, are constants for the ascent navigation, RTLS 
navigation, and ascent precise predictor principal functions. . 

The effects of angle of attack and altitude variables on the drag coef- 
ficient will then be combined according to 

DELCD = DIFF_CD (COS(PI(0.375 + LOG 10 KN)))2 

The drag coefficient will then be adjusted to reflect the effects of vari- 
ations in angle of attack and altitude. 

CD = CD - DELCD 

If the altitude is greater than 600,000 feet, no variational effects are 
included in the computation of the drag coefficient. 
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_ Finally, the drag acceleration shall be obtained from the expression 
presented earlier 

D = -CD RHO DRAG CONST |V _B| V_R 

A suggested implementation of this task is shown in the detailed flow 
charts, ACCEL, DENSITY, and ACCEL DRAG CODE, in Section 5.2. 

The parameters used in the computation of accelerations are: ALT_ZONE_ 
CHANGE, CDF, CDN, CDA, CDS, EXP_SHAPE FACTOR, DENSE, C, S, ZONAL, SEA_LEVEL_ 
DENSITY, EARTH MU, and EARTH |_ RADIUS _GRAV (see T-load, “K-Load, and constant 
tables for the ascent precise predictor principal function). 
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p ; 4.2.1.3 Integration of State Equations of Motion. The algorithm for 
integration of the Shuttle position and velocity state equations of motion can 
either use accumulated IMU-sensed velocity to represent the nongravitational 
acceleration, or model drag to compute this acceleration. Section 4.2.1.2 
presents detailed requirements for the ACCEL function, which computes the 
Shuttle acceleration vector (gravitational only or with modeled drag). The 
super-g computational scheme will be performed as follows: 

1. Compute the change in accumulated IMU~sensed velocity: 

DV_FILT = V CURRENT _FILT - V LAST FILT 

2. Compute the sensed acceleration magnitude 

ACC_SENSED = |DV_FILT|/DT_FILT (F3) 

where DT_FILT equals the integration time interval. 

3. Test this sensed acceleration level versus a threshold value 

(ACC_PROP_MIN) 

a. If ACC_SENSED > ACC_PROP MIN, then set flags indicating that IMU 

data and a 2 x 0 gravity model are to be used 

USE_IMU_DATA = ON 
GM_DEG = 2 

» GM_ORD = 0 

b. If ACC_SENSED < ACC_PROP_MIN, then set the same flags to indicate 
usage of a4x4 gravity ~ model, modeled drag, and no IMU data 

USE_IMU_DATA = OFF 

GM_DEG 

GM_ORD 4 

also reset the change in IMU-sensed velocity to zero 

DV_FILT = 0 

4. Evaluate the acceleration vector with the use of the previous value 
of position, velocity, time, and the indicators GM DEG and GM ORD as 
arguments of the ACCEL function: 

G = ACCEL(GM_DEG, GM_ORD, R FILT, V _FILT, T_LAST FILT) 

  

>, F3this equation shall be protected against divisions by zero. Should this 
, occur the quotient should be set equal to zero (Section 3.5) 
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5. Advance the position vector with use of the previous position, veloc 
ity, and acceleration vector and the time interval DT_FILT: 

R _FILT = R _FILT + DT_FILT (V _FILT + 0.5 (DV_FILT + DT_FILT G)) 

6. Reevaluate the acceleration vector with use of the new value of the 
position vector, the old value of velocity, and the final time: 

G _OLD = ACCEL(GM_DEG, GM_ORD, R FILT, V FILT, T_CURRENT_FILT) 

7. Advance the velocity vector with the use of an average acceleration 
vector and [MU-sensed velocity change: 

V _FILT = V _FILT + DV FILT + 0.5 DT_FILT (G _OLD + G) 

8. Adjust the position vector with use of the new acceleration vector: 

R _FILT = R FILT + i. =’ (GOLD - G) pT_FiLT? 

4.2.2 State Vector Interpolation 

The state vector interpolation subfunction will provide the capability to 
propagate the Shuttle's position vector over a small time increment. Propaga- 
tion will be accomplished by using a simple, low-order integrator. This sub- 
function will be used to update the position vector from its current time to 
the time of a sensor measurement (either TACAN, MSBLS, or barometric altim- 
eter), as required by the navigational filter to correctly compute an esti- 
mated measurement and residual. The effect of using the low-order integrator 
in calculating the position vector is not cumulative, and, in fact, a position 
propagation is required only when the difference between the sensor measure- 
ment time and the current time exceeds a predetermined value (EPS TAG). This 

value is a function of sensor accuracy and is premission-Loaded. 

It will first be determined, within this subfunction, whether propagation 
is required according to the inequality 

|T_SENSORS - T_LAST FILT| < EPS TAG 

If this inequality is satisfied, the output parameter, R _RESID, will be 
equated to the filter's previously determined position: 

R RESID =R FILT 

If this inequality is not satisfied, the filter's state vector will be propa- 
gated to the time of the external sensor measurement, T_SENSORS. This will be 
accomplished by the following equations, where the IMU-sensed acceleration is 
being approximated by the term DV _FILT/DT_FILT: 

DT_INTERP = T_ SENSORS - T_LAST FILT 

R RESID = R FILT + DT_INTERP (V _FILT + 0.5 DT_INTERP 
(DV_FILT/DT_FILT + G_OLD)) (F3) 

F3 this equation will be protected against division by zero (Section 3-5) 
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A suggested implementation of this task is shown in the detailed flow chart, 
SV_INTERP_RTLS, of Section 5.2. 

4.2.3 Covariance Matrix Initialization 

In circumstances in which the orbiter position and velocity elements of 
the onboard filter covariance matrix are to be initialized to UVW values, the 
following steps must be performed (in the order indicated): 

1. Data will be input to this subfunction as described by the in. List 
below: 

IN LIST: SIG, COR, R, V 

where SIG is a six-element vector of standard deviations in the UVW 
coordinate system 

SIG), U-position (U) 

SIG,, V-position (V)- 

SIG3, W-position (Ww) 

SIG,, U-velocity (DU) 

SIGs, V-velocity (DV) 

SIG,, W-velocity (DW) 

and where COR is a seven-element vector of correlation coefficients, 
also in the UVW coordinate system 

COR) » correlation between U-V 

COR5, correlation between U-DU 

COR3, correlation between U-DV 

COR, ; correlation between V-DU 

CORs » correlation between V-DV 

COR¢ correlation between W-DW 

COR,, correlation between DU-DV 

and where R and V are the current orbiter position and velocity 
vectors, respectively, in M50 coordinates. 

2.. The current 6 by 6 covariance matrix will be zeroed 

E TEMP = 0. 
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3. The diagonal elements of E_TEMP will be computed 

E_TEMPy + = SIG; SIG;, for I = 1,6 

4. Next, position and velocity submatrix elements, as well as the 
upper right position-velocity covariance elements, will be 
computed 

E_TEMP, , = COR, SIG, SIG, 

E_TEMP, , = COR, SIG, SIG, 

E_TEMP, 5 = COR, SIG, SIG, 

E_TEMP, 4 = COR, SIG3 SIG, 

E_TEMP, 5 = COR, SIG, SIG, 

E_TEMP, , = E_TEMP » 

5. And, finally, a transformation matrix from UVW to M50 coordinate 

system is acquired at current time, and used to rotate portions 

of the E TEMP matrix into the M50 system. The lower left 

position-velocity covariance is also defined 

M = UVW_TO_MS5O (R,V) 

M CETEMP) 19 3,1 70 3) 
E_TEMP: 19 3, 1 TO 3 
E_TEMP, 79 6, 4 To 6 ~ M CE.TEMPa TO 6, 4 TO g) wt 

E TEMP) ro 3, 4 To 6 7M CELTEMP] to 3, 4 TO 6) ut 

ETEMP, 19 6, 1 10.37 (ELTEMP] 70.3, 4 06). 

6. The 6 by 6 covariance matrix —_ TEMP will be output from this 

subfunction. 

A suggested implementation of this task ig shown in the detailed flow 

chart, COVINIT.RTLS, in Section 5.2. 
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4.2.4 User Parameter Propagator Reset 

The user parameter propagator reset subfunction will store the vehicle 
position, the velocity, the associated time tag, the accumulated velocity 
count, and the gravity acceleration vector after all navigation updates for 
use by the user parameter state propagator. 

R _RESET = R _FILT 

V _RESET = V_FILT 

T_RESET = T_LAST FILT 

V _IMU_RESET = V LAST FILT 

G _RESET = G OLD 

Also, the current value of the filter state vector will be saved for subse- 
quent covariance matrix propagation. 

R COV _LAST = R FILT 

Finally, the filter update flag will be set to ON to indicate to users that 
the current navigation filter update is complete. 

FILT UPDATE = ON 

A suggested implementation of this task is shown in the detailed flow 
chart, UPP_STATE RESET, in Section 5.2. 

4.2.5 Delta State Update 

A capability will be provided for updating the position and velocity of 
the Shuttle in flight by using information conveyed via ground-originated com- 
mand uplink or by voice from the ground to the crew for entry via the HSD. 
This capability will be provided by a task that corrects the Shuttle‘s posi- 
tion and velocity vectors by using state deviations in the current selected 
runway coordinate system. 

The performance of a delta state update will require two difference vec-. 
tors (DR_RW and DV RW) to be supplied. These:‘vectors must be set to the 
desired values before the delta state update task is invoked. The appropriate 
Mavigation control subfunction (ascent or RTLS) will invoke the delta state 
update task only when a flag (DO_DELTA_UPDATE) has been set to ON (the control 
subfunctions are described in Sections 4.3.1.1 (ascent) and 4.3.2.1 (RTLS)). 

DR_RW is the difference between the ground estimated position of the 
Shuttle and the onboard navigation system's estimate of the Shuttle's position 
in runway coordinates. DV_RW is the difference between the ground estimated 
velocity of the Shuttle and the onboard navigation system's estimate of the 
Shuttle's velocity in runway coordinates. 
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The sense of these differences is: ground estimated minus onboard esti- 6 
mated. -The onboard estimated vectors are downlinked to the ground at regular 
intervals (see Section 4.9 for downlist rates) and used by the ground to 
calculate these differences, which are then used to correct the onboard vec- 
tors. The correction update will be performed as follows: 

1. Using the earth-fixed to M50 transformation matrix and the runway to 
Earth-fixed transformation matrix for the current selected runway 
(see Sections 4.4.2.2 and 4.4.2.5 for these transformations) the 
delta state update task will convert the difference vectors from the 
runway system to M50 coordinates. 

2. Anew filter state will then be formed by adding the M50 difference 
vectors to the filter state with the same time tag as that used for 

the Earth-fixed to M50 transformation matrix. For the velocity part, 
it will be necessary to take into account the rotation of the earth. 

The equations required to generate the new vectors R_ FILT and V_ FILT 
and to perform the required reinitialization of the navigation subsystem are 
detailed in the following description: 

M_ TEMP = EARTH FIXED_TO_MSQ_COORD(T_CURRENT FILT)M_EFTORW? 

DR = M_TEMP DR_RW 

R FILT = R FILT + DR f Ants 8 FES «! 
V _FILT = V _FILT + M_TEMP DV_RW + EARTH RATE(EARTH POLE x DR) 

After computation of the updated state vector the difference vectors 
shall be set to zero and the DO_DELTA_UPDATE flag set to the OFF position to 
inhibit repeated state updates. The necessary equations are: 

DR_RW = 0 

DV_RW = 0 

DO_DELTA_UPDATE = OFF 

A suggested implementation of this task is shown in the detailed flow 
chart DELTA_STATE_UPDATE of Section 5.2. : 

4-60 

STS 83-0005B 

 



ly 

bo 

  

Space Transportation ge Rockwell 
Systems Division International 

4.3 NAVIGATION PROCESSING PRINCIPAL FUNCTIONS 

The two navigation processing principal functions contained in the 
ascent/RTLS computer load are ascent navigation and RILS navigation. Each of 
these functions shall be initialized and cyclically executed under the control 
of the appropriate navigation sequencer principal function(s) (Section 4.1). 
Detailed requirements for each of the navigation processing principal func- 
tions are discussed in one of the following subsections. 

4.3.1 Ascent Navigation (4,15) 

The ascent navigation principal function shall be repetitively executed 
as specified by and under the control of either the ascent navigation 
sequencer principal function or the ascent/RTLS navigation sequencer principal 
function. 

The ascent navigation principal function shall use selected IMU data and 
a model of the earth's gravitational acceleration and drag acceleration to 
maintain a current estimate of the Shuttle state vector. No external sensor 
data shall be processed, and no covariance matrix shall be propagated. A 
capability for manual or automatic (via command uplink) delta state vector 
update shall be available by this principal function. The capability for a 
whole vector state update (via command uplink) shall also be available by this 
principal function. 

The ascent navigation principal function is composed of four primary subtasks: 

1. A control task described in Section 4.3.1.1. 

2. <A state propagation task described in Section 4.3.1.2. 

3. A delta state update task described in Section 4.3.1.3. 

4. A state vector prediction task described in Section 4.3.1.4. 

Principal function input and output parameters are presented in Sec- 
tion 4.3.1.5, along with I-load, K-load, constant, and cross-reference tables. 

4.3.1.1 Ascent Control. The ascent navigation principal function shall 
provide the capability to control the state propagation subfunction by using 
either IMU-sensed data or modeled drag to represent the nongravitational 
accelerations. 

A. Detailed Requirements. Ascent control shall perform the following tasks 
in the order indicated. (For definitions of variables, refer to input and 
output Tables 4.3.1.1-1 and 4.3.1.1-2.) 

1. Selected accumulated sensed IMU velocity and the associated time tag 
shall be obtained as described in Section 4.3.1.2. (This task is 
part of the state propagation subfunction.) 
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Attitude data (angle of attack and sideslip angle) shall then be af 
snapped and converted from degrees to radians: 

SNAP ATTITUDE (ALPHAIN, BETAIN) 

ALPHA @ ALPHAIN RAD_PER_DEG 

BETA @ BETAIN RAD_PER_DEG 

If the flag DO_DELTA_UPDATE_UP is ON, the delta state vectors used by 
the ascent delta state update task shall be set equal to those output 
by the uplink processing software. The flag DO DELTA_UPDATE shall be 
set to the ON position, and the flag DO DELTA UPDATE_ UP shall be 
returned to the OFF position to prevent “repetitive incorporation of 
the same uplinked data. The necessary equations are: 

If DO_DELTA_UPDATE_UP = ON 

DR_RW @ DR_RW_UP   DV_RW = DV_RW_UP 

DO_DELTA_UPDATE = ON 

DO_DELTA_UPDATE_UP = OFF 

If the flag DO_DELTA_UPDATE_UP is OFF, these computations shall not @)) ) 
be performed. 

If the flag STATE_VECTOR_UPDATE is ON, the filter state vectors and 
time tag shall be set equal to the uplinked-predicted state vectors 
and time tag. The flag STATE_VECTOR_UPDATE shall then be set to the 
OFF position to prevent repetitive incorporation of the same uplinked 
data. The necessary equations are: 

If STATE_VECTOR_UPDATE = ON 

R_FILT = R TO NAV 

V_FILT = V _TO NAV 

T_LAST_FILT = T_TO NAV 

STATE_VECTOR_ UPDATE = OFF . 

If the flag STATE_VECTOR UPDATE is OFF, these computations shall not 
be performed. 

The state vector shall be propagated as described in Section 4.3.1.2. 

The delta state update task shall be invoked if a flag (DO_DELTA_ 
UPDATE) is ON. I£ this flag is OFF, then no delta state update is to 
be performed. See Section 4.3.1.3 for detailed requirements for this > 
task. 
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Ascent Control Input Parameters 

Rockwell 
international 

  

Deacriptioa Syebol 
Input 
Source Type Precision | Range Vaite 

Senpie 

Rate 

  

Current Seuttle position vector 

Gurreat Shuttle velecicy vector 

Time of the filter atate 
vectors 

Previously reed accumlated 
welocaty 

Total vehicle acceleration 
wector 50 

angle of attack 

Sideslip angle 

Delta runvay posation vector 
received via command uplink 

Delta runway velocity vector 
veceived vie command uplink 

Uplinked, predicted positioa 
wector 

Oplinked, predicted velocity 

vector 

Time co which B TO NAV and 
¥ TO WAV have been predicted   

R_PiLt 

T_LAST_PILT 

MV _LAST FILT 

ALPHAIN 

BETAIN 

DR_RW_UP 

DV_RW_UP 

R _TO_NAV 

T_TO_NAV   

(a) 
Ascent 
etate 
propages 
tioa 

(a) 
Ascent 

etace 

propaga- 
tion 

(a) 
Ascent 
etate 

propaga- 
tion 

(a) 
Ascent 
state 

propage- 
tion 

Ascent 
state 

propaga~ 
tion 

(a) 

(a) 

(a) 

(a) 

Ascent 

state 
vector 
prediction 
task 

Ascent 

otate 

vector 

prediction 
task 

Aecent 

etate 

vector 

prediction 
task   

oP - 

      

tc/ 
ee¢ 

fc/eec 

fe/ 
sec 

deg 

deg 

fe 

ft/eec 

ft 

ft/sec 

sec   

Filcer 
rate 

Pilcee 
rete 

Filter 
rate 

Palcer 
rate 

Palcer 
rate 

Falter 
rate 

Filter 
rate 

    *aefer to che ascent navigation principal function input parameter table. 
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Table 4.3.1.1l-1. Ascent Control Input Parameters (Cont) 

j Taput Seaple 
Description Syebol Source Type |Precision | Range | Units Rate 

Flag indicating (OW) that a DO_DELTA_UPDATE | (a) D - ON/OFF | -— Filter 
delta estate vector update shail Delta rate 
be perforned state 

. ascent 
control 

ew update 

& 
3| Conversion factor from degrees RAD_PER_ DEG (b) F 8 ed rad/deg |Filter 
2 to radians rate 
& 

Flag indicating (ON) chat a 00_DELTA_ (a) D _ ON/OFF | -- Filcer 
delta state update has been UPDATE_UP Ascent rate 
received via command uplink control 

Flag indicating (ON) chat a STATE_VECTOR_ Ascent D - ON/OFF | -- Filter 
whole vector state update is UPDATE etate rate 

ready for replacement of the vector 

navigated state vector prediction 
task, 
ascent 
control 

2 *Refer to the ascent navigation principal function input parameter cable. 

2] bpefer to the ascent navigation principal function constant table. 

3 
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Table 4,.3.1.1-2. Ascent Control Output Parameters 

Oucpue Coup 
Description Syabol Destination | Type | Precision |Range | Unite | Race 

Vehicle position vector after all R _RESET (a) v DP fe Filcer 
navigation updates reserved for rete 
reset of guidance integrator 
position vector R_AVGG 

Vehicle velocity vector after all | V_ RESET (a) v 8 fc/eec] Filcer 
nevigation updates reserved for rete 
reset of guidance integrator 
velocity vector V_AVGG 

Time associated with reserved T_RESET (a) F DP sec Filter 
reset state rate 

Copy of V_IMU CURRENT raw velocity | V_IMU RESET (a) v DP ft'/eec|Filcer 
counts reserved for measurement rate 
processing 

Svitch indicating (ON) that current} FILT_ UPDATE (a) D OFF /ON Pilcer 
measurement processing is complete rate 

Vehicle current M50 position vector} R COV LAST (a) v DP fc Filcer 
(saved for potential use by RTLS rate 
nav cov prop) 

Current vehicle acceleration vector| G RESET (a) v 8 fe/, Filter 
(M50) for use by user parameter sec rate 
state prop 

Angle of attack ALPHA ASC STATE F s rad Filter 

PROP, cate 

(a) 

Ground computed position deviations| DR RW Ascent v Ss - fc 
to update onboard state vector delta state 

update cask 

Ground computed velocity ov RW Ascent delta/ V § - ft/sec 

deviations to update onboard state update 
state vector task 

Currence Shuttle position vector R_FILT (a) Ascent Vv D _ fe 
state prop, 
ascent delta 

stace update 

Current Shuttle velocity vector M .FILT (a) Ascent. v $ ~ ft/sec 
state prop, 
ascence delta 

state update 

Time tag at Shuttle state T_LAST_FLILT (a) Ascent F D - sec 
vector state prop, 

ascenc delta 

state update 

Angle of sideslip BETA ASC STATE F $s rad Filcer 

PROP, cate 

(a) 

Flag indicaring (ON) chact a delta DO_DELTA_ Ascent D _- OFF/ON | — * lrilter 

state update has been received UPDATE_UP control rate 

via command uplink                   "Refer to the ascent navigation principal function output parameter table. 
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Table 4.3. 1. 1-2. Ascent Control Output Parameters (Coat) 

  

|| Range | Gure! Bete 

  

Oucpus 
Description Syabol Destination | Type | Precis.es 

Flag indicating (OM) chat a vhole STATE_ Ascent a —_ rt — Filter 
wecter ecate update is ready for VECTOR_ eoatrol wate 
ceplacement of che navigated state | UPDATE 

Flag indicating (OM) chac a delta DO_DELTA_ Ascent . _ wm-— Filter 
etate update is to be performed UPDATE eoatrol rate             

  

"Refer to the ascenc aavigation principal functica output parameter table. 

— 
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7. The user parameter propagator reset values shall then be stored as 
described in Section 4.2.4. 

B. Interface Requirements. The input and output parameters are listed in 
Tables 4.3.-l.il-1 and 4.3.1.1-2. 

C. Processing Requirements. Ascent control shall be executed at a 
premission-determined rate when the ascent navigation principal function is 
active. 

If simultaneous uplink and keyboard entry of a delta siate update occur, 
the uplinked information will overwrite and take priority over the keyboard 
entries. 

If both a delta state update is requested and a replacement M50 vector is 
received from the state vector prediction task, the replacement (M50) vector 
will be incorporated and propagated, followed immediately by the incorporation 
of the delta state update (i.e., the propagated M50 vector will have the delta 
state update applied to it). 

D. Constraints. The attitude data snap statement implies the assignment of 
current values to the variable names shown in parentheses. The variables 
ALPHAIN and BETAIN are assumed to be in units of degrees from the ATT PROC 
principal function. This data SNAP and the IMU data SNAP (Section 4.2.1.1) 
are assumed to yield a time-consistent set of values for the ascent navigation 
principal function (i.e., staleness not to exceed 0.0005 second). Since the 
ACCEL module is used by both the ascent navigation principal function and the 
ascent precise predictor principal function, execution of ACCEL in conjunction 
with one of these principal functions shall not interfere with 1ts use by the 
other. 

E. Supplementary Information. NAV_ASCENT and UPP_STATE_RESET in Section 5.2 

illustrate a suggested implementation of ascent control. 

4.3.1.2 State Propagation. During the ascent navigation phase, the 
state propagation subfunction of the ascent navigation principal function 
shall perform super~g integration of the equations of motion in the M50 coor= . 
dinate system. Both the derived gravitational accelerations (and drag accel- 
eration, when IMU data are not in use) and the changes in sensed velocities 
measured by the IMU's are to be used for this purpose. The state vector shall . 
contain six elements, three M50 position and three M50 velocity, ‘and shall be 
maintained in a single string (state) configuration. 

  

A. Detailed Requirements. Propagation of Shuttle position and velocity 
vector shall be performed as follows: 

1. Acquire selected IMU-sensed total accumulated velocity and the asso- 
ciated time tag by snapping data from the IMU RM. 

V _CURRENT FILT 

T_CURRENT_FILT 
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Interface Requirements. 
Tables 4.3.1.2-l and 4.3.1.2-2, respectively. 

Processing Requirements. 
first subfunction performed upon initiation of each cycle of the ascent navi- 
gation principal function. 
navigation rate. ° 
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Detailed requirements for this IMU data snap task are given in Sec~ . A 
tion 4.2.1.1 (Attitude data are snapped in the ascent control sub- re 
function, Section 4.3.1.1.) 

  

Compute the difference between the current and the previous time tag 
associated with the IMU data snap. This will be the interval over 
which state propagation is desired. 

DT_FILT = T CURRENT FILT - T_LAST FILT 

Perform integration of the position/velocity equations of motion, 
using the super-g task (refer to Section 4.2.1.3 for detailed 
requirements). Position and velocity vectors shall be propagated to 
the current time of IMU data collection (T_CURRENT_FILT). 

R _FILT 

V _FILT 

Save the current total accumulated IMU-sensed velocity and time tag 
for this next cycle. 

V _LAST FILT = V CURRENT FILT 

T LAST FILT = T CURRENT FILT 

The input and output parameters are listed in ® } 

The state propagation subfunction shall be the 

This subfunction shall be performed at the ascent 

Constraints. None. 

Supplementary Information. 
detailed flow diagrams may be found in Section 5.2. 
diagrams associated with this subfunction are as follows: 

A suggested implementation in the form of 
The particular flow 

NAV_STATE_PROP_ASCENT_AND_RTLS 
NAV_ASCENT, ACCEL 

Wal 
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Table 4.3.1.2+1. Ascent State. Propagation Input Parameters 

{aput Sanple 
Description Syabol Source Type | Precision | Range | Unies | Race 

Current accumulated INU velocity ¥ CURRENT (a) v op ft/eec | Filter 
counts FILT rate 

MTU or clock time when IMU was T_CURREWT. (a) r oP eea Pileer 
read FILT . vate 

Time of the filter state vectors T_LAST_FILT Ascent ’ or eec Pilcer 
state race 
propage- 
tion, (a) 

Currene Shuttle position vector RFILT Ascent v DP ft Pilcer 
state race 
propaga- 
tion, (a) 

Current Shuttle velocity vector ¥ _PIUtT Ascent v s ft/sec | Pilcer 
state rate 

propaga- 
tion, (a) 

Previously read accumulated IMU Y LAST FILT Ascent Vv DP ft/sec | Filcer 
velocity state rate 

propaga- 
tion, (a) 

Parameter used in the accel DRAG_CONST (b) F DP fe2/ Filcer 
drag aodel slug rate 

Threshold value of sensed ACC_PROP_MIN (a) r 8 0. fe/ Filcer 
acceleration above which IMU sec? rate 
data is to be used 

Angle of attack ALPHA ASC F s rad Filter 
control race 

Sideslip angle BETA ASC F s vad Filter 
control tate                 

  
NOTE: 

the ascent/RTLS operations computer Load. 
Input constants associated with the acceleration models are identified in Section 4.2.1.2 for 

*Refer to the ascent navigation principal function input parameter table. 

Refer to the ascent navigation principal function I-load table. 
. 
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Table 4.3.1,.2-2. -Ascent State Propagation Output Parameters 
  

  

              

Output . . Comp 
Description Syabol Destination Type | Precision Range | Units] Rate 

Current Shuttle position vector R _FILT Ascent ¥ oP ft Filter 
state rate 
propegstioa, 
(a) 

Shuttle velocity vector NV _PUut Ascent v 8 fe/ Pilcer 
etate sec rate 
propagation, 
(a) 

Gravity acceleration vector at & ow (a) v 8 fe/ Filter 
beginning of iategracioa sec? rate 
iaterval 

Time of che filter state vectors T_LAST_FILT Ascent v DP eec Filter 
state rate 
propagation, 
(a) ascent 
control 

Previously read accumulated IMU V _LAST_ Ascent v DP fe/ Filter 
velocity FILT stace sec rate 

propagation, 
(a) ascent 
control 

Flag indicating (OW) that IMU data | USE_IMU_DATA | (a) D ON/OFF Filter 
is to be used by the UPP state rate } 
propegator . © 
  

*Refer to the ascent navigation principal function output parameter table. 
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4.3.1.3 Delta State Update. During the operation of the ascent naviga- 
tion principal function, a capability for a delta state update of the - 
orbiter's on-board navigated state shall be provided. 

A. Detailed Requirements Detailed requirements for the delta state update 
task are described in Section 4.2.5. 

B. Interface Requirements. Input and output requirements for the delta state 
update task are shown in Tables 4.3.1.3-1 and 4.3.1.3-2. . 

C. Processing Requirements. The delta state update task shall be {initiated 
by the HSD specialist function or by uplink processing software by setting the 
flag DO_DELTA_UPDATE to the on state. The delta state update task (during 
operation of the ascent navigation principal function) shall be performed 
after state propagation has been accomplished, and only when a flag (DO_DELTA_ 
UPDATE) is ON. The flag will be checked at a rate specified by either the 
ascent navigation sequencer principal function or the ascent/RILS navigation 
sequencer principal function, whichever is active. 

D. Constraints. None. 

E. Supplemental Information. Correction terms rather than the total vector 
are used because the correction terms are less sensitive to errors between the 
time of their computation on the ground and the time that they are actually 
applied to correct the on-board state vector during powered flight. 

A suggested implementation in the form of a detailed flow chart (ASC_ 
DELTA_STATE_UPDATE) may be found in Section 5.2. 
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Tapet Seaple 
Description Syabol Source Type | Precision | Range | Uoita Races. . 

Time of the filter state T CURRENT aac r or sec As 
vectors vir tate needed 

prope- 
gation 

Ground computed positioca pw (a), v 8 fe Ae 
deviations to update oa-board Aaceat needed 
state vector coatrel 

Ground computed velocity DV_aW (a), v $s fe/sec | As 
deviations to update on-board Asceat needed 
state vector coatrol 

Barth fixed to prime RW W_EFTORN (a) M 8 As 
traneforamation watrix needed 

Earth rocation rate SARTH_RATE () F DP tad/ As 
sec needed 

Unit vector ia direction of SARTW_POLE ib) v $ As 
earth's axis of rotacion needed 

Shuctle position vector R Ptr Asc v oP ft As 
etate aeeded 

prop 

Shuttle velocity vector NV UFIur ASC Vv $s ft/sec | As 
etacte needed 

prop 

®Ssee ascent aavigation principal function input pacameter table. 
See ascent navigation principal function constant table. 

Table 4.3.1.3-2. Ascent Delta State Update Output Parameters 

Output Comp 

Description Sywbol Destination Type | Precision | Range | Units | Race 

Current Shuttle position vector & FUT ASC etate Vv be fc As 
. prop needed 

Current Shuttle velocity vector N UFUut A&C atate v 8 fc/ As 
prop sec needed 

Flag indicating (ON) that a DO_DELTA_ Ascent Dd ON/OFF As 
delta state vector update isa to UPDATE eontrol needed 
be performed 

Delts position correction DRAW (a) v 8 ft As 
needed 

Delta velocity correction DV_RW (a) v 8 ft/ As 
sec needed                 

  
“See ascent navigation principal function output parameter table 
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4.3.1.4 Ascent State Vector Prediction Task. During operation of the 
ascent navigation principal function, a capability shall be provided to pre- 
dict a MSO position and velocity vector to current (cyclic) filter time. This 
capability is provided to time synchronize an uplinked MSO state vector with 
current filter time. 

A. Detailed Requirements. A capability shall be provided for updating the 
position and velocity of the Orbiter in flight by ground-originated command 
upl ink. 

The performance of a state vector update will require tte vectors R _GND 
and V _GND and the associated time tag T_GND to be supplied. [hese variables 
must be set to the desired values before the state vector prediction task is 
invoked. The definition of input data and initiation of the sracte vector 
prediction task is accomplished by flight software external to the cyclic 
navigation function as described in Section 4.11. 

R _GND is the uplinked ground estimated position of the orbiter in M50 
coordinates. 

V _GND is the uplinked ground estimated velocity of the orbiter in M50 
coordinates. 

T_GND is the uplinked time tag of the ground-estimated state vector. 

The prediction shall be performed as follows: 

1. Initialize input parameters required by the Ascent Precise Predictor 

GMD_PRED = 4 V _INIT = V_GND 

GMO_PRED = 4 T_INIT = T GND ° 

DT_MAX = DEL_TIME STEP T FINAL = T_RESET 

R _INIT = R _GND 

2. Compare the length of the total prediction interval, T_INIT-T_RESET, 
to a premission determined parameter, MAX TIME TOL. If the predic= 
tion interval is greater than or equal to MAX _TIME TOL, skip step 3 
and do nothing else. 

3. Iteratively call the ascent precise predictor until the result of the 
prediction agrees with current (cyclic) filter time to less than a 
premission determined value SV TIME TAG DIFF, or an OPS transition 

request occurs (OPS TRANS REQUEST=ON). “When the data returned from 
the predictor agrees with current filter state vector time to within 
the tolerance, define the output position and velocity vectors and 
time tag and set STATE VECTOR _UPDATE = ON indicating the availability 

of a replacement vector to the ascent navigation principal function. 
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+. A The necessary equations are: g 

DO UNTIL |T_INIT-T_RESET| < SV_TIME_ TAG DIFF or OPS_TRANS REQUEST = ON 

CR
EO
SA
TA
 

a
)
 

CALL: Ascent Precise Predictor 

R INIT = BR FINAL 

Vv INIT = V _FINAL 

T_INIT © T_FINAL 

T_FINAL = T_RESET 

If OPS TRANS REQUEST = OFF, then proceed! 

R TO.NAV = 8 FINAL 

V _TO.NAV = V FINAL 

T_TO.NAV = T_INIT 

STATE_VECTOR_UPDATE = ON 

B. Interface Requirement. Input and output requirements for the ascent state 
vectors prediction task are shown in Tables 4.3.1.4-1 and 4.3.1.4=-2, 
respectively. ©) 

C. Processing Requirements. The ascent state vector prediction task is 
designed as a noncyclic, on~demand function where execution is initiated by 
software external to the cyclic navigation function (see Section 4.10). This 
task must execute in a manner that does not preclude or interfere with execu- 
tion of the cyclic navigation functions. The value of T_RESET used in Step 3 
must be permitted to be updated by the cyclic navigation function execution 
during the course of a particular prediction. 

D. Constraints. Initialization of this task is Limited to uplink processing 
software. It is also the responsibility of the initiating function to estab- 
lish input data needed by this task before initiating execution. 

E. Supplemental Information. The ascent state vector prediction task should 
be performed only during periods of unperturbed coasting flight as any venting 
or thrusting will result in degraded performance. A suggested implementation 
in the form of a detailed flow chart (STATE VECTOR PRED TASK_ASC) may be found 
in Section 5.2. ~ ~ 
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Table 4.3.1.4-1., Ascent State Vector Prediction Task Input Parameters 
  

  

                

Input Seuple 
Description Syabol Source Type [Precision | Range | Unite Rate 

Step size for ASC precise DEL_TIME_STEP (a) F $s aec As 
predictor aaeded 

Uplinked position vector (M50) & GND (b) v or fe As 
needed 

Uplinked velocity vector (M50) ‘| V_oND (b) v 8 ft/sec! As 
needed 

Time tag of uplinked vectors T_GUD (b) F oP sec As 
needed 

Time cag of filter state T_RESET asc f OP _ sec As 
vectors CONTROL aeeded 

Shuttle position at end of BR _FINAL (bo) v oP fe As 
prediction needed 

Shuttle velocity at end of Vv _FINAL (b) Vv s ft/sec] As 
prediction . needed 

Flag indicating that an OPS OPS_TRANS_ (b) D ON/OFF N/A As 
teansiction has been requested REQUEST needed 

Max allowable total prediction MAX_TIME TOL (a) F $s - sec As 
Ry interval needed 

Accuracy within which the output SV_TIME _TAG_ (a) F s - sec As 
vectors’ time tag must match the DIFF needed 

> current filcer vectors’ time tag 

*see ascent navigation principal function I-load, K-load, and constant tables. 
See ascent navigation principal function input parameter table. 

i 
ft, NOTE: Input constants associated with the acceleration aodels are identified in Section 4.2.1.2 for che 
" ascenc/RTILS operacions computer load. 

it 

oll 
s” 
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Table 4.3.1.4-2. Ascent State Vector Update Output Parameters 
  

  

: Output Comp 
Description Syabol Destiaation Type | Precision | Range | Unite | Race 

Maximum allowable step size for DT_MAX (a) F 8 sec As 
ASG precise predictor needed 

Flag indicating the degree of GMD_PRED (a) I $s 0-4 _ As 
the gravity aodel . needed 

Flag indicating the order of Gt0_PRED (a) t s 0-4 - as 
the gravity sodel needed 

Time at beginning of prediction TIMt (a) f DP sec As 
needed 

Time at which state is desired T_FINAL (a) F DP sec: | As 
needed 

Shuttle position vector at R_tt (ea) . v oP fe as 
TINIT needed 

Shuttle velocity vector at ¥ Mit (a) v s f£e/ As 
TINIT sec | needed 

Replacement position vector for &_TO WAV) . | ASC control v ) _- fe As 
Mav filcer needed 

Replacement velocity vector for ¥ TO NAV ASC control | V s - ft/ | As 
Nav filter sec needed 

Time cag for replacement vector TTO_NAV ASC control F DP - sec Ae 
needed 

Flag indicating availability of STATE_VECTOR_ | ASC control D _ ON/OFF} -—- Ae 
replacement vectors UPDATE needed                 
  

®See ascent navigation principal function output parameter table. 

  ohh   
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4.3.1.5 Ascent Navigation (4.15) Principal Function Tables. The ascent 
navigation principal function inputs and outputs, along with the I-Loads, 
K-loads, constants, and cross~references, are presented in Tables 4.3.1.5-1 
through 4.3.1.5-5. 

The values for the I-loads are contained in the I-loads requirements 
document (JSC-19350). 
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Table 4.3.1.5-1. 

PN: VP707100037P00L 
INPUT FUNCTIONAL PARAMETERS FOR ASCENT NAVIGATION 

M/S ID 

V90A8938CA 

V90U180 

V96H3502CB 
V90L2557C 
V90L2558C 
v90L2559C 
V96W3520CB 
V90WB522CA 
V9OW2S53CA 
V90L0624CB 
V90L0625CB 
V90L0626CB 
V90L 0885CB 
V90L0886CB 
V90L0887CB 
V96H3510CB 
V96H3511CB 
V96L3512CB 
V90L0621CB 
V90L0622CB 
V90L0623CB 
V96U8555CB 

NOMENCLATURE 

JULY 17, 1989 

ACC TH°ESSOLD TEST FOR Stare PROP 
NAV DERTVED ANGLE OF ATTAC 
INERTIAL 
UPDATE DELTAS 

“IDESLIP ANGLE 
CnHd 

bo BELTA_ STATE UPDATE UPLINK CMD 
NAV UPDAT. DE 
NAV UPDATE DE 
NAV Wl DATE DE 
NAV JPDATF pe 

r
e
o
r
c
c
r
 

NAV UPDATE DELTA 

X POSITION 
Y POSITION 
z POSITION 
X POS UPLINK C 

ONST FOR ST PROP 
¥ VELOCITY 
Y VELOCITY 
Z VELOCITY 

NAV_UPDATE DELTA X VEL UPLINK CHD 
EF TO PRI'E RW XFORM HTRX ELE 1-1 
EF TO PRIME Ra XFORM MTRX ELE 1-2 
EF TO PRIME RW XFORM MTRX ELE 1-3 
EF TO PRIVIE RW XFORM MTRX ELE 2-1 
EF TO PRIHE RW XFORM HTRX ELE 2-2 
EF TO PRIME RW XFORHM MTRX ELE 2-3 
EF TO PRIME RW XFORM MTRX ELE 3-1 
EF TO PRIHE RW XFORM MTRX ELE 3-2 
EF TO PRIME RW XFORM MTRX ELE 3-3 
OPS TRANSITION REQUEST FLAG 
X-COMP OF FLTR*S CURR POS VECTOR 
Y-COMP OF FLTR*S CURR POS VECTOR 
Z-COMP OF FLTR*S CURR POS VECTOR 
X-COHP PREDICTED SHUTTLE POS VECTR 
¥-COHP PREDICTED SHUTTLE POS VECTR 
Z-COHP PREDICTED SHUTTLE Tos? VECTR 
UPLINKED ORBITER POS V R X 
UPLINKED ORBITER POS VECTOR Y 
UPLINKED ORBITER POS VECTOR Z 

X VEL H50 
¥ VEL M50 

SEL TOTAL Z VEL M50 
UPLINKED ORB STATE PEC LIE TAG 

Z2-COMP VEL 

S CURR VEL VECTOR 
CURR VEL VECTOR 
CURR VEL VECTOR 
SHUTTLE VEL VECTR 
SHUTTLE VEL VECTR 
SHUTTLE reat yvECTR 
VEL VE 

z 
MTRX & FLTR UPDTE 
MTRX & FLTR UPDTE 
MTRX & FLIR UPDTE 
Y POS UPLINK CHD 

4 

ASC WAV 

SOURCE 

ASC NAV SE 
A/E ATT PR 
Ave AIT PROC 

SYS S/W 
6.21 
6.21 
6.21 
Sys S/W 
ASC_NAV SEQ 
6.21 
6.21 
6.21 
SYS S/W 
ASC SITE LOOKUP 
ASC SITE LooKkuP 
ASC SITE LOOKUP 
ASC SITE LOOKUP 
ASC SITE LOOKUP 
ASC SITE LOOKUP 
ASC SITE LOOKUP 
ASC SITE LOOKUP 
ASC SITE LOOKUP 
ASC PREC PRED 
ASC NAV SE 
ASC NAV SE 
ASC NAV SE 
ASC PREC PRED 
ASC PREC PRED 
ASC PREC PRED 

S/W 

Ascent Navigation (4.15) Input/Output 
Functional Parameters 

OT6D REVes PAGE 305 
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Table 4.3.1.5-1. 

DBFN: D3B008-D PN: VP707100037P00L 
INPUT FUNCTIONAL PARAMETERS F 

FSSR NAME M/S ID 

V96U6556CB 
V96U8558CB 
V96U8559CB 

OR ASCENT NAVIGATION 
JULY 17, 19869 

NOMENCLATURE 

NAV UPDATE DELTA Z POS UPLINK CMD 
NAV UPDATE DELTA Y VEL UPLINK CHD 
NAV UPDATE DELTA Z VEL UPLINK CHD 

ASC NAV 

SOURCE 

SYS 3/w 
SYS S/# 
SYS S/W 

Ascent Navigation (4.15) Input/Output Functinal Parameters (Cont) 

e 

OF8d REVES PACE 306 
64.15 1S 

P 
R 

DATA E 
UNITS TYPE C 

FT 
FT/S 
FT/S 
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Table 4.3.1.5-l. 

DBFN: DSB008-D PN; were7k 
OUTPUT FUNCTIONAL PARAHETE 

FSSR NAHE 
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Ascent Navigation (4.15) Input/Output Functional Parameters 
(Cont) 

JULY 17, 1989 
S FROM ASCENT NAVIGATION 

M/S ID 

V90U86932CA 

V90A0245CA 
V90U8501CK 
V90U8502CK 
V90HO581CB 
V90H0582CB 
V90H0583CB 
V90HOS84GCA 

V9OOHOSSSCA 

V9O0HO586CA 

V90H8508CK 
V90H8509CK 
V90H651 0CK 
V9OHO235CA 
VIOHO236CA 
V9OHO237CA 
V90W8S06CK 
V90W8512CK 
Vv90W8522CB 
V9OWO225CA 
V90W2553CB 
V9OX0538XA 
V9O0L8927CA 
V9OLB928CA 
V9OOL8929CA 
V9OLO624CA 

V90L0625CA 

V9OLO0626CA 

V9OL0247CA 
V90LO0248CA 
V9OLO249CA 
V9IOLS513CK X 
V90L8514CK 
V9OL8515CK 
V9OOLO621CA 

NOMENCLATURE 

SNAPPED CONVERTED ALPHA IN 
SNAPPED CONVERTED BETA_IN 
NAV UPDATE DELTA K POSITION 
NAV UPDATE DELTA / POSITION 
NAV UPDATE DELTA Z POSITION 
MAX ALLOW TIME STEP SIZE 
NAV UPDATE DELTA 4 VELOCITY 
NAV UPDATE DELTA Y VELOCITY 
NAV UPDATE DELTA_Z VELOCITY 
FLAG IND NAVE FILTER PROC COMPLETE 
SEL X-COMP OF GRAV ACCEL VCTR RST 
SEL Y-COHP OF GRAV ACCEL VCTR RST 
SEL ye 
GRAVITY 
GRAVITY 

Fo x-COMP 
Y-COMP O 
Z-COMP 
X-COMP 

Y-COMP 

2-COMP 

X-COHMP 
-COMP 
- onP 

X-C 
y-c 
Z-C 

N
a
t
a
 

t
I
 

O
N
 

EL 
EL 
EL 
IH 
IM 
IM 
IM 
IM 
LA 

CHAPPED 
SNAPPED 
SNAPPED SEL 
X-COHP 

y-COMP 

Z-COHP 

SEL X-C 
SEL Y-C 
set z-C 
-~COHP 

¥-COMP 
Z-COMP 
X-COMP 

OMP_OF GRAV ACCEL VCTR RST 
MODEL DEGREE 
HODEL ORDER 
F POS VCT W CURR COV HTRX 

POS VCT W CURR coy HTRX 
OF POS vct W CURR COV NMTRX 
OF FLTR°S CURR POS VECTOR 

OF FLTR'S CURR POS VECTOR 

OF FLTR’S CURR POS VECTOR 

SHUTTLE POS VECTR AT q- INTE 
SHUTTLE POS VECTR AT T_LINIT 
SHUTTLE POS VECTR AT T_ INIT 
OMP OF UPDATED POS VCTR RST 
OHP OF UPDATED POS VCTR RST 
OMP OF UPDATED POS VCTR RST 

AT WHICH STATE IS DESIRED 
BEGINNING OF PRED 
FILTER STATE VECTOR 
FILTER STATE VCTR 
SEL TOTAL M50 VEL 

O USE IMU Accu VEL OR NOT 
SEL TOTAL X VEL H50 
SEL TOTAL Y¥ vEL HSO 

TOTAL Z VEL M50 
OF FLTR’S CURR VEL VECTOR 

OF FLTR*S CURR VEL VECTOR 

OF FLTR'S CURR VEL VECTOR 

OMP OF ACCUM SENSED VEL RST 
OHP OF ACCUM SENSED VEL RST 
OHP_OF ACCUM SENSED VEL RST 
SHUTTLE VEL VECTR AT 1 _INIT 
SHUTTLE VEL VECTR AT TLINIT 
SHUTTLE VEL _VECTR AT T_INIT 
VEL W COV MTRX & FLTR UPDTE 

9 
= 

orsD ASC WAV REVOS nas 

DESTINATION UNITS 

ttn 
6-21 FT 
6:21 FT 
6.21 FT 
ASC PREC PRED $ 
6-21 FT/S 
6:21 FT/S 
21 ents FI/S 

ASE UEP RILS UPP,TLH FT/S2 
ASC UPP.RTLS UPP,TLM FT/S2 
ASC UPPLRILS_UPP,TLM FT/S2 
ASC PREC PRE 
ASC PREC PRE 
RTLS NAV fT 
RTLS NAV FT 
RTLS NAV FT 
ASC NAV SEQ,A/RTLS WAV SEQ, FT 

Foes AV eg A/RTLS NAV SEQ, FY 
v 

BS Ae seq, A/RTLS NAV SEQ, FT 
RTLS NA 
ASC PREC PRED FT 
ASC PREC PRED fT 
ASC PREC PRED FT 
ASC UPP,RTLS UPP,TLH FT 
ASC UPP.RILS UPP,TLHK FT 
ASC UPP-RTLS srr: >TLM FT 
ASC PREC PRED s 
ASC PREC PRED $ 

ASC UPP,RTLS UPP,TLM $s 
ASC WAV'SEG $ 

FIVS 
TH nA 
TUM FI/S 
ASC NAV SEQ,A/RTLS MAV SEQ, FI/S 

ASC NAV SEQ,A/RTLS WAV SEQ, FT/S 

ASC NAV SEQ,A/RTLS NAV SEQ, FIs/S 
RILS NAV 
ASC UPP,RTLS UPP FT/S 
ASC UPP,RTLS UPP FI/S 
ASC UPP,RTLS UPP FI/S 
ASC PREC PRED FI/S 
ASC PREC PRED FT/S 
ASC PREC PRED EUS 
RTLS NAV,TLA 
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Table 4.3.1.5-1. Ascent Navigation (4.15) Input/Output Functional Parameters 
(Cont) 

DBFN: D3B008-D PN: _VP707100037P00L OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT NAVIGATION LLY 27+ 1989 ASC NAV OTeD REvee 64.15 poons's 726 
R 

DATA E FSSR NAHE H/S ID NOMENCLATURE DESTINATION UNITS TYPE 
V90L0622CA Y-COMP VEL W COV HTRX & FLTR UPDTE RTLS NAV,TLH FT/S V90L0623CA Z-COHP VEL W COV HTRX & FLTR UPDTE RTLS. NAV-TLH FI/S V9OLO239CA SEL X-COHP OF UPDATED VEL VCTR RST ASC UPP,ATLS UPP,TLH FT/S V9OL0240CA SEL Y-COHP OF UPDATED VEL VCTR RST ASC UPP-RTLS UPP_TLA FT/S V90L0241CA SEL Z-COMP OF UPDATED VEL VCTR RST ASC UPPCRTLS UPP~TLH FT/S 
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Bask hen Oy 

BASE NENTE) 

BIAS DRAG LAVERI)) 

BIAS DRAG LAVERI2) 

BIAS DRAG LAVYER(S) 

BIAS DRAG LAYER(4) 

C DRAG OHNE 

C DRAG Two 

AGE meal 

V9/US2 AC 

V97U82438¢ 

V97US244C 

V97U8245C 

V97U5246C 

V97U8277C 

V97US278C 

DBFN 6477 

4 

A A 

O4/ 

%U0S/ owns 

ef 
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RADew 1 

RADan 2 

BATE 866 6 48¢ 
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Table 4.3.1.5-2. Ascent Navigation (4.15) I-Loads (Cont) 

OF088 MISSI Gane ONS DBFN: 0431 
0005 - ASCENT 

ACTIVE MEMORY CONFIGURATIONS ® Ole) ton 

aS
00

0-
€8

 
SL
S 

€8
-4
 

  

FSSR NAME nw SO ENG UNIT OT PRO'S PRFCTN CAT 
C_DRAG_ZERO V97US279C ND F SP MC 64.127 ORNO 

64.144 
64:15 
64.205 

DEL_TIME_STEP V97U6S48C SEC F S 0C 64.127 ZFT2 
64.144 9 2FT2 
64.198 
64.15 
64.205 

DENSITY_LIMIT(1) verussicc #1 V S MC 64.127 PRGO 
; 64.144 PE4L 

64.15 
- 64.205 

DENSITY_LIMIT(2) V97U5311C FT VS MC 64.127 PROO 
64.144 PEG] 
64.15 
64.205. 

DENSITY_LIMIT(3) V97US312C FT Vv S MC 64.127 PROO 
64.144 . PEGL 
64.15 
64.205 

Vv S MC 64.127 PRGO DENSITY_LIMIT(4) V97US313C FT G4.127 pRGO 
64.15 
64.205 

F 0 MC 64.127 DRCO DRAG_CONST V97U5317C FT"#2/SLUG G4.127 RCO 
64223 
64.236 
64.15 
64.205 

DRAG_CONST_RTLS V97UI01OC FT#H2Z/SLUG F OPC es ST 
64.15. 2FT2 K_MAX V97U5348C NO TS DC 64.15. 
64.127 
64.144 
64.126  ZFT2 K_UNO_NGT v97US350C NO FOS MK is. ZPAO 
64.205 ZFT2 
64.127 
64.144 
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Table 4.3.1.5-2. 

OT088 MI : Gane SSIONS _OOFN:0 0431 
= ASCENT NAVIGATION: ooo 

ACTIVE MEMORY CONFIGURATIONS 

M_MSOTOEF_AT_EPOCHI1,1) 

M_MS0TOEF_AT_EPOCH(1,2) 

M_MSOTOEF_AT_EPOCH(1,3) 

M_MSOTOEF_AT_EPOCH( 2,1) 

M_MSOTOEF_AT_EPOCH( 2,2) 

M_MSOTOEF_AT_EPOCH( 2,3) 

M_MS50TOEF_AT_EPOCH(3,1) 

M_MSOTOEF_AT_EPOCH(3,2) 

M_MSQTOEF_AT_EPOCH(3,3) 

MS_POS_UND_WGT 

V97U5738C 

V97U5739C 

V97U57460C 

V97U57461C 

V97U5742C 

V97U5743C 

V97U57446C 

V97US745C 

V97U5746C 

V97U5411C 

NO 

FT M2 

MC 

nC 

oe 

mc 

HC 

nc 

ne 

MC 

ox 

Ascent Navigation (4.15) I-Loads (Cont) 

  

PR FCTN Cat 

64.15 TEP1 
G4.205 
64.224 
64.126 

64.15 TEP1 
64.205 
64.224 
G4.126 

G4.15 TEP 
G4.205 
64.224 
64.126 

64.15 TEP1 
64.205 
64.224 
G4.126 

64.15 TEP1 
64.205 
64.224 
G4.126 

64.15 TEP1 
64.205 
64.224 
64.126 

G4.15 TEP1 
64.205 
64.229 
64.126 

G4.15 TEP1 
G4.205 
G4.224 
G4.126 

64.15 TEP1 
64.205 
64.224 
64.126 

G4.126 ZFT2 
64.127 2PA0 
G4.144 ZFT2 
64.15 
64.205 
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Table 4.3.1.5-2. Ascent Navigation (4.15) I-Loads (Cont) 

Q2088 B MISSIONS 0g OPN: OGSt r 
- NAVIGAT 

ACTIVE HEMORY CONFIGURATIONS: 01 TON 

  

FSSRNAME MSID ENG UNIT DT PR O'S PR FCTN CAT 

NAVBASE_ALT_ZERO V97US749C FT FD DC 4.15  NvBO 

NAVBASE_LAT_ZERO V97U5750C RAD F OP OC 4.15 VBA 
64.20 
G4: 205 

NAVBASE_LONG_ZERO V97U5S751C RAD F DP DC G%.15 NVBO 
64:20 
64:20 

RV_MAX V99U7596C FT/SEC F S DC G6.15 2ZFT2 
G4:205 

SCALE_HT(1) V97US501C FT Vv S MC G%.127 PREO 
64.144 PEGI 
64.15 
G4: 205 

V97U5502C FT Vv SP MC 64.127 PROO SCALE_HT(2) 64.144 PEGL 
64:15 

G4: 205 
V SP MC G4.127 PROO SCALE_HTC3) V97U5503C FT 66.144 PE41 

64:15 
G4: 205 

Vv SP HC G4.127 PRO SCALE_HTI4) V97U5504C FT Ge.i27 = ORa9 
64:15 
64.205 

T_EPOCH v97U5528C SEC F OP MC G4.15. TEL 
64,224 
G4:126 

158. ZFt2 VAR_H1 V99U7TE94C «FT MHZ FS OC 64.15. 

CG4.15_ -_ZFT2 VAR_H2 V99U7595C ND FS OC 64.15. 

uo
}s
ui
g 
sw
e;
 s

ks
 

v
o
n
e
p
o
d
s
u
e
s
 
s
l
e
d
s
 

vs
 

j
J
B
U
O
Q
B
U
I
9
}
U
]
 

a
M
x
O
Y



  

‘O
C 

ae
qu
an
on
 

S
8
o
l
 

@
8
-
1
0
 

Z=
NO
d 

a
g
c
O
O
-
€
8
 

SL
S 

98
-9
 

Table 4.3.1.5-3. 

O18B MISSIONS 

Fssr Hane 
DESCRIPTION 

ACC_DRAG_HIN 

ACC_DRAG_MIN_REF 

ACC_PROP_HIN_REF 

ACCEL MAG ABVE VENT & BRAG 

ALT_ZONE_CHANGE 

ALT MODEL ATHOS DEN CHANGED 

DENSE(1) 

DENSITY MODEL CONST 

DENSE (2) 

DENSITY MODEL CONST 

DENSE(3) 

DENSITY MODEL COHST 

DENSE (4) 

DENSITY MODEL COMST 

Ascent Navigation (G4.15) K-Loads Ascent Navigation 

v97U5260C 

V97U5760C 

v97U5718C 

V97U5304C 

V97U5305C 

v97us53e6C 

v97U5367C 

DBFM: 6541 

(‘
& 

HC KLOAD VALUE 

+1.1600006 €+02 

#3.26 E-62 

+5.0000000 €+05 

~3.9570 E+02 

#1,.04480 E-05 

+6.9560808 E+06 

-2.4208 €+01 

DATE : 03/01/69 

FT/SECun2 
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FT 
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Table 4.3.1.5-3. Ascent Navigation (G4.15) K-Loads Ascent Navigation (Cont) 

O18B MISSIONS , 
FSSR NAHE MSID HC KLOAD VALUE NG SR NAHE oy ENG UNIT . DT PRS PR FCTIN LAST CR EQTN HSID 

DENSE(5) V97US308C -2.8890 E-06 FIMN-1 Fse 64.127 89662A 
215 

64.265 
4.223 

64.236 
DENSITY MODEL CONST 

DENSE (6) V97U5309C +2.6050000 £+06 FT Fsec 27 OS661A 

DENSITY MODEL CONST 

DIFCD1 V96U9743C #3.9589 E-01 ND Fsec 64.236 89661A 

F S C 64.236 8S89661A 
DIFCD2 V96U9744C #3.3962 E+0e ND € 

- S$ C 64.236 896614 
OIFCDS V96U9745C #6.5414 E-@1 RAD F 68-338 

. 9661A 

DIFCD4 V96U9746C #8.3589 E-01 ND e sc 64.258 8966 

e 

5 89945A 

MAX_TIME_TOL 
v96U8685C +5.4 €+e4 SEC 

MAX ALLOWABLE TOTAL PREDICTION INTERVAL 

DBFN: 0541 DATE 1063/01/89 
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Table 4.3.1.5-3, Ascent Navigation (4.15) K-Loads (Cont) 

Clase MISSIONS 

FSSR WANE MSID HC KLOAD VALUE ENG UNIT DESCRIPTION 

SEA_LEVEL_DENSITY vo7USSes5C #2.3768840 £-03 SLUGS/FTNNS Fse 64. 27 
64.15 
64.205 
64.223 
64.236 SEA LEVEL ATOHOSPHERIC DENSITY 

(S
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DT PRS PR FCTN LAST CR EQTN HSID 
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NROKRMM FSSR2. DATA(XO3 BOOKS 
PFS CONSTANTS UPOATE B/L 

Table 4.3.1.5-4, 

  

Ascent Navigation (4.15) Constants 

  

  

FSSR NAME 
~-_SESCRIPTION STD HC ___VALUE UNITS ___OT PR SPF REF LAST CR EQTN HSI 
¢ 01) _ ar 

TESSERAL MARMONIC COEFFICIENT 5553595? No Foo 
Cc a2) +. TESSERAL MARMOMIC COEFFICIENT e205. 11423 Ho FO 
Cc 03 +. TESSERAL MARHOMIC COEFFICIENT 222907694 NO Fo 
C105) 0.3 TESSERAL MARMOMIC COEFFICIENT Bag eee No Fo 
Cross 4.9 

TESSERAL HARMONIC COEFFICIENT £297 766803 No Fo 
C106) *. TESSERAL HARMONIC COEFFICIENT Ete? Ho Fe 
C107) ; TESSERAL HARMONIC COEFFICIENT eon ee “o rf? 
C108) 959073749 F oo TESSERAL HARMONIC COEFFICIENT E77" a 
c1o9) ~.41542493 ND F D TESSERAL HARMONIC COEFFICIENT E-08 
EARTH v97U4378C ¢140764487566 = FTNNS/) Fi EARTH GRAVITATIONAL CONSTANTS E+17 SECHE2 
EARTH POLEI1) v98U8460C 28322844 NO FS x COMP OF UNIT VECTOR IN DIRECTION é-02 OF EARTH'S AXIS OF ROTATION IN M50 
EARTH POLE(2) v98U8461C -.§0279960 ND FOS Y COMP OF UNIT VECTOR IN DIRECTION E-04 OF EARTH'S AXIS DF ROTATION EA ben 
EARTH POLE(3) v98U8462C . 99999598 NO Fos 2 COMP OF UNIT VECTOR IN DIRECTION és00 

OF EARTHS AXIS OF ROTATION GH Usd 
EARTH_RADIUS EQUATOR v97U5324C 209257414698 FT F OD 

EARTH EQUATORIAL RADIUS i630 E40 
EARTH RADIUS GRAY v97U5325C #.209256561600 FT Foo 

EARTH RADIUS TCRAY ACCELD E+08 
EARTH RATE V97U4379C 7292115146660 RAD/SEC FO 

EARTH'S ROTATIONAL RATE 600 E-0 
ELLIPT v97U5332C ,335232980000 NO Fo 

EARTH'S ELLIPTICITY CONSTANTS 6000 E-02 
KM1 -.17980000 No FOS 

CONSTANTS USED TO COMPUTE LOG OF E401 
KHJOSEM MUMBER, ALT LESS THAN 
400K FEET 

KH2 
CONSTANTS USED TO COMPUTE LOG OF 
KNUDSEN MUMBER, ALT LESS THAN 
400K FEET 
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NROKRMM FSSR2 DATA(X3 IBOOKS 
PFS CONSTANTS UPOATE B/L 

FSSR NAME 
DESCRIPTION 

KN3 
CONSTANTS USEO TO COMPUTE LOG OF 
KNUDSEN NUMBER, ALT LESS THAN 
SOOK FEET 

KNG 
CONSTANTS USED TO COHPUTE LOG oF 
KNUOSEN NUMBER, ALT BETHEEN 
400K AND 600K FEET 

KNS 
CONSTANTS USED TO COMPUTE LOG OF 
KNUDSEN NUMBER, ALT BETHEEN 
400K AND 600K FEET 

KN6 
CONSTANTS USED TO COMPUTE LOG OF 
KNUDSEN NUMBER, ALT BETWEEN 
GOOK AND 600K FEET 

ID_MATRIX_3X3(01) 
71,1) COMPONENT OF 3X3 IDENTITY 
MATRIX 

ID_MATRIX_3X3(02) 
T1,2) COMPONENT OF 3X3 IDENTITY 
MATRIX 

ID_MATRIX_3X3(03} 
T1,3) COMPONENT OF 3X3 IDENTITY 
MAtRIx 
D_MATRIX_3X3104) 
AT CORPONENT OF 3X3 IOENTITY 
MATAIX ae 

ATRIX_3X3105) 
RT COMPONENT OF 3X3 IDENTITY 

MATRIX 
10_MATRIX_3X3106) 

12,3) COMPONENT OF 3X3 IDENTITY 
MATRIX 

ID_MATRIX_3X3(07) 
13,1) COMPONENT 
HAtRIXx 

1D MATRIX 3x3(08) 
3,23 COMPONENT OF 3X3 IDENTITY 

MATRIX 
RIX_3X3109) 

et COMPONENT OF 3X3 IDENTITY 
MATRIX 

OF 3X3 IDENTITY 

PT aaTIO CIRCUMFERENCE TO DIAMETER 

RAD PER OEG 
DEGREES TO RADIANS CONVERSION 
FACTOR 

SOOT SSERAL HARMONIC COEFFICIENT 

Table 4.3.1.5-4, 

V98U8725C 

V97U0383C 

V97U5492C 

27518150 
E-02 

-- 14990900 
E-03 

+ 20490000 
E-09 

1.0 

1.0 

1.0 

3.1415926535897 

- 17453293 
E-01 

~ .52357454 
E-08 

OD Oe a we ee eo ow we ee a ee 

Ascent Navigation (4.15) Constants (Cont) 

UNITS OT PR S_ PF REF LAST CA EQTN MSID 
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Table 4.3.1.5-4, 

WROKRMM FSSR 
PFS Cons TAN NT 

FSSR NAHE 
DESCRIPTION 

2. DATACXS BOOKS 
S UPDATE B/L 

TESSERAL HARMONIC COEFFICIENT 

TES SSERAL HARMONIC COEFFICIENT 

TESSERAL HARMONIC COEFFICIENT 

$65) 
TESSERAL HARHONIC COEFFICIENT 

$96) 
TESSERAL HARHONIC COEFFICIENT 

$(87) 
TESSERAL HARMONIC COEFFICIENT 

sea) 
TESSERAL HARHONIC COEFFICIENT 

S169) 
ESSERAL HARMONIC COEFFICIENT 

(615 
GNAL HARMONIC COEFFICIENT 

ONAL (623 
2 ZOWAL HARMOMIC COEFFICIENT 

Qnise es) 
2 ONAL HARMOMIC COEFFICIENT 

OMAL (84) 
2 ZOMAL HARMOMIC COEFFICIEMT 

SV_TIME_TAC DIFF 
Tint TOLERAMCE FOR PREDICTIOM 
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Ascent Navigation (4.15) Constants (Cont) 
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Table 4.3.1.5-5. 

Space Transportation ¢g 
Systems Division 

Ascent 

Navigation (4.15) 
Cross-References 

  

  

  

FSSR Name Source Name 

V_CURRENT FILT SEL_V_M50 

T_CURRENT_FILT TIME_V 

ALPHA ALPHA_SNAP 

ALPHAIN ALPHA SNAP 

BETAIN BETA_N     
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4.3.2 RTLS Navigation (4.205) 

The RTLS navigation principal function shall prowide an up-to-date esti- 
mate of the Shuttle'’s position, velocity, and other parameters for software 
users such as guidance and displays. The principal function shall be sched- 
uled by the ascent/RTLS navigation sequencer. The interface between RITLS 
navigation and other principal functions is defined in the Level B GN&C 
CPDS. Principal function input and output parameters, along with the I-loads, 
K-loads, constants, and cross-references, are presented in Tables 4.3.2.9-1 
through 4.3.2.9-5. 

RTLS navigation shall use selected data from up to three IMU’s to main- 
tain a current estimate of a single six-component state vector. Navigation 
state propagation shall employ accelerometer data in propagating the state to 
the current time. - The measured acceleration due to drag will be used to 
generate pseudoaltitude measurements. 

A Kalman filtering technique shall be used when updating the inertial 
state vector with TACAN, MSBLS, barometric altimeter, or drag pseudoaltitude 
measurements. The state vector shall be propagated. If a delta state update 
has been indicated, the position and velocity vectors shall be updated and the 
covariance matrix reinitialized. Otherwise, the state transition matrix shall 
be calculated and the covariance matrix shall be propagated. The measurement 
partials and the Kalman filter gain matrix shall be computed. After a reason- 
ability test and data editing, the Kalman gain and the measurement residuals 
will be used to update the state vector. The state vector will be available 
for computing user parameters and display parameters, 

4.3.2.1 RTILS Control. The RTLS navigation principal functaon shall 
provide the capability to control state and covariance matrix propagation and 
filter updates; one state vector shall be maintained. 

A. Detailed Requirements. RTLS control shall perform the following task in 
the order indicated. (For definitions of variables, see input and output 
Tables 4.3.2.1l-1 and 4.3.2.1-2.) 

1. The accumulated sensed velocity From selected INU data and the 
corresponding time tag shall be obtained (Section 4.2.2.2), and the 
current angle of attack, sideslip angle, and pitch angle shall be 
obtained and converted to radians. 

2. An external sensor data snap shall be performed as described in 
Section 4.3.2.2. 

3. If the flag DO DELTA_UPDATE_UP is ON, the delta state vectors used 
by the ascent delta state update task shall be set equal to the 
output by the uplink processing software, the {lag M) DELTA_UPDATE 
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5. 

6. 

7. 

8. 

9. 

10. 

ll. 

  

Rockwell 
International 

  

terrace ON 
shall be set to the ON position, and the flag DO DELTA __UPDATE_UP a7 
shall be returned to the OFF position to prevent repetitive indcor- 
poration of the same uplinked data? 

DR_RW = DR_RW_UP 

DV_RW = DV_RW_UP   DO_DELTA_UPDATE = ON 

DO_DELTA_UPDATE_UP = OFF 

If the flag DO_DELTA_UPDATE_UP is OFF, these computations-shall not 
be performed. 

The RTLS sensor selection subfunction shall determine which measure- 
ments (drag altitude, barometric altimeter altitude, Tacan range and 
bearing, MSBLS range, asimuth, and elevation) are to be presented to 
the filter for processing as described in Section 4.3.2.3. 

The state vector shall be propagated as described in Section 
4.3.2.5. 

If a delta state update is indicated, it shall be performed by the 
delta state update function, as described in Section 4.3.2.4.2. 

The covariance matrix will be either reinitialized as described in *) ) 0 
Section 4.2.3 (if a delta state update was performed) or propagated 
in the manner shown in Section 4.3.2.6 (if a delta state update was 
not required). 

The navigation measurement reconfiguration subfunction shall 
reconfigure the necessary parameters for use by state and covariance 
measurement incorporation subfunction, as described in Sec- 
tion 4.3.2.4.1. 

The state and_covariance matrix incorporation subfunction shall 

update the state vector and covariance matrix, as described in Sec- 
tion 4.3.2.7. A counter shall be incremented for each measurement 
type processed to indicate the mark number for postmission analysis 
purposes. 

The user parameter state propagator reset task shall be performed as 
described in Section 4.2.4. 

Finally, the RTLS measurement processing statistics subfunction 
(Section 4.3.2.8) shall be performed. 
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B. Interface Requj : 
Tables 4.322121 eres input and output parameters are listed in 

  

C. Processing Requirements. RTLS control . S shall be executed at a premission- 
determined rate when the RILS navigation principal function is scheduled. 

D. Constraints. None. 

E. Supplemental Information. A sug i i i E e gested implementation of RTL 
illustrated by NAV_GRTLS in Section 5.2. , * S control ts 
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Table 4.3.2.1-l. 

Space Transportation 
Systems Division International 

ot Rockwell 

RTLS Control Input Parameters 
  

  

Tnuput Sample 
Description Syebol Source Precision | Range | Unics Rate 

Time of the filter etate vector TLAST_FILT RTLS oF sec Filcer 
etete race 
propa- 
gation 

Previously read selected accumu= N LAST PILt aTLS op ft/sec | Pilcer 
laced IMU velocity etate rate 

pro sation 
Flag indicating (ON) that baro DO_BARO Mav RTLS OFF /OM Filcer 
alcimeter data are to be processed = eensor rate 

eelector 

Filter current Shuttle position R FUT RILS DP ft Filcer 
vector in MSO coordinates - state and rate 

covariance 
measurement 
incorpo- 
ration 

Shuttle velocity vector ¥ FULT RTLS s fc/sec | Filter 
etate and race 
covariance 
measurement 
incorpo- 
ration 

UplLinked delta position vector DR RW UP (b) 8 - fc As 
vo needed 

Uplinked delta velocity vector DV_RW_UP (b) Ss - ft/sec | As 
—_ needed 

Flag indicating (ON) that a delta DO DELTA (b), ~ OFF/ON | -- As 
state vector update has been received UPDATE_UP RTLS needed 
via command uplink control 

Flag indicating (ON) that drag DO_DRAG NAV RTLS OFF/ON Filter 
alticude daca are to be processed sensor race 

selector 

Flag indicating (ON) that TACAN range | DO_TACAN_NAV RTLS OFF/ON Filcer 
and bearing data are to be processed sensor 

selector 

Flag indicating (ON) chat #5BLS DO_MLS_NAV RTLS OFF/ON Filter 
range, azimuth, and elevation sensor rate 
data are to be processed selector 

Radians per degree RAD_PER_DEG (a) S rad/ Filter 
deg race 

Current vehicle pitch angle THETAIN (b) Ss deg Filter 
race 

Current vehicle angle of attack ALPHAIN (b) S$ deg Filter 
rate 

Current vehicle sideslip angle BETALN (d) Ss deg Filter 
rate 

Flag indicacing (ON) thet a DO DELTA Delta OFF/ON Filter 
delta state update is to be UPDATE ~~ state rate 
per forsed update, (b) 

Acceleration vector in M50 G _OLD RTLS s ft/, Filter 
coordinates ” state sec race 

propagation               
    "See RTLS navigation principal function constant table. 

See RTLS navigation principal function input parameter table. 
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Table 4.3.2.1-2. RTLS Control Output Parameters 

Output Comp 
Description Syebol Destination] Type | Precision | Range | Unites | Race 

Vehicle position vector after & _RESET (a) v DP fe Pilcer 
all navigation updates received vate 
for reset of user parameter 
propagator position vector 
R _AVGG 

Vehicle velocity vector after ¥ _Reset (a) v 8 ft/ Filter 
all navigation updates, ° sec rate 
reserved for reset of guidance 
integrator velocity vector 
V _avcc 

Time associated with reserved T_RESET (a) ’ oP sec Filter 
reset state - rate 

Switch indicating (ON) that FILT_ UPDATE (a) D orr/on Filter 
current measurement processing ” rate 
is complete 

Updated vehicle position vector R COV LAST RTLS v oP ft Filter 
associated with current —_—o covariance rate 
covariance matrix propagation 

Copy of V_LAST_FILT reserved as vm reset | (a) v DP ft/ | vilcer 
velocity Count at start of —_o sec rate 
extrapolation interval when 
guidance integrator is reset 

Counter indicating che particular MLS MARK NUM (a) I s Filter 
MSBLS measurement processed by ” ~ rate 
the filter 

Counter indicating the particular TACAN_MARK_ (a) I s Filter 
TACAN messurement processed by NUM rate 
the filter 

Counter indicating the particular BARO_MARK_NUM (a) IT s Filter 
baro measurement processed by rate 
the filter 

Counter indicating the particular DRAG_MARK NUM (a) I s Filcer 
drag measurement processed by the rate 
filter 

Acceleration vector at beginning G _RESET (a) v Ss ft/, Filter 
of navigation integration interval sec rate 

Vehicle angle of attack ALPHA State F s rad Filter 
propagse- rate 
tion, drag 
processing 

Vehicle sideslip angle BETA State F s rad Filter 
propagation rate 

Flag indicating (OFF) that an DO DELTA RTLS D - OFF/ON | —— Filter 
uplinked delta state update UPDATE_UP control rate 
has been accepted 

Position vector for delta state DR_RW Delta state| V 8 ft Filter 
update update rate 

Velocity vector for delta state DV_RW Delta state] V s ft/seq Filter 
update update rate       "See RILS navigation principal functiou output parameter table. 
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4.3.2.2 External Sensor Data Snap. The purpose of this subfunction 
during RTLS navigation is to collect sensor data and store the data for subse- 
quent use in the state and covariance measurement incorporation subfunction. 
Included in the sensor data are the measurements, their data-good flags (which 
indicate the validity of the measurements) and the measurements’ time tags. 
Time tags of the data collected from sensors are adjusted according to pre- 
mission biases. This subfunction is required to ensure that the data sets 
used in the navigation processing are properly saved for use in the state and 
covariance measurement incorporation subfunction, whereas the actual data may 
continue to be refreshed by hardware sensor reading, sensor SOP processing, 
and selection filter unification. 

  

A.* Detailed Requirements. During RTLS navigation, external sensor data will 
be collected in three groups: (1) barometric altimeter data (air data sys- 
tem), (2) TACAN data, and (3) MSBLS data. Barometric altimeter and TACAN data 
collection is required at the navigation filter rate. Since the hardware 
refreshment rate for the MSBLS sensors is rather infrequent, it is desirable 
to sample the data frequently to determine whether the data have changed so 
that, if they have, the time of change may be assumed to be the time tag of a 
new measurement. (Mechanization of this process is in the MSBLS SOP.) The 
pertinent navigation sensors and their measurement sets are defined below: 

1. Barometric altimeter = the Shuttle's barometric altitude, its data- 
good flag, and the associated time tag, adjusted by a premission- 
loaded time bias, will be collected and stored: 

SNAP BARO ALTIMETER (Q_BARO, BARO_DATA_GOOD, T_BARO) 

T_BARO = T_BARO - TIME BIAS BARO 

2. TACAN - The magnetic bearing of the TACAN station from the Shuttle 
and the slant range distance from the TACAN ground beacon, together 
with the range and bearing data-good flags, shall be collected and 
stored. The associated time tag will be collected, adjusted by a 
premission-loaded time bias, and stored. The current TACAN Line 
replacement unit (LRU) number also will be collected and stored. The 
following equations define the parameters necessary to accomplish the 
above requirements: 

SNAP TACAN (Q_TAC_BRG, Q_TAC R, T_TACAN, 

TAC_RNG_DATA_GOOD, TAC_BRG_DATA_GOOD, 

SEL _LRU_ID) 

T_TACAN = T TACAN - TIME BIAS TACAN 

3. MSBLS - The Shuttle‘s azimuth, slant-range distance from the DME 
antenna, and elevation (given as a wedge angle) will be collected 
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and stored, together with the data-good flags. The associated time 
tags will be collected, adjusted by a premission-loaded time bias, 
and stored. The following equations define the parameters necessary 
to accomplish the above requirements! 

  

SNAP MSBLS (Q_RANGE, Q _AZMLS, Q ELMLS, MLSRANGE_DATA_GOOD, 

MLSAZ_DATA_GOOD, MLSEL_DATA_GOOD, T_EF_RMLS, T_EF_AZMLS, 

T_EF_ELMLS) 

T_EF_RMLS = T_EF RMLS ~ TIME BIAS MLS 

T_EF_AZMLS = T_EF_AZMLS ~ TIME BIAS MLS 

T_EF_ELMLS = T EF _ELMLS - TIME BIAS MLS 

B. Interface Requirements. The input and output parameters are listed in 
Tables 4.3.2.2-1 and 4.3.2.2-2. All output time tags are assumed to have been 
associated with the sensors’ measurements (the time FCOS commands the read, 
adjusted by applying time bias corrections). 

C. Processing Requirements. It is required that the navigation sensor data 
measurements, validity flags, and time tags be made available for the collec- 
tion and storing processes. The collection rates (not necessarily sensor 
interrogations) are indicated by the navigation sequencers. However, these 

“yates assume the available data are fresh. This implies that SOP‘s processing 
and selection filtering must be at a rate equal to or greater than the collec- 
tion rate. 
D. Constraints. The data collections should occur after a complete current 
set is available and just prior to use in navigation in order to supply cur- 
rent data. 

E. Supplementary Information. A suggested implementation of the RTLS 
external sensor data snap subfunction, in the form of a detailed flow chart, 
can be found in Section 5.2 (NAV_GRTLS). The SNAP statements above imply the 
assignment of current values to the variable names shown in parentheses. 
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Space Transportation 
Systems Division 

Rockwell 
International a) 

RTLS.External Sensor Data Snap Input Parameters 
  

  

Input Sample 
Description Syabol Source | Type | Precision} Range |Units Rate 

Barowetric altimeter sensor Q_BARO (a) Fr 8 fe Filter 
measurement rate 

Copy of current data good dis- BARO_DATA_GOOD (a) D orr/on Filcer 
crete reserved for measurement rate 
processing (navigation) 

Time tag associated with bero- T_BARO (a) ¥ DP sec Filter 
metric wessurement ~- rate 

Bias used to correct barometric time | TIME_BIAS BARO (b) r 8 sec 
tag 

TACAN bearing sensor measurement Q.TAC_BRG (a) F : rad Vilcer 
‘ rate 

TACAN range sensor measurement Q_TAC RB (a) F 8 ft Filcer 
rate 

Time as which TACAN was read T_TACAN (a) F oP sec Filter 
rate 

Bias used to correct TACAN time tag TIME_BIAS_TACAN (b) F DP sec 

MSBLS range sensor seasurement Q_RANGE (a) Fr s fc Filter 
rate 

MSBLS azimuth sensor weasurement Q_AZMLS (a) F $s rad Filcer 
rate 

MSBLS elevation sensor seasurement Q_LELMLS (a) F 8 cad Filcer 
rate 

Copy of current data good discrete MLSRANGE DATA (a) D OFF/ON Filter 
reserved for measurement processing GooD -_— oo rate 

Copy of current data good discrete MLSAZ_DATA_GOOD (a) D OFF/ON Filter 
reserved for measurement processing rate 

Copy of current data good discrete MLSEL_DATA_GOOD (a) D OFF/ON Filter 
reserved for measurement processing rate 

Tie ac which MSBLS range measurement | T_EF_RMLS (a) F be sec Filter 
was read rate 

Time at which MSBLS azimuth was read | T_EF_AZMLS (a) F DP sec Filter 
(adjusted) rate 

Time tage of current MSBLS elevation | T_EF_EMLS (a) F DP sec Filter 
measurement rate 

Current TACAN range data good TAC RNG_DATA_ (a) D OFF/ON Filcer 
cooD race 

Current TACAN bearing data good TAC_BRG_DATA_ (a) D OFF/ON Filter 
. Good rate 

Bias used to correct MSBLS time tag TIME_BIAS_MLS (b) F Ss sec Filter 
rate 

LRU number that the selection Filter | SEL_LRU ID (a) I s 1, 2, Filter 
picked, and thac idencifies the site or 3 race 
parameter list (no. 1, 2, 3)                   *see the BTLS navigation principal function input parameter table. 

See RTLS navigation principal fuaction K-load table. 
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Table 4.3.2.2-2. 

Spece Transportation 
Systems Division 

  

gR Rockwell 
International 

RTLS External Sensor Data Snap Output Parameters 

  

Description Syabol 
Output 

Destination Precision Renge Uaices 
Comp 
Rete 

  

  

  

Barometric altimeter sensor 
measurement 

Copy of current data good 
discrete veserved for 
measurement processing 
(navigation) 

Time tag associated with baromet- 
cic measurement (adjusted) 

TACAN bearing sensor measurement 

TACAN range sensor seasurement 

Current data good discretes for 
TACAN measurement processing 

Time at which TACAN was read 

(adjusted) 

MSBLS range sensor seasurenent 

MSBLS aziauth sensor measurement 

MSBLS elevation sensor measurement 

Copy of current data good 
discrete reserved for 

measurement processing 

Copy of current data good 

discrete reserved for 

measurement processing   

Q_BARO 

BARO_DATA_GOOD 

T_BARO 

Q_TAC_BRG 

Q.TAC_R 

TAC_RNG_DATA_ 
GOOD 

TAC_BRG_DATA_ 
GOOD 

T_TACAN 

Q_RANGE 

Q_AZMLS 

CELMLS 

MLSRANGE_DATA_ 
GOOD 

MLSAZ_DATA_ 
coop   

RTLS 
barometric 
altimeter 
data 
process 

RTLS 
barowetric 
altimeter 
Gata 
process 

RTLS 
barowetric 
altimeter 
data 

process 

RTLS 
TACAN 
bearing 
data 
process 

RTLS 
TACAN 
range data 
process 

RTLS 
TACAN 
range data 
process, 
TACAN 
bearing 
data 
process 

RTLS 

TACAN 

range data 
process, 
RTLS 
TACAN 
bearing 
data 

process 

RTLS MSBLS 

range meas 
incorp 

RTLS MSBLS 

aziguth 
weas incorp 

RTLS MSBLS 
elevation 
meas incorp 

RTLS MSBLS 

Tenge meas 
incorp 

RTLS MSBLS 

aziguth 

weas incorp   

opr 

oP 

    

orr/ow 

OFF /OW 

OFF/ON 

OFF/ON   

ft 

rad 

fe 

sec 

ft 

tad 

rad   

Filcer 
rate 

Filter 
rate 

Filter 
rate 

Filter 
rate 

Filcer 
rate 

Filter 
rate 

Filcer 
rate 

Filcer 
rate 

Filter 

rate 

Filter 
rate 

Filter 

rate 

Filter 

rate 
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Table 4. 3.2.2-°2. 

Space Transportation 
Systems Division 

a 

RTLS External Sensor Data Snap Output Parameters (Cont) 

Rockwell 
international 

  

  

                  

Output Comp 
Description Synubol Destination Precision | Range | Unite | Rate 

Copy of current deta good MLSEL_DATA_ RTLS NSBLS OFF/oM Filter 
discrete reserved for @00D elevation rate 
measurement processing meas iacorp 

Time et which MSBLS range meseure~{ T_EF RNLS RTLS_MSBLS oP sec Filter 
ment was read (adjusted) Tange peas rate 

. iacorp 

Time at which MSBLS ezimuth was T_EF_AZMLS RILS_NSBLS DP sec Filter 
read (adjusted) azimuth rate 

waas incorp 

Tiwe tag of current MSBLS TEF_ELNLS RTLS_MSBLS oP sec Filter 
elevation measurement (adjusted) elevation vate 

weas incorp 

TACAN LRU number which the SEL_LRU [tb RTLS aea- s 1, 2, Filter 
selection filter picked, and surement or 3 rate 
which identifies the site reconfigu- 
perameter list (no. 1, 2, 3) ration 
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. 4.3.2.3 Sensor Measurement Selection. A capability, designated as the 
RTLS sensor measurement selection subfunction, is required for the selection 
of external sensor measurement data to be presented to the state and covari- 
ance measurement incorporation subfunction (Section 4.3.2.7) when the RTLS 
navigation principal function is active. Selection of a sensor data type will 
also mean that knowledge of this measurement data selection will be presented 
to the measurement reconfiguration subfunction (Section 4.3.2.4.1) to cause 
proper initialization of TACAN site data. 

A. Detailed Requirements. The requirements for this subfunction are given as 
a set of necessary sensor measurement selection capabilities. Only the 
following measurement types will be employed while the RTLS navigation princi- 
pal function is active: barometric altimeter, MSBLS, drag altitude, and 
TACAN. The following capabilities will be provided: 

1. There will be both manual (crew) and automatic control of TACAN, 
drag, and barometric altimeter measurement selection. 

2. The crew will be able to manually force or inhibit TACAN, drag, and 
barometric altimeter sensor data or select the automatic mode. 

3. For each measurement type, manual control (force or inhibit) will 
override automatic sensor selection; that is, if a crewman desires to 
force a particular type of sensor data, then these data will be sent 
to the state and covariance measurement incorporation subfunction 
(data may not be incorporated if indicated to be invalid), with two 
exceptions (see items 5 and 9 below). The force or inhibit will stay 
in effect across major modes and will be removed by reverting to 
automatic sensor measurement selection. 

4. The forcing of sensor data will override the residual edit for that 
particular sensor type. 

5. Neither the crew nor the automatic selection criteria will be able to 
simultaneously select any of the following combinations: 

a. TACAN and MSBLS data 

b. MSBLS and barometric altimeter data 

c. MSBLS and drag altitude data 

d. Barometric altimeter and drag altitude data 

6. If TACAN is in the automatic selection mode, MSBLS data are indicated 
to be available, and MSBLS range and azimuth data are indicated as 
valid, then MSBLS data will be selected. TACAN data will be selected 
if no valid MSBLS range and azimuth data have been snapped for the 
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tast k (premission constant) executions of the RTLS navigation prin- 
cipal function and MSBLS range or azimuth data are indicated as 
invalid during the current execution and TACAN range or bearing data 
are indicated to be valid. 

When MSBLS data are first selected, or are reselected after having 
been deselected, portions of the covariance matrix shall be reini- 
tialized by setting all the cross-correlation terms between position 
and velocity to zero. 

If MSBLS data are not selected and barometric altimeter data are 
indicated to be not valid, then barometric altimeter data will not be 
considered for selection and the following selection criteria will be 
employed for drag data, if barometric altimeter data are processed 
for display purposes only and the vehicle is not in the Mach jump 
region. If the automatic selection mode is employed for drag data, 
then these data will be selected for processing if the magnitude of 
the sensed acceleration of the Shuttle exceeds a premission- 
determined minimum and the current altitude of the Shuttle is above a 
premission determined minimum. If drag data are forced, then these 
data will be selected for processing, and the drag residual edit test 
will be overridden. If drag data are inhibited, then these data will 
be selected for processing for statistical display purposes only. 

If MSBLS data are not selected and barometric altimeter data are 
indicated as valid, then drag data will not be considered for selec- 
tion. If barometric altimeter data are not chosen for display pur- 
poses only (D0_] BARO_NAV = BARO ) STAT) or the vehicle is in the Mach 

jump region (ADS } MJ # OFF), then the following selection criteria 

will be employed for barometric altimeter data. If the automatic 

selection mode is employed for barometric altimeter data, then these 

data will be selected for processing if the relative velocity magni- 
tude of the Orbiter does not exceed a premission-determined maximum 
and does not lie in the premission-determined barometric altimeter 
discontinuity region and the orbiter is above a minimum altitude for 
bias processing. If barometric altimeter data are forced, the baro 
data will be selected for processing provided that the magnitude of 
the relative velocity of the Orbiter does not lie in the barometric 
altimeter discontinuity region. If baro altimeter data are inhib- 
ited, then these data shall be selected for processing for statisti- 
cal display purposes only. If barometric altimeter data are not to 
be inhibited and the vehicle is in the Mach jump region, then H INHIB 

is set to ON and barometric (DO BARO NAV = ON and BARO STAT = ON) 
data are processed for display purposes ‘only. 

The minimum altitude above the runway for processing barometric 
altimeter data shall be ALT BARO CUTOFF. If MSBLS data are processed 
at a vehicle altitude less than ALT | BARO_ CUTOFF HIGH, then the baro 
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cutoff altitude, ALT_BARO CUTOFF, shall be set to ALT_BARO CUTOFF _ 
HIGH to preclude state updates with baro data if MSBLS data is lost 
at low vehicle altitudes, otherwise, state updates with baro date 
will continue to a vehicle’ altitude specified by the initial value of 
ALT_BARO_CUTOFF. 

This subfunction will provide a positive-feedback record of the manual 
inputs affecting the selection of drag, TACAN, and barometric altimeter 
data. These records are used by horizontal situation display processing. If 
drag or barometric altimeter data are not selected for processing as a result 
of failure to meet an altitude, relative velocity magnitude, or acceleration 
magnitude constraint, then knowledge of this deselection will be made avail- 
able to measurement processing statistics to be employed in event lamp pro- 
cessing by setting H_INHIB to ON. 

This subfunction will also perform sensor measurement selection when the 
data are employed only to compute TACAN, drag, and barometric altimeter sta- 
tistics for display purposes. The following capabilities will be provided: 

1. A maximum of three pieces of sensor measurement data (i.e., MSBLS 
range, azimuth, and elevation or TACAN range and azimuth and drag or 
barometric altimeter) will be processed on any one execution of the 
RTLS navigation principal function. 

2. Selection of a TACAN and barometric altimeter or drag measurements 
for computation of measurement statistics will be subordinate to 
selection of MSBLS for possible state and covariance incorporation. 

The result of selection of sensor measurements for processing of data or 
for computation of measurement statistics will be provided as indicated in 
Tables 4.3.2.3-1 and 4.3.2.3-2. The terminology "process" means that the 
state and covariance measurement incorporation subfunction may incorporate the 
measurement data into the state estimation. The terminology "display" means 
that the state and covariance measurement incorporation subfunction may per- 
form the processing of data for display of measurement statistics but is 

prohibited from incorporating the data into the state estimation. 
”- 

Finally, this subfunction will initialize the measurement edit indicators 
to zero for subsequent use by the state and covariance measurement incorpora- 
tion subfunction. 

B. Interface Requirements. The input and output for this function are given 
in Tables 4.3.2.3-3 and 4.3.2.3-4. 

C. Processing Requirements. This function will be performed after complete 
set of the external sensor measurement data to be used (while the RTLS naviga- 

tion principal function is active) has been saved and before the measurement 
reconfiguration subfunction is executed. 
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Table 4.3.2.3-l1. MSBLS. Versus TACAN 

  

  

  

        

MSBLS available 

MSBLS Not Data-Good Data-Bad 
TACAN Available (AZ and Range) (k Cycles) 

Auto 

Data-good (range Process TACAN Process MSBLS | Process TACAN 
or bearing) 

Data-bad (range Process neither | Process MSBLS | Process neither 
and bearing) MSBLS nor TACAN MSBLS nor TACAN 

Force Process TACAN® | Process TACAN®| Process TACAN® 

Inhibit Display TACAN Process MSBLS | Display TACAN 

“Will not result in update if TACAN range or bearing data are bad       
A candidate implementation of this subfunction is shown in RTLS_SENSOR_ 

SELECT code in Section 5.2. This code 1s executed by NAV_GRTLS, the candidate 
implementation of the RTLS navigation control subfunction. 

D. Constraints. None. 

E. Supplemental Information. The foregoing requirements indicate the exis- 
tence of a three-position software switch for TACAN, drag, and barometric 

altimeter data - that is, three AUTO/INHIBIT/FORCE switches. 
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Table '4.3.2.3-2. BARO-DRAG Selection Results 

  

  

  

  

  

  
  

      

                        
  

SYMBOLOGY 

BARO DATA GOOD 
NS = No select 

P = Process (state uplink): MACH Jump © ON MACH Juap © OFF 

P+ @ P+ edit override 
D = Display stats I Auto I . 

(no state update) a a BARO 
h] F RV_MAG b F DATA 

& = Nav Edit Flag Ajlifo > RV_MAX i ° NOT 
Activity If Auto ul bie OR ALTITUDE b t VALID 
Process Criteria t]ife RV_MAG < ALT_BARO_ i c AND MACH 
Are Satisfied o t e < RV_MAX CUTOFF t e JUMP = OFF 

Alt, Acc nN] oj] N P D D p+ | Process 
Criteria ol ijo DRAG 
OK s NS P P NS 

Auto Si pis 

Alt, Acc e 1 e Pp D P+ P+ | No 

Criteria Lf a 1 . Select 
Not OK e y e NS WS NS NS 

DRAG e ¢ 

Inhibie ri] Bit P D o P+ | Display 
A DRAG 

R NS D D NS 

oO 

Force P D D P+ Process+ 

Drag 

NS P+ P+ NS 
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Table 4.3.2.3-3. 

Spece Transportation 
Systems Division OID fectett a 

RILS Sensor Measurement Selection Input Parameters 

  

  

                    

Tapue Sanple 
Description Syebol Source Type Preeieioa Range Daite Rate 

Copy eof eurreat data good dis= MLSRANGE_DATA_ | RTLS seam D orr/on Pileer 
erete reserved fer nescurencat Goon eor data rate 
precessing euap 

Copy ef eurreat data goed MLSAZ_DATA_GOOD | RTLS sen- D or? /ou Filter 
diecrete reserved fer eeacure= sor data vate 
meat precessaag snap 

MLSEL_DATA_ GOOD | RTLS sen- | D orr/on Filter 
sor data eate 
enap 

Preecribed aumber ef consecutive { RAZ COUNT_MAX | (a) I 8 Pilcere 
MLS azieeth measurement data rate 
goed “farle” te force iahibat of 
MLS proceesiag ead allow TACAN 
processaing 

Auto=ashabat=force switch for TACAN_AIF (b) CHAR Filter 
TACAR seasoe selectroa rate 

Auto-2mbabit=force switch for BARO AIF (b) CHAR Filter 
barometric altimeter sensor rate 
selectioa 

Altitude abowe the Fischer ALT (b) Fr 8 fe Pilcer 
ellipsoid rate 

Altitude below which drag data B_DRAG Low (a) F s fc Filtee 
are not processed rate 

Magnitude of the orbiter's ACC_DRAG (b) F 8 ft/ Filter 
curreat drag acceleration sec? rate 

Minimum allowable wagnitude of ACC _DRAG MIN (a) FP s fe/ Filter 
drag acceleratioa of orbiter sec rate 
for drag processing 

Copy of current data-good dis- BARO_DATA_GOOD RTLS sen- D OFF/OK Filter 
crete reserved for measurement sor data rate 

processing anap 

Auto-inhibit-force switch for DRAG_AIF (b) CHAR Filter 
drag daca selection rate 

Copy of current TACAN range TAC_RNG DATA_ RTLS sen- o OFF/ON Filter 
data-good discrete Good sor data rate 

anap 

Copy of current TACAN bearing TAC_BRG _DATA_: RTLS sea- D “ OFF/ON Filter 
data-good discrete GooD sor data cate 

snap 

ASBLS availability discrete MLS_AVAIL (b) D OFF/ON Filter 
rate 

Flag indicating speed of orbiter ADS_MJ (b) -0 OFF/ON As 
1s in baro altimeter dis- oeeded 
continuity region 

Maximum relative velocity magni- RY_MAX I-load F s ft/sec] As 
tude for processing barometric needed 

alcimeter data 

§see RTLS navigation principal function K-load table. 
See RTLS navigation 1nput parameter Cable. 
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Table 4.3.2.3-3. RTLS Sensor Measurement Selection Input Parameters (Cont) 
  

  

              

o
m
 

39
65

68
W)

 

  

  

Taput Sauple 
Description Syebol Source Type Precisioa Range Units Rate 

Magnitude of vehicle relative RV_MAG (e) r s te/ as 
velocity sec aneded 

Baro processing cutoff altitude ALT_BARO_ (e) r 8 fr as 
, CUTOFF needed 

Baro processing cutoff altitude ALT_BARO_ Teload ' s tt as 
if MSBLS data processing terni-~ CUTOFF_HIGH aeeded 
nated below ALT_BARO_CUTOFF_BIGH 

psee RTLS navigation principal function K-load table. 
See RTLS navigation input parameter table. 

SALT_BARO_CUTOFF is initialized to I-load name ALT_BARO_CUTOFF_LOW o
z
 

99
65
68
09
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Table 4.3.2. 3-4, RTLS Sensor Measurement 

Space Transportation 
Systems Division o) 

  

Rockwell 
international 

Selection Output Parameters 
  

Deacriptios Syabol 
Output 

Destination Type Precision Range Vaite 
Comp 
Rate 

  

Fleg amdacating (ON) that dare 
matric altimeter data are te be 
preceseed 

Plag tedicacing (OW) that TACAR 
date are te be processed 

General edat aadacator for I-th 
eeneor sessurement, 12 1, 7 

Swatch used to Force incorpora- 
roa ef barometric data regerd- 
less of residwal edit test 

Swatch used to owerride TACAN 
Tesidual edit test 

Flag zmdacating stat-flag 

setting for barowetric 

measurements 

Flag indicating TACAM data 

processed oaly for statistical 
display 

Cowariance matrix 

Flag indicating which TACAN AIF 
comand is ia effect   

DO_TACAN_RAY 

SENSOR_EDIT, 

BARO_EDIT_ 
OVERRIDE 

TACAN_EDIT_ 
OVERRIDE 

BARO_STAT 

TACAN_STAT 

TAC_AIF_RCVD   

RTLS bare 
meacurement 

inecorpore- 
tioa 

RILS TACAN 
measurement 
incorpora~ 
tios ead 
recon= 
figuration 

RTLS state 
and 
covariance 
weasurement 
incorpore= 
tiea, RTLS 
measurement 
processing 
statietics 

RTLS 
barometric 
alcineter 
data 
processing 

RILS TACAN 
tange data 
processing, 

RTLS TACAN 
bearing 
data 
processing 

RTLS 
barometric 
altimeter 
data 

processing 

RTLS TACAN 

range data 
processing, 
RILS TACAN 
bearing 

data 

processing 

Covariance 

matrix 

propagation, 

state and 

covariance 

measurement 
incorpora~ 

tion 

(a) CHAR   OP     

orr/on 

orr/on 

OFF/ON 

OFF/ON 

OFF/ON 

  

Filter 
rate 

Pilcer 
rate 

Filter 
rate 

Filter 
rate 

Filcer 
rate 

Filter 

rate 

Filter 

rate 

Filcer 

rate 

Filter 

race       “See ETLS navigation output parameter table. 
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Table 4.3.2.3-4. 

Space Transportation 
Systems Division 

  

an Rockwell 
international 

RTLS Sensor Measurement Selection Output Parameters (Cont) 

  

  

              
  

    

Output Coup 
Description Syabol Destination | Type | Preeiaien | Range | Units | Race 

Flag indicating (OW) chac MSBLS DO_MLS_#AV RTLS$ con =| D orr/on Filcer 
data are to be processed trol, RTLS rate 

measurement 

processing 
statistics 

Flag indicating (O08) thac drag DO_DRAG_HAV RTLS 0 orr/on Pilcer 
data are to be processed control rate 

Flag indicating which BARO_AIF BARO_LAIF_RCVD | (a) GHAR Fileer 
command is in effect tate 

Flag indicating which DRAG_AIF DRAG_AIF_RCVD | (a) CHAR Filcer 
command is ian effect rate 

Switch used to override drag DRAG_EDIT_ RILS drag | 0 orr/ORn Pilcer 
residual edit test OVERRIDE data rate 

processing 

Flag indicating stat-flag DRAG_STAT RTLS drag d OFF/On Filcer 
setting for drag data data cate 

processing 

Flag indicating if altitude data H_INHIB MEAS d orr/ON Filter 
have been deselected for aot processing vate 
weeting altitude or acceleration statistics 
constraints 

“see RILS navigation output parameter table. 
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4.3.2.4 RILS Navigation Reconfiguration. A capability shall be provided 
for initialization or reinitialization of certain navigation variables when 
events occur that require reconfiguration of the navigation software. These 
events include the initialization of TACAN station information when the TACAN 
ID changes, and delta state updates to the onboard navigated state vector and 
the associated covariance matrix reinitialization. 

4.3.2.4.1 Measurement Reconfiguration. A capability will be provided 
for initialization of the TACAN station information when TACAN processing 
begins or when the TACAN station ID has changed. 

A. Detailed Requirements. The RTLS sensor measurement selection subfunction 
will provide a capability for determining when TACAN measurements are to be 
processed. The measurement reconfiguration subfunction will be executed when 
TACAN measurements are first available and when the TACAN station ID has 

changed. This subfunction will obtain the following information from the site 

lookup principal function (Section 4.5. 2) only if the selected TACAN channel 

is indicated valid. 

TACAN station information: 

TAC_CHAN VALID = TACAN CHAN VALID SLgey, LRU_ID 

RTACAN EF = R TACAN EF Slory pry ID 

M EFTOTD TACAN = M EFTOTD_TACAN Slept LRU_ID 

ANGLE_CORR_TNTOMAG = ANGLE_CORR_TNTOMAG Slsey pRy rp 

TACAN_ID LAST = TACAN _IDseEL 1 LRU_ID 

B. Interface Requirements. The input and output variables for this subfunc- 

tion are described in Tables 4.3.2.4.1-1 and 4.3.2.4.1-2. 
  

C. Processing Requirements. The measurement reconfiguration subfunction 
shall be performed prior to processing of TACAN measurements, 
  

D. Constraints. It is required that the TACAN redundancy management selec- 

tion filtering and the RTLS navigation principal function execute at the same 
rate in the following sequence. 

1. TACAN RM selection filtering. 

2. RILS navigation. 

It is important that the identifier SEL , LRU_ID, and all the variables 
that have SEL LRU ID as a subscript in the above | equations remain unchanged in 
the site lookup principal function while the above equations are being 
executed. 

E. Supplementary Information. A suggested implementation of the measurement 

reconfiguration subfunction is illustrated by the flow chart TACAN_} INIT CODE 

in Section 5.2. 
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4.3.2.4.2 Delta State Update. During operation of the RTLS navigation 
principal function a capability for a delta state update of the orbiter's on- 
board navigated state and reconfiguration of the covariance matrix shall be 
provided, 

A. Detailed Requirements. Detailed requirements for the performance of the 
delta state update task are described in Section 4.2.5. After execution of 
the delta state update task, the covariance initialisation task described in 
Section 4.2.3 shall be invoked to reconfigure the on-board covariance matrix, 
Input values of sigmas and correlation coefficients are peculiar to and asso- 
ciated with the state update reconfiguration. 

B. Interface Requirements. Input and output requirements for the delta state 
update task are shown in Tables 4.3.2.4.2~-1 and 4.3.2.4.2-2 respectively, 

C. Processing Requirements. The delta state update task and covariance 
matrix reconfiguration will be initiated from inputs supplied by either the 
HSD specialist function processing software or by the ground uplink processing 
software. The delta state update subfunction and the covariance matrix recon- 
figuration shall be performed after the state propagation and measurement 
selection subfunctions have been completed, and only upon detection of an ON 
value in the DO DELTA_UPDATE flag. This flag is checked by the RTLS control 
subfunction in every cycle of the RTLS navigation principal function. 

D. Constraints. None. 

E. Supplementary Information. Procedures will be established to inhibit 
redesignation of the runway and the incorporation of measurement data into the 
onboard state vector during the time interval between (1) the time of the 
difference vectors computation and (2) the time of their application to the 
on-board state vector. Correction terms, rather than the total vector, are 

used because the correction terms are less sensitive to errors between the 
time of their computation and the time that they are actually applied to 
correct the onboard state vector. 

A suggested implementation in the form of the detailed flow charts ASC 
DELTA_STATE_UPDATE and COVINIT_RTLS may be found in Section 5.2. 
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Table 4. 3. 2.4. lel. Measurement Reconfiguration Input Parameters 

Spec steme Otviaion OD feces fnrernational 

  

  

              
      
  

    

        

  

  

  

      

Taput Sanple 
Description Syabol Source | Type] Precision] Raage | Vaices Rate 

Integer indicating which TACAN SEL_LRU ID External | I 8 As 
LRU (1, 2, or 3) is selected by sensor aceded 
RM for use by nav filter for data 
TACAM data processing snap 

Svitch indicaciag ("ON") a valid TAC_CHAN VALID. | (a) D or? /on As 
TACAN channel has been selected SL acoeded 
(site lookup output) I = 1l, 3 

Earth-fixed position vector of R _TACAN_EF_ (a) v s : tc As 
TACAN station (each LRU) output SL; needed 
frow site lookup, IL e1, 3 

Transformation matrix from earth~ M_EFTOTD TACAN_ (a) u s as 
fixed to topodetic coordinates at SL; needed 
TACAM site (each LRU) output 
from site lookup, I 21, 3 

Variation of magnetic aorth frou ANGLE _CORR . (a) t s red As 
true north at TACAN site (each TNTOMAG_SLy needed 
LRU) oucpuc from site lookup, 
tel, 3 

Current TACAS channel/sode TACAR_ID, (a) t $s he As 
identified (each LRU) output needed 
from site lookup, I = 1, 3 

*gee RILS navigation principal function input parameter table. 

Table 4.3,.2.4.1-2. Measurement Reconfiguration Output Parameters 

Oucput Coap 

Description Syabol Destination] Type | Precision; Range [Units{ Race 

Copy of R_TACAN_EF SL for TACAN R _TACAN_EF RTLS nav v $ ft As 
station used by nav filter state and needed 

covariance 
measurement 

" iacorpora= 
tioa 

Copy of M EFTOTD TACAM_SL from M_EFTOTD_TACAN | RTLS nav ¥ $ As 

eice lookup state and needed 
covariance 
weeasurenent 

incorporas 
tion 

Copy of ANGLE_CORR_TMTOMAG SL ANGLE_CORR_ RTLS nav t $ rad | As 
for navigation processing TNTOMAG state and needed 

covariance 
measurement 
incorpora= 
tion 

Copy of TACAN CHAM VALID 8L for TACAN_CHAN_ RTLS nav 0 OFF ON As 
TACAN station used by nav filter VALLD state and needed 

covariance 
eeasurenent 
incorpora= 
tion 

4-116 

STS 8353-00088 

  

 



Table 4. 3.2.4. 2-1. 

Spece Transportation 
Systems Division 

Delta State Update 

  

OLD Facets na 

Input Parameters 

  

  

Input Sample 
Description Syebdoi Source | Type| Preeieion| Range | Unice Race 

Tiee of the filter state vector T_CURRENT_FILT RTLS f oF see As 
naviga~ needed 
cioa 
stete 

propaga- ‘ 
tion 

Ground computed position DR ww (a), RTLS | ¥ 8 fe As 
deviations to update on-board coatrol needed 
state vector 

Ground computed velocity DV_RW (a), RTLS | V 8 fe/ As 
deviations to update on-board control @ec needed 
state vectors 

Earth-fixed to prime RW M_EFTORW (a) M 8 Ae . 
transformation matrix needed 

Earth rotation rate EARTH_RATE (b) r oP vad/ 
sec 

Unie vector in direction of EARTH POLE (b) v 8 
earth's axis of rotation 

Vehicle state vector variance SIG_DIAG_° (b) v oP fe? 
loaded when manual update is UPDATE 
invoked 

Shuttle position vector R_FILT RTLS v oP fe As 

naviga- needed 
tion 
state 
propaga- 
tion 

Shuttle velocity vector NV FULT RTLS Vv s te/ Ae 
naviga- sec needed 
tion 
state 
propaga- 

tion : 

Covariance correlation CORR _COEFF_ (b) Vv 8 As 
coefficients UPDATE needed                 

  
“see RTLS navigation principal function input parameter cable. 
RTLS navigation principal function K-load and constant tables. 
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Table 4.3.2.4.2-2. 

Space Transportation 
Systems Division an 

Delta State Update: Output Parameters 

Rockwell 
International 

  

  

Output Comp 
Description Syabol Destination | Type | Precision | Range | Unite] Rate 

Current Shuttle position vector & LFILT RILS navi- oP ft As 
gation aacded 
etate prop- 
agations, 

entry state 
and covar<- 
iance mea- 
surement 

. incorpore- 
tioa 

Shuttle velocity vector Mv _FILT RTLS navi- 8 ft/ | As 
. gation sec needed 

state prop- 
agation, 
entry state 
and covar- 

iance mea- 
surement 
incorpora- 
tion 

Filter covariance matrix E RTLS covar- DP As 

iance prop=- needed 
agation 

Position deviations to update DR_RW (a) s fc As 
on-board state vector (zeroed needed 
out for display) 

Velocity deviations to update DV_RW (a) s fe/ As 
on-board state vector (zeroed sec needed 

out for display) 

Flag indicating (OFF) chat a DO_DELTA_ (a), RTLS OFF/ON As 
delta state update is not to be UPDATE control needed 
per formed                 

  
“See RILS navigation principal function output parameter cable. 

  

  

4-118 

STS 83-0005B 

 



~
a
 

L
f
 

Space Transportation r Rockwell 
Systems Division international 

4.3.2.5 State Propagation. The state propagation subfunction that is 
active during operation of the BTLS navigation principal function will be 
invoked for the purpose of propagating orbiter position and velocity vec- 
tors. This subfunction will also snap [IMU-sensed accelerations to be used 
together with modeled gravitational accelerations by the super-g integration 
task. 

A. Detailed Requirements. Propagation of position and velocity vectors will 
be performed as follows: 

1. Acquire current IMU-sensed total accumulated velocity and associated 
time tag. 

V_CURRENT FILT 

T_CURRENT_FILT 

Detailed requirements for this IMU data snap task are given in 
Section 4.2.1.1. 

2. Compute the difference between the current and the previous time tag 
associated with the IMU data snap. This will be the interval over 
which state propagation is desired. 

DT_FILT = T CURRENT FILT-T_LAST FILT 

3. Perform integration of the position and velocity equations of motion 
with use of the super-g task (see Section 4.2.1.3 for detailed 
requirements). Position and velocity vectors will be propagated to . 
the current time of the IMU data snap (T_CURRENT FILT), 

R_FILT 

V_FILT 

4. Save the current time tag and accumulated IMU velocity for the next 
cycle. 

T_LAST FILT = T CURRENT FILT 

V_LAST FILT = V_CURRENT FILT 

B. Interface Requirements. The input and output parameters are Listed in 
Tables 4.3.2.5-l and 4.3.2.5-2. 

C. Processing Requirements. The state propagation subfunction will be per- 
formed after the sensor measurement selection subfunction and before the 
covariance propagation subfunction. This subfunction will be performed each 
cycle at the RTLS navigation rate. 
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D. Constraints. None. 

E. Su lementa Information. A suggested implementation in the form of detalied flow shetty may be Found in Section 5.2. 

NAV_GRTLS 

MAV_STATE_PROP_ASCENT_AND_RTLS 

ACCEL 
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Spece Transportation 
Systems Division OLD facie a 

  

Table 4.3.2.5-l. State Propagation Input Parameters 
  

Description Syabol 
ftaput 

Source Type Precision | Renge 
Seaple 

Unite Rate 
  

Copy of V_IMU CURRENT raw 
velocity counte reserved for 
measurement processing 

MTU oc clock cise when IMU was 
read 

Time of the filter state vector 

Filcer current Shuttle position 
vector in M50 coordinates 

Shuttle velocity vector 

Previously read selected 
accumulated IMU velocity 

Acceleration function related 

constants 

Vehicle angle of attack 

Vehicle sideslip angle 

Min acc to use IMU data   

¥ _CURRENT. 
FILT 

T_CURRENT_ 
FILT 

T_LAST_FILT 

R _PLLT 

NM _PLLT 

V _LAST_FILT 

(b) 

ALPHA 

BETA 

ACC_PROP_MIN 

(a) 

(a) 

QTLS 

etate 
propaga~ 
tion, 

RTLS 
state 
propaga~ 
tion, 
delta 

atate 
update, 

&aTLS 
atate 
and co- 

variance 

measure~ 
gent in- 
corpora~ 
tion 

RTLS 
state 
propaga- 
tion, 

delta 
state 
update, 

RTLS 
state 
and co- 

variance 
measure- 
ment in- 
corpora~ 
tion 

RTLS 

state 
propaga- 
tion, 

(e) 

RTLS 
control 

RTLS 
control 

(a)       
oP 

    

te/ Filcer 
sec rate 

sec Filcer 
tate 

sec Filcer 
rate 

ft Filcer 
tate 

fe/ Filcer 
sec rate 

fc/ Filter 
sec rate 

tad Filter 
rate 

tad Filcer 

rate 

€t/ Filter 
sec race       “See RTLS navigation principal function input parameter table. 

See Section 4.2.1.2. 

SSee RTLS navigation principal function K-load and constant tables. 
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Table 4.3.2.5-2. State Propagation Output Parameters 

Space Transportation 
Systems Division an Rockwell 

international 

  

Description Syubol 
Oucput 

Destination Type Precicion Renge Onice Race 
  

Filter current Shuttle positioa 
vector in MSO coordinates 

Filter current Shuttle velocity 
vectoe ia N50 coordinates 

Modeled acceleration vector 

Time of the filter state vector 

Previously read selected 
accumulated [MU velocity 

Difference between present and 
previous accumulated sensed 

velocities 

Flag indicating that [MU data 
ace to be used for state 

propagation 

Interval over which to propagate 
the coveriance matrix   

R Pur 

Vv _FULt 

& _owp 

T_LAST_FILT 

V _LAST_FILT 

DV FILT 

USE_IMU DATA 

DT_FILT   

RTLS state 
propagation 
RTLS delta 
etate updac 
QTLS state, 
and 
covariance 
measuresent 
incorpora- 
tion 

RTLS state 

propaga~ 
tioa 
delta 
state 
update, 
RTLS 

state and 
covariance 
@eessurenment 
iacorpora-| 
tioa 

RTLS 
control 

RTLS 

control 

RTLS state 

propaga~ 
tion 

State and 

covariance 

@easurement 
incorpora~ 

tion 

(drag 
altitude) 

(a) 

Scate and 

covariance 

measurement 
incorpora- 
tion 

4 

  

bP, 

op 

DP 

DP     ON/OFF   

ft 

te/ 

fc/ 

sec 

fe/ 
sec 

fe/ 

sec   

PFilcer 
rate 

Filter 

rate 

Filcer 
rate 

Filter 

rate 

Filcer 

rate 

Filter 
rate 

Filcer 

rate 

Filter 

rate 

    "See RTLS navigation principal functioa output parameter table.     
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4.3.2.6 Covariance Matrix Propagation. The covariance matrix propaga~ 
tion subfunction propagates the covariance matrix forward in time. The 
covariance matrix is propagated by utilizing the state transition matrix. 
Additive process noise is incorporated to account for unmodeled state and 
dynamic errors. 

A. Detailed Requirements. A 6-by-6 covariance matrix will be propagated with 
the RTLS navigation principal function. This covariance matrix defines the 
uncertainty in the state vector, which consists of position and velocity of 
the vehicle. The method of propagation is described as follows: 

The components of the state transition matrix, PHI of dimension 6-by—6, 
are mathematically defined as the partials of the current state with respect 
to the previous state (old). An approximate formulation which makes use of a 
gravity gradient matrix (3-by-3) is to be used in construction of this matrix. 

PHI} to 6, 1 to-6 i8 equal to the following submatrices. 

PHI] to 3, 1 to 3 ™ ID_MATRIX_3X3 + (DI_FILT?/2) GRAV_GRAD_OLD 

PHI] to 3, 4 to 6 ™ (DI_FILT) ID_MATRIX_3x3 

PHI4 to 6, 1 to 3 ™ (DI_FILT/2) (GRAV_GRAD_OLD + GRAV_GRAD_NEW) 

PHI4 to 6, 4 to 6 ™ ID_LMATRIX_3X3 + (DT_FILT?/2) (GRAV_GRAD_NEW) 

where 

GRAV_GRAD_OLD = GRAVITY_GRADIENT (R_COV_LAST) 

GRAV_GRAD_NEW = GRAVITY_GRADIENT (R FILT) 

The quantity ID MATRIX 3X3 is the 3-by-3 identity matrix, and the gravity 
gradient matrix ; function is defined in Section 4.4.5.4. 

The covariance matrix, E, will be propagated using the following equation: 

E = PHI E PHI! + STATE_NOISE 

where the state noise covariance matrix, STATE_NOILSE, is used to account for 

unmodeled state errors and uncertainty in the propagation of the state. It 
Shall be formulated as shown in Figure 4.3.2.6-1. 

where 

NOISE # VAR_ACC_ QUANT + (VAR_UNMOD_ACC_DT) DT FILT 

NOISE R = NOISE (DT_FILT?) 0.25 
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NOISE _RV = NOISE (DT_FILT) 0.5 

and VAR_ACC QUANT and VAR_UNMOD ACC DT are K-load parameters. 

Finally, since the covariance matrix, E, must be symmetric, state noise terms 
need only be gaded to the upper triangular portion of the matrix triple prod- 
uct PHI E PHI” and symmetry shall be maintained by 

I= 1,6 
E 2 E for J,I I,J " J=1,6 

B. Interface Requirements. The input and output data are shown in 
Tables 4.3.2.6-1 and 4.3.2.6-2. ‘ 

Cc. Processing Requirements. This subfunction will be called after the IMU 
sensor data have been read and after the state propagation subfunction has 
been executed. 

D. Constraints. Prestored data are to be used for initialization. The 

propagated covariance matrix must remain symmetric. 

E. Supplementary Information. A possible implementation of this subfunction 
is shown in the flow charts COVEXTRAP PF RTLS in Section 5.2. 

NOISE.R 0 0 ! NOISE_RV 0 0 

0 wNOISE_R 0 ! 0 NOISE_RV 0 

0 Q WMOISER ! 0 0 NOISE_RV 

STATE_NOISE s ( eo --- ee ee ee ee ele ee ee eee ee ee eee 
NOISE_RV 0 0 ! NOISE Q 0 

Q  NOISE_RV 0 ! 0 NOISE 0 

0 0 NOISE_RV 0 0 NOISE 

Figure 4.3.2.6-1. State Noise Formulation 
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Table 4.3.2.6-l. 

raraportation Rockwell 
aida Asn ot International 

RTLS Covariance Matrix Propagation Input Parameters 
  

  

Input Seaple 
Description Syebol Source | Type | Precisioe | Range! Units Race 

Interval over vhich to propagate OT_FILT RTLS P 8 sac Pilcer 
che covariance eatrix atete rate 

propage- 
tioa 

Filter covariance satrix & aTLS a DP vary Filcer 
estate rate 
ry 
covarie 
ance 
measure . 
ment 
incor- 
poration, 
aTLS 
covari- 
ance 

propaga- 
tion 

Derivative of the gravitational GRAVITY GRADIENT Uciliey M DP sec”? | Filcer 
acceleration vector with respect ~ sub func- rate 

to che position vector tion 

Identity matrix (3x3) ID MATRIX 3X3 M s 0,1 Filcer 
7” ” rate 

Updated vehicle position vector R COV LAST RTLS Vv DP ft Filcer 
associated with current ~~ control rate 
covariance matrix 

Filter current Shuttle position R_FIT RTLS Vv oP ft Filcer 
vector in M50 coordinates stace rate 

propaga- 
tion 

Accelerometer quantization error VAR_ACC_QUANT (a) rt s éc7y Filcer 
variance sec rate 

Variance of unmodeled VAR_UNMOD_ACC__ (a) F s £7/ Filter 
acceleration cimes scale time oT sec vate                   4See RTLS navigation principal function K-load table. 
  

Table 4,3.2.6=-2. RTLS Covariance Matrix Propagation Output Parameters 

  

Description Symbol 
Output 

Destination Type Precision Range 
Comp 

Units | Rate 
  

Filter covariance matrix 

    

RTLS 
stace and 
covariance 

measure- 
ment 
incorpo- 
ration, 
RTLS 

covariance 
propaga- 

tion 

  

4 

  

oP 

    

vary | Filter 
rate 
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‘4.3.2.7 State and Covariance Measurement Incorporation. The state and 
covariance measurement incorporation subfunction updates the state vector and 
covariance matrix with navigation data with the use of a six state process 
noise Kalman filter. The six elements of the state vector are navigation base 
Shuttle position and velocity in M50 coordinates. 

A. Detailed Requirements. The state and covariance measurement incorporation 
subfunction is exercised only if data are available for processing as deter- 
mined by the sensor measurement selection subfunction (Section 4.3.2.3) and 
the respective measurement subfunctions (Section 4.3.2.7.1 through 
4.3.2.7.7). The sensor measurement selection subfunction determines which 
measurement types are to be considered for processing. The measurement sub- 
functions process sensor data that are labeled as valid. 

The measurement subfunctions will compute the measurement residual and 
partials of the estimated measurement with respect to the state vector. The 
proper a priori measurement variance describing the error will also be 
selected. The following measurement types will be available with the RTLS 
navigation principal function: TACAN range and bearing; barometric altimeter; 
MSBLS range, azimuth, and elevation; and drag altitude. ° 

Once a particular measurement subfunction has completed processing valid data, 
the filter control flags will be set as follows. 

TACAN 

MANUAL_EDIT_OVERRIDE = TACAN_EDIT_OVERRIDE 

STAT FLAG = TACAN STAT 

Barometric altimeter 

MANUAL EDIT OVERRIDE = BARO_EDIT_OVERRIDE 

STAT FLAG = BARO STAT 

MSBLS 
  

MANUAL EDIT_OVERRIDE = OFF 

STAT_FLAG = OFF 

Drag 

MANUAL EDIT OVERRIDE = DRAG_EDIT_OVERRIDE 

STAT_FLAG = DRAG STAT 

The state and covariance measurement incorporation subfunction shall then 

update the state vector and covariance matrix in the following manner. 
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This subfunction will use a Kalman, filter to incorporate the measurement 
data to update the covariance matrix and the state vectors. To perform these 
tasks, the Kalman filter uses the covariance matrix, measurement partials, 
measurement residuals, and the a priori measurement variance. Nonlinear 
compensation will be included if required. 

If the measurement data have been judged valid and the proper measurement 
subfunction has been executed, the following update equations will be com- 
puted. (Note: The measurement subfunction generates the partial vector, the 
residuals, and the a priori variance.) 

First, the scalar quantity BT_E B will be calculated from the covariance 
matrix E and vector measurement partials B: 

EB COPY = E B 

BTEB=B EB COPY 

where the second equation requires a dot product. The three diagonal elements 
of the covariance matrix pertaining to the Shuttle position uncertainty will 
then be summed: E + Ey 2 + E 43° If the sum is greater than the constant 
MS_POS_UND_WGT, the’a prioti variance will be compensated for nonlinear 
effects by 

VAR = VAR + K_UND_WGT BT_E B 

This compensation underweights the measurement to prevent the state error 
covariance matrix from shrinking more rapidly than the actual errors. The 
quantity MS_DELQ, which represents the expected variance in the measurement, 
will then be computed by 

MS _DELQ = BT_E B + VAR 

A residual edit will be performed. A flag corresponding to the appropriate 
measurement subfunction will be set to inform the crew if the edit fails: 
that is, if the square of the residual is greater than the quantity RESID_ 
TEST, where RESID TEST = K_RES_ EDIT MS _DELQ and K_RES EDIT is set by the 

individual measurement subfunctions. It should be noted that nonlinear com- 
pensation, when performed, also adjusts this edit. The Larger the compensa- 

tion, the larger will be the residual that passes the edit. The residual edit 
will be overridden or inhibited, however, if the manual edit override for the 
particular sensor being processed is active. 

If there is no edit, the subfunction will compute the Kalman filter gains, 

OMEGA = EB COPY/MS_DELQ (F3) 

  

F3this equation shall be protected against division by zero (Section 3.5). 
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Se 
and update the covariance matrix, 

E = E = oMECA (eB cory’) 

and the state vector, 

R_FILT = R_FILT + OMEGA, ¢o 3 DELQ 

V _FILT = V _FILT + OMEGA, e4 6 DELQ 

where DELQ corresponds to the appropriate measurement residual. The edit flag 
corresponding to the appropriate measurement subfunction will be set to indi- 
cate that the measurement data have been processed rather than edited. 

This subfunction will also be used to compute the residual test quantity 
for manually selected sensor types whenever the filter is not incorporating 
data. This quantity, together with residuals calculated by the measurement 
sudfunctions, will be required for display purposes, A flag corresponding to 
the appropriate measurement type will be set by the navigation sensor selec- 
tion task to prevent Kalman filter gain computations and state and covariance 
matrix updates under this condition. The filter edit flag will be set, in 
this case, to indicate to measurement processing statistics (Section 4.3.2.8) 
that the data have been computed for display purposes only. 

Ie is required that the residual (DELQ), the residual test quantity 
(RESID TEST) and the residual edit flag corresponding to each measurement Q 
subfunction be available for display purposes. The following data shall 
therefore be stored after the particular measurement type has been processed 
for subsequent computation of measurement processing statistics es described 
un Section 4.3.2.8. 

TACAN 

SENSOR_EDIT} 4442  EDIT_FLAG 

SENSOR_RESID_TEST, ..49 | RESID TEST . 

SENSOR _DELQ) and? = DELQ 

where the subscript 1 corresponds to bearing and ‘2 to range and the 
quantities for each measurement type are set equal to their respective Flag 
and parameter, 

Barometric altimeter 

SENSOR_EDIT, ® EDIT _FLAG 

SENSOR_RESID TEST, “ RESID TEST 

SENSOR_DELQ, © DELQ 
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Drag . 

SENSOR_EDIT, = EDIT FLAG 

SENSOR_RESID TEST, = RESID TEST 

SENSOR_DELQ, * DELQ 

MSBLS. 

SENSOR_EDITs 6 and 7 7 EDIT_FLAG 

SENSOR_RESID_TESTs 6 ang 7 " RESID_TEST SENSOR 

SENSOR_DELQs, 6 and 7 ™ DELQ 

where the subscripts 5, 6 and 7 correspond to azimuth, range, and eleva- 

tion, respectively. The quantities for each measurement type are set 

equal to their respective flag or parameter. 

B. Interface Requirements. The inputs and outputs for this subfunction are 
given in Tables 4.3.2.7-1 and 4.3.2.7=-2. 

C. Processing Requirements. This subfunction is not exercised until the 
external sensor data snap, sensor measurement selection, RTLS navigation 
reconfiguration, and state and covariance propagation subfunctions have been 
performed; and the measurement processing statistics subfunction cannot be 
initiated until this subfunction is completed. 

D. Constraints. There is no requirement in the state and covariance measure- 
ment incorporation subfunction to perform updating if the data-validity flag 
indicates bad data. No manual override of this flag exists in this subfunc- 

tion. If it is desired to process a particular measurement, the data-validity 
flag must be made to indicate that the data are valid. 

E. Supplementary Information. A possible implementation of the state and 
covariance measurement incorporation subfunction is presented in various flow 

charts of Section 5.2. The Kalman filter equations, from the calculation of 

the weighting factor to the update of the state, are shown in the flow chart 
RTLS_NAV_FILTER. The setting of the filter control flags MANUAL EDIT_OVERRIDE 
and ‘STAT_] FLAG and the setting of the appropriate components of the display 

arrays SENSOR . EDIT, SENSOR_RESID TEST and SENSOR_DELQ to the desired values 

are shown in the individual measurement function flow charts RTLS_DRAG NAV, 

RTLS_BARO NAV, RTLS MLS RANGE NAV, RTLS_ MLS AZ NAV, RTLS_MLS_EL __NAV, and 

RTLS_ ; TACAN | NAV codes. - 
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State and Covariance Measurement Incorporation [Inputs 
  

  

              
      
  

    

STS 83-0005B 

Taput Sanpie 
Descriptica Syabo!l Source Precision| Range | Unite Rate 

Filter covariance matriz B RTLS bP vary Filcer 
covariance rate 
propagation 

Measurement firet partials with 3 Measurement DP wary Fileer 
respect to filter state subfunc- rate 

tions 

Value of filter wean equared S_Pos (a) r 8 fe? | vilter 
position error below which no UND_woT rate 
measurement underweighting is 
ueed 

General sensor variance VAR Measurement 8 Filter 
eubfunc- rate 
tione 

Scale factor used in measurement K_UND_WGT (a) 8 Filter 
underweighting equatica rate 

Scale factor on filter mean square R_RES_EDIT Measurement $s Filter 
residual used in residual edit test subfunc- rate 

tions 

. Switch used to force incorporation BARO_EDIT_ RTLS OFF/ON Filter 
of barometric data regacdlesa of OVERRIDE sensor rate 
residual edit test measurement 

selection 

Switch used to force TACAN TACAN_EDIT_ RTLS OFF /ON Filcer 

residual edit test OVERRIDE sensor rate 
measurement 
selection 

General measurement reaidual DELQ Measurement s fe Filter 
subfunc- rate 

tions 

Filter currence Shuttle position R_FILT RTLS state DP ft Filter 
vector in M50 coordinates propaga- rate 

tions, 

RTLS state 

and 

covariance 
measurement 
incorpora~ 
ration 

Shuttle velocity vector WV _FIULT RTLS state s fe/ Filter 
propaga- sec rate 
tion, 

RTLS state 

and 

covariance 

measurement 
incorpo 
ration 

Viag indicating stac-flag setting BARO_STAT RTLS sensor » OF F/ON Filter 
for barowetric measurewents measurement rate 

selection 

Fieg indicating TACAN daca TACAN_STAT RTLS sensor OFF /ON Filter 
processed only for statistical @easurement rate 
display 

"See RILS navigation principal function I-loed table. 
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State and Covariance Measurement Incorporation Inputs (Conc) 
  

  

                

Ttaput Seaplte 
Description Syabol Source Peeaiaion| Range | Caite Rate 

Flag indicating drag data DRAG_STAT RTLS sensor orr/om Pileer 
processed caly for statistical measurement rete 
display selection 

Switch vaed to override drag DRAG_EDIT_ RTLS sensor ovr/on Pileer 
weaidvual edit test OVERRIDE measurement wate 

selection 
  

Table 4.3.2. 7-2. State and Covariance Measurement Incorporation Outputs 
  

  

                  
  

Output Coup 
Description Syabol Destination | Type | Precision | Range} Unica] Rate 

Filter covariance matrix E RTLS M oe Vary | Pileer 
covariance vate 
propaga- 
tion® , 

Filter current Shuttle position R_FILT RTLS state | V or ft Filter 
wector in N50 coordinates propaga- rate 

tion 

Shuttle velocity vector ¥ _FILt RTLS state | V 8 fe/ | Pilcer 
propaga- eec race 
tion® 

Edit indicators for measurements SENSOR_EDIT RTLS nav v $s Filter 
measurement rate 

processing 
statistics 

Measurement residuals SENSOR_DELQ RTLS nav v 8 Vary | Filcer 
measurement rate 
processing 
statistics 

Value of criterion used in nav SENSOR_ RTLS nav v $s Vary | Filter 
filcer for residual edit tests RESID_TEST measurement rate 

for the sensor seasurenents processing 
statistics 

Residual edit teat quantity RESID TEST TACAN range | F s Vary | Filter 
sand bearing cate 
measurement 
subfunc- 
tions 

*RTLS state and covariance seasurement incorporation 
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3 4.3.2.7.1 Drag Altitude. The drag altitude measurement subfunction 
constructs a pseudoaltitude measurement, an estimated altitude measurement, 
and a measurement residual for the Orbiter state vector. The pseudoaltitude 
measurement is calculated from accelerometer outputs, a model of air density 
as a function of altitude, and a model of drag as a function of the angle of 
attack. The subfunction also calculates the first partial derivatives of the 
estimated measurement with respect to the state vector, as well as the appro- 
priate variance to model the instrument error. 

A. Detailed Requirements. A description of the symbols used in the following 
equations may be found in Tables 4.3.2.7.l-1 and 4.3.2.7.1-2. , 

Drag residual. The subfunction shall compute the drag altitude estimate 
by using the equation 

Q = H_ELLIPSOID (R_ FILT) 

where the function H ELLIPSOID generates the height above the reference ellip-~ 
soid (requirements for this function are described in Section 4.4.5.1). 

A four-layer atmospheric model shall be used to compute the pseudoalti- 
tude measurement. The scale height, H_S, and the density at the base, RHO_ 
ZERO, used in the equations of pseudoaltitude measurement shall be selected as 
a function of the estimated altitude, Q. Also, the deterministic drag bias 

shall be selected as a function of the altitude. a! 

)! 
Do for I = 1,4; 

If Q > DENSITY_LIMIT, then LAYER = I. Then set 

H_S = SCALE_HTy aver 

BIAS DRAG = BIAS DRAG LAYER: aygp 

where DENSITY LIMIT, SCALE _| HT, BASE | DEN and BIAS DRAG LAYER are premission- 

determined 4 component arrays. 

This subfunction shall then compute the pseudoaltitude measurement with 
the equations 

V BHO = V_REL (V _FILT, R _FILT) 

DRAG _PARAM = DRAG CONST DT FILT V'_RHO * V_ RHO « (F3) 
[UNIT (V RHO) © DV FILT| 

F3this equation shall be protected against the division by zero 
(Section 3.5). ey 

4-132 

STS 83-0005B 

 



Spece Transportation gi’ Rockwell 
Systems Division International 

ALP = [ALPHA] 

C_DRAG = C_DRAG ZERO + ALP (C_DRAG ONE + ALP C_ DRAG TWO) 

Q_DRAG = H_S LOG, (C_DRAG RHO _ZERO DRAG_PARAM) 

where V REL is the function that computes the relative velocity of the 
vehicle with respect to the rotating atmosphere, described in Section 4.4.5.2. 

The residual shall then be computed by 

DELQ = Q DRAG - Q - BIAS_DRAG 

B. Drag Partials. The partial derivatives of the altitude measurement with 
respect to the state are to be computed as follows: 

Bi to 3 = UNIT (R _FILT) 

B, T0672 
The variance of the drag altitude measurement error shall be defined by 

VAR = VAR_DRAG 

The scale factor on the filter mean square residual used in the residual edit 
test, K_RES EDIT, shall be set equal to K_EDIT_DRAG, which is a premission 
load. 

The state and covariance matrix will then be updated provided that the resid- 
ual edit criterion is met as described in Section 4.3.2.7. 

C. Interface Requirements. The input and output variables for the drag 
measurement subfunction are given in Tables 4.3.2.7.1-1 and 4.3.2.7.1-2. 

D. Processing Requirements. This subfunction shall be performed, after the 
state and covariance propagation (Sections 4.3.2.5 and 4.3.2.6), at the basic 
filter rate. This subfunction is performed as long as drag altitude measure- 
ments are being processed. 

E. Constraints. None. 

F. Supplementary Information. A suggested implementation of this subfunction 
is shown in the flow chart RTLS DRAG NAV in Section 5.2 The flow chart con- 
tains a combination of the requirements described in this section with some 
that are described in Section 4.3.2.7, namely the setting of the filter con- 
trol flags MANUAL EDIT OVERRIDE and STAT FLAG to DRAG EDIT_OVERRIDE and to 

DRAG _STAT respectively, the call to RTLS | _NAV_FILTER and the setting of the 
display parameters SENSOR EDIT,, SENSOR _RESID )_TEST,, and SENSOR_DELQ,, to 

EDIT FLAG, RESID TEST, and DEL » respectively. 
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Tapuc Semple 
Description Syebol Source Type | Precision Range | Units Rate 

Incerval over which to propagate ot_FIut RTLS state | F 8 aec Filter 
the covariance matrix propage- rate 

tion 

Polynomial term for computing drag C_DRAG ZERO (a) r 8 Filcer 
coefficient as function of angle rate 

of attack 

Polynomial term for computing drag C_DRAG OnE (a) F 8 l/rad | Filter 
coefficient as function of angle vate 
of attack 

Polynomial term for computing drag C_DRAG TWO (a) F 8 / 2 Filter 
coefficient as function of angle rad rate 
of attack 

Earth rotation rate RARTH_RATE (a) F DP rad/ Filter 
sec race 

Vehicle reference area divided DRAG_CONST (b) r op fe2/ | Filcer 
by twice the vehicle eass slug rate 

Current Shuttle position vector R _FILT RTLS nav Vv oF fe Filcer 
ia MSO coordinates state rate 

propaga- 
tion, 

RTLS nav 

state and 
covariance 
measurenent 
iacorpora- 
tion 

Shuttle velocity vector Vv _FILT RTLS nav Vv s £c/ Filter 
state sec rate 
propaga~ 
tion, 

RTLS nav 

state and 

covariance 
measurement 
incorpora- 

tioa 

Current angle of attack ALPHA RTLS F s rad Filter 
control rate 

Scale factor on filter mean K_EDIT_DRAG (a) F s Filter 
square residual used in residual rate 
edit cest for drag measurement . . 

Difference between accumulated DV_FILT RTLS state | V s fc/ Filter 
sensed IMU readings on present propage- sec rate 

cycle and previous cycle tion 

Vector of deterministic drag BIAS DRAG (a) v S fe Filter 
biases for each layer LAYER - rate 

Vector of scale heighes for each (SCALE_HT (a) v s ft Filcer 
layer rate 

Vector of base densities for each BASE_DEN (a) v DP alyg/ Filter 
layer ft rate                   “see RILS navigation principal function I-load, K-load, and constant tables. 
See RTLS navigation principal function input parameter table.     
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Table 4.3.2.7.l-1. Drag Measurement Input Parameters (Cont) 

Teput Seuple 
Description Syabol Source Type | Precision | Range | Units Rate 

Alcticudes defining atmosphere DENSITY_ (a) 8 ft Fileer 
wodel layers LIMIT rate 

Unit vector in direction of earth's | EARTH POLE (a) $s Filter 
axis of rotation rate 

Earth ellipticity constant RLLIPT (a) DP fe Pilcer 
race 

Earth equatorial radius BARTH_RADIUS_ (a) br ft Pilcer 
EQUATOR rete 

Drag altitude measurement error VAR_DRAG (a) 8 te? Filecer 

variance . . . 4 rate 

®See RILS navigation principal function I-load, K-load, and constant tables. 

Table 4.3.2.7.1-2. Drag Measurement Output Parameters 

Output Comp , 

Description Syabol Destination | Type | Precision | Range | Units Rate 

Drag altitude measurement residual DELQ RTLS nav F 8 ft Filter 
stete aad cate 
covariance 
measurenent 
incorpora- 
tion 

General sensor variance VAR RTLS nav F Ss fr? Filter 
state and rate 
covariance 
measurement 
incorpo- 
ration 

Measurement first partials with 3 RTLS nav v DP Vary Filter 
respect to filter state state and rate 

covariance 
measurement 
incorpo~ 
ration 

Scale Factor on filter mean K_RES EDIT | RTLS aav F ¢. Filter 
square residual used in residual state and rate 
edic test covariance 

measurenent 
incorpo- 
tation 
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4.3.2.7.2 TACAN Range. The TACAN range measurement subfunction computes 
the estimated range from the Shuttle to the TACAN station, the range residual, 
and the range measurement partials, and selects the proper variance to model 
the uncorrelated instrument error. It is assumed that TACAN range data will 
be provided by the TACAN RM by way of the sensor data snap. 

A. Detailed Requirements. First, the position vector will be interpolated to 
the time of the TACAN sensor measurement, if required, as described in Sec- 
tion 4.2.2, and saved as the variable R RESID for subsequent use in the 
partials computation. The range residual will then be calculated as follows: 

The subfunction will compute the estimated Shuttle relative range by 
using the equation 

Q = |R _RESID - R _SCANNER| 

where 

M_EFTOM5O = EARTH_FIXED_TO_M50_cOORD (T_TACAN) 

R SCANNER = M EFTOMSO R _TACAN EF 

The earth-fixed TACAN station position vector, R _TACAN EF, is obtained 

from the measurement reconfiguration subfunction (Section 4.3.2.4.1). ey) 

The residual shall then be calculated by 

DELQ = Q TAC R - Q 

where Q TAC R is the measured TACAN range. 

Then the partial derivatives of the range measurement with respect to the 
state are to be computed as follows: 

By to 3 = UNIT (R _RESID - R _SCANNER) 

B, to 6 = 2 

where the function UNIT is to compute the unit vector. 

The variance of the TACAN range measurement error is selected from pre- 
mission determined constants as a function of the relative range from the 

station to the vehicle, RNG, 

RNG = |R _FILT - R _SCANNER| 

If the range, RNG, is greater than a premission constant, RNG VAR_RNC STEP, 
then 

VAR = VAR_TAC R_HIGH \ 
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otherwise 

VAR = VAR TAC _R_LOW 

The scale factor on the filter mean square residual, used in the residual 
edit test, K_RESID EDIT, shall be set equal to K_EDIT_TACR, which is a premis- 
sion load. 

The state vector and covariance matrix will then be updated as described 
in Section 4.3.2.7. 

The quantity RESID TEST, computed by the filter, shall be compared to the 
design dependent parameter TACAN RNG CONVERG TEST. Depending on the outcome 
of this comparison, the flag ONE _| RANGE _ LOCK shall be set to ON or OFF: ON if 
RESID TEST < TACAN_RNG_CONVERG | TEST, OFF otherwise. The flag ONE_RANGE LOCK 
shall then be output for use by the TACAN redundancy management. 

B. Interface Requirements. The inputs and outputs for the TACAN range mea- 
surement subfunction are given in Tables 4.3.2.7.2-l and 4.3.2.7.2-2. 

C. Processing Requirements. This subfunction will be performed after the 
RTLS navigation reconfiguration subfunction (Section 4.3.2.4) at the basic 
filter rate. This subfunction will be performed as long as TACAN range mea- 
surements are being processed. 

D. Constraints. This subfunction will only be executed if the data are 
indicated valid (i.e., the TAC_RNG DATA GOOD flag is ON) and the TACAN channel 
data as provided by TACAN site - Lookup (Section 4.5.2.2) are indicated valid 

(i.e., the TAC_CHAN VALID flag is ON). 

E. Supplementary Information. The location of the TACAN antenna has been 
neglected in calculating the range measurement estimate, because this error is 
less than the error associated with the measurement. A possible implementa- 
tion of this subfunction is shown in a portion of the flow chart RTLS TACAN_ 
NAV_CODE in Section 5.2. Note that total computation for both TACAN range and 
bearing are minimized in this flow chart although the sequence shown is dif- 
ferent than the text sequence. Besides containing both TACAN range and bear- 
ing computations, the flow chart shows some of the requirements described in 
Section 4.3.2.7, namely the setting of the filter control flags MANUAL EDIT_ 
OVERRIDE and STAT_ FLAG to TACAN EDIT OVERRIDE and TACAN STAT respectively, | 
the call to RTLS _NAV FILTER, and “the setting of the display parameters SENSOR_ 
EDIT, ? SENSOR _RESID TEST) 4 r 2? and SENSOR _DELQ, or 2 °° EDIT FLAG, RESID_ 

TEST mt fELQ, respectively. 
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Table 4.3.2.7.2-1. TACAN Range Measurement Subfunction Input Parameters 
  

  

                      

Taput Semple 
Description Syabol Source Type | Precision | Range | Unite Rate 

Current data good flag reserved for TAC_BNG_DATA_ External D orr/on Filter 
vange weasurenent processing GooD sensor rate 

data enap 

Copy ef TACAN_CHAN VALID SL for TAC_CHAM_VALID Measurement | D orr/on Filcer 
Tacaa etatioa used by navigation reconfigure vate 
filcer 

Time at which TACAR waa read T_TACAN External r oP sec Filter 
sensor rate 
data snap 

Copy of B_TACAN_EF SL for TACAN 3B _TACAN_EF Measurement | V¥ DP ft Filter 
station used by navigation reconfigure ‘ rate 
filcer 

Vehicle positioe vector used in R_RESID State v oP ft Filter 
measurement residual calculation vector rate 
after interpolation to time of interpolate 
measurement 

TACAM range sensor measurement Q TAC _R External Fr s ft Filter 
seasor rate 
data snap 

Current Shuttle position vector in R_FILT RTLS state |V DP fc Filter 
MSO coordinates and rate 

covariance 
measurement { 

incorpora- WY 
tion, 

RTLS nav 

state prop- 
agation 

Current Shuttle velocity vector in NV FILT RTLS state |V Ss £e/ Filcer 
“50 coordinates and sec cate 

covariance 
. measurement 

incorpora- 
tion, 

RTLS nav 

state prop- 
agatica 

Difference between accusulated DV _FILT RTLS nav v s ft/ Filter 
sensed IMU readings on present state prop sec rate 
cycle and previous cycle 

Gravity acceleration at end of G _OLD RTLS nav v s . fe/ Filter 
previous Shuttle state integration state prop sec? rate 
anterval 

Range criterion to select TACAN RNG _VAR_RBNG_ (a) F s ft Filter 
iescrument variance STEP rate 

Variance of TACAM range instrument VAR_TAC_R_HIGH (a) r 8 fe? Filter 
error at range > RNG VAR_RNG STEP , rate 

Variance of TACAN range instrument VAC_TAC_R_ LOW (a) F $s fr2 Filter 
error at range < RNG VAR _RNG STEP rate 

Scale factor on filter mean square K_EDIT_TACR (a) F s Filter . 
residual edit cest used for TACAN rate 
range measurement ) 

"See RILS navigation principal function K-load table. Csr 
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TACAN Range Measurement Subfunction [Input 
Parameters (Cont) 
  

  

                    

Taput Sample 
Description Syabol Source Type | Precision | Range | Units Rate 

Time of the filter estate vector T_LAST_FILT RTLS nav oP sec Filcer 
state prop vate 

Tacerval over which che state is OT_FILT RTLS nav 8 sec Filter 
propagated state prop rate 

Criterion for difference betveen EPS_TAG 8 sec Filter 
measurement time and state time, rate 
above which the filter state will 
be interpolated 

Threshold for residual teet TACAN_RNG_ (a) 8 Filter 
quantity, below which data from CONVERG TEST rate 
one LRU alone are acceptable 

General residual test variable RESID_TEST RTLS state $ Filter 
aad rate 
covariance 
measurement 
incorpora- 
tion 

®See RILS navigation principal function K-load table. 
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Table 4.3.2.7.2-2. 
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TACAN Range Measurement Subfunction Output Parameters 
  

Description Syubol 
Out pute 

Destination Precision Reage Vaite 
Coup 
Rate 

  

  

General range seasurement residual 

General sensor variance 

Measurement first partials with 
respect to filter state 

Scale factor on filter mean square 
residual edit test 

Flag indicating the filter can 
accept data from one TACAN LRU   

DELQ 

VAR 

K_RES_EDIT 

ONE_RANGE_LOCK   

RTLS state 
and covar@- 
tance 
measurement 
incorpora=- 
tion, RTLS 
measurement 
processing 
etatiecics 

RTLS etate 

and covar@- 

iance 
measurement 
iacorpora~ 
tion 

RTLS state 

and covar- 

dance 
measurement 
dacorpora= 
tion 

RTLS state 

and covar- 
tance 
measurement 
ineorpora= 
tion 

RTLS nav 

principal 
function 

output 
Parameter 
table       ON/OFF   

ft 

fr? 

Vary 

  

Filcer 
rate 

Filter 
rate 

Filcer 

rate 

Filter 
rate 

Fileer 
rate     
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4.3.2.7.3 TACAN Bearing. The TACAN bearing measurement subfunction ~ 
computes the estimated bearing measurement with respect to the TACAN station, 
the measurement residual, and the bearing measurement partials, and it selects 
the proper variance to model the instrument error. It is assumed that the 
TACAN bearing data referenced to magnetic north are available from the TACAN 
RM by way of the sensor data snap. 

A. Detailed Requirements. A description of the symbols used in the following 
equations may be found in Tables 4.3.2.7.3-1 and 4.3.2.7.3-2. 

The position vector of the TACAN station in M50 coordinates, R SCANNER,’ 
is computed by 

M_EFTOM5O = EARTH FIXED TO _M50_COORD(T_TACAN) 

R _SCANNER * M_EFTOMSO R _TAC_EF 

The transformation from M50 to topodetic coordinates is obtained by 

M_MSOTOTD = M EFTOTD TACAN M_EFTOMSO! 

where M EFTOTD_TACAN and R_TACAN EF were obtained from the measurement recon~ 

figuration subfunction (Section 4.3.2.4.1). 

The flags IN_CONE | FLAG (which, when set to ON, indicates the vehicle is 
inside the TACAN station's code of confusion) and TAC_BRG_DATA_GOOD (which 
indicates the validity of beaming data) shall be checked. 

The following calculations shall be performed only if the bearing data 
are indicated valid (TAC_BRG_DATA_GOOD = ON) and the IN CONE FLAG is OFF. 

First, the position vector shall be interpolated to the time of the TACAN 
measurement, if required, as described in Section 4.2.2 and saved as the 
variable R RESID for subsequent use in the partial computation. The bearing 
residual shall then be calculated as follows: 

The estimated bearing measurement shall be computed as 

Q = ARCTAN2 (REL_R,, REL_R,) - ANGLE_CORR_TNTOMAG + PIF? 

where ANCLE CORR_TNTOMAG is the correction from true north to magnetic north, 

and REL R, the relative position of the Shuttle in topodetic coordinates, is 

calculated by’ 

REL R = M_MSOTOTD (R RESID - R _SCANNER) 

  

Fl this equation shall be protected against arc tangents with both arguments 
equal to zero (Section 3.5). 
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The residual is then calculated as 

DELQ = Q TAC BRG - Q 

This residual should be checked to ensure that its magnitude is less than 
180 degrees. If not, the smaller of the two possible central angles is 
required: 

IF |DELQ| > « then, 

IF DELQ > 0, DELQ = DELQ - 2 PI 

IF DELQ < 0, DELQ = DELQ + 2 PI 

The bearing partials shall be computed by invoking the utility subfunc- 
tion ANGLE_PARTIALS (Section 4.4.5.3) with inputs R SCANNER and the third row 
of the transformation matrix from M50 to topodetic coordinates: 

CALL: ANGLE_PARTIALS 

IN LIST: R _SCANNER, M_MSOTOTD; | 1 to 3 

The variance of the TACAN bearing measurement error is obtained as a 
function of the relative range from the station to the vehicle, RNG, 

RNG = |R _FILT - R _SCANNER| WY ) 

If the range, RNG, is greater than a premission constant, RNG_VAR_ 
BEARING STEP, 

then 

VAR = VAR_TAC_BRG_HIGH 

otherwise 

VAR = VAR_TAC_BRG_LOW. 

The values VAR_ TAC BRG HIGH and VAR ° TAC_ BRG_LOW are design dependent 
parameters (Section 4.9.3). 

The scale factor on the filter mean square residual for use in the resid- 
ual edit test, K_RES EDIT, shall be set equal to K_EDIT_TACBR, which is a 
premission load. 

The state vector and covariance matrix will then be updated as described 
in Section 4.3.2.7. 

The quantity RESID TEST, computed by the filter, shall be compared to the 

design dependent parameter TACAN BRG CONVERG TEST. The flag ONE_BRG LOCK 
shall be set to ON or OFF depending on the outcome of this comparison: ON if 
RESID TEST < TACAN BRG_CONVERG TEST, OFF otherwise. The flag ONE_BRG LOCK NC 
shall then be output for use by the TACAN RM. 
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B. Interface Requirements. The inputs and outputs for the TACAN bearing 
measurement subfunction are given in Tables 4.3.2.7.3-1 and 4.3.2.7.3-2. 

C. Processing Requirements. The subfunction will be performed after the RTLS 
navigatioa revoatiguretion subfunction (Section 4.3.2.4) at the basic filter 
rate. This subfunction will be performed as long ae TACAN measurements are 
being processed. 

D. Constrainte. This subfunction vill only be executed if the data are 
indicated valid (i.e., the TAC_BRG DATA GOOD flag is OM) and the TACAN channel 
data as provided by TACAN site lookup (Section 4.5.2.2) are indicated valid 
Ci.e., the TACAN CHAN VALID flag is ON). 

E. Supplementary Information. The location of the TACAN antenna has been 
neglected in calculating the bearing measurement estimate, because this error 
is less than that associated with the error in the measereeent itself. A 
possible implementation of this subfunction is shown im a portica of the flow 
chart RTLS TACAN_NAV, which may be found in Section 5.2. Im the flow chart, 
computations have been combined with TACAN range data processing and vith 
requirements shown in Section 4.3.2.7, namely the settaag of the filter coa- 
trol flags MANUAL EDIT OVERRIDE and STAT_FLAG to TACAN EDIT OVERRIDE and 
TACAN STAT, respectively, the call to RTLS | NAV FILISR, ead the setting of the 
display parameters SENSOR . EDIT) 2° SENSOR_| RESTD_TEST, op os aad SENSOR_ 
DELQ, or 2 to EDITFLAG, RESID TeSt? and DELQ, respectavely. 
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Table 4.3.2.7.3-1. TACAN Bearing Measurment Subfunction Input Parameters 

° Tuput Sanp le 

Description Syabol Souree Type | Precision | Range | Unite Rate 

Current deta good flag reserved for TAC_BRG_DATA_ QTLS exter-| D orr/ow Filcer 

bearing measurement processing GooD aal sensor rate 
data suap 

Copy of TACAM CHAN VALID SL for Tac CRAM RTLS 0 orr/on Filecer 

TACAN station used by navigation vaLto measurement wate 
filter reconfig- 

° uratioa 

Time at which TACAN was read TTACAN External r DP sec Pilcer 

. sensor rate 

data enap 

Copy of R_TACAN_EF SL for TACAN BR _TACAM ar RTLS v DP fe Filter 

station used by navigation filter ” measurement rate 
reconfig- 
uratioa 

Vehicle position vector used ia R RESID State v DP ft Filcer 
measurement residual calculation _ vector race 
after interpolation to time of iater- 
measurement polation 

Copy of M_EFTOTD TACAN_SL from site M_EFTOTD_ RTLS M $s Filcer 

Lookup TACAN weaeucement rate 
reconfig- 

uration 

Copy of ANGLE _CORR_TNTOMAG_SL for ANGLE CORR_ RTLS r s 0 to rad Filter 

aoavigation processing TNTOMAG measurement PL cate 

reconfig- 
uration 

The constant PI PI (a) F DP Filter 
rate 

TACAN bearing sensor measurement Q_TAC_BRG External F s rad Filter 

sensor rate 
data snep 

Range criterion to select TACAN RNG_VAR_ (a) F s ft Filter 
bearing instrument variance BEARING STEP rate 

Flag indicating (ON) vehicle is TN_CONE_FLAG RTLS nav D OFF/ON As 
inside TACAN station's cone of principal -4- needed 
confusion ° function 

input 
parameter 
table 

Variance of TACAN bearing instrument | VAR_TAC_BRG_ (a) F s rad? Filter 

error at range RNG VAR_BEARING STEP| HIGH rate 

Variance of TACAN bearing instrument | VAR_TAC_SRG_ (a) F Ss rad? Filter 
error at cange &NG _VAR_ BEARING STEP/ LOW rate 

Current Shuttle position vector in & _FILT ATLS state | V DP fe Filcer 

M50 coordinates and covar- rate 
iaace 
seasurement 
incorpora- 
tioa, RTLS 
wav state 
propagation               

    “See RTLS navigation principal function K-load and constant cables.     
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Table 4.3.2.7.3-1. TACAN Bearing Measurement Subfunction Input Parameters (Cont) 

  

  

Iaput Senple 

Description Syabol Source Type! Precision | Range | Units Rate 

Current Shuttle velocity vector in Y FULT RTLS state | ¥ s fe/ Filcer 
M50 coordinates and covari- eec wate 

ance 
measurement 
incorpora- 

( tion, &TLs 
mav ecate 
propagstioa . 

Difference between accumulated OV _PILT RTLS anavi- | V 8 fe/ Vilcer 
sensed IMU readings on present gatioa sec cate 

cycle and previous cycle state 
propagation 

Gravity acceleration at end of G OLD RTLS navi- | V 8 te/ Filcer 
previous Shuttle state integration 7“ gation sec? vate 
interval state 

propagation 

Scale factor on filter mean square K-EDIT TACBR (a) F $ Filcer 
residual edic test for TACAN bearing | — —_ race 
measurement 

Threshold for residual test quantity, | TACAN_BRG_ (a) ¥ s Filter 
below which one LRU data are CONVERG TEST rate 
acceptable 

General residual tese variable RESID TEST RTLS state | F s Filter 
. and rate 

covariance 
measurement 
incorpora- 
tion 

Time of the filter state vector T_LAST_FLLT RTLS navi- DP sec Filter 
gation rate 
state 
propagation 

Interval over which the stace is DT_FLILT RTLS navi- | F Ss sec Filcer 
propagated gation rate 

state 
propagation 

Criterion for difference between EPS _TAG (a) ft s sec Filcer 
measurement time and state time race 
above which the filter state will 
be incearpolaced                 

  
"See RILS navigation principal function K-load and constant cables. 
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Table 4.3.2.7.3°2. TACAN Bearing Measurement Subfunction Output Parameters 

SPetjyaterre Divieion OLD fect International 

  

Description Syabel 
Out put 

Destination Precision | Range Uaite 
Comp 
Rate 

  

  

General seasurement residual 

General sensor variance 

Measurement first partials with 
respect to filter state 

Flag indicating (ON) that the 
vehicle is in the ground station 
cone of confusion 

Scale factor on filter mean square 
residual used in residual edit teat 

Flag indicacing the filter can 
accept data from one TACAN LRU 

  

VAR 

IN_COWE_FLAG 

K_RES EDIT 

ONE_BRG_LOCK 

  

RTLS state 

end 
covariance 
measurement 
iacorpore= 
tioa, RTLS 
measurement 
processing 
statieatice 

RTLS state 

and 
covariance 
weasurement 
iacorpore- 
tioa 

RTLS state 
and 
covariance 
measurement 
incorpora- 
tion 

Measurement 
processing 
statistics 

RTLS state 

and 
covariance 
measurement 
incorpora- 
tion 

RTLS 
navigation 

principal 
function 

oucput 

parameter 
table 

    
ON/OFF 

ON/OFF 

    

vad 

Vary 

  

Filter 
rate 

Filter 
rate 

Filter 
race 

Filter 
rate 

Filter 
rete 

Filter 

rate 
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4.3.2.7.4 Barometric Altimeter. The barometric altimeter measurement 
subfunction calculates the estimated altitude measurement, the measurement 

residual, the measurement partials, and the variance that mod:13s the instru 
ment error. It is assumed that the barometric altitude data sil] be provided 
by the ADTA SOP via the sensor data snap. 

A. Detailed Requirements. <A description of the symbols used 1: the following 
equations may be found in Tables 4.3.2.7.4-1, 4.3.2.7.4-2. 

The barometric measurement subfunction will compute the barometric altimeter 
estimate by using the state vector with the following equation: 

Q = H_ELLIPSOID (R RESID) + BIAS _BARO - DELH_MSL_ELL!PSOID Rw 

The state vector used, R RESID, may have been interpolated to the sensor 
measurement time, if required, as described in Section 4.2.2. Requirements 
for H_ ELLIPSOID, which is the function used to generate the height above the 
reference ellipsoid, are contained in Section 4.4.5.1. 

The residual will then be calculated by 

DELQ = Q BARO - Q 

The variance of the barometric measurement error will be calculated as 

VAR = VAR_H1 + VAR_H2 (Q-ALT Rw)? 

where ALT RW is the altitude of the runway threshold above the reference 
ellipsoid. 

The partial derivative of the barometric measurement with respect to the 
state is computed as follows: 

Bi to 3 = UNIT (R _FILT) 

B, to 6 ~ o 

where the function UNIT computes the unit vector. 

The scale factor on the filter mean square residual used in the residual edit 
test, K_RES EDIT, shall be set equal to K_EDIT_BARO, which is a premission 
load. 

The state vector and covariance matrix will then be updated as described in 
Section 4.3.2.7. 

B. Interface Requirements. The input and output variables for the barometric 
measurement subfunction are given in Tables 4.3.2.7.4-1 and 4.3.2.7.4=-2. 
  

C. Processing Requirements. This subfunction will be performed after the 
RTLS navigation reconfiguration subfunction (Section 4.3.2.4) at the basic 
filter rate. This subfunction is performed as long as barometric altitude 
measurements are being processed. 
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D. Constraints. This subfunction will only be executed if the data are 
indicated valid (i.e., the BARO DATA GOOD flag is ON). 

E. Supplementary Information. The assumption is made, for simplification, 
that the barometric probe is located at the navigation base. This is a valid 
assuuption since the error involved in mislocating the probe is less than the 
errors associated with the barometric measurement. 

  

A possible implementation of this subfunction is shown in the flow chart 
RTLS_BARO NAV CODE. Note that the flow chart also contains some requirements 
described in Section 4.3.2.7, namely the setting of this filter control flags 
MANUAL _EDIT_OVERRIDE and TACAN STAT to BARO EDIT_OVERRIDE -and BARO STAT, 
respectively, the call to RTLS 1 ) NAV FILTER, ‘and the setting of the display 
parameters SENSOR EDIT;, SENSOR t RESID ) TEST, and SENSOR_DELQ, to EDIT_FLAG, 
RESID TEST, and DELQ, respectively. 
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Table 4.3.2.7.4-1. Barometric Altimeter Input Parameters . 

Tapuet Semple 

Description Syebol Sources Precision | Range | Unico Rate 

Copy of current data good discrete BARO DATA_GOOD Gxcernal orr/ou Filter 
reserved for measurement processing sensor fate 
(aavigation) data enap 

Time tag associated vith bsrometric T_BaRO External op eee Filcer 
measurement sensor race 

data enap 

Vehicle position vector used in BR RESID Stace oP fe Pilcer 
measurement residual calculation vector rate 
after interpolation to time of iaterpo- 
measuresent lacion 

Barowetric deterministic bias BIAS_BARO (a) 8 ft Vilcer 
rate 

Altitude of mean sea level above DELH_MSL_ (b) 8 fe Pilcer 
reference ellipsoid ac the runway ELLSIPSOID RW rate 

Barometric altimeter sensor Q_BARO External 8 fc Filter 
measurement sensor tate 

data snap 

Filter current Shuttle position BR _FILT RTLS oP fe Filter 
vector in M50 coordinates state rate 

and covar- 
iance 
messurement 
incorpora- 
tion, RTLS 

nav state 
propagation 

Altitude of the runway above che ALT_RW Ascent s fe Filter 
reference ellipsoid runway/ rate 

MSBLS site 
lookup 

Barometric altimeter instrumenc VAR_H1 T-load $s fe? Filter 
variance conatant cate 

Barometric altimeter instrument VAR_H2 I-load $s fr? Filter 
variance constant rate 

Current Shuttle. velocity vector in NV _FILT RTLS state $ fe/ Filter 
M50 coordinates and covar- sec rate 

iance 
measurement 
incorpora- 
tion, &TLS 
nav state 
propagation 

Difference becween accumulated sensed} OV FILT RTLS nav $s fe/ Filter 
IMU readings on present previous state sec rate 

cycle propagation 

Gravity acceleration associated with | G OLD RTLS aav 8 te/ Filter 

current position vector state sect rate 
propagation           “See RTLS navigation priacipal function R-load table. 

See RILS navigation principal function input parameter table. 
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Table 4.3.2.7.4-1. Barometric Altimeter Input Parameters (Cont) 

Tauput Seupie 
Description Syabol Sources Precision | Renge | Units Rete 

Scale factor on filter mean squere K_EDIT_BARO (e) 8 Filter 
residual used in residual edit test rate 
for BARO measurement 

Time of the filter state vector T_LAST_FILT RTLS nev oP sec Filter 
etate rate 
propagation 

Taterval over which the state is DT_FILT RTLS navi- 8 sec Filter 
propagated gation rate 

etate 
propagation ° 

Criterion for difference betveen EPS TAG (a) 8 sec Filter 
weasurement time and state tine, rate 
above which the filter state 
will be interpolaced 

"See RILS navigation principal function K-load and constant tables. 

Table 4.3.2.7.4-2. Barometric Altimeter Output Parameters 

Output Comp 

Description Syubol Destination | Type! Precision | Range | Units | Rate 

Barometric measurement residual DELQ RTLS state | F $s ft Filter 
and race 
covariance 
measurement 

incorpora= 
tion 

Measurement first partials with 3B RTLS state | V oP Vary | Filter 
respect to filter state and covar- rate 

lance 
meacuresent 
incorpora- 
tion 

General sensor variance VAR RTLS etate | s Vary | Fileer 
and covare . rate 

iance 
messurement 
incorpora> | , 

. tion 

Scale factor on filter mean square | K_RES EDIT RILS state | F 8 Filter 
residual used in residual edit test and covare rate 

lance 
measurement 

iacorpora- 
tion 
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4.3.2.7.5 MSBLS Range. The MSBLS range measurement subfunction 
calculates the estimated range from the Shuttle to the MSBLS station, the 
range residual, and the measurement partials; and it selects the proper vari- 
ance that models the instrument error. It is assumed that the MSBLS range 
measurement data will be provided by the MSBLS BM to this subfunction by way 
of the sensor data snap. 

A. Detailed Requirements. Descriptions of symbols used in the following 
equations may be found in Tables 4,3.2.7.5-1 and 4.3.2.7.5-2. 

First, the estimated range will be calculated with the use of the following 
equation: 

Qs [R _RESID=R_ SCANNER | + BIAS _MLSRANGE 

where 

R SCANNER = EARTH FIXED TO _M50_COORD (T_EF_RMLS) R _RMLS_EF 

and R _RMLS EF is obtained from the runway/MSBLS site lookup subfunction 
(Section 4.5.2.1). The state vector, R _RESID, may be interpolated to the 
sensor measurement time, if required, as described in Section 4.2.2. The 
residual will then be computed by 

DELQ = Q RANGE - Q 

The variance of the MSLBS measurement error is set equal to the design depen- 
dent parameter VAR_RMLS (Section 4.9.3): 

VAR = VAR RMLS 

The MSBLS range measurement partials are to be computed as follows: 

By to 3 * UNIT (R RESID - R _ SCANNER) 

BA to 6 = 9: 

The scale factor on the filter mean square residual used in the residual edit 
roots K_RESID EDIT, shall be set equal to K_EDIT_MLSR, which is a premission 

Finally, the state vector and the covariance matrix will be updated as 
described in Section 4.3.2.7. 

B. Interface Requirements. The inputs and outputs for the MSBLS range 
measurement subfunction are given in Tables 4.3.2.7.5-1 and 4.3.2.7.5-2. 

C. Processing Requirements. This subfunction will be performed after the 
state and covariance matrix have been propagated, at the basic filter rate. 
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D. Constraints. This subfunction will be executed only if the MSBLS range 
data are labeled valid (i.e., the MLSRANGE DATA_GOOD flag is ON). 

  

E. Supplementary Information. The location of the onboard MSBLS antenna may 
be neglected in calculating the range measurement estimate, because this error 
is much less than the error associated with the measurement. A possible 
implementation of these requirements is illustrated in flow charts RTLS_MLS_ 
WAV CODE and RILS MLS RANGE NAV CODE in Section 5.2. Note that the flow chart 
RILS | MLS NAV CODE also contains equations shown in Section 4.3.2.7, namely the 
setting of the filter control flags MANUAL EDIT OVERRIDE and STAT_FLAG to OFF, 
and that the flow chart RTLS MLS RANGE | NAV CODE contains also some require- 
ments from Section 4.3.2.7: the call to RTLS NAV_FILTER and the setting of 

the display parameters SENSOR _EDIT,, SENSOR RESID * )_TEST¢ » and SENSOR. _DELQ, 

to EDIT FLAG, RESID TEST and DELQ, respectively. 
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Table 4.3.2.7.5~-1. MSBLS Range Measurement Input Parameters 

  

  

Input Semple 
Description . Syabol Sources Type | Precision | Range | Units Rate 

MSBLS deterministic bias BIAS MLSRANGE RTLS f 8 ft Filter 
navigation ‘ rate 
principal 
function 
daput 

. parameter 
table 

Copy of current data good discrete MLSRANGE_DATA_ External 0 OFrr/on Filcer 
reserved for seasurement processing GooD sensor rate 

data snap 

MSBLS range sensor measurement Q_RANGE External f 8 ft Vilcer 
sensor rate 
data snep 

Vehicle position vector used in & _RESID State Vv oF fc Filcer 
measurement residual calculation vector tate 
after interpolation to time of incerpolate 
measurement 

Earth-fixed position vector of MLS & _BMLS_EF RTLS v OP fc Filcer 
range scanner navigation rate 

principal 
function 
input 
parameter 
table 

Time at which MSBLS range weasure- T_EF_RMLS External F DP sec Filter 
ment was read sensor cate 

data snap 

MSBLS range measurement instrument VAR_RMLS (a) F s fc? Filter 
variance rate 

Filter current Shuttle position R_FILT RTLS nav v DP ft Filter 
vector in M50 coordinates state vate 

propagation 

Current Shuttle velocity vector in V _FILT RTLS aav Vv $s ét/ Filter 
M50 coordinates state sec rate 

propagation 

Difference between accumulated DV _FILT RTLS nav v Ss. ft/ Filter 
sensed IMU readings on present stace * sec rate 
and previous cycle propagation 

Gravity acceleration associated with | G OLD RTLS nav v s ft/, Filter 
current position vector state sec rate 

propagation 

Scale factor on filter sean square K_EDIT_MLSR (a) F s Filter 
cesidual used in residual edit test rate 
for MSBLS range measurement 

Time of che filter state vector T_LAST_FILT RTLS nav Fo DP sec Filter 
state rate 

° propagation 

[uterval over which the state is DT_FILT RTLS nav ¥ s sec Filter 
propagated state rate 

propagation 

Criterion for difference between EPS TAG (a) F s sec Filter 
measurement time and state time, race 
above which the filter state will 
be interpolated                   ®See RTLS navigation principal function K-load and constant tables. 
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Table 4.3.2.7.5-2. MSBLS Range.Measurement Output Parameters 
  

Description Syebot 
Oucput 

Destination Type Precision Range Unite 
Comp 
Rate 

  

  

Measurement firet partial 
derivative with respect to 
filter state 

MLS range measurement residual 

General sensor variance 

Scale factor on filter eean square 
“residual used in residual edit test   

VAR 

K_RES EDIT   

RTLS estate 
and covar- 

iance 
measurement 
iacorpore- 
tion 

RILS state 
and covar- 
lance 

measurement 
incorpore- 
tion 

RTLS state 
and covar- 
iance 
weasurenent 
incorpora- 

tion 

RTLS state 
and covar- 

iance 
measurement 

incorpora- 
tion       

Vary 

ft 

fe? 

    

Filcer 
rate 

Filcer 
rate 

Pilcer 
rate 

Filter 
rate 
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4.3.2.7.6 MSBLS Azimuth. The MSBLS azimuth measurement subfunction . 
calculates the estimated MSBLS azimuth measurement, the residual, and the mea- 
surement partials; and it selects the proper variance that models the instru- 
ment error. It is assumed that the MSBLS azimuth measurement data will be 
provided to this subfunction by the MSBLS RM by way of the sensor data snap. 

A. Detailed Requirements. Descriptions of symbols used in the following 
equations may be found in Tables 4.3.2.7.6-1 and 4.3.2.7.6-2. 

First, a transformation matrix from the M50 coordinates to the MSBLS azi- 
muth radar coordinates will be computed at the time tag of the MSBLS azimuth 
measurement, T EF AZMLS. 

M_EFTOMSO = EARTH_FIXED_TO M50 COORD (T_EF_AZMLS) 

M_MSO_TO SCANNER = M EFTORAD R_AZ M_EFTOMSO* 

where M_EFTORAD R_AZ will be provided by the runway/MSBLS site lookup subfunc- 
tion (Section 4.5.2.1). The relative position of the Shuttle with respect to 
the MSBLS azimuth station will then be computed by 

R = M_MSO TO SCANNER (R RESID - R _AZMLS) 

where R AZMLS is computed by using the equation 

R _AZMLS = M_EFTOMSO R _AZMLS EF 

and R _AZMLS EF will be obtained from the runway/MSBLS site lookup subfunc- 
tion. The state vector used, R RESID, may be interpolated to the sensor mea- 

surement time, if required, as “described in Section 4.2.2. 

The estimated MSBLS azimuth measurement will then be computed by 

Q = ARCTAN (Ro/R,) + BIAS_AZMLS (F7,F3) 

and the residual will be computed by 

DELQ = Q_AZMLS - Q 

The variance of the MSBLS azimuth measurement error is then set equal to the 
design dependent parameter VAR_AZMLS (Second 4.9.3): 

VAR = VAR_AZMLS 

ate. both arguments are zero, a value of zero should be returned (Section 3.5). 

This equation shall be protected against division by zero (Section 3.5). 
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The MSBLS azimuth partials are to be computed next by using the function ANCLE_ 
PARTIALS (Section 4.4.5.3), with BR_AZMLS and the third row of the transforma~ 
tion matrix from M50 to MSBLS azimuth radar coordinates as inputs! 

CALL: ANGLE_PARTIALS 

IN LIST: R _AZMLS, M_MSO_TO SCANNER3, 1 to 3 

The scale factor on the filter mean square residual used in the residual edit 
test, K_RES EDIT, shall be set equal to K_EDIT MLSAZ, which is a premission 
load e ° 

Finally, the state vector and the covariance matrix will be updated as 
described in Section 4.3.2.7. 

B. Interface Requirements. The inputs and outputs for the MSBLS azimuth 
Measurement subfunction are given in Tables 4.3.2.7.6°] and 4.3.2.7.6-2. 

C. Processing Requirements. This subfunction will be performed after the 
state and covariance matrix have been propagated, at the basic filter rate. 

D. Constraints. This subfunction will be executed only if the MSBLS azimuth 
data are labeled valid (i.e., the MLSAZ2 DATA_GOOD flag is ON). 

E. Supplementary Information. The location of the on board MSBLS antenna may t 
be neglected in calculating the azimuth measurement estimate, since this error 
is much less than that error associated with the measurement. 

A possible implementation of these requirements is illustrated in flow 
charts RTLS MLS NAV CODE and RTLS MLS_AZ_NAV CODE in Section 5.2. Note that 
both of these flow charts contain equations that are described in Sec- 
tion 4.3.2.7. RTLS MLS NAV CODE shows the setting of the filter control flags 
MANUAL EDIT OVERRIDE and STAT FLAG to OFF} RTILS MLS AZ NAV CODE contains the 

call to RTLS _NAV_FILTER and the setting of the display. parameters SENSOR 
EDIT., SENSOR RESID _TEST>, and SENSOR DELQ, to EDIT FLAG, RESID TEST, and 
DELQ, respectively. 
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Taput Sample 
Description Syebol Sources Type | Precision | Range | Unite Rate 

MSBLS deterministic elevation bias BIAS_AZMLS (b) F 5 vad Filter 
rate 

Transformation matrix from earth- M_EFTORAD BAZ | (b) " s Pilcer 
fixed to AZ/range MSBLS radar rate 
coordinate frame 

Copy of current data-good discrete MLSAZ_DATA_GOOD | RTILS sensor | D orr/ou Filter 
reserved for measurement processing data snsp rate 

MSBLS azimuth sensor eeasurement Q_AZMLS RTLS sensor | F 3 cad Filter 
data snap rate 

Earth-fixed MLS aziauth scanner R _AZMLS EF (bd) v DP ft Filter 
position vector rete 

Vehicle position vector used in R _RESID State v DP fe Filter 
weasurement residual calculation vector rate 
after interpolation to time of interpolate 
measurement 

Time at which -MSBLS aszieuth was read| T_EF_AZMLS RTLS sensor | F DP sec Filter 
(adjusted) data snap rate 

MSBLS azimuth seasuresent instrument} VAR_AZMLS (a) F s rad? Filter 
variance rate 

Filter current Shuttle position R_FILT RTLS state | V DP ft Filter 
vector in M50 coordinates and covar- rate 

iance 
measuresent 
incorpora- 
tion 

Current Shuttle velocity vector in NV _FILT RTLS state | V s fe/ Filter 
M50 coordinates and covar- sec rate 

iance 
measurement 
incorpora- 
tion 

Difference between accumulated DV _FILT RTLS state | V s ft/ Filter 
several IMU readings on present propagation sec rate 
and previous cycle 

Gravity acceleration associated with| G _ OLD RTLS nav Vv s ft/, Filter 

current position vector state sec rate 
propagation 

Scale factor on filter mean square K_EDIT_MLSAZ (a) F $s Filter 
residual used in residual edit test rate 
for MSBLS azimuth seasurement 

Time of the filter state vector T_LAST_FILT RTLS nav F DP sec Filter 
state tate 

propagation                   ®see RTLS navigation principal function K~load table. 
See RTLS navigation principal function input parameter table. 
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Table 4.3.2.7.6-l1. MSBLS Asimuth Measurement Input Parameters (Coar) 

  

  

Taput | = 

Description Syubol Sources Type | Precision | Benge | Smre | Bete 

Zaterval ever which the state is DT_FILT RTLS asv 8 owe Pileer 
propagated etate wate 

propegatioca 

Criterion for difference between | EPS_TAG (a) 8 out Wilesr 

weasurenent time and state tine, wate 
above which the filter state will 
be incerpolated             
  

"See RILS navigation principal function constant table. 
    

Table 4.3.2.7.6=2. MSBLS Azimuth Measurement Output Parameters 

  
  

Description Syubol 
Output 

Destination | Type Precision | Range Bats 
Cup 
Rare 

  

  

Measurement first partial 
derivative vith respect to 
filter rate 

MLS asiwuth measurement residual 

General sensor variance 

Scale factor on filter mean square 
residual used in residual edit teat   

DELQ 

VAR 

K_e8 EDIT   

RTLS etate | ¥ 

and covar- 

iance 

measurement 
incorpora= 
tion 

RTLS state | F 
and covare 

iance 
measurement 
iacorpora- 
tion 

RTLS state | F 

and covar- 
ience 

weagurement 
incorpora- 
tion 

RTLS state | F 
and covar= 

iance 
measurement 
incorpors~ 
tion         

Rrileee 

Rrltee 
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4.3.2.7.7 MSBLS Elevation. The MSBLS elevation measurement subfunction 
calculates the estimated MSBLS elevation measurement, the residual, and the 
measurement partials, and it selects the proper variance that models the 
instrument error. It ia assumed that the MSBLS elevation measurement data 
will be provided to thia subfunction by the MSBLS RM by way of the sensor data 
snap. 

A. Detailed Requirements. Descriptions of the symbols used in the following 
equations may be found in Tables 4.3.2.7.7-1 and 4.3.2.7.7-2. 

First, a transformation matrix from M50 to MSBLS elevation radar coordi- 
nates will be computed at the time tag of the MSBLS elevation measurement, 
T_EF_ELMLS. 

M_EFTOM50 = EARTH_FIXED_TO_M50_ COORD (T_EF_ELMLS) 

M_M50_TO SCANNER = M { EFTORAD_EL M | EFTOMSO? 

where M_EFTORAD EL will be provided by the runway/MSBLS | site lookup 
subfunction (Section 4.5.2.1)... The relative position of the Shuttle with 
respect to the MSBLS elevation radar will then be calculated as 

R = M_M50_TO SCANNER (R_RESID - R_ELMLS) 

where R_ELMLS is computed by using the equation 

R__ELMLS = M_EFTOM5O R_ELMLS EF 

and R _ELMLS EF will be obtained from the runway/MSBLS site lookup subfunc- 
tion. The state vector, R_ RESID, may be interpolated to the sensor 

measurement time, if required, as described in Section 4.2.2. 

The subfunction will then compute the estimated elevation measurement by 

Q = ARCTAN (R4/R,) + BIAS ELMLS (F7) 

and will compensate for antenna displacement by 

Q = Q + MLSANT_NB_DIST SIN(Q + PITCH_M - MLSANT_ANG)/R_RHO 

where R_RHO is equal to the magnitude of R, MLSANT_NB_ DIST is the distance 
from the navigation base to the MSBLS antenna location on the vehicle, 
MLSANT_ ANG is the angle between the navigation base to the MSBLS antenna 
vector and the vehicle's X body-axis, and PITCH_M is the pitch angle. 

Fit¢ both arguments are zero, a value of zero should be returned 

(Section 3.5). 
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Finally, the residual will be computed by 

DELQ = Q_ELMLS - Q 

If the estimated measurement, Q, is below a minimum angle cutoff, MSBLS _ 

EL_ANGLE CUTOFF, then MSBLS elevation data will no longer be used to update 
the state vector. This termination of state updating will be communicated to 
the RTLS measurement processing statistics subfunction by setting the flag 
MSBLS EL INHIBIT to ON. 

The variance of the MSBLS elevation measurement is to be set equal to the 
design dependent parameter VAR_ELMLS (Section 4.9.3): 

VAR = VAR_ELMLS 

The elevation measurement partials are to be computed by using the function 
ANGLE PARTIALS (Section 4.4.5.3) with R ELMLS and the negative of the second 
row of the transformation matrix from M50 to them MSBLS elevation radar 
coordinates as inputs: 

CALL: ANGLE_PARTIALS 

IN LIST: R __ELMLS, ~M_M50_TO_SCANNER» | 1 to 3 

The scale factor on the filter mean square residual used in the residual edit 
test, K_RES EDIT, shall be set equal to K_EDIT_MLSEL, which is a premission 
load. STAT _ FLAG shall be set equal to MSBLS | EL_ INHIBIT. 

Finally, the state vector and the covariance matrix will be updated as 
described in Section 4.3.2.7. After display data are saved for use by 
measurement processing statistics, STAT_FLAG shall be set to OFF. 

B. Interface Requirements. The inputs and outputs for the MSBLS elevation 
measurement subfunction are given in Tables 4.3.2.7.7~l1 and 4.3.2.7.7-2. 

C. Processing Requirements. This subfunction will be performed at the basic 
filter rate after the state and covariance matrix have been propagated. 

D. Constraints. This subfunction will be executed only if MSBLS elevation 
data are labeled valid (i.e., the MLSEL_DATA_GOOD flag is ON). 

E. Supplementary Information. It is assumed that all vehicle-mounted MSBLS 

antennas are collocated. ‘ 

A possible implementation of this subfunction is shown in flow charts 
RTLS_MLS_NAV CODE and RTLS MLS EL_NAV CODE in Section 5.2. Note that these 
two flow charts contain equations “that are described in Section 4.3.2.7. RTLS 

MLS NAV contains the setting of the filter control flags MANUAL EDIT OVERRIDE 

and ~STAT_ FLAG to OFF; RTLS_MLS EL NAV contains the call to RTLS | NAV _FILTER and 

the setting of the display | parameters SENSOR _EDIT,, SENSOR | RESID )_ TEST, and 
SENSOR __DELQ, to EDIT FLAG, RESID TEST and DELQ, respectively. 
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Finally, the residual will be computed by 

DELQ = Q _ELMLS - Q 

If the estimated measurement, Q, is below a minimum angle cutoff, MSBLS_ 
EL_ANCLE CUTOFF, then MSBLS elevation data will no Longer be used to update 
the state vector. This termination of state updating will be communicated to 
the RILS measurement processing statistics subfunction by setting the flag 
NSBLS_EL_INHIBIT to ON. 

The variance of the MSBLS elevation measurement is to be set equal to the 
design dependent parameter VAR_ELMLS (Section 4.9.3)! 

VAR © VAR_ELMLS 

The elevation measurement partials are to be computed by using the function 
ANGLE PARTIALS (Section 4.4.5.3) with R ELMLS and the negative of the second 
row of the transformation matrix from M50 to them MSBLS elevation radar 

coordinates as inputs? 

CALL: ANGLE_PARTIALS 

IN LIST: R _ELMLS, ~M_M50_TO SCANNER) 1 to 3 

The scale factor on the filter mean square residual used in the residual edit 
test, K_RES EDIT, shall be set equal to K_EDIT_MLSEL, which is a premission 

STAT | FLAG shall be set equal to MSBLS_ EL_ INHIBIT. load. 

Finally, the state vector and the covariance matrix will be updated as 
After display data are saved for use by described in Section 4.3.2.7. 

measurement processing statistics, STAT FLAG shall be set to OFF. 

The inputs and outputs for the MSBLS elevation B. Interface Requirements. 

measurement subfunction are given in Tables 4.3.2.7.7-1 and 4.3.2.7.7-2. 

C. Processing Requirements. This subfunction will be performed at the basie 
filter rate after the state and covariance matrix have been propagated. 

D. Constraints. This subfunction will be executed only if MSBLS elevation 
data are labeled valid (i.e., the MLSEL_DATA_GOOD flag is ON). 

E. Supplementary Information. It is assumed that all vehicle-mounted MSSLS 
antennas are collocated. 

A possible implementation of this subfunction is shown in flow charts 
Note that these RTLS_ MLS_NAV CODE and RTLS_MLS EL_NAV CODE in Section 5.2. 

two flow charts contain equations that are described in Section 4.3.2.7. R&ILS 
MLS NAV contains the setting of the filter control flags MANUAL EDIT OVERRICE 
and ~STAT_ FLAC to OFF; RTLS MLS EL NAV contains the call to RTLS_ _NAV_ FILTER and 

the setting of the display | parameters SENSOR _EDIT,, SENSOR_ RESID _TEST, and 
SENSOR _DELQ, to EDIT FLAG, RESID TEST and DELQ, respectively. 
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Table 4.3.2.7.7-1. MSBLS Elevation Measurement Input Parameters: 

Space Transportation 
Systems Division an Rockwell 

International 

  

  

Taput Semple 

Description Syabol Sources Type | Precision | Range | Unite Rate 

MSBLS deterministic bias elevation BIAS_ELMLS (b) F s vad Pilter 
rate 

Transformation matrix from earth- M_EFTORAD_EL (b) M 8 Filter 
fixed to MSBLS elevation radar wate 
coordinates : 

Distance froe navigation base to MLSANT_NB DIST (a) v 8 fe Filter 
MLS antenna rate 

Angle between navigation base~to~MLS | MLSANT_ANG (a) F 8 rad Vilcer 
antenna vector aad positive vehicle rate 
X-body axis 

Copy of current data good discrete MLSEL_DATA_ RILS D or? /ow Filter 
reserved for measurement processing GooD control rate 

Copy of pitch-store reserved for PITCH_M RTLS sensor! F 8 cad Filter 
MLS elevation processing data snap rate 

MSBLS elevation sensor measurement Q_ELMLS RTLS sensor) F 8 vad Filter 
data snap rate 

Vehicle position vector used in R _RESID State v DP fc Filcer 
measurement residual calculation vector rece 
after interpolation to time of interpo> 
measurement lation 

€arth~fixed MLS elevation scanner R_ELMLS EF (bd) v op fc Filter 
posicion vector rate 

Time of tag of current MSBLS T_EF_ELMLS RTLS sensor| F DP sec Filter 
elevation measurement data snap race 

MSBLS elevation instrument variance VAR_ELMLS (a) F 8 rad? Filcer 
rate 

Filter current Shuttle position R_FILT RTLS state | V DP ft Filter 
vector in M50 coordinates and covar- rate 

iance 
geasurement 
incorpora- 
tion 

Minimum angle below which MSBLS data | MSBLS_£L_ I-load F s tad Filter 
are not used to update state vector ANGLE _CUTOFF . rate 

Current Shuttle velocity vector in ¥ _FILT RTLS state | V s fe/ Filter 
M50 coordinates and covar- sec rate 

iance 
g@easuresent 
incorpora- 
tion                   poe RTLS navigation principal function K-load cable. 

See RTLS navigation principal function input parameter table. 
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Table 4.3.2.7.J-l1. 

Space Transportation 
Systems Division Oo Rockwell 

international 

MSBLS Elevation Measurement Input Parameters (Cont) 
  

  

Input Seuple 
Description Syabol Sources Type } Precieion | Range | Unite Rate 

Difference betveen accumlated OV _FILT RTLS nav v 8 fe/ Filter 
sensed IMU readings on present estate sec rate 
and previous cycle propagation 

Gravity acceleration associated with | G OLD RTLS nav v 8 fe/ Vilcer 
current position vector state sec? rate 

propagation 

Scale factor on filter mean square K_EDIT_MLSEL (a) r s Filter 
residual used in residual edit test rate 
for MSBLS elevation measurement 

Time of the filter etate vector T LAST FILT RTLS nav F DP aec Filter 
state rate 
propagation 

Taterval over which the state is DT_FILT RTLS nav F s sec Filter 
propagated state race 

propagation 

Criterion for difference between EPS TAG (a) F s sec Filter 
measurement time and state tise, race 
above which che filter state will 
be interpolated                   *see RILS navigation principal function K-load and constant tables. 

  

Table 4.3.2.7.7=2. MSBLS Elevation Measurement Output Parameters 

  

Description Syabol 
Output 

Destination Type Precision | Range Units 

Coap 

Race 
  

Measurement first partial 
derivative with respect to 
filcer state 

MLS elevation measurement residual 

General sensor variance 

Scale factor on filter mean equare 
residual used in residual edit test 

Flag indicating NSBLE elevation 
data processing ta cutoff 

DELQ 

VAR 

K_RES EDIT 

MSBLS EL 
INKIBTT ~ 

RTLS state 
and covar- 
iance 
measurement 
incorpora- 
tion 

RTLS state 
and covar- 
iance 
measurement 
incorpora- 
tion 

RTLS state 
and covar- 
tance 
measurement 
iacorpora- 
tion 

RTLS state 
and covar- 
iance 
@easurepent 

incorpora- 
tion 

RTLS 
measurement 

processing 
statistics 

DP 

- Ow/OFF 

vary 

rad 

rad? 

  

Filter 
vrste 

Filter 
rate 

Filcer 
rate 

Filter 
rate 

Filter 
rate 

          
4-162 

      
STS 83-0005 B 

  

 



  

Table 4.3.2.7. 7-1. 

ee Rockwell 
international 

MSBLS Elevation Measurement Input Parameters (Cont) 
  

  

Tapet Senpie 
Descriptics Syabol Sources Type | Precision | Range | Ouite Rate 

Difference between accumlated DV _FILT RILS aav v 8s te/ Pileer 
sensed INU readings on present etate eee rate 
and previous cycle propegeticn 

Gravity acceleration associsted with | G OLD RTLS aav v 8 fel, Filter 
curreat position vector state one wate 

propagation 

Scale factor on filter mean square K_EDIT_MLSEL (a) r 8 Piltey 
vesidual used in residual edit test rete 
for NSBLS elevation measurement 

Tiee of the filter state vector TLAST FILT RTLS sav r ow eec Filcer 
state rate 
propagation 

Taterval over which the state is DT_FILT RTLS eav P $s eee Filter 
propagated etate rate 

propagatioa 

Criterion for difference between EPS TAG (a) e $s ae Filcer 
weasurement time and state time, ” rate 
above which the filter state will 
be interpolated                   ®see RTLS navigation principal function K-load snd constant tables. 

  

Table 4.3.2.7.7-2. MSBLS Elevation Measurement Output Pserameters 

  

Description Syebol 

Output 

Destination Precis.]en Range Varta 

Coup 

Rate 
  

  

Meseurenent firse partial 
derivative with respect to 
tiltec atate 

NLS elevation mensurement residual 

Qeneval sensot variance 

feale factar on filter mean square 
yeatdual weed in residual edit teet 

Fiag tadinaring NENIS elevation 
date prorescing fe cutoff   

DELQ 

VAR 

K_RES EDIT 

NSBLS EL_ 
INHIBTT   

RTLS stete | ¥ 
and covar= 
iance 
measurement 
ancorpora> 
tion 

RTLS atace | F 
and covare 
tance 
measurement 

Ancorpora 
tion 

RILS state | Ff 
and covar 
iance 
measurement 

.ncorpora 
tion 

we 

RILS state | Ff % 
and covar 
iance 
Peasurement 

incorpora 
tion 

RTLS bd 
measurement 

processing 

etatistics       
OM OFF 

  

very 

cad 

raa? 

  

Filcer 
rate 

Filter 
rate 

Filcer 
rate 

Filter 
rate 

Filcer 
rate 

    

4-162 

$T% 83 00058 

  

 



Space Transportation ¢ Rockwell 
Systems Division International 

4.3.2.8 Measurement Processing Statistics. During navigation phases 
that utilize external sensor measurements, the measurement processing statis- 
tics subfunction will compute for display certain parameters that are indica- 
tive of the condition of the navigation filter and the external sensor mea- 
surements that it utilizes. The measurement processing statistics subfunction 
will be performed as a subfunction of the RTLS navigation processing principal 
function. It will be performed after the corresponding state and covariance 
measurement incorporation subfunction has been performed. Filter edit indi- 
cators, which will have been initislized to a default value during the corre- 
sponding sensor measurement s-lect on subfunction, will be redef:ned ding 
the performance of the state and covariance measurem:*t incorpora'ion subfunc- 
tion. This will indicate to the measurement processing statistics subfunction, 
for each measurement type being utilized, which of the following four cases 
has occurred: (1) edit indicator = OFF - the filter was not configured for 
the measurement type, or the data were bad and the filter did not attempt to 
process data of that type; (2) edit indicator = ON - the filter did attempt 
to process the measurement type but automatically edited the data; (3) edit 
indicator * PROCESSED - the filter did process the measurement type; or 
(4) edit indicator = STAT - the filter was used solely for producing the 
residual and ratio parameters for display. 

Moreover, the state and covariance measurement incorporation subfunction 
will provide the measurement processing statistics subfunction with the value 
of each measurement residual and the square of the denominator of the display 
residual edit ratio, which is described in the following paragraphs. The data 
supplied to the measurement processing statistics subfunction can be used for 
two different purposes: (1) to calculate the status of the processing of the 
external sensor data and (2) to compute statistics for the sensor measurement 
type selected by the sensor measurement selection subfunction. 

A. Detailed Requirements. The indexed variables have the following 
definitions: 

SENSOR_EDIT, is the edit indicator for the TACAN bearing measurement. 
SENSOR_EDIT, is the edit indicator for the TACAN range measurement. 
SENSOR EDIT, is the edit indicator for the barometric altitude measurement. 
SENSOR_EDIT, is the edit indicator for the drag altitude measurement. 
SENSOR_EDITs is the edit indicator for the MSBLS azimuth measurement. 
SENSOR_EDIT, is the edit indicator for the MSBLS range measurement. 
SENSOR EDIT, is the edit indicator for the MSBLS elevation measurement. 

For each TACAN, drag altitude, barometric altimeter, and MSBLS measure- 
ment type, three parameters are to be computed to show how well the navigation 

filter is processing external measurements of that particular type. The three 
parameters to be computed for each measurement are as follows: 

l. The display measurement residual is to be the actual measurement 
residual computed by the navigation filter for the particular type, 
provided the navigation filter has done the computation (i.e., pro- 
vided that the filter was configured to attempt processing of that 
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G; 
particular measurement type during the filter cycle just completed). 
If the filter was not configured for the measurement type, so that no 
residual was computed, then the display measurement residual for the 
particular measurement type shall be displayed as a BLANK in accor- 
dance with display requirements. 

2. The display residual edit ratio is, for a particular measurement 
type, the absolute value of the actual measurement residual divided 
by the maximum magnitude that the residual for this measurement type 
may attain before automatic data editing in the filter occurs. 
Again, if the filter was not configured for the particular measure- 
ment, this display parameter shall be presented as BLANK. 

3. The display edit history indicator, if displayed as the symbol "+" on 
the cathode ray tube, shall indicate that for more than K_MAX times 
out of the Last 4 times that the Filter attempted to process the 
particular measurement type, automatic data editing occurred. Other- 
wise, this indicator shall be displayed as a BLANK. K_MAX is a pad- 
loaded integer such that l < K_MAX < 4, 

The actual calculation of the three parameters above shall be accom- 
plished as follows. To compute the display edit history indicators, it is 
necessary to retain edit information about the last 4 cycles for each mea- 
surement type. This will be accomplished by use of an MX4 matrix EDIT_ARRAY, 
where M represents the maximum number of measurement types to be managed by “4 

this subfunction during the various navigation phases. In the equations 
below, the following definitions are used. 

DISP_DELQ; = parameter (1) above for the I-th measurement type. 

DISP_SIG, = parameter (2) above for the I-th measurement type. 

DISP_EDIT, = parameter (3) above for the I-th measurement type. 

SENSOR_EDIT, = the filter edit indicator for the I-th measurement 
type. 

SENSOR_DELQ, = the filter measurement residual for the I-th 
measurement type. 

SENSOR_RESID TEST, = the square of the denominator of the display 
residual edit ratio for the I-th measurement type. 

The correspondencee between the subscript, I, and measurement type shall 
be as follows: 

I = 1 = TACAN bearing 

I = 2 - TACAN range 

I = 3 - barometric altitude 
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4 - drag altitude 

I= 5 - MSBLS azimuth 

I = 6 = MSBLS range 

I = 7 - MSBLS elevation 

For each value of the integer I in the interval (1, 7), the following 
procedure will be performed. 

The indicator SENSOR EDIT, shall be tested; and if found to have the 
value "OFF," both DISP_DELQ, and DISP SIG; shall be given the value "BLANK" 
and the calculations shall cease at this point. If the value tested is not 
“OFF,” then DISP DELQ, shall be given the value SENSOR_DELQ, and DISP_SIG, 
shall be calculated according to 

ABS(SENSOR_DELQ, ) 
DISP_SIG, = (F3,F4)   

(SENSOR_RESID TesT,)!/2 

provided that SENSOR_RESID_TEST, is positive. 

The SENSOR EDIT, indicator shall again be tested; and if found to have 
the value "STAT", DISP EDIT, shall be given the value "BLANK" and the 
calculations shall cease at this point. If the value tested is not "STAT," 
the column index, J,, shall be incremented by 1 and reset to 1 if its value 
then should be 5. Next, the parameter SUM, shall be determined as SUM; = SUM, 
- EDIT_ARRAY (I, COLUMN) , where COLUMN = x » and SENSOR_EDIT, shall again be 

tested. If its value is "ON", then EDIT. ARRAY (I, COLUMN) shall be given the 
value one and SUM, shall be incremented by one. If its value is not "ON", 
then EDIT_ARRAY dt, COLUMN) shall be set to zero. Finally, SUM, shall be 
tested; and if its value exceeds the value K_MAX, DISP EDIT, shall be given 
the value "+"; otherwise, DISP_EDIT,; = BLANK. 

The range residual, DISP_DELQ,, will be tested and if found to be not 
equal to BLANK, it shall be expressed in nautical miles by multiplying it by 
the conversion factor from feet to nautical miles. Thus, 

IF DISP_DELQ, # BLANK 

THEN DISP_DELQ, = DISP_DELQ, NAUTMI_PER_FT : 

  

F3this should be treated in the same manner as floating point overflow 
(Section 3.5). 

Panne square root of a negative number should be treated in the same manner as 

floating point overflow (Section 3.5) 
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The three discretes, NAV_ALT FLAG, NAV_TAC ; FLAG, ~ and NAV MLS FLAG, will 
be used to establish the value of | the navigation event lamp indicator, NAV 

EDIT_IND, and also to establish crew alerts on the Heads Up Display (HUD). 
These discretes indicate the status of the processing of the particular 
external sensor data indicated. 

The Shuttle altitude, ALT, shall be tested, and if ALT < ALT_NAV j_EVLT;, 
then the discrete, DO MLS NAV, shall be tested. If this flag has . the value of 

OFF, then TACAN and baro/drag altitude data processing will be tested. Other- 
wise, if DO! MLS NAV has the value of ON, then the discretes, NAV y ALT FLAG and 

NAV_TAC } FLAG, will be given the values of OFF. 

The baro/drag altitude and TACAN data processing tests are as follows: 
First, if either SENSOR . EDIT3; or SENSOR t EDIT, have the value ‘PROCESSED', or 

H_INHIBIT has the value 'ON', then the discrete, RAV_ALT FLAG, will be set to 
OFF and the sequential counter, N Y SEQ ALT, will be reset to the value N 1 SEQ. 

MAX=-2. Otherwise, the sequential counter, N SEQ ALT, will be incremented by 
one. Then, if the value of this sequential counter exceeds the maximum allow- 
able value, N_SEQ MAX, or if either of the display edit history indicators, 
DISP_EDIT,, or DISP EDIT, indicate the symbol, "*", then the discrete, NAV_ALT_ 
FLAG, sha 1 have the value of ON. Second, if SENSOR_EDIT, = 'PROCESSED' and 
if either IN_CONE_FLAG = ON or SENSOR_EDIT, = "PROCESSED', then the discrete, 
NAV_TAC | FLAG, shall be given the value, "OFF' and the sequential counter, 
N 1 SEQ TAC, shall be initialized to one. Otherwise, the sequential counter, 

N_SEQ TAC, shall be incremented by one and its value tested to see if it 
exceeds the maximum allowable value, N SEQ MAX, If this is true, or if either 

of the indicators, DISP_EDIT, or DISP_EDIT, indicate the symbol "¥" , then the 
discrete, NAV TAC FLAG shall be set to ON. 

If ALT < ALT_NAV_EVLT,, but independent of the value of DO MLS NAV, the 
processing of MSBLS data will be tested. 

If each of SENSOR_EDIT. and SENSOR_EDIT¢ have the value PROCESSED and 
either SENSOR EDIT, has the value PROCESSED or MSBLS EL INHIBIT = ON, or if 
ALT WHEELS > ALT NAV_EVLT. or MLS_AVAIL = OFF, then the discrete, NAV MLS_ 
FLAG, shall be given the value of OFF and the sequential counter, N | SEQ MLS, 
shall be initialized to a value of N SEQ MAX 2. Otherwise, the sequential 
counter, N |_SEQ MLS, will be incremented by one and its value tested to see if 
it exceeds the maximum allowable value, N SEQ. MAX, If the value of N SEQ MLS 
does exceed the maximum, then the discrete, NAV NLS FLAG, will be set to ON. 

Independent of altitude, the values of the three discretes, NAV ALT FLAG, 
NAV TAC FLAG, and NAV_MLS FLAG, will be tested and 1€ any have the value ON, 
the value of the discrete, NAV_EDIT_IND, shall be eet to ON, otherwise it 
ahall be set to OFF. 

8 Interface Requirements. Inputs and outputs ase liated in Tables 4.3.2.8-] 

and 4 3.2.8 2 
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Cc. Processing Requirements. None. 

D. Constraints. The discretes, NAV MLS FLAG, NAV_ALT_FLAG, and NAV_TAC_FLAG, are required to be premission loaded to values of OFF and the integer N_SEQ shall be initialized to values of one. 

E. Supplementary Information. A suggested implementation for this subfunc- tion may be found in the detailed flow chart MEAS PROCESSING STATISTICS _RTLS of Section 5.2. ~ 
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Table 4. 3. 2. 8-], 

Space Tranepertation 
Bysiome Orweien ol Rockwell 

international 

RTLS Measurement Processing Statietios Input Perameters 
  

  

              

Pa A nena 

Input Semple 
Deseripeion Syubol Sources Type | Preeiaiea | Range | Unice Rete 

Value of eriterion used te eet the R_MAx (a) { a 6.25 
e@aut Mistery sadicatere 

Weaeeremsat residual fee TACAN SENSOR_DELQ(1) RTLS aavi- | P 8 rad 0.25 
bearing Gata gatica 

state and 
covariance 
measurement 
incorpora= 
tioa 

Weasurement reeideal for TACAN SENSOR_DELQ(2) RILE aavi= | F 8 ft 0.25 
wange data gation 

atate and 
covariance 
weasureseant 
incorpora= 
Gioa 

Neaeuremeat residual for bere SENSOR_DELQ(3) | &TLS savi= | F 8 fe 0.25 
altiweter gation 

state and 
covariance 
measurement 
incorpora= 
tion 

Povrevalued leg defirarag use of SENSOR_EDIT(1) RTLS navi= | Char 0.25 
YACAN Dearing data by the navigation gation 
filter. OFF ~ ao processing atate aad 
atteapted, OR = rejected by covariance 
Peardual edit tesc. PROCESSED - wmessurement 
weed C@ upsate state vector. tacorpora= 

$TaT + weed far stat display tion 
purpose 

Four-valued flag defieing use of SENSOR_EDIT(2) ATLS navi= | Chae 0.25 
TACAN range data by the navigation gation 
filcer | OFF - mo processing acate and 
attempted Of - rejected by covariance 
Ceardueal edit test. PROCESSED - measurement 
used (3 update atace vector. incorpora 
STal * used for stat display tion 
purpose 

Four-waloed flag defining use of SENSOR_EDIT(3) RTLS navi= | Chae 0.25 
bare altimeter data by Che gacion 
Aavigation filter, OFF - a0 ecacte and 
processing attempted, Of - rejected covariance 
by residual edic test, PROCESSED - measurement 
used Co update state vector, incorpora 
$Tat - used caly for srac display tion 
purpose 

Pour-valued fleg defiaing use of SEMBOR_RDIT(4) | RTLE navie | Char 0.25 
drag altitude daca by the navigation gation . 
filter OFF = ao processing ecate and 
attempted, OW = cejyected by covariance 
feardual edit test, PROCESSED - measurenent 
wood Ce update state vector. incorpora 
Tat = waned only for stat display tion 
purpose 

Altitude Co rear weee 9 ALT WHEKLS (bv) F $ fe 0.25 

Fo og tedicatieag O8 che avalla ALS_AVACL (b) F ON/OFF 0.25 
bi uy € RSSLS Cressmiccar at 
Che current se ected runway 
    #500 OLS wav gece om principal function ¥ load table 

>see E7LS nev gation principal fuaction input parameter table     
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Table 4. 3.2.81. 

Space Transportation 
Systems Division O 

RTLS Measurement Processing Statistics Input Parameters (Cont) 

Rockwell 
International 

  

  

              
    

Tnput i Sauple 

Description Symbols Sources Type | Precision | Range | Unite Rate 

Flag indicating (ON) that MSBLS DO_MLS_NAV RTLS sensor | 0 Orr/ow | 0.25 
data are to be processed select 

Four-valued flag defining use of SENSOR_EDTT(5) RTLS navi- | Char 0.25 
MSBLS azimuth data by the navigation gation . 
filter; OFF - no processing state and 
attempted; ON ~ rejected by covariance 
residual edit test; PROCESSED - + measurement , 
used to update state vector; iacorpora- 
STAT - used only for stat display tioa 
purpose 

Four-valued flag defining use of SENSOR EDIT(6) RTLS navi- | Char 0.25 
MSBLS range data by the navigation _ gation 
filter; OFF - no processing estate and 
attempted; ON - rejected by covariance 
residual edit test; PROCESSED - measurement 
used to update state vector. incorpora- 
STAT - used only for stat display tion 
purpose 

Four-valued flag defining use of SENSOR EDIT(7) RTLS navi- | Char 0.25 
MSBLS elevation data by the naviga- ” gation 
tion filter; OFF - no processing state and 
attempted; ON - rejected by covariance 
residual edie test; PROCESSED - measurement 
used to update state vector. incorpora- 
STAT - used only for stat display tion 
purpose 

Value of criterion used in navigation | SENSOR _RESID_ RTLS F Ss rad? 0.25 
fitter for residual edit test for TEST(1T navigation 
TACAN bearing measurement state and 

covariance 
measurement 
incorpora- 
tion 

Value of criterion used in navigation | SENSOR RESID_ RTLS F s fc? 0.25 
filter for residual edit test for TEST(2) navigation 
TACAN range measurement state and 

covariance 
weasurement 
incorpora- 
tion 

Value of criterion used in navigation | SENSOR RESID RILS r s fe2 0.25 
fileter for residual edit test for TEST(3) navigation 
baro altimeter measurement etate and 

covariance 
measurement 
incorpora- 
tion 

Flag indicating (ON) that che IN_CONE_FLAG TACAN D 0.25 
vehicle is in the cone of confusion bearing 
for the current TACAN station weasurement 

Number of sequential failures of W_SEQ_MAX (b) T 8 0.25 
the test criteria allowed before 
activating the nav event lamp 

Altitude regions for nav event ALT_NAV_EVLT v 8 ft 0.25 
lamp processing — 

Feet to nautical miles conversion NAUTMI_PER_FT (a) ¥ $ omi/ft | 0.25 

pee RILS navigation principal function K-load and constant tables. 
See RTLS navigation principal function input parameter table. 
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Table 4.3.2.8-l. 

“aos: ON Rockwell 
international 

RILS Measurement Processing Statistics Input Parameters (Cont) 
  

Description Syabol 
Input 
Sources Precision | Range Unite 

Sample 
Rate 

  

Current orbiter altitude above 
reference ellipsoid 

Measurement residual for drag 
altitude data 

Measurement residual for MSBLS 
azisuth daca 

Measurement residual for MSBLS 
range data 

Measurement residual for MSBLS 
elevation data 

Value of criterion used in navigation 
filter for residual edit test for 
drag alcicude weasurement 

Value of criterion used in navigation 
filter for residual edit test for 
MSBLS azimuch measurement 

Value of criterion used in navigation 
filters for residual edit tese for 
MSBLS range measurement 

Value of criterion used in navigation 
filters for residual edit test for 
MSBLS elevation measurement 

Flag indicating (ON) chae altitude 
data have been inhibited because 
of an altitude constraint   

alt 

SENSOR_DELQ(4) 

SENSOR_DELQ(5) 

SENSOR_DELQ(6) 

SENSOR_DELQ(7) 

SENSOR_RESID_ 
TEST(4) 

SENSOR_RESID_ 
TEST(S) 

SENSOR_RESID_ 
TEST(6). 

SENSOR_RESID_ 
TEST(7) 

H_INHIB   

(bd) 

RTLS 
navigation 
state and 
eovariance 
measurement 
incorpora- 
tioa 

RaTLs 
navigation 
state sad 
covariance 
measurement 
incorpora- 
tion 

RTLS 
asvigation 
state and 
covariance 
measurenent 
incorpora> 
tion 

RTLS 
navigation 
state and 
covariance 
measurement 
incorpora= 
tion 

RTLS 
navigation 
actate and 
covariance 
measurement 
incorpora~ 
tioa 

RTLS 
navigation 
state and 
covariance 
measurement 
incorpora= 
tion 

RTES 
navigation 
etate and 
covariance 
measurement 
incorpora~ 
tion 

RTLS 
navigation 
state and 
covariance 
measurement 
incorpora~ 
tion 

Sensor 
selection     ON/OFF     

fc 

cad 

rad 

fr2 

rad? 

te2 , 

cad?   

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

    See RTLS navigation principal function input parameter table.     
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Table 4.3.2.8l. 

Space Transportation 
Systems Divicion an Rockwell 

international 

RTLS Measurement: Processing Statistics Input Parameters (Cont) 
  

Description Syabol 
Tnput 
Sources Type 

Seuple 
Precision | Range | Units Rate 

  

  

  
Flag indicating (ON) chat MSBLS_EL 
dats state updates are inhibited 

  
MSBLS_&L IMEIBIT | RTLS D 

navigation 
estate and 
covariance 
messurement 
iacorpors- 
tion       

on/OFF | - 

    
Filcer 
rate 

      

Table 4.3.2.8-2. RTLS Measurement Processing Statistics Output Parameters 
  

  

              

Output Comp 
Description Syabol Destination | Type | Precision | Range | Units | Race 

Display measurement residual for DISP DELQ(1) (a) r $s tad 0.25 
TACAN bearing - 

Display measurement residual for DISP DELQ(2) (a) F 8 oni 0.25 
TACAN range 7 

Display measurement residual for DISP_DELQ(3) (a) F s ft 0.25 
baro altimeter a” 

Display edit history indicator for | DISP_EDIT(1) (a) Char 0.25 
TACAN bearing measurement 

Display edit history indicator for | DISP_EDIT(2) (a) Char 0.25 
TACAN range measurement 

Display edit history indicator for | DISP_EDIT(3) (a) Char 0.25 
baro altimeter measurement 

Display residual edie ratio for DISP_SIG(1) (a) F s 0.25 
TACAN bearing 

Display residual edit ratio for DISP_Si1G(2) (a) F Ss 0.25 
TACAN range 

Display residual edit ratio for DISP_SIG(3) (a) F s 0.25 
baro altimeter . 

Display measurement residual for DISP_DELQ(4) (a) F Ss ft 0.25 
drag altitude 

| Display measurement residual for DISP_DELQ(5) (a) F Ss rad 0.25 
MSBLS aziguth 

Display measurement residual for DISP_DELQ(6) (a) F s ft 0.25 
MSBLS range . 

Display measurement residual for DISP_DELQ(7) (a) F S tad 0.25 
MSBLS elevation 

Display residual edit ratio for DISP_SIG(4) (a) F s 0.25 
drag altitude 

Display residual edit ratio for DISP_SIG(5) (a) PF 8 0.25 
MSBLS aziauth 

Display residual edit ratio for DISP_SIG(6) (a) F s 0.25 
MSBLS range 

Display residual edit ratio for DISP_SIG(7) (a) F S 0.25 
MSBLS elevation 
  

"See RILS navigation principal function output parameter table.   
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Table 4.3.2.8-2. 

tustomecince Ol 

RTLS Measurement Processing Statistics Output 
Parameters (Cont) 

Rockwell 
international 

  

  

Output . Comp 
Description Syubol Destination | Type | Precision | Range | Unite | Rate 

Display edit history indicator for | DISP_EDIT(4) (a) Char 0.25 
drag altitude eeasurenent 

Display edit history indicator for | DISP_EDIT(S) (a) Cher 0.25 
MSBLS azieuth measurement 

Display edit hietory indicator for | DISP_EDIT(6) (a) Cher 0.25 
MSBLS range meaeurenent 

Display edit history indicator for | DISP_EDIT(7) (a) Char 0.25 
MSBLS elevation 

Wav edit flag WAV_EDIT_IMD | (a) D OFF /ou 0.25 

Wav edic altitude crew alert MAV_ALT FLAG | (a) D Orr/ou 0.25 

Wav edit TACAN crew slert MAV_TAC_FLAG (a) D Orr /OW 0.25 

Nav edit MSBLS crew alert MAV_MLS FLAG (a) D Orr /ow 0.25                   “Sea RILS navigation principal function output parameter table.     
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Rockwell 
Se arePertation él international 

, Se3 ; vigation (4.205) Princi al Function Tables. The RTLS 
Navigation Principa function input and out I-loads, K- loads, constants, Tables 4.3.2.9- 

The values for the I[- document (JSC-19350), 

put parameters, along with the and cross-ref erences, are presented in 1 through 4.3.2.9=5, 

loads are contained in the I-Loads requirements 
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Table 4.3.2.9-I. 

DBFN: D3Bee8-D PN: VP707100637P60L LY 17, 1989 INPUT FUNCTIONAL PARAMETERS FOR RETURN TO LAUNCH SITECRTLS§ NAVIGATION 

FSSR NAME 

ACC_DRAG 

Aee-PnopohiN 
HJ 

ALPRA_M 
A 
ALT_DG 
ALT WHEELS 
ANGLCE_CORR_TNTOMAG_$1 
ANGLE_CORR_TNTOHAG_S2 
ANGLE_CORR_TNTOHAG_S3 
BARO_AIF 
BETA_N 
BIAS_AZMLS 
BIAS_ELMLS 
BIAS_RHLS 
DELH_MSL_ELLIPSOID_RW 
DO_DELTA_UPDATE 
DO_DELTA_UPDATE_UP 

DR-RWE) 
> DR_RW(3) 
wt DR_RW_UP 
ar DRAG_TONST 
rm DRAG_CONST 

DV_RA(1) 
DV_RW(2) 

RW(3) 
RW_UP 
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W
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P
M
M
M
M
M
M
M
M
M
M
m
M
M
M
M
M
M
M
M
M
M
M
m
M
h
c
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M/S ID 

V9OSACIGOCA 
V90A89386CA 
V90A8938CB 
V95xX3112x 
V90H2246C 
V9OSHOI75CA 
VO5X3111x 
V9OSHO1L65CA 
V90H1843CB 
V90H1844CB 
V90H1845CB 
V9354473C 

V90U0653 
V90U0654C 

V90U0664CB 
V90U0665CB 
V90U0666CB 
V90U0667CB 
V90U0668CB 
V90U0669CB 
V90U0670CB 
v90U0671CB 
V90U0672CB 

JU 

NOMENCLATURE 

DRAG_DECEL 
ACC THRESHOLD TEST FoR STATE Prop ACC THRESHOLD T 
ADS MACH JUNP Flag FOR STATE PROP 
WAV DERIVED ANGLE OF ATTA 
CURR ORB ALT ABOVE REF ELC tPsorp PRESSURE ALTITUDE DATA GOOD FLAG ALT TO REAR WHEELS/NAV BASE(ENT MAGNETIC VARIATION AT TACAN 1 
HAGNETIC VARIATION AT TACAN 2 
MAGNETIC VARIATION AT TACAN 3 
ADTA A/I/F EDIT CHD 
INERTIAL SIDESLIP ANGLE 
MSBLS AZIMUTH MEASUREMENT BIAS MSBLS ELEVATION MEASUREMENT BIAS HSBLS, RANGE REASURERENT BIAS LLIP AT RW 

UPDATE DELTAS’ Cho / DATE UPLINK CMD 
WAV UPDATE DELTA xX POSITION 
NAV UPDATE DELTA Y POSITION 
NAV UPDATE DELTA 2 POSITION 
NAV UPDATE DELTA X POS UPLINK CMD 
ACC MODEL DRAG CONST FOR ST PROP 
ACC MODEL DRAG CONST FOR ST PROP 

UPDATE DELTA X VELOCITY 
NAV UPDATE DELTA Y 
NAV UPDATE DELTA Z VELOCITY 
NAV UPDATE DELTA X 
COVARIANCE HATR 
COVARIANCE MATR 
COVARIANCE MATR 
COVARIANCE HATR 
COVARIANCE MATR 
COVARIANCE MATR 
COVARIANCE MATR 
COVARIANCE MATR 
COVARIANCE MATR 
COVARIANCE HATR 
COVARIANCE MATR 
COVARIANCE MATR 
COVARIANCE MATR 

R 
R 
R 
R 
R 
R 

R 
R 
R 

COVARIANCE MAT 
COVARIANCE HAT 
COVARIANCE HAT 
COVARIANCE HAT 
COVARIANCE HAT 
COVARIANCE MAT 
COVARIANCE HAT 
COVARIANCE HAT 
COVARIANCE MAT 
COVARIANCE MAT E

K
 

DK
 
E
K
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K
 
OK

 
AK
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=
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p
e
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H
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A
M
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w
 

RTLS NAV 

SOURCE 

RTLS UPP 
ASC_WAV SEQ 
A/RILS NAV SEQ 
ADTA SOP 
A/E ATT PROC 
RTLS UPP 
ADTA SOP 
RTLS UPP 
ASC SITE LOOKUP 
ASC SITE LOOKUP 
as¢ SITE LOOKUP 

<2 
A/E ATT PROC 

A/RTLS NAV SE 

RTLS Navigation (4,205) Input/Output Functional Parameters 

OI8D REVee PAGE 313 
64.265 BOOK: § 
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Table 4.3.2.9-1. 

OBFN: D38008-0 

FSSR NAME 
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PN: VP707100037P00L JU 1989 
INPUT FUNCTIONAL PARAMETERS FOR RETURN TO LAUNCH SITE(RTLS$ NAVIGATION 
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RTLS Navigation (4.205) Input/Output Functional Parameters 
(Cont) 

LY 17 OrsD REVee PAGE 314 
RTLS NAV 64.205 BO : § 

R 
DATA E 

M/S ID NOMENCLATURE SOURCE UNITS TYPE C 

V90U0673CB COVARIANCE HATRIX ELEMENT 4-6 A/RTLS NAV SE 
V90U0674CB COVARIANCE HATRIX ELEMENT 5-1 A/RTLS NAV SE 
V90U0675CB COVARIANCE HATRIX ELEMENT 5-2 A/RILS NAV SE 
V90U0676CB COVARIANCE HATRIX ELEMENT 5-3 A/RTLS NAV SE 
V90U0677CB COVARIANCE MATRIX ELEMENT 5-4 A/RTLS NAV SE 
V90U0678CB COVARIANCE HATRIX ELEMENT 5-5 A/RTLS NAV SE 
V90U0679CB COVARIANCE HATRIX ELEMENT 5-6 A/RTLS NAV SE 
V90U0680CB COVARIANCE MATRIX ELEMENT 6-1 A/RILS NAV SE 
V90U0681CB COVARIANCE HATRIX ELEMENT 6-2 A/RTLS NAV SE 
V90U0682CB COVARIANCE HATRIX ELEMENT 6-3 A/RTLS NAV SE 
V90U0683CB COVARIANCE MATRIX ELEMENT 6-4 A/RTLS NAV SE 
V90U0684CB COVARIANCE MATRIX ELEMENT 6-5 A/RTLS NAV SE 
V90QU0685CB COVARIANCE MATRIX ELEMENT 6-6 A/RTLS NAV SE 
V9SH3001C ADS CORRECTED PRESSURE ALTITUDE ADTA SOP fT SPL 
V90X3598X INSIDE CONE FLAG TACAN RH 
V90U1875CB EF TO MSBLS EL COORD, ELE 1-1 ASC SITE LOOKUP 
V90U1876CB EF TO MSBLS EL COORD, ELE 1-2 ASC SITE LOOKUP 
V90U1877CB EF TO MSBLS EL COORD, ELE 1-3 ASC SITE LOOKUP 
V90U1878CB EF TO MSBLS EL COORD, ELE 2-1 ASC SITE LOOKUP 
V90U1879CB_ EF TO HSBLS EL COORD, ELE 2-2 ASC SITE LOOKUP 
V90U1880CB EF TO MSBLS EL COORD, ELE 2-3 ASC SITE LOOKUP 
V90U1881CB EF TO HSBLS EL COORD, ELE 3-1 ASC SITE LOOKUP 
v90U1882CB EF TO MSBLS EL COORD, ELE 3-2 ASC SITE LOOKUP 
V90U1883CB EF TO HSBLS EL COORD, ELE 3-3 ASC SITE LooKuP 
V90U1865CB EF TO RNG/AZ HSBLS ROR COORD/1-1 ASC SITE LOOKUP 
V90U1866CB EF TO RNG/AZ HSBLS ROR COORD/1-2 ASC SITE LOOKUP 
V90U1867CB EF TO RNG/AZ MSBLS RDR COORD/1-3 ASC SITE LOOKUP 
V90QU1868CB EF TO RNG/AZ MSBLS RDR COORD/2-1 - ASC SITE LOOKUP 
V90U1869CB EF TO RNG/AZ HSBLS RDR COORD/2-2 ASC SITE LOOKUP 
V90U1870CB EF TO RNG/AZ MSBLS RDR COORD/2-3 ASC SITE LOOKUP 
V90U1871CB EF TO RNG/AZ MSBLS RDR COORD/3-1 ASC SITE Lookup 
V90U1872CB EF TO RNG/AZ MSBLS RDR COORD/3-2 ASC SITE LOOKUP 
¥90U1873CB EF TO RNG/AZ MSBLS RDR COORD/3-3 ASG SITE LOOKUP 
V90U]805CB EF TO PRIME RW XFORM MTRX ELE 1-1 ASC SITE LOOKUP 
V90U1806CB EF TO PRIME RW XFORM HTRX ELE 1-2 ASC SITE LOOKUP 
V90U1807CB EF TO PRIHE RW XFORM MTRX ELE 1-3 ASC SITE LOOKUP 
V90U1808CB EF TO PRIME RW XFORM MTRX ELE 2-1 ASC SITE LOOKUP 
V90U1809CB EF TO PRIME RW XFORM HTRX ELE 2-2 ASC SITE LOOKUP 
V90U1810CB EF TO PRIME RW XFORM MTRX ELE 2-3 ASC SITE LOOKUP 
V90U1811CB EF TO PRIME RW XFORM HTRX ELE 3-1 ASC SITE LOOKUP 
v90U1812CB EF TO PRIME RW XFORM HTRX ELE 3-2 ASC SITE LOOKUP 
v90U1813CB EF TO PRIME RW XFORM MTRX ELE 3-3 ASC SITE LOOKUP 
V90U1775CB EF TO TOPO COORD AT TA SITE 1/1-1 ASC SITE LOOKUP 
v90U1776CB EF TO TOPO COORD AT TA SITE 1/1-2 ASC SITE LOOKUP 
V90U1777CB EF TO TOPO COORD AT TA SITE 1/1-3 ASC SITE LOOKUP 
V90U1778CB EF TO TOPO COORD AT TA SITE 1/2-1 ASC. SITE LOOKUP 
V90U1779CB EF TO TOPO COORD AT TA SITE 1/2-2 ASC SITE LOOKUP 
V90U1780CB EF TO TOPO COORD AT TA SITE 172-3 ASC SITE LOOKUP 
V90U1781CB EF TO TOPO COORD AT TA SITE 1/3-1 ASC SITE LOOKUP 
V90U1782CB EF TO TOPO COORD AT TA SITE 173-2 ASG. SITE LOOKUP 
V90U1783CB EF TO TOPO COORD AT TA SITE 1/3-3 ASC SITE LOOKUP 
V90U1784CB EF TO TOPO COORD AT TA SITE 2/1-1 ASC SITE LOOKUP 
V90U1785CB EF TO TOPO COORD AT TA SITE 2/1-2 ASC SITE LOOKUP 

UO
IS
IA
IQ
 
sw
e)
sh
g 

u
o
n
e
y
o
d
s
u
e
l
 
es
ed
s 

vs
 

je
uo
Ve
us
sz
uy
 

la
Mx
oO
H 

a



Table 4.3.2.9-1. RTLS Navigation (4,205) Input/Output Functional Parameters 

68
61
 

S1
¢€
 

At
oe
 

Q8
-1
0 

$-
NO

d 
aS
00
0-
€8
 

SL
S 

9L
I-
¥4
 

(Cont) 

DBFN: D38006-D PN: VP707100037P00L JULY 17, 1989 
INPUT FUNCTIONAL PARAHETERS FOR RETURN TO LAUNCH SITE(RTLSS NAVIGATION RILS WAV O160 REVee 64.205 acts 518 

® 

DATA t FSSR NAME H/S ID NOMENCLATURE SOURCE UNITS TYPE C 

M_EFTOTD_TACAN_°L2(1-3) V90U1766CB EF TO TOPO COORD AT TA SITE 2/1-3 ASC SITE LOOKUP 
HEF TOTD_TACAN_SL2(2-1) V90U1787CB EF TO TOPO COORD AT TA SITE 2/2-1 ASC SITE LOOKUP 
H_EFTOTD_TACAN_$:.2(2-2) V90U1788CB EF TO TOPO CORD AT TA SITE 2/2-2 ASC SITE LOOKUP 
M_EFTOTD_TACAN_SL2(2-3) V90U1789CB EF TO TOPO COORD AT TA SITE 2/2-3 ASC SITE LookuP 
M_EFTOTD_TACAN_SL2(3-1) V90U1790CB EF TO TOPO COORD AT TA SITE 2/3-1 ASC SITE LOOKUP 
M_EFTOTD_TACAN_SL2(3-2) V90U1791CB EF TO TOPO COORD AT TA SITE 2/3-2 ASC SITE LOOKUP 
M_EFTOTO_TACAN_SL2(3-3) V90U1792CB = EF TO TOPO COORD AT TA SITE 2/3-3 ASC SITE LOOKUP 
M_EFTOTD_TACAN_SL3(1-1) V90U1793CB EF TO TOPO COORD AT TA SITE 3/1-1 ASC SITE LOOKUP 
H_EFTOTD_TACAN_SL3(1-2) V90U1794CB EF TO TOPO COORD AT TA SITE 3/1-2 ASC SITE LOOKUP 
M_EFTOTD_TACAN_SL3(1-3) V90U1795CB_ EF TO TOPO COORD AT TA SITE 3/1-3 ASC SITE LOOKUP 
H_EFTOTD_TACAN_SL3(2-1)} V90U1796CB EF TO TOPO COORD AT TA SITE 3/2-1 ASC SITE LOOKUP 
H_EFTOTD_TACAN_SL3(2-2) V90U1797CB  =EF TO TOPO COORD AT TA SITE 3/2-2 ASC SITE LOOKUP 
M_EFTOTD_TACAN_SL3(2-3) V90U1798CB EF TO TOPO COORD AT TA SITE 3/2-3 ASC SITE LOOKUP 
M_EFTOTD_TACAN_SL3(3-1) V90U1799CB EF TO TOPO COORD AT TA SITE 3/3-1 ASC SITE LOOKUP 
M_EFTOTD_TACAN_SL3(3-2) V90U1800CB EF TO TOPO COORD AT TA SITE 3/3-2 ASC SITE LOOKUP 
M_EFTOTO_TACAN_SL3(3-3) V90U1801CB EF TO TOPO COORD AT TA SITE 3/3-3 ASC SITE LOOKUP 
mUS_AVAIL V90X3720XB HLS AVAILABILITY ASC SITE LookuP 
MLSAZ_DATA_GOOD V90X3003K ° MSBLS AZIMUTH DATA GOOD SF Bo 
HLSEL_DATA_GOOD V90X3033X MSBLS ELEVATION DATA GOOD SF BD 
HLSRANGE_DATA_GOOD V90X3063X HSBLS RANGE DATA GOOD F 8D 
MSBAZIMTIM V95W6010C MSBLS AZIMUTH MEASUREMENT TIME MSBLS SOP DPL 
MSBELEVTIM V95H6020C MSBLS ELEVATION MEASUREMENT TIME MSBLS SOP s PPL 
MSBRANGTIM V95W6000C HSBLS RANGE MEASUREMENT TIHE MSBLS SOP $ DBPL 
OUT_BRG_DG V90X3591K BEARING DATA GOOD ACAN &H Ba - 
OUT_RNG_DG V90KX3593xK RANGE DATA GOOD TACAN RH BD 
OUT_SEL_BRG V90H3590C SELECTED BEARING DATA TACAN &H pec PPL e 
OUT_SEL_RNG V90H3592C SELECTED RANGE DATA TACAN RH FT BrL =< ® 
R_AZMLS_EF (1) V90H1828CB X-COHMP EF POS VCT OF HLS AZ ANT SC SITE LOOKUP ef 
R_AZMLS_EF (2) V90H1829CB Y-COHP EF POS VCT OF HLS AZ ANT ASC SITE LOOKUP 3 = 
R_AZHMLS_EF(3) V90H1830CB Z-COMP EF POS VCT OF HLS AZ ANT ASC SITE LOOKUP 32 
R_COV_LAST(1) V90HOSA1CB X%-COMP OF POS VCT W CURR COV HTRX Wav al 
R_COV_LAST(2) V90HO582CB Y-COHP OF POS VCT W CURR COV MIRX ASC WAV FT o§ 
R_COV_LAST(3) V90H0583CB Z-COHMP OF POS VCT W CURR COW MTRX ASC WAV FT <2 
R_ELMTS_EF(1) V90H1825CB X-COMP EF POS VCT MLS ELEV ANT ASC SITE LOOSUP FT e= 
R_ELMLS_EF(2) V90H1826CB Y-COHP EF POS VCT HLS ELEV ANT ASC SITE LOOKUP as gs 
R_ELMLS_EF(3) V90H1827CB Z-COMP EF POS VCT HLS ELEV AKT ASC SITE LOOKUP FT 2 
R_FILT(T) V9OHO584CA XK-COHP OF FLIR*S CURR POS VECTOR ASC WAV FT 
R-FILT(2) VOOHOSS8SCA Y-COHP OF FLTR°S CURR POS VECTOR ASC MAV fT 
R-FILTC3) V90HO586CA  Z-COMP FLTR*S CURR POS VECTOR ASC May FT 
R-RHLS EFOL) V90H1831CB X-COMP EF POS VCT OF HLS RHG AMT ASC SITE LOOKUP a 
R-RALS EFC2) V90H1832CB 4 «Y-COMP EF POS YCT OF HLS RNG ANT ASC SITE LOOKUP 
RRALS EFS) V90HI833CB 2Z-COMP EF POS YCT OF HLS RNG ANT ASC SITE LOOKUP 
R-TACAN EFSLIE1) V90H1836CB XK-COHP EF POS VECTOR OF TACAN 1 ASC SITE LOOKUP FT Do 
R-TACAN EFSLIE2) V9OOHI835CR Y¥-COMP EF VECTOR OF TACAM 1 ASC SITE LooKuUP FT 
R TACAW_EFSLI(3) V9GH183ZECB Z-COMP EF POS VECTOR OF TACAN 1 ASC SITE LOOKUP as —_ 
RT TACAM EFSL2¢1) V9GH1827CB M-COHP EF POS VECTOR OF TACAM 2 ASC SITE LOOKUP al 52 
R-TACAN EFSL2U2) VOGHISZ8CB 8 Y¥-COMP EF POS VECTOR OF TACAM 2 ASC SITE LOOKUP al oO 
@ TACAM EF SL203) ¥V90HIS39CR Z-COMP EF POS VECTOR OF TACAN 2 ASC SITE LOOKUP al @o 
B_TACAW_EFSL3¢1) VSCH14G0CBR X-COMP EF POS VECTOR OF TACAM 3 ASC SITE LOOKUP al 32 
RQ TACAMTEFSL3(2) V$6H1841CB Y¥-COMP EF POS VECTOR OF TACAN 3 ASC SITE LOOKUP al b= 
Ba TALAMTERS 363) ¥V90H1842CB Z-COMP EF POS VECTOR GF TACAN 3 ASC SITE LOOKUP fT +0 
PEL VEL RAG/V V95LE151CA CHD REL VEL MAGNITUDE IN M56 SYS RTLS UPP FT/S o= 
SELTLRUCID ¥9053595C SELECTED LRU ID TACAN RM 3 
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Table 4.3.2.9-1. RTLS Navigation (4.205) Input/Output Functional Parameters 
(Cont) 

DBFN: D3B008-D PN: VP707100037P00L 1989 INPUT FUNCTIONAL PARAHETERS FoR RETURN TO LAUNCH SITECRTLSS NAVIGATION RTLS NAV OT8D REvee 4.205  ponec’s >1¢ 
P 

pata & FSSR NAME 4/S ID NOMENCLATURE SOURCE UNITS TWPe € 
SEL_V_HSOC1) v9oLzss7¢ SEL TOTAL X VEL N50 IMU RH F SEL-V_H50(2) vaotzssec = SEL TOTAL Y¥ VEL H50 IHU RH ft/s pet SEL-V7H50(3) V90L2559C = SEL_TOTAL Z VEL M50 IHU RH FT/S DPL SQ_K2ALS VO5HCOZIC —- SELECTED MSBLS-AZIHUTH-SCLD HSBLS SOP RAD SQ-ELHLS V95H6022C = SELECTED MSBLS ELEVATION-SCLD HSBLS SOP RAD . SQ RANGE V95H6023C SELECTED HSBLS RANGE-SCLD HSBLS SOP FT T_Hec V95W3400C ADS CORRECTED PRESS ALT gline TAG ADTA_SOP $ DPL T_InUs V95W0002C IHU INPUT TRANS TIME T IMU INT PROC 5 DPL TILAST_FILT V9OHB522CA TIME OF FILTER STATE VECTOR ASC NAV SEQ $ TILASTFILT V90W8522CB  TIHE OF FILTER STATE VECTOR ASC NAV $ T_TACAR V90W3596CB TACAN TIHE TAG TACAN sop $s TICAW_AIF V93J4G70C TAC A/I/F EDIT CHD 6.2 HXS TACAN_CHAN_VALID_SL1 V90X1858XB  TACAN CHANNEL VALIDITY FLAG(TAC 1) ASC SITE LOOKUP TACAW_CHAN_VALIO~SL2 V90X1859XB = TACAN CHANNEL VALIDITY FLAG(TAC 2) ASC SITE LOOKUP TACAW_CHAH_VALID~SL3 V90X1860XB  TACAN CHANNEL VALIDITY FLAG(TAC 3) ASC SITE LOOKUP TACANLIDUIT V90U1802CB TACAN 1 GND STA CHAN ASC SITE LOOKUP TACAN_ID(2) V90U1803CB  TACAN 2 GND STA CHAN ASC SITE LOOKUP TACANZID(3) ¥V90U1804CB  TACAN 3 GND STA CHAN ASC SITE LOOKUP THETA V90H2217C BODY PITCH ATTITUDE EULER ANGLE A/E ATT PROC SPL V_FILYOL) V90L8624CA X-COMP OF FLTR'S CURR VEL VECTOR ASC VIFILT(2) V90L0625CA Y-COMP OF FLTR*°S CURR VEL VECTOR ASC NAV VIFILT(3) va9dLagzeCa —Z-COHP OF FLTR*S CURR VEL VECTOR ASC NAV V_LAST_FILT(13 V9GLO621CA X-COHP VEL W COV HTRX & FLTR UPDTE ASC NAV VILASTIFILT(23 V90L0622CA Y-COMP VEL W COV MTRX & FLTR UPDTE ASC NAV VILASTIFILT(3) V90L0623CA  Z-COMP VEL W COV HTRX & FLTR UPDTE -ASC NAV V93J5013C_ DRAG H A/I/F EDIT CHD 6.21 HXS V96U8555CB NAV UPDATE DELTA Y POS UPLINK CHD SYS S/W V96U8556CB WAV UPDATE DELTA Z POS UPLINK CHD SYS S/W V96U6558CB NAV UPDATE DELTA ¥ VEL UPLINK CHD SYS. S/W V96U8559CB NAV UPDATE DELTA Z VEL UPLINK CHD SYS S/W 
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(4-205) Input/Output Functional Parameters 
jon nt Table 4.3.2.9-1. RTLS Navig#™* (Cont) 

89 OI8D REVeS y.175 XAVIGATION RTLS NAV C4.205 DSFN- D38008-D PN: VP707100037P00L JUG aTL> OUTPUT FUNCTIONAL PARAMETERS FROM RETURN TO LAUNCH SIT 
DESTINATION UNITS 

FSSR NAME M/s ID NOMENCLATURE TLM 
EL pHa JN TL 

ALPRA SNaPN Vosusescee SNAPPER DRAG Dred ALCHeR ELLIPSOID Tin ALPHA_SN E aP V90QH8897C SNAPPED ALT ABOVE.” aBOVE ay TLH eerie SNAP V9OH8S98C SNAPPED ALT WHEELS, AG EOP FLAG TLH BaRS_alF Rev V9030227CA BARO AUT/INH FOR 74 GOP’ pROCESSED TLH g429_DaTi_caco V9OXSSS1NA DATA SNAP-ADTA DAT BEING ( TLH pap 8420 _MaaK _NLM V90J8443CA COUNTER-BARO MEA? BETA 2c RESIDUAL 6.21,TLM ED EA BETA V90U8933CB SMAPPED CONVERTED a7 HEC°RESTDUAL 6.21,TLH Ne Dis?_9613 1 voana2i2Ca TAC AZ OPTICS H Vey MERZ DUAL -21,1LH FT 
3-23-3609 3 VaaunosiCa BakOn ALT Ha RNG MEAD gs RESIDUAL 62157 " }-seTIE $8 VOTAI71ICE ORAS ALT RVR Bose HEAS erauaL TLM 
J-i9T3e_4 5 WO4 2023.03 MSALS AZ SHAFT FAT oe aS TL 
Pea Sat AED ERS AEA ALE DOM ore ust no gest Tey 3 - 3” oA 27 Be 2 A HIST o2l, i377? WOT tL Fea Tac aZecoTics WALA epIt Listed: setets Eee Tare ceTics WATT METS tuo oat ttn 
ss - . v "ele A 

} v7 2h ~ & weit “en gest ac tee e O2) peorE TLD Tt 
‘ 7g "yy #tzc cis : ot 

PETG SSIRELIE CEES SAE Peter DeCvere eurzo ge tin *s YT vets ‘a wv 

barren eect HE aN aatnee 8 Site LaF ou 2 ¥SUNT FESI 6 21,TLK orliis 3 SUVLZZZTA RAFO ALT/O8 Bp RATIO , 
E Peete ‘ youn fare PEAS ALT/ER ® bor Pere sip eaTIO 8=—s TL 
DIEP L1G 5 vSOUEZE5CB Lb S AZeSnaF TE peSID RATIO ttn 
DISP SIG 6) ou 4 PATIO TLH 

VSOU0ZSSCBE MOBLS EL FESID we PROCESSED 

bo'BikO ny voenesserh FLAC IND SACD & Ff Beles PROCESSED Ln 
born S Rav. VooKossoxB FLAG_IND WS BEING CE ING PROCESSED TLH fT 
bon ZN_NAV V90UBSG6CA FLG IND TACAN DATA POSITION 6.21 EY 

Banat n vosnegTecD MAY UPOATE DELTA y position = 2 a 
Beets) aanseizee May UPDALE DELIA Z,fQeF IO" | ¢-2i,mun 
DRAG _ATE ROVE V9038B40CA COUNTER-DRAG HEAS PEIN GCITY 6.21 FT/S 

Buse) V3SibeecD MAY UPDATE DELTA ¥ vetocity =: Hea Dv_Rwtz) V9SLE032CD WAV UPDATE DELTA Z VELOCITY ; 
Dv Rwi3) VoOuG7S0ce TACAN/SHUTTLE ELEV ANG TLM 

FEREDUIL,AIVECLA13 ugauseaze. Bike OF UPDATED FILE COy OATIECD) tn 
FOE DUI 2 gE tee) oe BTAG OF UPDATED FILT COV MAT(3,3 
FCHE_DUL3,3)7E(3,3) Veo e ea oe DIAG OF UPDATED FILT COV HAT(G,4) TLH 
FCNE DUL6 4176140} v3 o ee oe OTAG OF UPDATED FILT COV HAT(5,5) TUM 
CME_DU(S,5)/E(5,5) ¥30U8891 DATED FILT COV MAT(6,6) TELM 

PERE DUNE gI7E( 676) Usexesrexe FLAG,TnD MAL FALIER,EHOE COMPLOTE RTLS Urea cvs FI COMP O , 
¢ reserd} U3ehssccee Set Y Cone GF GAY ACCEL YER AST GILS Ure rTth ree ¢ con ’ G_FESET 3) V9OA0ZG5CF SEL Z 
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Table 4.3.2.9-1. RTLS Navigation (4.205) Input/Output Functional Parameters 
(Cont) 

DBFN: D38008-D : VP707100037P00 JULY OUTPUT FUNCTIONAL PARAMETERS FROM RETURN TO LAUNCH stteieress HAVEGATION RTLS NAV OTe REvee 64.205 Books 232 

FSSR NAME W7S ID = NOMENCLATURE DESTINATION UNITS AYA E 

GH_DEG V90A8896C ACCEL GRAV MODEL SPHER HARM DEG TLM 
fis D V90A8895C ACCEL GRAV HODEL SPHER HARM ORD TLM 
WLS HARK NUH V90J0242CB COUNTER-HLS MEAS BEING PROCESSED TLM HL Z_DATA_GOOD V90X0275XB SNAPPED HLS AZIMUTH DATA GOOD TLM 
WLSEL DATA GOOD V90X0274XB SNAPPED HLS ELEVATION DATA GOOD TLM HL RA GE DAT TA_GOOD V90X0273XB SNAPPED HLS RANGE DATA G TLM N VAT. LAG V90X8901KC NAV EDIT ALTITUDE CREW RCERT £/L EV AN PROC,HUD PROC NAVTEDI rio V95X0305NC NAV EDIT INDICATOR FLAG TLM NAVTHLS_ LaG V90X8903XC NAV EDIT MSBLS CREW ALERT HUD PROC NAV-TACIFLAG V90X8902XC NAV EDIT TACAN CREW ALERT E/L EV AN PROC,HUD PROC E_BRG_LOCK V90X0769KC TACAN RM 1 LRU BRG LOCKON RQHT FLG TACAN RH ONE =RNG— LOCK V90X0768NC TACAN RM 1 LRU RNG LOCKON RQHT FLG TACAN RH PIT HA V90H8894C_ SNAPPED VEHICLE PITCH ANGLE TLM 
_AZHES V90H0O265CB SNAPPED SELECTED HLS AZIMUTH TLM 
_BARO V90P8871CA DATA SNAP-ADS EGORR PRESSURE ALT TUM 
—DRAG V90U8BG8CA DRAG HEASUREMENT TLH 
ELMLS V90HO266CB SNAPPED SELECTED MLS ELEVATION TLM 
RANGE V90HO264CB SNAPPED SELECTED MLS RANGE TLH 
~TAC_BRG V90H8668CA DATA SNAP-SELECTED TACAN BEARING TLM 
TAC R V9OHBBG7CA DATA SNAP-SELECTED TACAN RANGE TLM 
TRESETOQ) V90OHO235CF SEL X-COMP OF UPDATED POS VCTR RST RTLS UPP,TLH FT 

R_RESET(2) V90HO236CF SEL Y-COMP OF UPDATED POS VCTR RST RTLS UPP,TLH FT pPL R-RESET(3) V90HO237CF SEL Z-COMP OF UPDATED POS VCTR RST RTLS UPP,TLM FT DPL 
SEL_LRU_ID V90J8864CA DATA SNAP-TACAN LRU NUMBER TLM 
SENSOR_EDIT(1) V90U88G1CC TAC AZ/OPTICS H/X/AZ FILTER FLAG TLH 
SENSOR_EDIT(2) V90J8880CC TAC R/OPTICS VeVZEL FILTER FLAG TLM a 
SENSOR_EDIT(3) V90J88B81CC BARO ALT/RR RNG FILTER FLAG TLM 3 
SENSOR_EDIT(4) V90J8882CB DRAG ALT/RR R DOT FILTER FLAG TLH a9 
SENSOR_EDIT(5) V90J8883CB MSBLS AZ/SHAFT RATE FILTER FLAG TLH $5 
SENSOR_EDIT(6) V90J8884CB MSBLS R/TRUN RATE FILTER FLAG TLM S35 
SENSOR_EDIT(7) V90J8885CB MSBLS EL FILTER FLAG TLM 33 
T_BARO V90W8870CA DATA SNAP-ADS CORR P ALT TIME TAG TLM Z2 
T_EF_AZMLS V90W0268CB SNAPPED MLS AZIMUTH MEAS TIME TLH ° 
T_EF_ELMLS V90W0269CB SNAPPED HLS ELEVATION MEAS TIME TLM = 
T_EF_RHLS V90W0267CB SNAPPED HLS RANGE MEAS TIME TLH is 
T_RESET V90W0225CF TINE OF FILTER STATE VCTR RTLS UPP,TLM $s ss 
T_TACAN V90WO716CC TIME OF TACAN READ LM 33 
TKC_AIF_RCVD V90J0226CA TACAN AUT/INH/FOR FLAG FOBK 6.21,TLM 
TAC_BRG_DATA_GOOD V90X0718XC SNAPPED TAC BRG DATA GOO TUM 
TAC_R_DATA_GOOD V90X0717XC SNAPPED TAC RNG DATA G00D TlH 
TACAN_AIF V90U0719CC TACAN AUTO/INHIBIT/FORCE SWITCH TLH 
TACAN_ID_FILT V90U8B50CA DATA SNAP-SEL TAC CHANNEL W/MODE  TLM 
TACAN HARK _NUM V90J8842CA COUNTER-TACAN MEAS BEING PROCESSED TLH >— 
USE_THU_DATA V90X0538XC FLAG TO USE IMU ACCUM VEL OR NOT TLH 
v_CORRENT_FILT(1) V90L8927CB SNAPPED SEL TOTAL X VEL M50 TLM 
VICURRENT_FILT(2) V90L8928CB SNAPPED SEL TOTAL Y VEL H50 TLH 
V~CURRENT-FILT(3) V90L8929CB SNAPPED SEL TOTAL Z VEL 50 TLM 5D 
V_LIMU_RESET(1) V90L0247CF SEL X-COMP OF ACCUM SENSED VEL RST RTLS UPP FT/S 26 
V_IHU_TRESET(2) V90L02G8CF SEL Y-COMP OF ACCUM SENSED VEL RST RTLS UPP FT/S oo 
VIIMU_RESET(3) V90L0249CF SEL Z-COHP OF ACCUM SENSED VEL RST RTLS UPP FI/S 3x 
VIRESET(1) V90L0239CF SEL X-COMP OF UPDATED VEL VCTR RST RTLS UPP,TLM FI/S 3 s 
VTRESET(2) V90L0240CF SEL Y-COMP OF UPDATED VEL VCTR RST RTLS UPP,TLH FT/S 23 
V_RESET(3) V90L02G1CF SEL Z-COMP OF UPDATED VEL VCTR RST RTLS UPP,TLH FT/S x= 
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Table 4.3.2.9-1, rerts Navigation (4 
(Cont 

OBFN: D28031-a py, VP707100026P00L 
OCTOBER 16, 1987 

OUTPUT FUNCTIONAL PARAMETERS FROM RTLS NAVIGATION ri RTLS NAV 0188 REVOO 4.205 FSSR NAME M/S 10 NOMENCLATURE 
DESTINATION 

UNITS V_RESET(2) 
VaOLO2G0CF SEL ¥-comP OF UPDATED VEL VCTR RST RTLS UPP, TL 

FT/S 

VIRESET(3} 
V9OLOZG1CF SEL Z-COMP OF UPDATES VEL VCTR RST RTLS UPPOTL 
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Table 4.3.2.9-2. RTLS Navigation (4.205) I-Loads 

O1088 MISSI o7 08s ONS OBFN: 0431 
0005 - RILS NAV GA 

ACTIVE MEMORY CONFIGURATIONS: TORN 

  

  
   

  

SSR NAME none nncenenceeeenne i DY PRO SPR FCTN. CAT 
ALT_BARO_CUTOFF_HIGH V99U8719C FT F S DP 64.144 ZFT2 

64.205 
ALT_BARO_CUTOFF_LOW v99U8720C FT F S DP 64.127 ZFT2 

64.144 
64.205 

BASE_DEN(1) V97US235C SLUGS/FTxH3 V OP MC 64.127 PRGO 
64.144 PEGI 
G4.15 
64.205 

BASE_DEN(2) V97U5236C SLUGS/FT HHS V DP MC 64.127 PR4O 
, 64.144 PEG] 

64.15 
64.205 

BASE_DEN( 3) V97U5237C = SLUGS/FT #3 V DP MC G4.127 PRE0 
64.144 PE4] 
64.15 
64.205 

BASE_DENI4) V97U5238C | SLUGS/FT##3 V OP MC G4.127 PROO 
64.1464 PEG] 
64.15 “205 ; 

Vv S MC 64.127 PRIO BIAS_DRAG_LAYERI2) V97US243C FT 64.127  PRGO 3% 
64.15 5 3 
G4.205 re 

Vv S MC 64.127 PRGO BIAS_DRAG_LAYER( 2) V97US244C FT 4-327 = bRee Fe 
64.15 

e 64.205 58 

BIAS_DRAG_LAYVER(3) V97U5245C FT vs uc es: pRGO 

64.205 a 

BIAS_DRAG_LAYER(4) V97U52¢6C FT vs uc Ge. 127 preg 7 
64.15 

oa.327onNo a3 
C_DRAG_ONE V97US277C RAD#H-1 Fsaue 69-327 38. 

G4: 205 3 = 64. +o 
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Table 4.3.2.9-2, RTLS Navigation (4.205) I-Loads (Cont) 

  

. ~ 0005 - RILS NAVIGA ACTIVE MEMORY CONFIGURATIONS \ eon eres 
FSSR NAME . MSIO ENG UNIT OT PROS PR FCTIN CAT 
C_DRAG_THO V97US278C -RADus-2 F S MC &.127 pene 64.146 

646.15 
64.205 C_DRAG_2=R0 V97U5275C MD F SP MC G4.127 DRNO 
C4. 146 
64.15 
64.205 QEL_TIME_sTER WoABSeaC sec F S DC 66.127. zFT2 
64.164 2FT2 
64.198 
64.15 
64.205 

DECITY_Arerr 1 V975310C FT Vv S MC 64.127 PRO 
64.1466 PEGI 
64:15. 
64.205 

DENSITY_LIPOTI2 VE7US31IC FT Vv S MC 64.127 PRGO 
64.144 PES1 
64:15 
64.205 

TUS C 64.127 PRGO 
DENSITY_LIMIT(3} V97U5312C FT vo Ssh 64.127 pRGO 

G6.15 

64: 205 
DENSITY_LIMITI6) V97U5313C FT vs HC Go.127 PRO 

64.15 ; 
64.205 

DRAG_CONST V97U5317C FT **2/SLUG FoMmcC 4-327 DREO 64.223 
64.236 
64.15 
64,205 

p G4.15  XS71 DRAG CONST RTLS V97TU901OC FT##2/SLUG FDP NC Be -10s 
$ 0CG64.15  2FT2 K MAX V97U5S348C ND I 64.208 

oO, 2 
G4, 
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O10eB MISSIONS | 204 
G4.205 os eon = hits. MAVIGATION 
ACTIVE MEMORY CONFIGURATIONS. 

M_MSOTOEF_AT_EPOCH(1,1) 

M_MSOTOEF_AT_EPOCH(1,2) 

M_MSOTOEF_AT_EPOCH(1,3) 

M_MSOTOEF_AT_EPOCH( 2,1) 

€8
I-
% 

M_MSOTOEF_AT_EPOCH(2,2) 

M_MSOTOEF_AT_EPOCH( 2,3) 

M_MSO0TOEF_AT_EPOCH(3,1) 

M_MSOTOEF_AT_EPOCH( 3,2} 

fS
00

0-
€8

 
SL
S 

M_MSOTOEF_AT_EPOCH(S,»3) 

V97U5350C 

V97U5738C 

V97U5739C 

V97U5740C 

V97U5741C 

V97U5742C 

V97U5743C 

V97U5744C 

V97U5745C 

V97U5746C 

Tabie 4.3.2.9-2. RTLS Navigation (4.205) I-Loads (Cont) 

DT PRO S PR FCTN CAT 

F S MX 64.126 

“4 

oP HC 

OP MC 

oP RC 

op HNC 

oP MC 

op HMC 

pP HMC 

op nc 

oP HNC 

G4;15 
G4.205 
64.127 
64.144 
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Table 4,3,2.9 2. RTLS Navigation (4,265) f-Loads (Cont) 

OT0n8 MISsI 
GS 7205 ONS ooseer 
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RILS MAVIGATION ACTIVE MEMORY CONFIGURATIONS; 01 t 

FSSA nanan naonwae wewenececennneee nec ee ENG UNIT on a oe a ts .... 27 oR 0 SOR FCN cat 

MS_POS_UND_MGT VOTUSGLIC FT #2 Fs OX G4. 126 2FT2 
64.127 ZPA0 

“14 ZF12Z 

64.205 
MSBLS_EL_ANGLE_CUTOFF V99U7593C RAD S 0 PG%.205 ZFV2 

NAVBASE_ALT_ZERO V97U5749C FT D 0C 64.15 NvBO 
64.205 

NAVBASE_LAT_ZERO V97U5750C RAD OP OC 64.15 nvBO 

64.20 
64.205 

NAVBASE_LONG_ZERO V97US751C RAD OP 864.15 NvBO 

64.20 
64.205 

S B8CG4.15 ZFIZ RV_MAX V99U7596C FT/SEC Go-15 

NC C6127 pRse SCALE_HTC1) ve7ussolc FT s e127 pase 
ce 15 
& 235 
C1277) pte SCALE_HT(2} ve7usso20 FT PME CS 127 pee 
& 15 
o 7s 

sca E_HT 3 VO7ESOIC FF wanes ps otek 
ow is 
& 75 

o« 
sta £ xT 4 VIAN FT ere le vast 

&% ibs 
oe orFnec § vEP} rows wrist A B ( 

$$ OC zrys ma se YOVVILOE Feed % ibs
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Table 4.3,2.9-2. RTLS Navigation (4.205) I-Loads 

OT088 MISSIONS OBF! 
G4.20 

N:0631 
.205 ~ 0005 - RTLS NAVIGATION 

ACTIVE MEMORY CONFIGURATIONS: O01 

VAR_H2 V99U7595C ND F S DC 64.15 ZFT2 
G4. 205 

  

(Cont) 
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Table 4.3.2.9-3, kris Navigation (64.205) K-Loads Return to Launch 

      

Clee sassroes Site (RTLS) Navigation 

so tA PID _ DES err om PC RLOMD VaLUx ENS UNIT OT PRS PR FCIN LAST CR EQTN HSIO 
ACT _DRAS ote one 

se kgltas a +1 lestpyp 8 E081 FT/SEC EEZ Fsec 6-127 59971 
64:15 

BC LIN MS OT EE 64.205 

ac JACK Te “ "Le t£F OAS Pe +3 23 E-OZ FI/SECuNZ F S C 64.15 59971 
~ "8G ABUE VENT 8 RAG 64.205 

a TLE f VSIAUEZIZE #3 4000000 E+05 FT F S P 86-35 S9O61A 

64.98 43, 
ALT REGIONS NAV EV LAMP PROCESSING 

e6:208 
ALT_EL 2 V97U5213C #1.2000000 = E+04 «FT fs P 66.25 89661A 

64.25 
64.127 

Ga.208 ALT REGIONS NAV EV LAMP PROCESSING " 
ALT_ZOME_CHANGE ¥97US718C #5.0000000 £405 FT Fse 64.127 B%661A 

64.15 
64.205 
64.223 
G4. 236 

ALT MODEL ATMOS DEN CHANGES 

A3_TOL V98U9425C -3.0 E-03 RAD ese 64.23 89661A 
64.20 
64.144 
64.127 
64.205 

BIAS Ban0 v97us2420 = #0 6 £00 FT F S$ C 04.327 BneeiA 
64.205 

RIACHETAIC HETESMIMISTIC BIAS 

C19 OOF IF LOSeTE 1D YIMEZIIE 9 6 £+00 WO pee ose oseens 

LNA COPE LST LON O18 FF LCT EMTS 

peru 0534 GATE 67/16/86 | 

Z ° A
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Table 4.3.2.9-3. RTLS Navigation (G4.205) K-Loads Return to Launch 
Site (RTLS) Navigation (Cont) 

OI88 MISSIONS 

FSSR MAME ron MSID MC KLOAD VALUE ENG UNIT OT PR S PR FCTN LAST CR EQTN MSID 

CORR_COEFF_UPDATE( 2) V97U5292C +0.0 E+00 ND F D0 CG4.127 89661A 
64.144 

COVAR CORRELATION COEFFICIENTS 64.205 
CORR_COEFF_UPDATE(3) V97US293C 40.0 E+00 ND Foc Go. 127 896614 

64: 205 COVAR CORRELATION COEFFICIENTS 
CORR_COEFF_UPDATE(4) V97U5294C +0.0 E+00 ND Foc Gs. 127 89661A 

64.205 COVAR CORRELATION COEFFICIENTS 
CORR_COEFF_UPDATE(5) V97US295C +0.0 €+00 ND Foe G4.127 69661A 

64.205 COVAR CORRELATION COEFFICIENTS 
CORR_COEFF_UPDATE(6) V97U5296C +0.0 €+00 ND Foc 64.127 B9661A 

64.205 
COVAR CORRELATION COEFFICIENTS 

CORR_COEFF_UPDATE(7) V97U5297C +0.0 £+00 ND Foc 64.127 B9661A 

64.205 
COVAR CORRELATION COEFFICIENTS 

DENSE(1} V97U5306C -3.9570 E+01 NO Fsec G4.127 89661A 
64.15 
G4. 205 
64.223 
64.236 

DENSITY MODEL CONST 

DENSE(2) V97U5305C #1.0440 E-05 FT#x-1 FSec G4.127 B%G61A 

64.15 
64.205 
64.223 
64.236 

DENSITY MODEL CONST 

DBFN: 0534 DATE :07/14/68
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Table 4,.3.2.9-3. RTLS Navigation (G4.205) K-Loads L Return to Launch 
. Site (RTLS) Navigation (Cont) 

OT8B MISSIONS 

  

  

FSSR NAME DESCRIPTION MSID MC KLOAD VALUE ENG UNIT DT PR S PR FCTN LAST CR EQTN MSID 

OENSE(3) V97U5306C #6.9560000 = E#06 FT F S CG4.127 89661A 
64.144 
64.15 
64.205 
64.223 

DENSITY MODEL CONST 64.236 

DENSE(4) V97U5307C -2.420 E+01 ND F S CG4.127 89661 
64.144 
64.15 
64.205 

a 
DENSITY MODEL CONST . 

DENSE(5) V97U5308C ~2.8890 E-06 FT*-1 FS CG4.127 896618 

64.15 
G4:205 
64.223 
64.236 

DENSITY MODEL CONST 

DENSE(6) V97U5309C 42.6050000 £406 FT Fsec 64.127 69661 
64.15 
64.205 
64.223 
64.236 

DENSITY MODEL CONST 

DIFCOl V96U9743C #3.9589 E-01 ND F sec 64.256 B9661A 

64.15 
64.127 
64.144 
64.205 

DIFCD2 V96U9744C 43.3962 E+00 NOD F sc 64.236 89661A 

64.15 
64.127 
64.144 
64.205 

DBFN: 0534 DATE :07/14/88 
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Table 4.3.2.9-3, RTLS Navigation (G4.205) K-Loads Return to Launch Site (RTLS) Navigation (Cont) 
O188 MISSIONS 

  

FSSR NAME SAE TON MSID MC KLOAD VALUE ENG UNIT DT PR S PR FCTIN LAST CR EQTN SID 

DIFCDS V96U9745C $6.5414 E-01 RAD F S C€ 64.236 696614 
64.223 
64:15 
64.127 
64.144 
64.205 

DIFCD4 V96U9746C #8.3589 E-01 ND F S C 64.236 896614 
64.223 
64:15 
64.127 
64.144 
64.205 

H_DRAG_LOW V97U5336C #8.5200000 £404 FT F S C 64.127 89661A 
ALT BELOW DRAG DATA NOT PROC 4.205 

K_EDIT_BARO V98U7977C 44 ND Is x 64.127 696614 V99U8782C 

64.205 

K_EDIT_DRAG v98U7978C +64 ND 1s x G4.127 89661A V99U8783C 

64.205 

K_EDIT_MLSAZ .¥98U7980C #400 NO Is Pe 4-16 B89661A 

K_EDIT_MLSEL v98u7981C #400 NO I S P 64.146 836614 

K_EDIT_MLSR V98U7979C #400 NO I S P 64.144 896618 

K_EDIT_TACBR V98U7976C +1 ND I S X 6.127 896614 VesussOSC 

64.205 

K_EDIT_TACR V98U7975C +64 ND Is x Gs - 427 896614 ‘'yOR8803C 

; 64.205 

MLSANT_ANG V98U7434C +3.2686 E-01 RAD FOS P &s.205 B%61A 

ANGLE MLS AND X-BODY AXIS 

MLSANT_NB_DIST V98U7433C +1.389 E+Ol FT FS P &.205 B%61A 

DIST FROM NB TO MLS ANTENNA 

DBFN: 0534 DATE 07/14/88
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Table 4.3.2.9 3. RILS Navigation (C4.205) K Loads Return to Launch 
Site (RILS) Navigation (Cont) 

Ol8@ MISSIONS 

  

FSSR NAME arte ron SIO MC KLOAD VALUE ENG UNIT BT PR SPR FCTIN LAST CR CQTN IO 

R AZ_COUNT MAX V97US629C 42 nD 1 S$ 966.205 8961A 
OATA GOOD FAILS IWHIS MLS PROC Co: ine 

RNG VAR BEARING STEP ¥97US667C ¢9:1161700 = E605 FT Fse @6.427 696618 
64.144 

RNG CRIT SEL TACAN AZ INSTR 64.205 

RNG VAR RNG_OTED VITUSALET 93 0280500 £905 FT ese 86-193 856614 

Re CRT OL Th A RMS VAR 64.144 

ah FW SFO TY TIP ENS. 2 37680608) — ss E-@3. SLUGS /F T4035 a a os. 27 896618 

64.15 
et 

64.223 
a Pe oS DREDNERTS penctTe 06.256 

333 26 pqet VO7UESN6C 2 8 £403 FT roc 23-44 OI6G1A 

4958 8 DE STATIONS 4.40 

§ 33D aG UPDATE Zz V¥97U5507C e260 E+03 FT poe e248 O9661A 

64.20 
VEH POS & VEL DEVIATIONS 

SI3 DIAG UPOATE 3 v97U5508C 42.0 £403 FT Foc 64.427 O9661A 

Ga. 208 
VEH POS & VEL DEVIATIONS 

SIG DIAG UPDATE(4) V97U5509C #3.0 E+01 FT/SEC Foe 64.127 O9661A 

64.205 
VEH POS & VEL DEVIATIONS 

SIG DIAG UPDATE(5) ¥97U5510C #3.0 E+01 FT/SEC Foe 64.127 69661 

64.205 

VEH POS & VEL DEVIATIONS seta 

SIG DIAG UPDATE(6) v97US511C 43.0 E401 FT/SEC Foc e182 6 

64.20 

VEH POS & VEL DEVIATIONS 

DBFN 0534 DATE 107/14/88 

> 
a aa 7

)



Table 4.3. 

OI68 MISSIONS 

FSSR NAME 
DESCRIPTION 

2.973. 

  

TACAN_6RG_CONVERG_TEST 

TACAN_RNG_CONVERG_TEST 

TIME_BIAS_BARO 

PAD BIAS CORR BARO TIME TAG 

TIME_OBIAS_MLS ° 

PAO SIAS CORR MSBLS TIME TAG 

TIME_BIAS_TACAN 

PAD LOADED CORR TACAN TIME LAG 

VAR_ACC_QUANT 

VAR_AZMLS 

MSBLS AZIMUTH MEAS INSTRU VAR 

VAR_DRAG 

ORAG ALT MEASURE ERROR VARIANCE 

VAR_ELMLS 

MSBLS ELEV INSTR VARIANCE 

VAR_RHMLS 

MSBLS RANGE MEASURE INSTR VAR 

VAR_TAC_8RG_HIGH 

T6
1-
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TACAN BRG INSTR VAR AT RANGE 

VAR_TAC_BRG_LOW 
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VAR TACAN BRGN INSTRUMENT ERROR 

MSID WC KLOAD VALUE 

V96U9807C 1.0 

V98U9808C +4.0000000 

¥V97U5544C 41.790 

V97U5545C -1.0 

V97U5543C +2.90 

V97U9036C +9.0 

v97U5551C 41.0 

V97U5552C #1.0000000 

V97U5553C 41.0 

V97USS556C +5.7500000 

V97U5S557C 41.6 

V97U5S558C #1.0 

OBFN: 0534 

Cor 

€-01 

E-02 

E-05 

E-05 

E+08 

—-05 

E+02 

€-02 

E-02 

RADNHZ 

FI REZ 

SEC 

SEC 

SEC 

FTH#2/SEC ENG 

RADHH2 

FTHNZ 

RADHZ 

FTRRZ 

RADENZ 

RADHNZ 

DATE :07/14/88 

RTLS Navigation (G4.205) K-Loads Return 
Site (RTLS) Navigation (Cont) 

  

to Launch 

PR FCIN LAST CR EQTN MSIO 

G4.127 689661A 
64.144 
64.205 

G4.205 89661A 
64.127 
64.146 

G4.205 69661A 
64.127 
64.144 

64.144 S9O61A 
64.205 

64.205 O9661A 
64.127 
64.144 

64.205 69661A 

64.205 S89661A 
64.1446 

GG.127 696614 
64.205 

64.144 S9661A 
64.205 

64.14% O9661A 
64.205 

64.205 S8961A 
64.127 
64.144 

64.205 S89e61h 
64.127 
64.144
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Table 4,3.2.9-3. RTLS Navigation (G4.205) K-Losds Return to Launch 
Site (RTLS) Navigation (Cont) 

Ola8 WISSIONS 

    

FSSR NAME MSID MC KLOAD VAL $8 NAME om UE ENG UNIT OT PRS PR FCIM LAST CR EQTN HSID 

van_TaC_@ wice V97US559C #3.6000000 E405 FTun2 ese es. f95 696614 

TAC aed O45 ISTR VAR AT BANCE ° 
vaa_TaC_@ LOM V97US560C 36 £+05 FIen2 F S$ CG4.205 896614 

64.146 
VAM TACAM MANGE IDSTR ERROR 

VAR O10 &ACC_OT ¥97U05781C $2 5000000 = E-61 FIT #H2/SECanS F 3 964205 996614 
VER UDCELED ACCEL SCALE TIME 

DBFN:0534 DATE 2077/14/88 
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Table 4.3.2.9-4. RTLS Navigation (4.205) Constants 
WROKRMM FSSR2 . DATAC KO4 IBOOK 
PFS CONSTANTS UPDATE B/L 5 

  
  

SEL 
woseeeee sctte MSID ME NALUE UANITS. OT PR SPF REF LAST CR EQTN HSID 
cio? 

. 
wewacceeneenene 

TESSERAL HARMONIC COEFFICIENT =:27635957 NO FO 

cro2) 
TESSERAL HARMONIC COEFFICIENT g.2722023 No F oO 

C103) 
TESSERAL HARMONIC COEFFICIENT ggn7076%4 NO F oD 

C104) 
TESSERAL HARMONIC COEFFICIENT $ 30666825 NO F oo 

c105) 
TESSERAL HARMONIC COEFFICIENT 237766803 NO F oD 

C106) 
TESSERAL HARMONIC COEFFICIENT 289552749 NO F oO 

c1o7} 
TESSERAL HARMONIC COEFFICIENT £:79602615 NO F oD 

c108) TESSERAL HARMONIC COEFFICIENT £:3°757*9 NO Fo 8 

c109) = 41542493 F oD 
TESSERAL HARMONIC COEFFICIENT E-08 " 

EARTH MU . V97U4378C +.140764487566 FT#N3/ FOO 
EARTH GRAVITATIONAL CONSTANTS €417 SECH"2 

EARTH _POLE(1) V98U8460C , 28322844 ND FS 
X COMP OF UNIT VECTOR IN DIRECTION E-02 
OF EARTH'S AXIS OF ROTATION IN MSO 

EARTH_POLE(2) V98U8461C - .50279960 NO F s 

¥ COMP OF UNIT VECTOR_IN OIRECTION E-04 

OF EARTH'S AXIS OF ROTATION IN M50 

ARTH _POLE(3) V98U8462C 99999598 ND F $s 

2 c P OF UNIT VECTOR_IN DIRECTION —+00 

OF EARTH'S AXIS OF ROTATION IN M50 

EARTH_RADIUS_EQUATOR V97U5324C - 209257414698 FT . F 0 

EARTH EQUATORIAL RADIUS 
1630 E+08 

ARTH_ RADIUS GRAV V97U5325C +.209256561660 FT F 0 

E EARTH RADIUS (GRAV ACCEL) E+08 

RAD/SEC F Do 
EARTH_RATE 

V97U4379C + 7292115146460 

EARTH'S ROTATIONAL RATE 
ooo 

00000 §6=— ND F 0 
LIPT 

V97U5332C . 335232968 

SEE ARTH'S ELLIPTICITY CONSTANTS 
000 E-002 

0005 SEC F $s 

EPS_TAG 
. 

FOR THE DIFFERENCE BETWEEN 

CR RENENT TIME TAG AND STATE 

VECTOR TIME TAG 

KN1 
-.17980000 NO F $s 

CONSTANTS USED TO C OF —+01 OMPUTE LOG 
KNUDSEN NUMBER, ALT LESS THAN 
400K FEET 

29
65
68
4)
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Table 4.3.2.9=-4, 

NROKRMM FSSR2.DATA( X04 IBOOKS 
PFS CONSTANTS UPDATE B/L 

FSSR_ NAME 
DESCRIPTION 

KN2 
CONSTANTS USED TO COMPUTE LOG OF 
KNUOSEN NUMBER, ALT LESS THAN 
400K FEET 

KN3 
CONSTANTS USEO TO COMPUTE LOG OF 
KNUDSEN NUMBER, ALT LESS THAN 
GOOK FEET 

KNG 
CONSTANTS USED TO COMPUTE LOG OF 
KNUDSEN NUMBER, ALT BETWEEN 
400K AND 600K FEET 

K NS 
CONSTANTS USED TO COMPUTE LOG OF 
KNUDSEN NUMBER, ALT BETWEEN 
400K ANO 600K FEET 

KN 6 
CONSTANTS USED TO COMPUTE LOG OF 
KNUDSEN NUMBER, ALT BETHEEN 
400K AND 600K (EET 

ID_MATRIX_3x3(01) 
T1,1} COMPONENT OF 3X3 IDENTITY 
MATRIX 

ID_MATRIX_3X3(02) 
T1,2) COMPONENT OF 3X3 IDENTITY 
MATRIX 

ID_MATRIX_3X3103) 
T1,3) COMPONENT OF 3X3 IDENTITY 
MATRIX 

ID_MATRIX_3X3104) 
T2,1) COMPONENT OF 3X3 IDENTITY 
MATRIX 

1D_MATRIX_ 3x31 
T2,2) COMPON 
MATAIX 

m
o
 p 

NT OF 3X3 IDENTITY 

OMPONENT OF 3X3 IDENTITY 

1) COMPOMENT OF 3X3 IDENTITY 

x _3x3(08) 
sO MRE OMENT OF 3X3 IDENTITY 

matRIx 
3%3109) 

tO ATTA OME MT OF 3X3 IDENTITY 
mAataIx 

HAUT ER FT 
reer 10 HAUTICAL MILES CONVERSION 
FACTOR 

V97U5425C 

-66670000 
E-05 

-.57890000 
E€-11 

- 27518150 
E-02 

~.14990900 
E-03 

- 20490000 
E-09 

1.0 

0 

0 

0 

1.0 

-0 

1.0 

16457684 
-03 

RTLS Navigation (4.205) Constants (Cont) 

FTRR-2 

FTRe-) 

FTun-2 

NMI/FT 

9
9
6
5
6
8
8
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NROK REM | FSSR2.DATAUX PFS CONSTANTS UPDATE Bee 
FSSR NAME 

DESCRIPTION mete e wwe wn enn Bewuweowne 

PI 
RATIO CIRCUMFERENCE TO DIAMETER 

RAD _PER_DEG 
DEGREES TO RADIANS CONVERSION F 

sto 

ac 

1) 
SSERAL HARMONIC COEFFICIENT 

2 yn
 

(02) 
SSERAL HARMONIC COEFFICIENT 

“ 

TE 

0 
TE 

(03 
TE 

’ 
SSERAL HARMONIC COEFFICIENT 

$104) 
SSERAL HARMONIC COEFFICIENT 

SERAL HARMONIC COEFFICIENT 

’ 
SSERAL HARMONIC COEFFICIENT 

N
 

M
O
 

M
n
 

om
 

V
w
 

} 
ESSERAL HARHMOWIC COEFFICIENT 

’ 
ESSERAL HARMONTC COEFFICIENT 

9 
ESSERAL HARMONIC COEFFICIENT 

cL HARMONIC COEFFICIEMT 

MORAL -HARMOMTC COEFFICIENT 

ZONAL HARMONIC COEFFICIENT 

BOL AL HARMONIC COEFFICIENT 

Table 4.3.2.9-4, 

MSID 

V98U8725C 

V97U0383C 

V97U5492C 

V97U5493C 

V97U5494C 

V97U5495C 

V97U5496C 

V97U5697C 

V97U5496C 

99705499 

¥97U5500C 

V97U5582C 

V97U5583C 

V97US584C 

V97U5585C 

RILS Navigation (4.205) Constants (Cont) 

217453293 
E-01 

#.10626271 
E-02 

-, 25358868 
E-05 

-.16246180 
E-05 

i}
 

RAD/DEG 

  

3.1415926535897 

39
65
68
49
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96
56
84
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Table 4.3.2.9°5. 

Space Transportation él 
Systems Division 

RTLS Navigation 
(4.2053) Cross-References 

  

FSSR Name Source Name 
  

  

V_CURRENT_FILT 

T_CURRENT_FILT 

T_EF_ELMLS 

T_EF_AZMLS 

T_EF_RMLS 

BARO_DATA_GOOD 

T_BARO 

Q_BARO 

TAC_BRG_DATA_GOOD 

Q_TAC_BRG 

TAC_RNG_DATA_GOOD 

Q TAC_R 

ALPHA 

ALPHAIN 

BETAIN 

THETAIN 

M_EFTOTD_TACAN SL(1) 

M_EFTOTD_TACAN_SL(2) 

M_EFTOTD_TACAN_SL(3) 

R_TACAN_EF_SL(1) 

R_TACAN EF _SL(2) 

R_TACAN_EF_SL(3)   

SEL_V_MS5O 

TIME_V 

MSBELEVTIM 

MSBAZIMTIM 

MSBRANGTIM 

ALT_DG 

T_HPC 

HPC 

OUT_BRG_DG 

OUT_SEL_BRG 

OUT_RNG_DG 

OUT_SEL_RNG 

ALPHA SNAP 

ALPHA_N 

BETA N 

THETA 

M_EFTOTD_TACAN SLI 

M_EFTOTD_TACAN_SL2 

M_EFTOTD TACAN SL3 

R TACAN EF_SL1 

R_TACAN EF_SL2 

R_TACAN_EF_SL3     

4-195 

STS 83-0005B 

Rockwell 
International 
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Table 4.3.2.9-3. 

Space Transportation 
Systems Division 

RTLS Navigation 
(4.205) Cross-References 

an 

  

FSSR Name Source Name 
  

  

V_CURRENT_FILT 

T_CURRENT_FILT 

T_EF_ELMLS 

T_EF_AZMLS 

T_EF_RMLS 

BARO_DATA_GOOD 

T_BARO 

Q_BARO 

TAC_BRG_DATA_GOOD 

Q_TAC_BRG 

TAC_RNG_DATA_GOOD 

Q_TAC_R 

ALPHA 

ALPHAIN 

BETAIN 

THETAIN 

M_EFTOTD_TACAN_SL(1) 

M_EFTOTD_TACAN SL(2) 

M_EFTOTD_TACAN_SL(3) 

R_TACAN_EF_SL(1) 

R_TACAN_EF_SL(2) 

R_TACAN_EF_SL(3)   

SEL_V_MSO 

TIME_V 

MSBELEVTIM 

MSBAZIMTIM 

MSBRANGTIM 

ALT_DG 

T_HPC 

HPC 

OUT_BRG_DG 

OUT_SEL_BRG 

OUT_RNG_DG 

OUT_SEL_RNG 

ALPHA SNAP 

ALPHA N 

BETA_N 

THETA 

M_EFTOTD_TACAN SLI 

M_EFTOTD_TACAN SL2 

M_EFTOTD TACAN SL3 

R TACAN EF SLI 

R_TACAN EF SL2 

R_TACAN EF_SL3     

4-195 

STS 83-0005B 

Rockwell 
International 

r 

  

  
 



Space Transportation r Rockwell 
Systems Division International 

4.4 SUBFUNCTIONS COMMON TO SEVERAL NAVIGATION-RELATED PRINCIPAL FUNCTIONS 

This section documents detailed requirements for subfunctions identified 
as being common to two or more navigation-related principal functions or their 
major subfunctions. The detailed requirements specified here will be refer- 
enced from the sections to which they are common and, where referenced, may be 
regarded as inserts to paragraph A, Detailed Requirements, in these sections. 

4.4.1 User Parameter State Propagation 

During the ascent/RTLS operational sequence (OPS-1, 6), the navigation 
state propagation subfunction advances the navigation state vector at rela- 
tively large intervals, at the end of which external measurement data pro- 
cessed by the filter are incorporated when appropriate. Users such as 
guidance and displays, however, require a knowledge of the state vector at 
shorter intervals. The user parameter state propagation subfunction will sat- 
isfy the requirements of its users by performing the integration of the 
equations of motion in an M50 coordinate system within the intervals of the 
navigation propagation, with use of the most recent navigation-computed 
acceleration vector in conjunction with a small step size and the accumulated 
sensed velocity snapped from the accelerometers. ‘During those periods when 
drag accelerations are being modeled, the accelerometer readings shall be 
ignored. These integration processes shall be restarted at the completion of 
each navigation cycle with the navigation state. 

On entry into the ascent operational sequence, the flag, FILT_UPDATE, 
will be set to ON by the ascent navigation sequencer principal function. The 
flag setting indicates that the user parameter state is to be initialized as 
in Item 2 below. Thereafter, the initial value of the state that is to be 
advanced (integrated forward in time) may be from either of two sources (the 
one used depends on the tested value of the flag FILT_UPDATE, which indicates 
the availability of an updated state from the navigation function): 

1. If an update from the navigation function is not available (FILT_ 
UPDATE = OFF), the propagated state, saved from the previous cycle, 
is to be advanced. A constant value of gravity acceleration is used 
between updates, and sensed acceleration is computed from IMU 
velocity data. 

2. If an update from the navigation function is available (FILT_UPDATE = 
ON), the navigation updated state, together with its time tag, grav- 

ity acceleration and associated accumulated sensed velocity, replaces 
the previous propagated state, time tag, gravity acceleration and 
accumulated velocity. Advancement is to be the same as in Item l. 

This mechanism permits independent computation rates for IMU and gravity only 
propagation and the incorporation of usually less frequent external 
measurements data. 

The general computational flow of the state propagator is to first com- 
pute derived sensed acceleration from IMU velocity data, incorporate the 
updated navigation state vector if FILT_UPDATE = ON, and then propagate the 
state to current time. 
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The derived sensed acceleration is computed as follows: 

1. 

2. 

4. 

The accumulated sensed velocity and time tag are read and the time 
since the last IMU data are computed: 

SNAP_IMU(V _IMU CURRENT, T_IMU) 

DT_IMU = T_IMU - T_IMU LAST 

If the data read in by the SNAP_IMU are new, defined by DT_IMU > 0, 
the derived sensed acceleration is computed and the ‘last’ "IMU data 
are updated to the current values: 

DV_S = V__IMU CURRENT - V_IMU LAST 

A _SENSED = DV_S/DT_IMU 

T_IMU_LAST = T_IMU 

V _IMU LAST = V __IMU_CURRENT 

If a navigation state vector update is available (FILT_UPDATE = ON), 
the new state data are read in, the earth-relative velocity is com- 
puted, the FILT UPDATE flag is turned OFF to inhibit a reset until it 
is again set to ON in the navigation function and the UPP_UPDATE flag 
is set ON to indicate that the UPP state has been updated by the nav- 
igation filter: 

G_OLD = G_RESET 

R_AVGG = R_RESET 

T_STATE = T_RESET 

V_RHO = V_REL(V _AVGG, R_AVGG) 

FILT_UPDATE = OFF 

UPP_UPDATE = ON 

On every pass through the state propagator the current time is 
obtained, the state vector, accumulated sensed velocity inertial 
velocity magnitude and earth-relative velocity magnitude are 
computed: 

READ CURRENT TIME (T_CURRENT) 

DT = T_CURRENT - T_STATE 
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DV = DT (A _SENSED + G _OLD) 

R _AVGG = R _AVGG + DT (V _AVGG + 0.5 DV) 

.V _AVGG = V _AVGG + DV 

V _IMU_OLD = V_IMU_OLD + DT A _SENSED 

V_INERTIAL_MAG = ABVAL(V _AVGG) 

V _RHO = V_RHO + DV 

T_STATE = T CURRENT 

  
REL_VEL_MAG = ABVAL(V _RHO) 

4.4.2 Coordinate Transformations 

These nine subfunctions provide the capability to transform parameters 
specified (or computed) in one coordinate system to another coordinate 
system. Coordinate system definitions are provided in Section 5.3. 

Each of the nine subfunctions described in Sections 4.4.2.1 through 
4.4.2.9 may be executed separately. The subfunctions do not actually perform 
the coordinate transformation; only the transformation matrix is computed. qi) 

For consistency, it is assumed that all coordinate systems located on the 
surface of the earth are specified in terms of geodetic parameters (i.e., geo- 
detic latitude, longitude, and altitude above the reference ellipsoid) and 
that all azimuth angles are referenced to true (not magnetic) north. 

It should be noted that the coordinate transformation M50 ts earth-fixed 
and earth-fixed to topodetic are also required for use by the IMU SOP and must 
be made available in any OPS load that allows IMU alignment, even if naviga- 
tion is not active. 

Input and output parameters for all subfunctions are listed in 
Tables 4.4.2-1 and 4.4.2-2. 

4.4.2.1 Transformation From Aries~Mean-of 1950 to Earth-Fixed. The 
purpose of this subfunction is to provide a transformation matrix (M_MSOTOEF_ 
AT_EPOCH) from Aries M50 coordinates to earth-fixed coordinates that accounts 
for the rotation, nutation, and precession motion of the earth at a specified 
time, T EPOCH. Also supplied is the vector EARTH POLE, which is the directior 
of the true-of-date (earth-fixed) Z-axis in M50 coordinates. EARTH POLE is 
defined to be 

EARTH POLE(i) = M_MSOTOEF AT EPOCH (3,i), i = 1,3 
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The earth-fixed to M50 coordinate transformation (Section 4.4.2.2) us, 
employed to rapidly propagate this transformation matrix between epoch ¢ mes 
This propagation accounts for the earth's daily rotational effects only. 

All parameters needed by this subfunction will be premission determined 
for OPS-1. T_EPOCH will be in elapsed seconds from 0.0 hours 31 December 
prior to the year of launch to time of nominal liftoff plus 6 hours, to 
provide adequate accuracy with slips in the launch time or in che event of an 
ascent abort. In the case of ascent aborts, the I-load parameters needed by 
this subfunction will be passed from OPS-1 to OPS-6 or (for an AOA) carried 
across the computer memory reconfiguration for use by the OPS-3 flight 
software. 

The software will not be designed to preclude any particular value of 
T_EPOCH, whether future or past. 

The nutation/precession computations are lengthy, and it is assumed that 
suitable accuracy can be maintained by employing the approximation of earth 
motion used in EARTH _FIXED_TO M50_COORD (Section 4.4.2.2). 

4.4.2.2 Earth-Fixed to M50. The purpose of this subfunction is to 
propagate the matrix M MSQTOEF AT_EPOCH from the last epoch time to the time 
of interest. This propagation | accounts for the earth's rotation effects only. 

Formulation: A simple Z-axis rotation is performed through the angle 
defined by the product of the earth's mean rotational rate (EARTH_RATE) rela- 
tive to the mean-of-date system, and the difference between the time (T _EPOCH) 
associated with the matrix (M_MSOTOEF AT EPOCH) and the time (TIME) of this 
requested matrix. Thus, for the defined 

DELT = TIME - T_EPOCH 

the angle of rotation is 

LAM = (EARTH_RATE) DELT 

and the rotation matrix, M; is defined by the equation 

COS (LAM) -SIN (LAM) 0 (F9) 
M = |SIN (LAM) COS (LAM) O|° 

0 0 1 

The matrix is then used to compute a current transformation matrix from 
earth-fixed to M50 coordinates: 

EARTH FIXED_TO M50 COORD = M MSOTOEF_AT_EPOCH'M 

  

Pothis equation shall be protected against return value of sine or cosine witt 
magnitude greater than unity (Section 3.5). 
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Because. of the sparseness of the matrix M, both core and execution time 
*will be conserved by use of the following formulation. For notational conve 

nience, let N denote the matrix M MSOTOEF_AT_EPOCH. The sine and cosine of 
LAM will be computed once and denoted by CLAM = COS (LAM) and SLAM = SIN 
(LAM). Then EARTH FIXED_TO_M50_COORD will be computed as follows: 

EARTH_FIXED_TO_MSO_COORD, 

EARTH_FIXED_TO_M5S0_COORD, |» 

EARTH_FIXED_TO_MSO_COORD, 3 

EARTH_FIXED_TO_MSO_COORD, 

EARTH_FIXED_TO_M50_COORD2 » 

EARTH_FIXED_TO_M50_COORD, 3 

EARTH_FIXED_TO_MSO_COORD3 

EARTH_FIXED_TO_M50_COORD » 
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Ny 1 CLAM + M201 SLAM 

“N) 1 SLAM + M21 CLAM 

N3,. 
Ny ,2 CLAM * No 2 SLAM 

  
-N) 2 SLAM + No 2 CLAM 

N3,2 

Ny 43 CLAM + No 3 SLAM 

“Ni 3 SLAM + N23 CLAM 

EARTH_FIXED_TO_MSO_COORD, 3 = N33 

This subfunction may be executed as needed. The time (TIME) for which 
the output transformation matrix (EARTH_FIXED_TO M50 COORD) is valid must be qi) 
supplied by the user in elapsed seconds from 0.0 hours 31 December prior to 
the launch year to the desired time. 

A valid M_MSOTOEF AT EPOCH must be available before this subfunction can 

be executed. 

The Aries-mean-of-1950 and the earth-fixed coordinate systems are shown 
in Section 5.3. 
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Space Transportation 
Systeme Division 

Coordinate Transformations Input Parameters 

OLD Faster na 

  

  

fapue Saupie 
Description Syabel Source Type | Precision | Range | Unics Rate 

EARTH_FIXED_TO_MSQ_COORD 

Earth rotation rate RARTH BATE (a) ¥ i) Ae 

needed 

Time tag for M_MSOTOEF_AT_ TePoce (a) r or eec Ae 
EPOCH, Greenwich hour needed 
angle, and EARTH_POLE 

Transformation watrix froa M_MSOTORF_AT_ (a) M DP Ae 
M50 to earth-fixed at eFoce needed 
T_EPOCH 

General time variable TING User eub- F oP sec As 
function seeded 

EF_TO_TOPDET 

Geodetic latitude of R _EF LAT_GEOD User sub- Fr $ rad As 
function aecdod 

Geodetic longitude of LON User sub- F s vad As 
Shuttle's position vector function aceded 

EF_TO_RUNWAY 

Geodetic latitude of REF LAT_G&0D User sub- F s rad As 
function needed 

Geodetic longitude of LON User sub- F s rad As 
Shuttle’s position vector function needed 

Bearing from true north Az User sub- Fr s rad As 

funccion needed 

EF_TO_ SCANNER 

Geodetic latitude of REF LAT_GEOD User sub- F s rad As 

~ function aceded 

Geodetic longitude of LON User sub= Fr s rad AS 

Shuttle's position vector function needed 

Bearing from true north Az User sub- F s rad As 

function needed 

EF_TO GEODETIC 

General position vector in REF User sub- v DP fr As 
Earth-fixed coordinates function needed 

Earth ellipticity constant ELLIPT (a) fF DP 

Earth equatorial radius EARTH _RADIUS_ (a) F oP fc As 
EQUATOR needed               
    *See ascent or RATLS navigation principal function [-load and constant tables. 
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Table 4.4.2-1. Coordinate Transformations Input Parameters (Cont) 
  

  

Tapue Semple 
Description Syubol Source Type | Precision Range | Unies Rate 

GSODETIC_TO_EF 

Geodetic latitude of KR _EF LaT_GEoD User aub- Fr 8 tad As 
function needed 

Geodetic longitude of Low User sub- F 8 vad As 
Suuttle’s position vector function needed 

Curreat orbiter altitude aLTt User sub- F s. fr As 
above reference ellipsoid function needed 

Earth ellipticity constant ELLIPT (a) r DOP As 
needed 

Garth equatorial radius EARTH RADIUS _ (a) F DP fc As 
EQUATOR needed 

uvW_TO_HSO 

Input position vector in & User sub- Vv DP ft As 

450 coords function needed 

Input velocity vector ina ¥ User sub- v Ss ft/ As 
“450 coords function sec needed 

SBQDY_TO_H50 

M50 to body coordinates Q_FIFTY_BopY User sub- v DP _ As 
transformation quaternion function needed           "See ascent or RTLS navigation principal function constant cable. 
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Table &.4,.2-2, 

weose: ON iz. 
Coordinate Transformations Output Parameters 
  

  

                  

Out put Camp 
Deseriativa Syabol Destiastion| Type |Precision| Renge | Paice | Race 

CARTY PLATA TO 4SQ COORD 

Carte-fixed te WSO everdi= W_EFTONSO Geer sub- | i » as 
mate treasfereation matrix 7 fuaction seeded 

RF_TQ TOPMET 

Teess foreation from eatth= W_EFroto Geer sub- a s as 
fined te tepoedetace fvection aeeded 

EF_TO RUNWAY 

Barta~€. zed te prime BV W_EFToRw User owb- =| s as 
creme fereation Battie feactica seeded 

EF_TQ_SCAMER 

Trese formation Satria froa WIUFTOSCANWER User eub- " 8 as 
earthfised te scanaer fuaction needed 
coocd aetes . 

EF TO GEOMETIC 

Geaderre Lataitede of REF Lat crop User sub- t $ rad As 
feactioa weeded 

Geodetic leagitede of Low User sub- r s red AS 
Smuctle s poe.taom vector functioa aeeded 

Curtesg orbiter altitude alt User sub= tr s fc as 
apove refereace o111p9014 function needed 

GEaverz¢_TO_£F 

Genecal poertiom vector is A of Veet sub= v oe fe As 
eartn-f120d coord. maton function weeded 

mre 77 9 

UT4é ca WSO coordiaate UWL TANS Veet sud ® 3 as 
transforess ice est rsa funetion needed 

$400T_T?_59 

$ metuce body to NSD mt Veer wud " $s aa 

cacté mate transforaation furnetion needed 
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G. 
4.4.2.3 Geodetic to Earth-Fixed. This submodule accepts the geodetic 

parameters of a point and computes the earth-fixed Cartesian coordinates of 
that point. 

Formulation: The input angles must be in radians. The equations 
necessary to transform geodetic parameters to earth-fixed coordinates are as 
follows: 

EARTH RADIUS EQUATOR REF, = ——— 73 
(cos* (LAT_GEOD) + (1 - ELLIPT)? sin? (LAT_GEOD)) 

  

  

+ ALT cos LAT GEOD cos LON (F3,F4,F9) 

R EF. = EARTH RADIUS EQUATOR 
2 2 ry? eine 172 (cos* (LAT_GEOD) + (1 - ELLIPT)“ sin“ (LAT_GEOD)) 

+ ALT cos LAT GEOD sin LON (F3,F4,F9) 

(1 = ELLIPT)? EARTH RADIUS EQUATOR 
R_EF3 * z very? aint 172 (cos© (LAT_GEOD) + (1 - ELLIPT)“ sin“ (LAT_GEOD)) @) 

(F3,F4,F9) + ALT sin LAT_GEOD 

4.4.2.4 Earth-Fixed to Topodetic. This subfunction accepts the geodetic 
latitude and longitude of a point and computes the rotation matrix from earth- 
fixed coordinates to a topodetic coordinate system for the input location.: 

Formulation: This subfunction creates the rotation matrix as an Euler Z, 
Y sequence through the longitude angle (LON) and the negative of geodetic 
latitude angle minus 90 degrees (i.e., LAT_GEOD + 1/2, respectively. The 
necessary equation is 

(-cos LON sin LAT_GEOD) (-sin LON sin LAT_GEOD) (cos LAT _GEOD) (F9) 
M = (-sin LON) © (cos LON) 0 (F9) 

(-cos LON cos LAT GEOD) (sin LON cos LAT GEOD) (-sin LAT_GEOD) J (F9) 

F3this equation shall be protected against division by zero (Section 3.5). 
Patnis equation shall be protected against square roots of a negative number 

(Section 3.5). 
This equation, shall be 
magnitude greater than unity (Section 3.5). 
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4.4.2.5 Earth-Fixed to Runway. This subfunction accepts the geodetic 
latitude, longitude, and azimuth of the runway and computes the rotation 
matrix from the earth-fixed coordinate system to the runway coordinate system. 

Formulation: The earth-fixed to topodetic subfunction is used to obtain 
an earth-fixed to topodetic rotation matrix. Then the earth-fixed to topo~ 
detic matrix is multiplied by an Euler Z rotation matrix through the runway 
azimuth angle (AZ). The equation is 

(cos AZ) (sin AZ) 0 (F9) 
M= | (-sin AZ) (cos AZ) 0 (F9) 

0 0 1 

where AZ is the runway azimuth angle measured clockwise from true north to the 
+X-axis of the runway. Then the transformation matrix is computed by 

EF_TO_RUNWAY = M EF_TO_TOPDET 

Input angles must be in radians. 

The runway and topodetic coordinate systems are shown in Section 5.3. 

4.4.2.6 Earth-Fixed to Scanner. The purpose of this subfunction is to 
  

_compute the rotation matrix from earth-fixed to scanner coordinates. 

Formulation: The earth-fixed to runway subfunction is executed, with use 
of the geodetic latitude and longitude of the scanner and the azimuth of the 
scanner boresight (AZ) from the true north to obtain a rotation matrix. The 
rotation matrix is then multiplied by a rotation matrix representing a 
180-degree rotation about the X-axis. The necessary equation is 

EF_TO SCANNER = M XROTPI EF_TO_ RUNWAY 

where 

1 0 0 

M_XROTPI = 0 -l1 0 

0 0 -l 

and EF_TO RUNWAY is the rotation matrix computed by the earth-fixed to runway 
subfunction. 

All computations are performed in double precision. 

Input angles must be in radians. 

Pothis equation shall be protected against return value of sine or cosine with 
magnitude greater than unity (Section 3.5). 
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éP 
The scanner, and earth=fixed coordinates systews are shown in Section 5.3, ° 

4.4.2.7 Body to MSO, The transformation matrix from structural body to 
M50 coordinates (MAT) is computed by postmultiplying the transformation matrix 
from body to MSO coordinates by a matrix representing a 180° rotation about 
the y-axis. 

The transformation from body to NSO coordinates is derived from the 
inlisted quaternion Q FIFTY_BODY by employing the general purposes matrix 
function QUAT_TO MAT, 

QUAT_TO_MAT computes the transformation matrix, A, associated with a qua- 
ternion, Q, as QUAT_TO MAT (Q) © A, where A is computed by 

P2 = Q + Qo 

P3 = Q3 + Q3 

P4 = Qa + % 

P5 = P2 Q> 

P6 = Pa Q, 

Temp = 1.0 - P3 Q3 aD) 

Al) = Temp — P6 

= 1.0 - P5 - P6 

A3 3 = Temp - P5 

P5 = P2 Q3 

P6 = P4 Q, 

Ay 2 = PS - P6 

Ay 1 = PS + P6 

PS = P2 Q, 

P6 = P3 Q) 

Al 3 = P5 + P6 

A31 = P5 =- P6 

P5 = P3 Q, 

ad 
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P6 = P2 Qy 

Ao 3 = P5 — P6 

Az 2 = PS + P6 

The structural body to M50 coordinates, MAT, is then computed as 

MATRIX # 

MAT) 1 

MAT) 9 

MAT) 3 

MAT) 1 

MAT? 2 

MAT?) 3 

MAT3 1 

MAT3 2 

MAT3 3 

This subfunction may be executed as needed. 

QUAT_TO_MAT (Q_FIFTY_BODY) 

“MATRIX, 

MATRIX) 

“MATRIX, 

“MATRIX, » 

MATRIX) » 

“MATRIX, » 

“MATRIX; 3 

MATRIX) 3 

“MATRIX, 3 
> 
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Coordinate system definitions and the suggested implementation are shown 

in Section 5.3. 

4.4.2.8 Earth-Fixed to Geodetic. This function is required to transfors 

a Cartesian position vector in the earth-fixed (Greenwich) coordinate system 
to the geodetic parameters: 

latitude. 

Formulation: 

vector to geodetic parameters are as follows. 
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The computation for longitude is: 

, B_EF2 
LON = tan™?' 30 s LON < 2 (F3,F7) 

R EF) 

Computations for geodetic latitude, LAT_GEOD, and height above the refer- 
ence ellipsoid, ALT, are as follows: 

2 
2 

R= (RxY +R _eF,?)1/2 

RXY =R EF? +R EF 

  

SIN_P = R _EF,/R F3) 

cos P = (R_xy))/2/p (F3) 

RAD P = RE/ V 1 + FLATCON SIN P2/(1.0 - FLATCON) (F3,F4) 

FLATCON SIN_P COS _P 
DEL = (F3) 

1.0 - FLATCON cos P? 

RAD_P DEL 
DEL_LAT = (F3) 

R 

¢ = ARCTAN (SIN_P/COS_P) 

LAT_GEOD = @ + DEL_LAT ; (in radians) >. 

ALT = (R - RAD P) (1.0 - 0.5 DEL DEL_LAT) 3; (in feet) 

F3this equation shall be protected against division by zero (Section 3.5). 
F4arnis equation shall be protected against square roots of a negative number 

(Section 3.5). 
This equation shall be protected against arc tangents with both arguments 
equal to zero (Section 3.5). 
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where 

FLATCON # 1.0 = (1.0 = ELLIPT)?, the eccentricity squared of the ellipsoic 

LAT_GEOD = geodetic latitude 

LON # longitude 

ALT = geodetic altitude 

ELLIPT = flattening of the reference ellipsoid (ELLIPT) 

RE * equatorial radius of the reference ellipsoid (EARTH_RADIUS EQUATOR) 

This subfunction may be executed on demand. 

The earth-fixed coordinate system and geodetic parameters are defined in 
Section 5.3. 

4.4.2.9 UVW to M50. The purpose of this subfunction is to compute the 
transformation matrix from UVW coordinates to Aries M50 coordinates, given the 
position and velocity of the vehicle. 

Formulation: The orientation of the U, V, W system is determined by the 
orbiter inertial position and velocity vectors (R, V) at the poine (or time) 
of interest. Define 

u=R/ [R| (F3; 

w= (RxV)/ [Rx Vl (F3> 

ZW 

All computations are to be performed in double precision. 

The transformation matrix from UVW coordinates to Aries-mean-of-1950 is 
then given by 

(yiz iw) 
The UVW coordinate system and the Aries M50 system are defined in 

Section 5.3. 

F3this equation shall be protected against division by sero (Section 3.5). 
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ck 
&.4.3 User Parameter Ascent/RTLS Computations 

There are several variables, more specifically, altitude and altitude 
Tate, which are required in both first and second stage ascent as well as in 
powered and glide RTLS; furthermore, dynamic pressure, equivalent airspeed and 
the magnitude of the total sensed acceleration are needed in first stage 
ascent, second stage ascent and powered RTLS. It is the purpose of this 
section to unify all of these requirements in one subfunction called 
ASCENT_RTLS_COMPS. 

The altitude, altitude rate and vertical acceleration will be calculated 
by employing position and velocity vectors in M50 coordinates as input data. 
First, the absolute value of the position vector R_AVGG is computed and 
renamed for output purposes: 

R_VEH_MAG = ABVAL(R _AVGG) 

R_VEH_MAG UPP = R_VEH MAG 

Then, a unit vector along the Shuttle position vector is determined: 

VNOR = - R _AVGG/R_VEH_MAG 

Next, certain quantities are computed in order to obtain a topodetic unit vec- 
tor in the Zp) - direction: ®)) 

UK = VNOR * EARTH POLE 

TEMP = (A_O0 + FLATCON UK?) 

RAD_P = EARTH RADIUS EQUATOR (A_0/TEMP)}/2 

The parameters A_O and FLATCON are related to the earth ellipticity, ELLIPT, 
and are defined by 

A_0 = (1.0 = ELLIPT)? 

FLATCON = 1 = A_O 

The parameter ELLIPT is a constant whose value is specified in the level A 
CPDS. . 

The altitude above the ellipsoid is then computed: 

ALT = R_VEH_MAG = RAD_P 

Since the altitude rate is referenced to different directions in ascent 

and RTLS, a major mode test is required at this point to differentiate the 
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forms employed. If the major mode is either 102 or 103, denoted by the major 
mode flags being set ON; 

MM_CODE_102 = ON 

or 

MM_CODE_103 = ON 

then the altitude rate is given by 

H_DOT = -V RHO * VNOR 

If the current OPS is either OPS 1 or OPS 6, then computations are made 
to calculate altitude rate relative to the ellipsoid, In this case one quan- 
tity varies slowly with time and, hence, is calculated only when the UPP state 
is updated by the navigation filter; that is, when 

UPP_UDPATE = ON 

then 

UX = (EARTH_POLE - UK VNOR) (FLATCON UK RAD _P/(TEMP R_VEH MAG)) 

' Lf UPP_UPDATE = OFF, UX is held to its previous value. 

H_DOT ELLIPSOID = -V RHO * (UX + VNOR) 

If the major mode is neither 102 nor 103, the altitude with reference to 
the runway is computed from 

ALT_WHEELS = ALT - ALT_RW 

If the major mode is either 602 or 603 denoted by MM CODE 602 = ON or MM_ 
CODE_603 = ON, then the altitude and altitude rate are modified to account for 
the rotation of the nav base with respeot to the c.g. in the following manner: 

ALT_WHEELS = ALT WHEELS - (X_NB_WH SINTH + Z_NB WH COSTH) 

H_DOT_ELLIPSOID = H_DOT ELLIPSOID - WBR, RAD_PER_DEG (X_NB_CG COSTH 
- ZI NB CG SINTH) 

where X_NB CG and Z_NB CG are the positive X and Z structural body axis dis- 

tances between the Tavigation base and the vehicle c.g. and X_NB_WH and Z NB_ 
WH are the (positive) X and Z structural body axis distance between the navi- 
gation base and the bottom of the rear wheels. The term WBRo is the vehicle 
pitch rate in degrees per second, and SINTH and COSTH are the sine and cosine 
of the pitch angle. 
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Furthermore, for the glide RTLS phases, the vertical acceleration muat be 
calculated; therefore the following scheme must be incorporated. The vertical 
acceleration will be determined in one of two ways: (a) if the navigation 
filter has updated the state, denoted by UPP_UPDATE = ON, then the vertical 
acceleration will be computed by extrapolating the previous values: 

DELTA_ACC_VERT 
ACC_VERT = ACC_VERT_OLD + |-——]_ (T_STATE - T_STATE_LAST) 

DELTA_T 

where ACC_VERT_OLD is the previous value of ACC_VERT, DELTA_ACC VERT ia the 
difference between the two most recent values of ACC_VERT excluding any navig- 

- gation filter update value and DELTA_T is the difference between the times 
associated with those values of ACC \ VERT employed to compute DELTA_ACC VERT; 
and (b) if the update flag UPP_| UPDATE = OFF, indicating no navigation u update 
of the state, then, vertical acceleration is computed as follows: 

ACC_VERT = (H_DOT_ELLIPSOID - H_DOT_LAST)/(T_STATE = T_STATE_LAST) 

Also, when UPP_UPDATE = OFF, the values of ACC VERT and T_ STATE are 

employed to calculate values of DELTA_ACC_VERT and ‘DELTA \_T as well as values 
of T_STATE_OLD and ACC_VERT_OLD 

DELTA_ACC_VERT = ACC_VERT - ACC_VERT_OLD 

DELTA_T = T_STATE - T_STATE_OLD 

T_STATE_OLD = T_STATE 

ACC_VERT_OLD = ACC_VERT 

Finally, previous values of altitude rate and state time are set to cur- 
rent values: 

H_DOT_LAST = H_DOT ELLIPSOID 

T_STATE_LAST = T_STATE 

During MM's 102, 103 and 601, the dynamic pressure, equivalent airspeed, and 
total sensed acceleration will be calculated, First, the dynamic pressure, 
based on an exponential atmosphere model, will be computed as a function of 
atmospheric density and earth-relative velocity, Local density is calculated 
by using the premission-determined constants RHO_B, and ALT 7 the exponen- 

tial atmosphere base density, and scale height, respectively. A premission- 
determined table of altitudes is compared with the current altitude, ALT, to 
find the index I for the altitude region of interest, The index I is deter- 
mined as follows: 

Increment I from 1 to IMAX until ALT < ALT_TABy or I * IMAX 
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Local density is then calculated by 

RHO_A = RHO_B, EXP(~ALT/ALT_S;) 

The dynamic pressure will then be calculated: 

Q_BAR_A = 0.5 BHO_A REL_VEL MAG? 

where the REL VEL MAC is the magnitude of the vehicle's earth-relative veloc- 
ity vector. 

The equivalent airspeed and total sensed acceleration follow from 

EAS = SQRT(Q_BAR_A/(0.5 RHO _B(1))) 

LOAD TOTAL = ABVAL(A _SENSED)/(GRAV_SEA_LEVEL) 

Finally, independent of major mode, the update flag, UPP_UPDATE is reset 
to OFF. 

Supplemental Information. Constants defining the exponential atmosphere 
can be determined as follows: 
  

RHO_By = 9;_,/EXP(-h;_,/ALT_S,) 

where hy_, and h; are the lower and upper geometric altitudes defining 
the desired range of applicability of the exponential atmosphere and Py.) and 
pO; are the corresponding densities at those altitudes. Note that h, = 0 

and 9, = Phage Seven layers are used to approximate the atmospheric density 
from sea level to about 400,000 feet. Tabular values for RHO_B, and ALT S 
must be computed and premission stored with corresponding altitudes, ALT T I° 

Tables of density versus geometric altitude are available at the launch 
site (such as the Patrick reference atmosphere) or can be found in the U. S. 
Standard Atmosphere, 1962, and in the U. S. Standard Atmosphere Supplements, 
1966. 

These calculations have been simplified to conserve memory locations and 
execution time. The assumptions are as follows: 

1. Position and velocity are defined with respect to the vehicle naviga- 
tion base rather than the c.g. 

2. <A correction factor has been applied to the altitude and altitude 
rate calculation to correct for pitch and pitch rate errors intro- 
duced because of the first assumption. Roll and roll rate are not 
included. 
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The terms X_NB CG and Z_ NB_CG used in the altitude rate correctiun are 
positive numbers equal to the X and Z structural body axis distance bet ween 
the navigation base and the vehicle c.g. 

X_NB_CG = X_CG - X_NB 

Z_NB CG = Z NB - Z_CG 

The terms x NB_WH and Z_NB_WH used in the rear wheel altitude correction 
are positive numbers equal to the X and Z structural body axis distance 
between the navigation base and the bottom of the rear wheels. 

X_NB_WH = X WHEELS - X_NB 

Z_NB_WH = Z_NB - Z_WHEELS 

4.4.4 Powered HSI Computations 

During first and second stage ascent as well as powered RTLS, the HSI 
will be employed to present to the crew angular relationships formed by 
certain vectors and the orbit plane. This plane, which is defined by the unit 
vector I YD M50, is used as the reference direction on the HSI throughout 
MM 102, 103 and 601. 

The following computations shall be performed throughout MM 102, 103 and 
601. 

The secondary bearing pointer will be used to indicate the angle formed 
by the inertial velocity vector and the orbit plane. Since this angle is 
small, it is assumed that the angle and the sine of the angle are equivalent; 
hence, the heading of the inertial velocity vectur is given by 

HEADING V_I = (V _AVGG * I _YD_M50)/V_INERTLAL_MAG 

The course pointer will be used to indicate the angle formed by the rela- 
tive velocity vector and the orbit plane. In order to avoid computational 
problems at lift-off, a test is made on the relative velocity. If the rela- 
tive velocity is greater than 200 ft/sec, that is, if REL_VEL_MAG > 200, then 
the heading of the relative velocity vector is given by 

HEADING V_REL = (V RHO * I _YD_M50)/REL_VEL_MAG 

Again the small angle approximation for the sine has been employed in this 
formula. 

The remaining computations are made only if the major mode is 601 or if a 
TAL abort has been declared. First, if MM_CODE_ 601 = ON or TAL ABORT DECLARED 

= ON then, a unit vector contained in the orbit plane and directed downrange 
is calculated: 

IX = R _AVGG x I _YD_MSG/ABVAL(R _AVGG x I _¥D MSO) 
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Then, the landing site position vector, R LS EF, will be transformed from 
earth-fixed coordinates to M50 coordinates: 

R _LS_M50 = EARTH_FIXED_TO_M50_COORD(T_STATE) R LS EF 

Next, a vector normal to the great circle plane containing the Shuttle and the 
landing site position vectors is computed: 

VNORM = R _AVGG x R_LS M50 

Then, the bearing from the Shuttle position to the Landing site referenced to 
the orbit plane is determined: 

HEADING RW = ARCTAN2(VNORM * IX, - VNORM ° I _YD MSO) 

Finally, a test is made to determine if the velocity vectors have reversed 
direction, that is, if V RHO * IX<0, then the heading of relative velocity 
will be modified as follows: 

HEADING_V _REL = PI - HEADING _V_REL 

Furthermore, if V _AVGG ° IX < 0, then the heading of the inertial velocity 
will be changed in a similar manner: 

HEADING V_ I = PI =~ HEADING V I 

4.4.5 Utility Subfunctions 

The following subfunctions are utilized by various users. They are 
mutually independent, that is, the execution of any one of these functions 
neither requires the previous execution nor precludes the future execution of 
another. They may be utilized at regular intervals or only upon request. 

Input and output parameters for these subfunctions are contained in 
Tables 4.4.5-1 and 4.4.5-2, respectively. 

4.4.5.1 Altitude Above the Reference Ellipsoid. The purpose of this 
subfunction is to calculate the altitude,’ above the Fisher ellipsoid, of a 
point with M50 position vector R. The altitude obtained is approximate, with 
the error increasing with altitude. The accuracy obtained in near-earth work 

(and this covers the range of orbiter altitudes) is considered adequate. The 
equation is 

(1 - ELLIPT) EARTH_RADIUS EQUATOR 
H_ELLIPSOID (R) = |R| - 

V1 +0 (i - ELLIPT) - 1) [1 - (UNIT(R) * EARTH POLE)?) 
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where ELLIPT and EARTH_RADIUS EQUATOR are the ellipticity constant (or “flat - 
tening™) and the equatorial radius of the 1960 Fisher ellipsoid, respectively, 

and EARTH POLE is the unit vector in the direction of the earth's spin axis, 
expressed in M50 coordinates. 

A flow chart for this function may be found in Section 5.2, under the 
name H_ELLIPSOID. 
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Ucility Subfunctions Input Parameters 
  

  

              
] 

39
65

68
89

 

        

  

  

                    

fuput Seuple 

Description Syabol Source Type | Precision] Renge | Unites Race 

Barth's gravitacional constant EARTH_MU (a) f DP tc/ As 
sec needed 

Unit vector in the direction EARTH POLE (a) v s _ Ae 
of the earth's axis of rotation needed 

Equatorial radius of the earth RARTB_RADIUS_ (a) F oP ft Ae 
EQUATOR needed 

Rotational race of the earch EARTH_RATE (a) Fr DP rad/ Ae 
eec needed 

Earth's ellipticity constant ELLIPT (a) F op -~ As 
needed 

Identity matrix (3x3) TD_MATRIX_3x3 (a) Mu s - As 
needed 

Unit vector of reference direction lz User v s - As 
function needed 

Generic position vector & User Vv DP ft As 

function needed 

Position vector of vehicle R _RESID User Vv DP ft As 
ac time of seasureaent function needed 

Position vector of sensor R _SENSOR User v DP ft As 
at time of measurement function needed 

Generic velocity vector v User v s fe/ As 
function sec needed 

'See ascent or RTLS navigation prinicipal function constant table. 

Table 4.4.5-2. Utility Subfunctions Output Parameters 

Output - Sample 
Description Syabol Destination Type |Precision| Range | Units Rate 

Partial derivative of angular 3 User v DP vary As 
measurement WRT state vector function needed 

Gradient of central gravity WRT GRAVITY_ User M DP sec”? | As 
position vector GRADIENT function needed 

Altitude above reference H_ELLIPSOID | User r 8 ft as 
ellipsoid function needed 

Velocity relative to rotating, V _REL User v s ft/sec| As 
windless atmosphere function needed 
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4.4.5.2 Velocity Relative to the Windless, Rotating Atmosphere. This 
function computes the velocity, relative to the atmosphere, of a vehicle with 
M50 position and velocity vectors respectively R and V. The following assump- 
tions are made: there are no winds and the atmosphere rotates rigidly with 
the earth at all altitudes. The relative velocity is expressed in M50 
coordinates. 

The equation that accomplishes this is: 

V _REL(V, 8) = V - EARTH _RATE (EARTH POLE x 8) 

where EARTH _RATE is the earth's angular velocity with respect to the M50 
(inertial) axes and EARTH_POLE is the unit vector in the direction of the 
earth's axis of rotation, “expressed in M50 coordinates. 

A flow chart for this function may be found in Section 5.2 under the name 
V REL. 

4.4.5.3 Partial Derivatives of an Angular Measurement with Respect to 
the State Vector. This routine calculates a 6 component vector, B, the compo- 

nents of which are the partial derivatives of an angular measurement (a 
scalar) with respect to the components of the position and velocity vectors of 
the vehicle relative to the measurement device. 

The function takes as inputs the M50 position vector of the vehicle at 
the time of the measurement (R RESID), the M50 position vector of the mea- @)) 
surement device at the same time (R SENSOR) and a unit vector (I 2) that 
represents, in the M50 coordinate system, the direction relative to which the 
angular measurement is taken (local north for azimuth, the zenith direction 
for the complement of elevation). 

The following calculations are then made: 

REL R = R RESID - R _SENSOR 

REL BR HORZ = REL R- (RELR° IZ) 1 Z 

= 2 Bi eo 3 7 (1 _2 x _REL_R_HORZ)/ REL_R_HORZ 

The other three components of the 6-vector B are identically zero. 

B, to 6 7 Oe 

A flow chart for this function, with the name ANGLE PARTIALS, may be 
found in Section 5.2. The flow chart contains equations derived from those 

above but optimized for computation in that they eliminate the calculation of 

the intermediate vector REL R_HORZ and thereby avoid the calculation of the 

zero vector obtained by the cross product of I Z and (REL | R° I. _2) IZ. 
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4.4.5.4 Derivative of the Gravitational Acceleration Vector With Respect 
to the Position Vector. This function calculates a 3 x 3 matrix, the compo- 
nents of which are the partial derivatives of the gravitational acceleration © 
vector with respect to the position vector R. This is used in the generation 
of the state transition matrix, which is required for covariance matrix propa- 
gation. The dominant part of the gravitational acceleration vector is the 
central term, which computes the earth's attraction as if all its mass were 
concentrated at the center. This is the only term utilized in the calculation 
of the partial derivatives. A vehicle moving under the influence of such a 
gravity field would travel in a conic orbit. The state transition matrix 
obtained is based on Keplerian motion as the reference trajectory. 

The equation is 

GRAVITY_GRADIENT(R) = (EARTH_MU/(R|>) (3 R RT 

- [R[? ID MATRIX 3x3) 

where EARTH MU is the earth's gravitational constant and ID MATRIX 3x3 is the 
3x3 identity matrix. 

A flow chart for this function, with the name GRAVITY_GRADIENT, may be 
found in Section 5.2. 
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This section delineates software requirements in the category of service, 
single use or multiple use, that are not specifically function related. The 
general requirement principal functions include, but are not limited to, the 
following: 

4.5 GENERAL REQUIREMENT PRINCIPAL FUNCTIONS 

1. Ascent precise predictor principal function (sec. 4.5.1) 

2. Ascent site lookup principal function (sec. 4.5.2) 

4.5.1 Ascent Precise Predictor 

A capability will be provided for predicting the position and velocity of 
the orbiter at some time in the future or past when an initial state and time 
are given, provided an OPS transition has not been requested. 

The ascent precise predictor principal function will make no use of the 
IMU-accumulated sensed velocities and therefore is a free-flight prediction 
process even though it may be performed during periods of flight in which nav- 
igation is using accumulated sensed velocities. 

A. Detailed Requirements. The position and velocity of the orbiter at the 
end of a given interval of time shall be computed in an M50 coordinate system \)} 
by integration of the equations of motion, including gravity and drag a) 
accelerations (when appropriate). 

The accuracy requirements and type of the atmosphere and gravity poten- 

tial models used by this prediction function may vary according to the orbi- 
ter's distance to the surface of the earth and utilization for the prediction 
being requested. The user of the predictor function specifies the environmen- 
tal models desired by means of input parameters, as described in the para- 
graphs that follow. 

The predictor function will be called with the following input 
parameters: . 

1. T_FINAL, the time at which the final state is desired. 

2. GMD _PRED,GMO PRED, indicators of the gravitational and drag accelera- 
tion models that will be considered valid for the duration of the 

prediction interval, 

3. R_INIT, NV _INIT, and T_INIT, the initial state and time. 

4, DT_MAX, an upper bound for the integration step size. 
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Obtain R_INIT, V_INIT, and rename them as R_FINAL, V_ FINAL. : 

Proceed only if an OPS transition has not been requested (OPS 3 TRANS 
REQUEST).   Obtain T_INIT and rename as T. 

Establish the fixed integration STEP SIZE by dividing the time inter- 
val into the smallest number (NUMBER_! STEPS) of subintervals consis- 
tent with DT_MAX: 

T_FINAL = T_INIT| 
  NUMBER_STEPS = MAX( ROUND 

DT_MAX 

T_FINAL - T_INIT 
  

STEP_SIZE = 
NUMBER_STEPS 

Check the input parameter GMD PRED. If the value of this parameter 
is zero (a setting which indicates the user wants to use a conic 

approximation), the acceleration vector G PREVIOUS will contain only 
the central force term. This will be achieved by a call to a special 
routine, CENTRAL (which is documented in Section 4.2.1.2). 

CALL: CENTRAL 

INLIST: R_ FINAL 

OUTLIST: G _ PREVIOUS, R_INV 

If GMD_PRED has a non-zero value (a setting that indicates a more 
complete gravity model and possibly a drag model are desired by the 
user), the angles of attack and sideslip will be obtained from the 
attitude processing principal function and converted to radians: 

SNAP ATTITUDE: ALPHAIN, BETAIN 

ALPHA = ALPHAIN RAD_PER_DEG 

BETA = BETAIN RAD PER DEG 

sa
 e
a
 

er
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Ce 
and the acceleration vector G PREVIOUS will be obtained by a call to 
the ACCEL function (instead of the function CENTRAL). Detailed 
requirements for the ACCEL function are contained in Section 4.2.1.2. 

G _PREVIOUS = ACCEL (GMD_PRED, GMO_PRED, R FINAL, V FINAL, T, 
“ALPHA, BETA) 

Next, for the necessary number of times to cover the whole prediction 
interval, this function will perform as follows: 

1. 

2. 

4. 

6. 

B. 

Should an OPS transition occur during a prediction, terminate the 
prediction. 

Advance the time by an amount equal to STEP_SIZE 

T = T + STEP SIZE 

and advance the position by means of the equation 

R _FINAL = R FINAL + STEP_SIZE V FINAL 

+ 0.5 (STEP_SIZE)* G PREVIOUS 

Obtain a new value (G FINAL) for the acceleration corresponding to 
the new position. Again, the subfunction called to provide this e) } 
acceleration will depend on the value of the flag GMD PRED: if GMD_ 
PRED = 0, the function CENTRAL will be called. Otherwise, the func- 
tion ACCEL will compute the acceleration. In this last case, if a 
drag acceleration is required, it will be computed on the basis of 
the ALPHA and BETA angles obtained previously. In other words, the 
model assumes a fixed attitude. 

Advance the velocity: 

V FINAL = V FINAL + STEP SIZE 0.5 (G PREVIOUS + G FINAL) 

Obtain a corrected value for the position by the "super-g" algorithm: 

R FINAL = R FINAL + STEP SIZE* (G FINAL - G _PREVIOUS)/6 

Save the value of G FINAL for the next cycle: G PREVIOUS = 
G FINAL. The values of R FINAL, V FINAL, and G- _FINAL, after 
these operations have been performed the appropriate number of times 

(NUMBER STEPS), being the desired position, velocity and approximate 
acceleration vectors at T_FINAL, will be output. 

Interface Requirements. Input and output parameters are Listed in 
  

Tables 4.5.1-l1 and 4.5.1-2, respectively. The principal function input and 

output parameter table along with the I-load, K-load, constant, and cross=- 
reference tables, are presented in Section 4.5.1.1. 
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C. Processing Requirements. None. 

D. Constraints, If the precision prediction algorithm is not implemented as 
a reentrant procedure, execution of the algorithm may not be interrupted by 
calle from subsequent users. Users of the precision prediction algoritha are 
required to initialise the input parameters DT_MAX, GMD PRED, GMO_PRED, 
R_INIT, V_INIT, TLINIT, and T_FINAL prior to ‘the call, and are required to 
‘off load or enap the output paraneters R_FINAL, V _FIRAL, and G FINAL after 

execution is complete. The parameter DT} ‘MAX must be greater than zero. 

The acceleration consisting of the central force term alone (required in 
conic prediction cases) could be obtained by calling the function ACCEL with 
the parameter GMD PRED set equal to sero. The reason for the existence of the 
special routine CENTRAL for conic prediction is that its use will optimize the 
predictor of CPU (if the ACCEL function is implemented as a reentrant 
procedure, additional CPU would be involved in a call to ACCEL instead of a 
call to CENTRAL). This CPU optimization is a requirement only in the conic 
prediction mode, 

E. Supplementary Information, A suggested implementation in the form of a 
detailed flow chart may be found in Section 5.3. 

The following table is intended for general information concerning how to 
set up the various flags for use of the predictor: 

  

Type of Prediction 

  

        
  

Desired GMD_PRED GMO_PRED DT_MAX (sec) 

Conic (central gravity, oaly) 0 0 4. 

Simplified (central + Jy 2 A) 4, 
gravity, only) 

Precise (4 x 4 gravity plus 4 & 4. 
drag)- 
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Ascent Precise Predictor Input Parametars 
  

  

                      

  

  

    

Input Genple 
Description Syubol Source Type | Precisios Range Vaies Rata 

Maximum allowable step sise DT_MAX (a) r 8 eee Ae 
. needed 

Flag indicating the degree of the GHD_PRED (a) I 8 0-4 - Ae 
gravity potential sodel aecedad 

Shuttle position vector at T_INIT & INIT Ce) v be te Ae 
needed 

Flag indicating the order of the G10_PRED (a) I 8 oO“ _ As 
gravity potential model neadad 

Time at which state is T_PINAL (a) F or eee Ae 
desired aaeded 

Time ac beginning of T_IWIT (a) F or eee Ae 
prediction needed 

Shuttle velocity vector ¥ _Intr (a) v 8 fe/eee| As 
act TINIT needed 

Angle of attack ALPHAIN (a) Fr 8 deg Ae 
needed 

Angle of sideslip BETAIN (a) F 3 deg Ae 
needed 

Degrees to radians RAD_PER_DEG (b) Fr 8 rad/ Ae 
conversion deg needed 

Flag indicating that an OPS_TRANS_ (a) dD ON OFF | == Aa 
OPS cransition has beea REQUEST needed 

requested 

"See ascent precise predictor principal function input parameter table, 
See ascent precise predictor principal function constant table, 

Table 4.5.1-2. Ascent Precise Predictor Output Parameters 

Output Comp 
Description Symbol Destination | Type! Previaion | Range | Unite Rate 

Shuttle position vector at & PINAL (a) Vv oF ft Ae needed 
end of prediction 

Shuttle velocity vector ac Y _PINAL (a) Vv 8 ft/sec| Ase needed 
end of prediction . 

Flag indicating that an OPS TRANS __ (a) i) ON OFF WA As needed 
OPS transition has been REQUEST 
requested |.           
  

  
"Sea ascent precise principal function output parameter table 
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4.5.1.1 Ascent Precise Predictor (4.236) Principal Function Tables. The 
ascent precise predictor principal function input and output parameters, slong 
with the I-loads, K-loads, constants, and cross-references, are presented ia 
Tables 4.5.1.l-1 through 4.5.1.1-5. 

The values for the I-loads are contained in the I-loads requirements 
document (JSC-19350). 

  

4-225 

STS 83-00058



68
61
 

‘i
E 

Ai
me
r 

G8
-1

0 
Y-
NO
d 

as
oo

00
-€

8 
SL
s 

97
0-
4 

ry
 

Table 4.5.1.1-l. Ascent Precise Predictor (4.236 ) Input/Output Functional Parameters 

DBFN: D3B008-D PN: VP707100637P00L JULY 17, 1989 OI8D REVOO PAGE 317 INPUT FUNCTIONAL PARAMETERS FOR ASCENT PRECISE PREDICTOR ASC PREC PRED ©4.236 BOOK: 5 
R 

DATA E FSSR NAME M/S ID NOMENCLATURE SOURCE UNITS TYPE 

90H22G6C = NAV_DERIVED ANGLE OF ATTACK AJE ATT PROC DEG SPL BETALAN voorssece INERTIAL SEDESLIP ANGLE ACE ATT PROC bes SPL 
BT-tax VooUBZ00CR HAM ALLOW TINE STEP SUSE ORB INS GUID $ DT_HAX S GUI $ ME STEP SIZE AOA/AT DT_MAX V90U8500CC MAX ALLOW TIME ST 

= IZE ASC _HNVR DIP $ DT—MAX V90USS500CE HAX ALLOW TIME STEP $ NVR DI $ DT_MAX V90UB500CG AX ALLOW TIME STEP SIZE Pu RTLS s HAX ALLOW TIME STEP SIZE DT MAX VoOUBEOIEA DEGREE ASC 2STG GUID GHB_PRED vgouss01CA GRAVITY HODEL DEGREE ASC eS1@ GUE GHD_PRED vgous501CB GRAVITY MODEL DEGREE ORB INS GUI GHD_PRED VOOUBSOICE GRAVITY HODEL DEGREE ASC HNVR DIP GND_PRED Vo0UBSOICH GRAVITY HODEL DEGREE PW RILS GUID CHDTPRED VOOUBEOICK GRAVITY HODEL DEGREE ASC_NAV CHOTPRED VoOUBEO2CH GRAVITY HODEL ORDER PW RTLS GUID GHO_PRED VoOUBEOSCA GRAVITY MODEL ORDER ASC 2816 GUID 
GHO_PRED V90U8502CB GRAVITY HOD ORB INS GUI ~ RAVITY HODEL ORDER CHOTPRED VOOUBEOSCE GRAVITY HODEL ORDER ASC HNVR DIP 
CHOWPRED v90U8502CK GRAVITY HO De OR OER est FLAG ASC NAV 

PIRI ee VOOHBEOSCA  XLCOMP SHUTTLE FOS VECTR AT TLINIT ASC 257 GUID a 
= -COHP SHUTTLE POS VEC - R_INIT(X) VoCHeeOOce «X-COHP SHUTTLE POS VECTR AL TCINET PW RTLS GUID FT ROINIT(X) VOOHBEOaCH © X-CONP SHUTTLE POS VECTR AT TLINIT  AOA/ATO TCT FT a R-INIT(X) VOOHBEOSEE © X-COMP SHUTTLE POS VECTR AT TCINIT ASC HAVR DIP FT o RLINIT(X) VoOnBeOSEK © X-EOHP SHUTTLE POS VECTR AT TTINIT ASC NAV FT g RIINIT{X) VoCHeSOSCA Y-COMP SHUTTLE POS VECTR AT TTINIT ASC 2S1@ GUID FT a R_INIT(Y) Voonscescs ¥-COMP SHUTTLE POS VECTR AT TLINIT ORB INS GUID FT gs RUINIT(Y) VooHasosce © ¥-COMP SHUTTLE POS VECTR AT TCINIT PW RTLS GUID FT a3 RLINIT(Y) VOOHBEOSED © Y-COHP SHUTTLE POS VECTR AT TIINIT AOA/ATO Tot FT ' RIINIT(Y) VoeHacooce © ¥-CONP SHUTTLE POS VECTR AT TCINIT ASC HNVR DIP FT 9 RIIMIT(Y) VoOHBEOSCK Y-COMP SHUTTLE POS VECTR AT TZINIT ASC NAV FY s RLINITCY? VoOHBE1OCA Z-COMP SHUTTLE POS VECTR AT JIINIT ASC 2516 GUID FT 2 & BIIMIT(Z) VOOHASIOCA © Z-COMP SHUTTLE POS VECTR AT TIINIT ORB INS GUID et $8 RLINIT(Z) VOONBELOce © Z-COMP SHUTTLE POS VECTR AT TZINIT PW RTLS GUID FY ; 5 RLIMIT(Z) veon “COMP SHUTTLE POS VECTR AT TLINIT AOA/ATO TCT 
Prete) washaetace Z-eaue SUUTTtE 6s VEEN AY ICRMET Ase ye our : -COMP ea upeiscacca Tine Ar tnieN state de Seeineg AGS Gueguy> , @ - V90W8506CB T RED AOA/ATO TGT FIMAL T WHICH STATE IS DESI 
TOF IMAL Vooubcocce «TIME AT WHICH STATE IS DESIRED ASC _HNVR DIP $ 
TFINAL Vo owBSOeCE HICH STATE IS DESIRED PW RTLS GUID 

TF INAL VOOHBEOGCK © FINE AT WHICH STATE IS DESIRED ASC NAY nD $ =x TIF IMAL y A TIME AT BEGINNING OF PRED ont $ Oo TINIT vo owe aiec GINNING OF PRED ORB INS 3 zo TINT Uscussiaes TIME AT BECIMWINe OF PRED mA,ATO Tet) 58 TLINIT V90W8512CG = TIME AT BEGINNING OF PRED ASC NAV $ j 2s 
TINE vaouselsce «= TIME AT BEGINNING OF PRED ; ASC Buve DI FIs xo. 
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Table 4.5.1.1-1, Ascent Precise Predictor (4.236) Input /Out put 
Functional Parameters (Cont) 

JULY 17, 1989 Oley REVO® AMETERS FOR ASCENT PRECISE PREDICTOR’ ASC PREC PRED C4.236 Booker 
P 

DATA E H/S' ID NOMENCLATURE SOURCE UNITS TYPE C 
V90L8513CB = X-COHP SHUTTLE VEL VECTR AT T_INIT ORB INS GUID FT/S V90L8513CC —X-COMP SHUTTLE VEL VECTR AT T-INIT PW RTLS GUID FT/S V30L8513CD X-COHP SHUTTLE VEL VECTR AT TIINIT AOA/ATO TCT FT/S V90L8513CE  X-COMP SHUTTLE VEL VECTR AT TTINIT ASC MNVR DEP FT/S 8 V20L8513CK X-COMP SHUTTLE VEL VECTR AT TTINIT ASC WAV FT/S V90L8514CA —-Y-COHP SHUTTLE VEL VECTR AT TCINIT ASC 2516 GUID FT/S V90L8514CB = Y-COMP SHUTTLE VEL VECTR AT TIINIT ORB INS GUID FT/S V9OL8514CC Y-COHP SHUTTLE VEL VECTR AT TCINIT PW RTLS. GUID FT/S V90L8514CD — Y-COHP SHUTTLE VEL VECTR AT TTINIT AQACATO IGT FT/S l VOOL8514CE = Y-COMP SHUTTLE VEL VECTR AT TCINIT ASC HNVR DIP FT/S V9OL8514CK —Y-COMP SHUTTLE VEL VECTR AT TIINIT ASC NAV FI/S V9OL8515CA = Z-COHP SHUTTLE VEL VECTR AT TCINIT ASC 2STG GUID FT/S V90L8515CB = Z-COHP SHUTTLE VEL VECTR AT TIINIT ORB INS GUID FT/S L8515CC = Z-COMP SHUTTLE VEL VECTR AT TIINIT PW RTLS GUID FI/S V90L8515CD Z-COMP SHUTTLE VEL VECTR AT TIINIT AOA/ATO Tex FT/S . V90L8515CE Z-COHP SHUTTLE VEL VECTR AT TIINIT ASC HNUR DIP FT/S { V90L8515CK © Z-COHP SHUTTLE. VEL VECTR AT TIINIT ASC NAV FT/S 
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' Table 4,5,1.1-1. Ascent Precise Predictor (4.236) Input /Out put 
Functional Parameters (Cont) 

DBFN: D3B008-D PN: VP70710 g0037P00L 
OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT PRECISE pREDicioR.’ 27°? ASC prec prep °2°D REveO 64.236  pooxe’s 7° 

Pe 

DATA € FSSR NAHE M/S ID NOMENCLATURE DESTINATION - UNITS TYPE © 

OPS_TRANS_REQUEST V96X0892XB OPS TRANSITION REQUEST FLAG AQA/ATO TGT ASC MuVR DIP . 
ASC 2516 cuiD,oRB INS GufD, 

R_FINAL(1) V9OQHOSSICB X-COMP PREDICTED SHUTTLE POS VECTR AOA/ATO TGT,ASC MNVR DIP FT 
ASC 2516 cufp GRB INS cufo, 

W RTLS GUID poke 
R_FINAL(2) V90HO882CB Y-COMP PREDICTED SHUTTLE POS VECTR AOA/ATO Ferckse. Hv DIP FT 

C 2sTG GutD ORB INS cufo, 
PH RIES GUID 

R_FINAL(3) V9OHOSS3CB Z-COHP PREDICTED SHUTTLE POS VECTR AOAZATO TOT ASC HNUR DIP FT 
ASC 2816 GuiD jORB INS cufo, 

V_FINAL(1) V9OLO8S5CB X-COHP PREDICTED SHUTTLE VEL VECTR AOAZATO TCT ASC MNUR DIP FI/S 
ASC 2STG GULD,ORB INS GufD, 
Pa Rits GUID Asc NAV 

V_FINAL(2) V90L0886CB Y-COMP PREDICTED SHUTTLE VEL VECTR AOA/ATO TGT,ASC MNVR DIP FI/s 
ASC 2STG GUfD,ORB INS GufD, 

7CB Z-COMP PREDICTED SHUTTLE VEL VECTR AOAtAtS eile de pIP FT/S oL0ss - V_FINAL(3) V9OL hse’ sere\guto,oee Ih a oe 
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Table 4.5.1.1-2, Ascent Precige Predictor (4.236) I-Loads 

OI08B MISSI DBFN: 043 G4. 236 ons ' 
. ~ G005 - ASCENT PRECISE PREDICTOR ACTIVE MEMORY CONFIGURATIONS: 01 

FSSR NAME 

V97U5281C ND 

DT PR DS PR FCTN CAT 

COF 
v97U6002zC ND 

CON 
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Table 4.5.1.1-3. Ascent Precise Predictor (64.236) K-Loads Ascent 
Precise Predictor 

O88 MISSIONS 

FSSR NAME MSID w--DESCRIPTION MC KLOAD VALUE ENG UNIT DT PR S PR FCTN LAST CR EQTN MSID 
ALT_ZONE_CHANG LLL OOOO ORTHO SOUM SENET OnZaneearane wane naneane SOOO OCS On Deas see 

. V97U5718C *5.0000000 = E+05 FT F S €CG4.127 896618 
64.144 
64.15 
64.205 
64.223 

ALT MODEL ATMOS DEN CHANGED 64.236 
DENSE( 1) E 1 V97US304C -3.9570 E+01 NO F S C G4.127 696614 

64.144 
64.15 
64.205 
64.223 

DENSITY MODEL CONST 64.236 

DENSE(2) V97U5305C #1.0440 €-05 FI««-1 F S C 64.127 896614 
64.144 
64.15 
64.205 
64.223 

DENSITY MODEL CONST 64.236 

DENSE( 3) ¥97U5306C 46.9560000 £+06 FT Fsc G4.127 B%661A 

64.15 
64.205 

DENSITY EL CONST ° 

DENSE(4) V97U5307C -2.420 £+01 ND Fsec €4.127 B9661A 

64.15 
64.205 
64.223 
64.236 

DENSITY MODEL CONST 

DENSE(5) V97U5308C -2.8890 E-06 FT"H-1 F S CG4.127 89661A 

64.15 
64.205 
64.223 
64.236 

DENSITY MODEL CONST 

DBFN: 0534 DATE :07/14/88 
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FSSR NAME 

Table 4.5. 1.1-3,. 

MSID 

  

  

Ascent Precise Predictor (64.236) K-Loads Ascent Precise Predictor (Cont) 

PR FCTN LAST CR EQTN HSIO 

  

___DESCRIPTION MC KLOAD VALUE ENG UNIT 

DENSE( 6) V97U5309C 2.605000 E+06 FT 

DENSITY MODEL CONST 
DIFCO V96U9743¢ 3.9589 E-01 NO 

DIFCD2 V96U9744C 43.3962 E+00 NO 

DIFCOS V96U9745C 46.5414 E-01 RAD 

DIFCD4 ; ‘vosunree +8.3569 €-01 ND 

SEA_LEVEL_DENSITY V97U5505C #2.3768840 €-03 SLUGS/FTx#3 

SEA LEVEL ATOMOSPHERIC DENSITY 

DBFN: 0534 DATE :07/14/88 
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Table 4.5.1.1-4. Ascent Precise Predictor (64.236) Constants 
NROKRMM. FSSR2 .. DATALXOS } 
PFS CONSTANTS UPDATE ee 

SEL, ION 

WT ner rom mecenawerccscaesccenenne een MC VALUE UNITS TPR s PF REF LAST CR EQTN MSID 

ctor) EER OmnES@eccoucncewanenannmanannacnnanmennencenann ae 
TESSERAL HARMONIC COEFFICIENT 5127635957 NO F oO 

c1o02) 
TESSERAL HARMONIC COEFFICIENT $.15711423 NO F oo 

C103) 
TESSERAL HARMONIC COEFFICIENT etbs o™ NO Foo 

C004) 
TESSERAL HARMONIC COEFFICIENT g130%66625 NO F oD 

C105) 
TESSERAL HARMONIC COEFFICIENT # - 97966803 ND F oo 

C106) 
TESSERAL HARMONIC COEFFICIENT $ .50552749 NO F oO 

c107) 
TESSERAL HARMONIC COEFFICIENT £239092815 NO F oo 

cos) 
TESSERAL HARMONIC COEFFICIENT e990 75749 NOD F oO 

c109) - 
TESSERAL HARMONIC COEFFICIENT 5241542493 NO F oD 

EARTH_MU V97U4378C +.140764487566  FIeN3/ oF OD 
EARTH GRAVITATIONAL CONSTANTS E417 SECH «<2 

EARTH _POLE(1) V98U8460C . 28322844 No F 6S 
X COMP OF UNIT VECTOR_IN DIRECTION E-02 
OF EARTH'S AXIS OF ROTATION IN M50 

EARTH _POLE(2) V98U84661C ~.50279960 NO F s 
Y_ COMP OF UNIT VECTOR_IN DIRECTION E-046 
OF EARTH'S AXIS OF ROTATION IN M50 

EARTH _POLE(3) V98U84662C - 99999598 NO F s 

2 COMP OF UNIT VECTOR _IN DIRECTION E+00 
OF EARTH'S AXIS OF ROTATION IN H50 

EARTH_RADIUS_EQUAT V97US324C - 209257414698 FT F D 

EARTH EQUATORIAL Of apIus 1630 E+08 

EARTH_RADIUS Gi V97U5325C +.209256561680 FT F 0 

EARTH RADIUS" (eRAV ACCEL) £+08 

c 6hUC*F D 
EARTH _RATE V97U4379C . 7292115146460 RAD/SE 

EARTH'S ROTATIONAL RATE 000 E-04% 

F D 
LLIPT V97U5332C ° 3352329800000 ND 

f EARTH'S ELLIPTICITY CONSTANTS 008 E-02 

KML E . 37980000 NO F $s 

CONSTANTS USED TO COMPUTE LOG OF ¢ 
KMUDSEN NUMBER, ALT LESS THAN 
400K FEET 

KN2Z 
. 66670000 FYue-2 F s 

CONSTANTS USEO TO COMPUTE _L E-05 
KNUOSEN NUMBER, ALT LESS Than” 
400K FEET 
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Ascent Precise Predictor (4.236) Co . nstants oO NROKRMM.. FSSR2.DATA( X05 )BOOKS (Cont) S CONSTANTS UPDATE BL 

rSSB ts PTION 
Freee nnn enn nnn anna nanan rere naan NC VALUE UNITS oT opr S PF REF LAST CR  €QTN MSIO 
NB RO OOOO OC Rem een mnn wenn annnnwwnnacnnnwreercennnn earn oe 

CONSTANTS USED TO COMPUTE LOG OF 6297090000 FIuu-20 0 F KNUDSEN E711 KNUDSEN NUMBER, ALT LESS THAN 

Constants USED TO COMPUTE LOG oF 29326250 No Fos o 
NUMB ALT Ww x2 400K AND GOOK feeT. PETNEEN & 

RNS ONSTANT ~.14990900 FTs-] F s iS S USED TO COMPUTE LOG OF E03 - a KNUDSEN NUMBER, ALT BETWE GOOK AND 600K FEET EN 
KN6 - CONSTANTS USED TO COMPUTE LOG OF 28490000 FTIue-20 F OS 

KNUDSEN NUMBER, ALT BETWEEN 400K AND 600K FEET 
PI v9au8 . D RATIO CIRCUMFERENCE TO DIAMETER 725¢ 3.1415926535897 ND F 
RAD_PER_DEG V97U0383C 17453293 RAD/OEG FS DEGREES TO RADIANS CONVERSION e033? FACTOR 
$01) V97U5492C ~.52357454 ND F oD TESSERAL HARMONIC COEFFICIENT E-08 
$102) V97U5693C -. 90231337 ND F OD TESSERAL HARMONIC COEFFICIENT E-06 
$103) V97U5494C +.27267074 ND F oD a 

TESSERAL HARMONIC COEFFICIENT E-06 S 
$104) V97U5495C -.21259298 ND F oO © 

TESSERAL HARMONIC COEFFICIENT E-0 3 
D o $05) V97U5496C +.19681077 ND F 

TESSERAL HARMONIC COEFFICIENT E-06 
- 015 ND F oD 06) V97U5497C 44125 

See eSERAL HARMONIC COEFFICIENT E-06 
V97U5498C +.14718958 ND F oD 07) ‘ SI OZSSERAL HARMONIC COEFFICIENT E-06 
V97U5499C -.12140873 NOD F oo 08) : 

SC OPSSERAL HARMONIC COEFFICIENT E-07 o 8 
+.63163541 5109) v97U5500C $.63 

TESSERAL HARMONIC COEFFICIENT 
v97U5582C .0 ND FD ZONAL(01) 

ZONAL HARMONIC COEFFICIENT 
v97U5583C ¢.19826271 NO FD 2 ZONAL(02) : 

OHAL HARMONIC COEFFICIENT saseece io — & 

ZONAL(033 V97US5E4C elee 3 
ZONAL HARMONIC COEFFICIENT west "36746180 o - a 

97U5 : ZONAL(04} Vv E-05 
ZONAL HARMONIC COEFFICIENT 
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‘ Table 4.5.1.1-5. Ascent Precise 
Predictor (4.236) Cross-Reference 
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4.5.2 Ascent Site Lookup (4.238) 

This principal function provides the capability to retrieve specified 
information from an appropriate site location table and to perform necessary 
computations to obtain the site position vector(s) and/or associated trans- 
formation matrices. The design of the site data management principal function 
is based on an area concept. An area is defined as any potential landing site 
which is appropriate for either Western Test Range (WTR) or Eastern Test Range 
(ETR) or both launches. Associated with each area are two runways called 
primary and secondary, two MSBLS's (if existing) each one supporting one of 
the two runways, and two TACAN's called primary and secondary. It is permis- 
sible to have more than one area associated with a given ground location, such 
as Edwards Air Force Base, whenever more than two runways must be supported 

(for example, one area might have EDW 04 and EDW 22 runways while a second 
area might have EDW 17 and EDW 35 runways). A maximum of 15 areas (1 < AREA_ 
SEL < 15) have been allocated for OPS 3 while for OPS 1/6 there are five areas 
(1 < AREA SEL $ 5) allocated. This means that a total of 30 runways and 
30 TACAN's exist in OPS 3 while a total of 10 runways and 10 TACAN's exist in 
OPS 1/6. For OPS 3 a maximum of 10 MSBLS's will be supported, while for 
OPS 1/6 there will be four MSBLS's. There are three subfunctions which make 
up this principal function, and they are described in Sections 4.5.2.1 through 
4.5.2.3. Section 4.5.2.1 describes the site lookup initialization subfunc- 
tion, which provides initialization of the selected area, runway/MSBLS param- 
eters for the selected runway and auto TACAN channel command which is output 
to the TACAN SOP. Also, it provides for crew interface to support area ( 
redesignation, runway selection within a given area, and TACAN changes within 
a given area. Section 4.5.2.2 describes the entry runway lookup subfunction, 
which retrieves all necessary information related to a selected runway 
including runway parameters and MSBLS parameters (if existing). Sec- 
tion 4.5.2.3 describes the ascent TACAN lookup subfunction, which retrieves 
all necessary information related to a specified TACAN receiver (that is, 
information is output as a function of LRU number as well as TACAN station 
channel number). Notably, the TACAN site lookup functaon executes on the 
basis of which channel each of the three LRU's is actually tuned to receive, 
regardless of whether the LRU is tuned by GPC (auto) mode or by thumbwheel 
(manual) mode. There are, however, only two TACAN channels in any selected 
area} consequently, valid TACAN site data is restricted to either of two 
possible TACAN's in each selected area. Section 4.5.2.4 presents the input 
and output parameter table, along with the I-loads, K-loads, constants, and 
cross-references, of this principal function. 
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4.5.2 Ascent Site Lookup (4.238) 

This principal function provides the capability to retrieve specified 
information from an appropriate site location table and to perform necessary 
computations to obtain the site position vector(s) and/or associated trans- 
formation matrices. The design of the site data management principal function 
is based on an area concept. An area is defined as any potential landing site 
which is appropriate for either Western Test Range (WIR) or Eastern Test Range 
(ETR) or both launches. Associated with each area are two runways called 
primary and secondary, two MSBLS's (if existing) each one supporting one of 
the two runways, and two TACAN's called primary and secondary. It is permis- 
sible to have more than one area associated with a given ground location, such 
as Edwards Air Force Base, whenever more than two runways must be supported 
(for example, one area might have EDW 04 and EDW 22 runways while a second 
area might have EDW 17 and EDW 35 runways). A maximum of 15 areas (1 < AREA_ 
SEL < 15) have been allocated for OPS 3 while for OPS 1/6 there are five areas 
(1 < AREA SEL < 5) allocated. This means that a total of 30 runways and 
30 TACAN's exist in OPS 3 while a total of 10 runways and 10 TACAN's exist in 
OPS 1/6. For OPS 3 a maximum of 10 MSBLS‘s will be supported, while for 
OPS 1/6 there will be four MSBLS's. There are three subfunctions which make 
up this principal function, and they are described in Sections 4.5.2.1 through 
4.5.2.3. Section 4.5.2.1 describes the site lookup initialization subfunc- 
tion, which provides initialization of the selected area, runway/MSBLS param 
eters for the selected runway and auto TACAN channel command which is output 
to the TACAN SOP. Also, it provides for crew interface to support area 4 

redesignation, runway selection within a given area, and TACAN changes within 
a given area. Section 4.5.2.2 describes the entry runway lookup subfunction, 
which retrieves all necessary information related to a selected runway 
including runway parameters and MSBLS parameters (if existing). Sec- 
tion 4.5.2.3 describes the ascent TACAN lookup subfunction, which retrieves 
all necessary information related to a specified TACAN receiver (that is, 
information is output as a function of LRU number as well as TACAN station 
channel number). Notably, the TACAN site lookup function executes on the 
basis of which channel each of the three LRU's is actually tuned to receive, 
regardless of whether the LRU is tuned by GPC (auto) mode or by thumbwheel 

(manual) mode. There are, however, only two TACAN channels in any selected 
area; consequently, valid TACAN site data is restricted to either of two 
possible TACAN's in each selected area. Section 4.5.2.4 presents the input 
and output parameter table, along with the I-loads, K-loads, constants, and 
cross-references, of this principal function. 
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4.5.2.1 Ascent Site Lookup Initialization. The purpose of this subfunc- 
tion is to provide a crew interface to support selection of any of 15 (five 
for RTLS) landing areas and, further, to support the choice of either of two 
runways within that area. Appropriate landing aids (two TACAN's and up to two 
MSBLS's) are supported in each area. Upon OPS 3 and OPS 1 initialization, ea 
default choice for area is automatically selected in order to support nominal 
end-of-mission (or TAL) and RILS as appropriate. Furthermore, this subfunc- 
tion provides runway/MSBLS site data value assignments by means of a call to 
the Ascent Site Lookup subfunction. These data are used by all other software 
elements including CRT and dedicated displays, guidance, navigation, and SOP's 
(subsystem operating programs). Finally, auto TACAN channel commands are sup- 
ported by initialization and crew requested changes. MSC will invoke the site 
lookup initialization subfunction after transition to OPS 3 or OPS 1 or when- 
ever a TAL abort is declared at such a time so that initialization of param- 
eters is completed before first execution of any user of those parameters. 
This subfunction will also be invoked whenever the crew selects a new area, 
selects the other runway, or switches TACAN's by means of HSD item entries. 

A. Detailed Requirements. The design of this subfunction is based on the 

following considerations. Whenever OPS 1 is entered, the default value for 
the area will be an I-load value (AREA_SEL = RTLS PRIME AREA) which represents 
the designated RTLS site. In addition, if a TAL abort has been declared, the 

initial TAL site value will be the TAL selected area (AREA SEL = TAL _SELECT*). 
The default value for the selected runway will be the primary runway (the 
‘first of two choices) associated with the given area. The default value for 
the auto TACAN channel will be the primary TACAN (the first of the two possi- 
ble choices) associated with the given area. Subsequent to the default ini- 
tialization, the crew may select by means of an item entry on the HSD a new 
area at any time. For each new area selected, the values of the runway and 
TACAN will again be the primary runway and TACAN (the first of two possible 
choices). Since each area contains two runways and two TACAN's, the crew may 
at any time, independently, select either runway and either TACAN by means of 
any of three item entries on the HSD. With these design concepts in mind, the 
detailed requirements can be expressed under the following four headings: 
(1) first pass logic when entering OPS 1 and when a TAL abort is declared, 
(2) Landing area redesignation, (3) runway selection, and (4) TACAN switch. 

l. First pass logic when entering OPS 1 or a TAL abort is declared. 

If the first pass flag, FIRST_PASS, or the TAL abort declared first 
pass flag, TAL DECLARED FIRST | PASS, is set equal to an I-load value, 
RTLS PRIME _AREA (TAL SELECT), the selected runway index, PRIME RUNWAY _ 

INDEX, is set equal to one; and the first pass flag is reset. 
Therefore, if 

*Initially, TAL SELECT is set to an I-load value and, thereafter, can be 
changed to another TAL area prior to the setting of TAL_DECLARED FIRST_PASS 

by means of an item entry 40 on the HSD. . 
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FIRST_PASS = .ON or TAL_DECLARED FIRST PASS = ON 

  

then 

AREA SEL = RTLS PRIME AREA 

PRIME_RUNWAY_INDEX = 1 

FIRST PASS = OFF 

Next, the TAL abort declared first pass flag is tested and, if set, 
then the selected area is set equal to the TAL selected area, TAL_ 
SELECT, and the OPS transition carryover value for the selected area, 
AREA SEL OPS1, is defined; that is, if 

TAL_DECLARED FIRST_PASS = ON 

then 

TAL_DECLARED FIRST PASS = OFF 

AREA_SEL® TAL SELECT 

AREA _SEL_OPS1 = AREA SEL 

Regardless of the value of the selected area, the selected TACAN 
index, TAC_SEL, is always the first of the two possible choices of 
TACAN's. The auto TACAN channel number, AUTO _CHANNEL_ID, is set to 
the selected channel number. Also, the primary and secondary runway 
names, which are area dependent, are defined at this point for display 
on the HSD. Therefore, 

TAC_SEL = 2 AREA SEL - 1 

AUTO_CHANNEL_ID = TACAN ID MAXI(TAC_SEL) 

RW_NAME_PSL = RUNWAY _NAME(2 AREA SEL ~ 1) 

RW_NAME SSL = RUNWAY_NAME(2 AREA_SEL) 

Finally, the ascent runway site lookup subfunction is called in order 
to assign values to all necessary runway/MSBLS parameters used by 

other software functions, that is, 

CALL ASCENT RUNWAY SITE LOOKUP 

Landing area redesignation. 

Whenever the crew desires to select a new area they will make an item 
entry on the HSD along with the value for the desired area, AREA SEL. 
The HSD will in turn set the flag, NEW AREA. In response to this 
request, the selected runway index, PRIME RUNWAY INDEX, will be set 
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to the first of the two possible choices for the new area, the 
selected TACAN index, TAC_SEL, will be set to the first of two puss: 
ble choices, the overhead TAEM targeting initialization flag, Rw So_ 
UPP, will be set to zero, and the auto TACAN channel number, AUTO_ 
CHANNEL _ID, is set to the selected channel number. The primary and 
secondary runway names, which are area dependent, are defined at this 
point for display ou the HSD; the TACAN SOP parameters, TAC_CHAN_ 
OLD,, TAC_ CHAN OLD,, and TAC_CHAN | OLD,, are set in order to ensure 
that the SOP will invoke the TACAN site Lookup subfunction*; the OPS 
transition carryover value for the selected area, AREA_SEL _OPS1, is 
defined; and the flag, NEW_AREA, is reset OFF. Therefore, “if 

NEW_AREA = ON 

then 

PRIME RUNWAY_INDEX = 1 

TAC_SEL = 2 AREA SEL - 1 

RW_ID_UPP = 0 

AUTO_CHANNEL_ID = TACAN_ID_MAXI(TAC_SEL) 

RW_NAME PSL = RUNWAY_NAME(2 AREA SEL - 1) 

RW_NAME SSL = RUNWAY NAME(2 AREA SEL) © 

TAC_CHAN OLD, = 0 

TAC_CHAN OLD, = 0 

TAC_CHAN OLD, = 0 

AREA SEL _OPS1 = AREA SEL 

NEW_AREA = OFF 

Finally, the ascent runway site lookup subfunction is called to 
complete the runway/MSBLS value assignments, that is, 

CALL ASCENT_RUNWAY_ SITE LOOKUP 

  

*This is necessary in order to handle the case where a new uplinked TACAN 
channel number is identical to the current channel number of one of the 

LRU's. If the area which has this uplinked TACAN is requested by the crew, 
the TACAN SOP would not be able to recognize that the TACAN station had 
changed without this artifice. 
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Runway selection. 

For each given area, there are two runways which may be selected for 
landing. The primary, which is the first of two, he the default 
selection whenever a new area is requested, but either primary or 
secondary runway may be selected by the crew at any time. The 
appropriate item entry on the HSD will cause the setting of the flag, 
PRI_SEL, which in turn will result in the selection of the primary 
runway. Another item entry on the HSD will cause the setting of the 
flag, SEC_SEL, which in turn will result in the selection of the 
secondary runway. If the flag, PRI SEL, is set ON, then the selected 
runway index, PRIME RUNWAY_INDEX, is set to one and the flag, PRI_ 
SEL, is reset OFF; that is, if 

PRI_SEL = ON 

then 

PRIME_RUNWAY_INDEX = 1 

PRI_SEL = OFF 

Finally, the ascent runway site Lookup function is called in order to 
complete the runway/MSBLS value assignments, that is, 

CALL ASCENT RUNWAY SITE_LOOKUP \) ) 

If, on the other hand, the flag, SEC_SEL, is set on, then the 
selected runway index, PRIME RUNWAY _INDEX, is set to two and the 
flag, SEC SEL is reset OFF; that is, if 

SEC_SEL = ON 

then 

PRIME RUNWAY INDEX = 2 

SEC_SEL = OFF 

Finally the ascent runway site lookup function is called in order to 
complete the runway/MSBLS value assignments; that-is, 

CALL ASCENT RUNWAY _SITE_LOOKUP 

&. TACAN switch. For each given area, there are two TACAN stations 
which may be selected for the auto TACAN channel command. The 
first TACAN is the default selection whenever a new area is 
selected, but either one may be selected by the crew at any 
time. The appropriate item entry on the HSD will cause the 
setting of the flag, TAC_CHANGE, which in turn will result in the 

_ selection of the other TACAN by testing on the current value of 
the selected TACAN index, TAC SEL. If TAC_SEL is equal to the 
first TACAN index, denoted by 2 AREA SEL-1, then TAC SEL is set ¢ 
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equal to the second TACAN index, denoted by 2 AREA_SEL} 
otherwise, it is set equal to the first index, 2 AREA _ SEL -1. 
The auto TACAN channel command, AUTO _CHANNEL_ID, is set to the 

selected TACAN channel number and the flag, TAC CHANGE, is reset 
OFF. Therefore, if 

TAC_CHANGE = ON 

then, test the selected TACAN index. If 

TAC_SEL = 2 AREA SEL -1 

then 

TAC_SEL = 2 AREA_SEL 

otherwise 

TAC_SEL = 2 AREA SEL -1l 

Finally, 

B. Interface Requirements. The input and output parameters are shown in 
Tables 4.5.2.l-1 and 4.5.2.1-2. 

C. Processing Requirements. All necessary initialization will be completed 
before execution of any user of site lookup data. The parameter AREA _SEL OPS1 
Must be protected and carried over during OPS transition from OPS 1 to OPS 3. 

Additionally, site parameter updates, that is, data for new areas, run- 

AUTO_CHANNEL_ID = TACAN ID MAXI(TAC_SEL) 

TAC_CHANGE = OFF 

  
ways, MSBLS, TACAN's, should be computed as a homogeneous set and should not 
be available to users until the entire set is compatible. The value of the 
TAL area selection parameter, TAL SELECT, is initialized to an I-load value 

(TAL_PRIME AREA) by the HSD. 

D. Constraints. The OPS 3 and OPS 1/6 versions are identical with the fol- 

lowing exceptions: 

1. In OPS 1, the default value for the prime RTLS Landing site area 
is an I-load value, RTLS_PRIME_AREA, whereas in OPS 3, the 
default value for a non-TAL landing site area is one. In OPS l, 
the value of the TAL landing site area is initially an I-load 
value but, subsequently, can be changed by an item entry 40 on { 
the HSD prior to the setting of the TAL abort declared flag. In 
OPS 3, the value of the TAL landing site area is the value of the 
selected area carried over from OPS 1, AREA_SEL_OPS1. 
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2. The OPS 3 version must support an uplink capability (see Sec- 
tions 4.11.3.1 and.4.11.3.2) to change any parameter associated 
with runway data and TACAN data whereas the OPS 1/6 version has 
no such requirement. 

3. The OPS 3 version must support 15 areas resulting in a total of 
30 runways and 30 TACAN's3; also, a total of 10 MSBLS's must be 
supported. The OPS 1/6 version supports only 5 areas resulting 
in a total of 10 runways and 10 TACAN's; also, a total of 

4 MSBLS's must be supported. 

4. The OPS 1 version sends the selected area, AREA_SEL, and the 
landing site position vector, R LS EF, to the guidance principal 
function 4.2 and 4.4. The OPS 3 version does not require this 
interface. 

E. Supplemental Information. A suggested implementation of these require- 
ments is illustrated in Section 5.3 in the flow chart ASCENT _SITE_LOOKUP_INIT. 

In OPS 1, the prime RTLS landing site area is initially an I-load value, 
RTLS PRIME AREA. The crew may, subsequently, select another RTLS site by 
means of an item entry 41 on the HSD. Item entry 41 will cause the flag NEW_ 
AREA to be set, and the keyboard interface processor will call ASCENT_SITE_ 
LOOKUP_INIT in order to process the request for the new area. In OPS l, the 
prime TAL landing site area, TAL_SELECT, is initialized to an I-load value 
and, subsequently, can be changed by an item entry 40 on the HSD until the TAL 
abort declared flag is set. After this time, a different TAL landing site 
area is selected in the same manner as the RTLS landing site area, that is, by 
means of an item entry 41 on the HSD. 

The OPS 1/6 and OPS 3 area tables must have an identical sequence of 
loading of areas supporting TAL. For example, if OPS 1/6 areas 2, 4, and 5 
are loaded with certain TAL sites, then OPS 3 areas 2, 4, and 5 must be Loaded 
in the same manner. 

External to the site lookup function, certain "illegal entry" Logic may 
exist to preclude selection of a TAL site for RTLS or an RTLS site for a TAL. 
There is no such lockout in the site lookup function. 

Two guidance I-loads, RTLS PRIME AREA and TAL PRIME AREA, are used to 
designate the prime RTLS Landing area and the prime TAL Landing area. In 
ASCENT SITE LOOKUP INIT, the I-load RTLS_PRIME_AREA is used, whereas the 
T-load | TAL_| PRIME . AREA is used by the HSD to initialize the parameter 

TAL_| SELECT. 
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Table 4.5.2.1-1. Ascent Site Lookup Initialization Input Parameters’ 
  

  

Description Syabol souree Type |Precisioa | Range J Unica 

Selected area AREA_SEL (a) t ~ 1-5 ~ 

New landing area request flag NEW_AREA (a) D _ orr/on| —~ 

Primary runway select coumand PRI_SEL (a) D - orr/on| - 

Mame of the selected landing site RUNWAY_NAME(L) (b) CHAR - ~- - 

Secondary runway select command SEC_SEL (a) D . - orr/on | — 

Three-digit channel/mode designation TACAN_ID_MAXI(TI) (b) v¢10) - £126 _ 
unique for each TACAN station 

Primary/secondary TACAN select TAC_CBANGE (a) D =- orr/ou}| — 
comands 

Desired TAL landing site srea TAL_SELECT (a) I - 1-5 - 

Prime RTLS landing site area RILS_PRIME_AREA (e) I - 1-5 ~ 

TAL abort declared first pess flag TAL_DECLARED_ (a) D _ orF/on| — 
FIRST_PASS             

Sample 

ae te a 

aeeded 

needed 

needed 

E
r
e
s
 

needed 

aacded 

= needed 

aeeded 

needed 

As aeeded 

needed       ‘ 

a 
b 

“This is a guidance I-load 

See ascent site lookup principal function input parameter table. 
See ascent site lookup principal function I-load table. 

  

Table 4.5.2.1-2. Ascent Site Lookup Initialization Output Parameters 
  

  

  

  

Description Symbol Destination type Precision | Range | Unics Rate 

Selected area AREA_SEL ASCENT_RUNWAY_ | I _- 1-5 - As needed 
SITE_LOOKUP, 

ASCENT_TACAN_ 
SITE_LOOKUP, (a) 

Value of AREA_SEL which is AREA_SEL_OPS1 (a) I _- 1-5 _ As needed 
carried over from OPS | to 3 

Channel/mode identifier for AUTO_CHANNEL__ a) I - £126 — |As needed 
the automatically selected ID 
TACAN station 

New landing area request flag NEW_AREA (a) D _- oFr/on| — As needed 

Indicator of which Landing PRIME RUNWAY ASCENT_RUNWAY_ | I _ 1-2 _- As needed 
sice choice is selected INDEX SITE_LOOKUP 

Priaary runway select command PRI_SEL (a) D - OFF/ON| -- As needed 

Local runway index parameter; RW_ID_UPP (a) I - 0-10 _- As needed 
also first pass flag 

Primary cunway oame for the RW_NAME_PSL (a) CRAR - -_- _ As needed 

selected area which is used 
for display                 ®See ascent site lookup principal function output parameter table,     
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Descripcioa Sywbol Destination Type jPrecision |Range | Unics Rate 

Secondary ruavay sane for Ra_NAME SSL (a) CHAR - ~ — | As needed 
the selected area which 
is used for display 

Secondary runvay select SEC_SEL (a) Dd - OFF/ON| == | As needed 
coamand 

Prisery/secondary TACAN TAC_CHANGE (a) D ~ jorr/On | — As needed 
select comand ° 

Previous value of channel/ TAC_CHAN_OLD(TI) (a) v - 2126 _ As needed 
mode indicator for each 

TACAN station                 

  

"gee ascent site lookup principal function output parameter cable, 
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4.5.2.2 Ascent -Runway/MSBLS Site Lookup. The purpose of this 
subfunction is to retrieve information related to a specified runway for a 
given selected area. For purposes of designation, there are 5 choices of 
areas and, for each area, there are two choices of runways available referred 
to as the primary and the secondary. Either one of these two may be identi- 
fied as the selected runway; however, the default designation will be the 
primary. The primary and secondary runway data shall include a parameter 
which is a pointer indicating which one of 4 MSBLS's is associated with the 
selected runway. 

A. Detailed Requirements. This subfunction will accept from the ascent site 
lookup initialization subfunction a parameter, AREA_SLL, whose value indicates 
the area that has been selected and a parameter, PRIME _RUNWAY_INDEX, which 
indicates which one of the two runway choices has been identified as the 
selected runway. If PRIME RUNWAY_INDEX = 1, then the primacy runway is 
selected. If PRIME _ RUNWAY __ INDEX = 2, then the secondary runway is selected. 

First, the local area parameter, J, is set equal to the selected area, 
AREA_SEL. Next, the local site table index parameter, L, is determined based 

on the value of the selected runway index. If PRIME_RUNWAY_INDEX is equal to 
one, then L is set equal to 2J-1 and RW_SELECT is set to ON, otherwise L is 
equal to 2J and RW_SELECT is set to OFF; therefore, 

J = AREA SEL 

if 

PRIME _RUNWAY_INDEX =1 

then 

= 2J -1 and RW_SELECT = ON 

otherwise 

L = 2J and RW_SELECT = OFF 

Once the site table index parameter, L, is determined, then the runway 
parameters are redefined for the selected runway 

RW_NAME = L 

LAT = RW_LAT(L) 

LON = RW_LON(L) 

ALT_RW = RUNWAY_ALT(L) . | 

AZIMUTH_RW = RW_AZIMUTH(L) 

LENGTH_RW = RW_LENGTH(L) 
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DELH_MSL_ELLIPSOID_RW = RW DELH(L) 

ANGLE_CORR_TNTOMAG_RW = RW_MAG VAR(L) 

K = RW_MSBLS_INDEX(L) 

and the flag, MLS AVAIL, is initially reset OFF, that is, 

MSL_AVAIL = OFF 

Next, the earth-fixed position vector and earth-fixed to selected runway 
transformation matrix shall be computed: 

R _ LS_EF = GEODETIC_TO EF(LAT,LON,ALT_RW) 

M_EFTORW = EF TO RUNWAY(LAT,LON,AZIMUTH BW) 

Then, the position vector (originating at the origin of the EF coordinate 
system) of the HAC center for both sides of the runway centerline will be 
determined in earth-fixed coordinates: 

R CCL PRI = R _LS EF + M_EFTORW' R HAC RWL 

R CCR PRI = R LS EF + M EFTORW R HAC RW_R 

where R HAC RW L and 8 HAC RW _R are the position vectors (originating at the 

origin “of the RW coordinate system) of these two points in runway coordinates 

(see Section 4.9). 

Then, the magnitude of these two position vectors will be determined: 

R_CC_LMAG PRI = |R _CC_L PRI| 

R_CC_RMAG PRI = |[R CC_R_PRI| 

Next, a test will be made to determine if the selected runway has a 
MSBLS. I£ the selected runway MSBLS pointer, K, is zero, then the runway has 
no MSBLS. However, if K is a positive integer (1 < K < 4), then the param- 
eters associated with the MSBLS site will be redefined for the designated 
selection and an earth-fixed position vector and an earth-fixed to scanner 
transformation matrix shall be computed for the MSBLS range-azimuth antenna 
and the MSBLS elevation antenna locations; therefore if 

e 

K>0O 

then 

LAT_MLS R_AZ = LAT MLS _R_A2(K) 
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LONG _MLS_R_AZ = LONG MLS R AZ(K) 

ALT_MLS_R_AZ = ALT_MLS R_AZ(K) 

R_AZ_SCANNER_BEARING = R_AZ_ RADAR_BEARING(K) 

LAT_MLSEL = LAT_MLSEL(K) 

LONG _MLSEL = LONG_MLSEL(K) 

ALT_MLSEL = ALT_MLSEL(K) 

EL_SCANNER_BEARING = EL_SCANNER_BEARING(K) 

BIAS MLS RANGE = BIAS MLS_RANGE(K) 

BIAS ELMLS = BIAS _ELMLS(K) 

BIAS AZMLS = BIAS _AZMLS(K) 

X_DMEAZ RW = X_DMEAZ_RW(K) 

X_EL_RW = X_EL RW(K) 

Y_DMEAZ_RW = Y_DMEAZ RW(K) 

MLS_AVAIL = ON 

M_EFTORAD R_AZ = EF_TO_SCANNER(LAT_MLS R_AZ, LONG_ 
MLS RK. AZ, R AZ SCANNER BEARING) 

M_EFTORAD EL = EF_TO_SCANNER(LAT MLSEL, LONG MLSEL, 
EL | SCANNER _ BEARING) 

R_RMLS EF = GEODETIC_TO_EF(LAT MLS R_AZ, LONG_ 
MLS _R_AZ, ALT MLS R_AZ) 

R_AZMLS_EF = R_RMLS EF 

R_ELMLS EF = GEODETIC_TO_EF(LAT_MLSEL, LONG_ 
MLSEL, ALT _MLSEL) { 

B. Interface Requirements. The input and output parameters are shown in 
Tables 4.5.2.2-1 and 4.5.2.2-2. 

C. Processing Requirements. Parameters output from this subfunction should 
be provided as a homogeneous set and not be available to users until the 
entire set:is compatible. 
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D. Constraints. Wo error checking is performed. The selected runway must be 
indicated by an integer from 1 to 2 and the selected area by an integer from 1} 
to 5. Both must be properly derived and limited by software external to this 
subfunction. 

_E. Supplementary Information. A suggested implementation of these 
requirements is illustrated in Section 5.3, ASCENT RUNWAY SITE LOOKUP. 
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Table 4.5.2.2-1. Ascent Runway/MSBLS Site Lookup Input Parameters 

  

  

  

                    
  

Taput L. Saeuple 
Descripcion Syabol Source Type ecisios | Range Unite Race 

Current landing site selection PRIME_RUWWAT_ ASCENT SITE_ | f 8 1-2 - As needed 
INDEX LOOKUP_INIT 

Selected area AREA_SEL ASCENT_SITE_ z $s 1-5 - As needed 
LOOKUP_INIT 

Bearing from crue north of runway = | RW_AZIMUTH(L) (b) v(10} 8 - rad | As needed 
coordinate system +X axis . 

Altitude above reference ellipsoid { RUNWAY_ALT(L) (>) v(loy 8 - fe As needed 
of runway reference point 

Alticude of mean sea-level above RW_DELH(L) (b) vdloy.— lS - fe As needed 
reference ellipsoid of the runway 

Variation of runvay magnetic RW_MAG VAR(L) (b) vio) 8 - rad | As needed 
north from true north 

Runway geodetic latitude RW_LAT(L) (b) vqloy os _- rad | As needed 

Runway longitude RW_LON(L) (b) vio) os _- rad | As needed 

Length of runway RW_LENGTH(L) (b) vdlio} os _ ft As needed 

Runway MSBLS poincer index RW_MSBLS __ (b) v(i0y os 0-4 —- | As needed i 
INDEX(L) 

q 

MSBLS azimuch antenna BIAS_AZMLS(K) (d) v(4) s _ rad | As needed 
measurement bias j 

4 
MSBLS elevation antenna BIAS_ELMLS(K) (b) v(4) 8 - rad i As needed 
measurement bias f 

MSBLS range antenna BIAS_MLSRANGE(K) (b) v(4) s - fe As needed 
measurement bias 

X component of range/aziauth X_DMEAZ_RW(K) (b) v4) s - ft As needed 
ancenna in runway coordinates 

Y component of range/aziauth Y_DMEAZ_RW(K) (bd) v(4) s - ft Aa needed 
antenna in runway coordinates j 

X cowponenc of elevation X_EL_RW(K) (bo) v(4) Ss - fe As needed 
antenna in runway coordinates 

MSBLS range/azimuth geodetic LAT_MLS R_AZ(K) (b) v(4) s _- rad | As needed 
laticude 

MSBLS rgnge/azimuth longitude LONG MLS R_AZ(K) (b) v4) | ‘8 - rad | As needed 

MSBLS range/azimuth geodetic ALT_MLS_&_AZ(K) (b) v(4) 8 _ ft As needed 
altitude 

MSBLS azimuth boresight relative R_AZ_SADAR_ (b) v(4) 8 - rad | As needed 
to true aorth BEARING (K) 

MSBLS elevation geodetic latitude ~ | LAT_MLS EL(K) (b) v(4) s - rad | As needed 

MSBLS elevation longitude LONG_MLS_EL(K) (b)" via) | s - rad | As needed 

MSBLS elevation geodetic altitude ALT_MLS_EL(K) (b) v(4) Ss - ft Aa needed 

MSBLS elevacion boresighe relative |€L_SCANNER (b) v(4) s _ rad | As needed 
to true north BEARING (K) 

| ] 

OSee ascent site lookup principal function I-load table. 
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Table 4.5.2.2-1. Ascent Runway/MSBLS Site Lookup Input Parameters (Cont) 

  

  

Taput Semple 

Description Syabol Source Type | Precision | Range Units Rate 

Pos.tion vector of HAC center BR BAC BWL (db) Vv 8 - ft As needed 
for the lefc side of the runvay . 

centerline 

Posicioe vector of HAC center R_wAC BWR (b) v s - ft As needed 
for the right side ef the runvay 
centerline                 

  

Psee ascent site lookup priacipal funcction I-load table. 
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Table 4.5.2.2=2. Ascent Runway/MSBLS Site Lookup Output Psrameters 
  

  

  

Output 
Description Syabol Destination! 

Current lending site selection RY_NAME (a) 
iedex 

Altatude above reference ellip= ALT_AW (a) 
soad of runway reference point 

Bearing from true north of AZIMUTH_RW (a) 
tunvay coordinate system +X axis 

Length of runway LENGTH_AW (a) 

Altitude of aean sea-level DELH_MSL_ (a) 
above reference ellipsoid at ELLIPSOID Rw 
the runvay 

Varaacion of runway sagnetic ANGLE_CORR_ (a) 
@otth from true north TWTOMAG_RBW 

Earth-fixed to select runway M_EFTORW (a) 
transformation matrix 

Position vector of landing site R_LS EF (a) 
an earth~fixed coordinates 

Position vector of HAC center on R_CC_L PRI Ca) 
the lift-side of the runway 
centerline in earth-fixed 

coordinates 

Position vector of HAC center R_CC_R PRI (a) 
on the right-side of the runway 
centerline in earth-fixed 

coordinates 

Magnitude of R CC_L PRI R _CC_LMAG PRI Ca) 

Magnitude of R _CC_R PRI R _CC_RMAG PRI (a) 

Flag andicating (ON) che MLS_AVAIL (a) 

avarlabslicy of MSBLS sices ac 

tne currently chosen runway 

MSBLS azimuth antenna BIAS_AZMLS (a) 
measurement bies 

MOBLS elevation antennas BLAS_ELMLS (a) 

measurement bias 

MSBLS range ancenna BLAS _MLSRANGE (a) 
measurement bias 

X component of cange/aziauth X_DMEAZ_RW (a) 
antenna in runway coordinates 

¥ component of range/azieuth Y_DMEAZ_RW (a) 
antenna La cunway coordinates 

X component of elevation X_EL RW (a) 
aatenna in runway coordinates 

Earth-fixed position vector R _RMLS EF (a) 
of MSBLS range scanner 

Earcth-f:xed position vector BR _AZMLS_EF (a) 
of NSBLS azimuth scanner     

      

    

  

tthe Precision | Raase | Uaite 

e 8 1-10 _ 

rt a -_ fe 

t 8 ~- tad 

rt 8 - fe 

t 8 - fe 

t 8 Q-2 rad 

M 3 -_ =m 
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    “See ascent site lookup principal function oucpuc parameter table. 
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Table 4.5.2.2-2. Ascent Runway/MSBLS Site Lookup Output Parameters (Cont) 
  

  

Output Completion 
Description Syabol Destination Type | Precision | Range | Units Rate 

Earth-fixed position vector R_ELMLS EF (a) v DP ~ ft As needed 
of MSBLS elevation scanner 

Transformation satrix fros M_EFTORAD BR _AZ (a) M DP ad - As needed 
earth-fixed to MSBLS range 
ezisuth radar coordinate frame 

Transformation matrix from M_EFTORAD_EL (a) M 8 - ft As needed 
earth-fixed to MSBLS elevation 

cadar coordinate frame 

Ruaway Selection Indicator RW_SELECT (a) D - OM /OFF } -- As needed               
  

  

*See ascent site lookup principal function output parameter table. 
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4.5.2.3 Ascent -TACAN Site Lookup. The purpose of this subfunction is to 
retrieve information for a specified TACAN channel, NEW _STATION_ID, associated 
with a given TACAN receiver, LRU ID, from the TACAN site location table and to 
compute the corresponding geodetic radius at the site, an earth-fixed position 
vector and an earth-fixed to topodetic transformation matrix. There will be a 
maximum of two TACAN sites available for each selected area. 

A. Detailed Requirements. This subfunction will accept from the ascent site 
lookup initialization subfunction an index, AREA_SEL, which indicates the 
selected area; furthermore, it will accept from the TACAN SOP the current 
TACAN channel number, NEW_STATION_ID, and its associated receiver number, 
LRU_LID. First, the local area parameter, J, is set equal to the selected 

area, AREA SEL, the TACAN channel valid flag, TAC_CHAN VALID SL RU ID? is 
initially reset OFF and the Local TACAN channel number, TACAN I LRU ID? set 
equal to the current channel number, NEW STATION ID. Then, a search 1s per- 
formed to determine if the specified channel, TACAN_ID, ay yp» is one of the 
two possible choices which are fixed by means of the selected area, AREA_ 
SEL. If the channel, TACAN_ID, py tp» is not one of the two possible TACAN's, 
then the flag, TAC CHAN VALTD Srp Ip» remains OFF and the present TACAN 
information for this LRU is not updated, On the other hand, if the channel is 

one of the two possible choices, then the following parameters are redefined 
_ for the new TACAN from values supplied by the TACAN site location table 

LATITUDE_GEODETIC_MAXI(T) LAT TACAN Sbyray Ip 

LONG TACAN SLyay Ip = LONGITUDE_EAST_MAXI(I) 

ALT_ABOVE_ELLIPSOID MAXI(T) 

MSL_ABOVE_ELLIPSOID_MAXI(T) 

ALT _TACAN SLyRy ID 

DH_TACAN SLyRu ID 

ANGLE CORR _TNTOMAG SLyRu Ip MAGNETIC _VARIATION MAXI(I) 

Furthermore, the corresponding geodetic radius at the site, an earth- 
fixed position vector and an earth-fixed to topodetic transformation matrix 

are computed 

RD TAC MSL Slrgy rp 7 (1+7ELLIPT)? EARTH_RADIUS_EQUATOR/ 

CL. # SIN? (LAT_TACAN SLypy rp) ELLIPT 

(eLLrpt-2))1/2 + DH_TACAN_SLray ID 

GEODETIC_TO_EF(LAT_TACAN_SLygy 1p? u R _TACAN EF _SbLRU_ID 
LONG TACAN SLypy rp,ALT_TACAN_SLygu rp) 

= T_TACAN SL M EFTOTD TACAN SLLRU_ID = &F_TO_TOPDET(LAT_TACAN ShiRy ID? 
LONG_TACAN_SLyau_ 1D) 
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eK 
Finally, the TACAN channel valid flag is set ON, that is, 

TAC_CHAM VALID SLi oy rp = OM 

B. Interface Requirements. The input and output parameters are shown in 
Tables 4.5.2.3-1 and 4.5.2.3-2, respectively. 

C. Processing Requirements. Output parameters from this subfunction are 
employed by a variety of users. Consequently, this subfunction is invoked 
only by the TACAN SOP. Parameters output from this subfunction should be 
provided as a homogeneous set and not be available to users until the entire 
set is compatible. 

D. Constraints. None 

E. Supplementary Information. A suggested implementation of these require- 
ments is illustrated in Section 5.3, ASCENT TACAN SITE LOOKUP. TACAN site 
Lookup constraints: The TACAN transmitters/receivers (r/R) provide a 

selection of 126 X-mode channels and 126 Y-mode channels; the TACAN control 
head permits the crew to manually select anyone of these 252 T/R frequency 
pairs. However, a selection is of no value to certain of the onboard software 
unless the ground station Location for the tuned channel is also available. 
Consequently, a table of limited size is provided to supply this information 

for two unique channels/modes for each area. The parameters, TAC_CHAN VALID_ 

SLi ey | Ip serve as the indicators of whether the station location is known or 
Q) not known, 
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Table 4.5,2.3-1. Ascent TACAN Site Lookup Input Parameters 
  

  

Input Sample 

Description 8yabol Source Type | Precision | Range | Unice Rete 

Selected erea AREA_SEL ASCENT SITE | ¢ 8 1-5 - Ae needed 
LOOKUP INIT, 

(a) 

Current TACAW channel/mode WEW_STATLOW_ID (a) t 8 #126 - Ae needed 
identifier 

LRU number for output parameters Lau_ID (a) t 8 1-3 - Ae needed 

TACAM channel/mode identifier TACAN_ID_MAXI (b) ¥(10) 8 £126 — | Ae needed 
(t) 

TACAN site geodetic lacitude LATITUDE _ (b) ¥(10) 8 - ;. $ tad As needed 
GEOETIC_MAXI(1) 

TACAN site longitude LONGITUDE (b) vio) 8 -%,% rad As needed 
EAST_MAXI(I) 

TACAN station altitude ALT_ABOVE_ (b) v(10) s - ft As needed 
ELLIPSOID_MAXI (1) 

Altitude of mean sea-level MSL_ABOVE__ (b) v(10) $s _ ft Ae needed 
above reference ellipsoid at ELLIPSOID_MAXI (I) 
TACAN station 

Variation of magnetic north MAGNETIC_ (b) v(10) s 0-27 rad As needed 
from true north at TACAN site VARIATION _MAXI (1) 

Earth ellipticity constanc ELLIPT (b) F oP _ _ As needed 

Earth equatorial radius EARTH_RADIUS__ (b) F DP _ ft As needed 
EQUATOR                 

  
peee ascent site lookup principal function input parameter table. 
See ascent site lookup principal function I-load and constant tables. 
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Table 4.5.2. 3-2. 

Greece Trorpeenen OLD Fectretina Rockwell 

Ascent TACAN Site Lookup Output Parameters 

  

  

  

  

  
  

_ 

. Output Conplecios 

Deactiption Syebel Destination | Type | Precision | Menge | Ouics Bere 

WACOM ecation ideatifier TACAN_IDi a9 1D ta) t 8 0126 - Ae seoted 

aad 

WAAR ante geodetre Lar Tacam_shuay co (a) r : 1,7 red | Ae scoded 
Rakatade 

WEA ante loagitude Lona _TacatL Stray 19 (a) , ts ois. rod | Ae necded 

RAR station altitude ALT_TACAR_Shigy rp (a) 8 - ft As acoted 

Akeatude ef eesa searlevel | Du_TACAMSliay tp (a) r 8 - fe Ae avoded 
have reference ellipsoid ' 
at ARAN atagica 

Warrataen of magnetie sorth| ANGLE CORR _THTONAG, (a) r 8 Q-2 rad Ae seeded 

Reve tree aorth or TACAN ante Sligg tp 

@aadetae tadaue at TACAN RD_TAC_NSL_ (a) t be - ft Ae acoded 
are 

Sligy to 

TAG etatage earth=fixed | R _TACAN SF (ad v be - fe As neoded 
RWAaas wectos Skigy 1D 

Teemafereation eatrix from | M_EFTOTD_TACAN_ (a) i] $ - - As needed 
@ench=fined te topodetic Sligu | 1D 
qoaedapaces at the TACAN 
sate 

TaAN channel validity TAC_CHAN_VALID_ (a) = Orr on As needed 

= SLigy_ID           
  

Xree aacent site lookup principal function output parameter table. 
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t Site Lookup (4.238) Principal Function Tables. The 
Principal function input and output parameters, along with $s, constants, and cross-references, are presented in rough 4.5.2.4-5, 

The values for the I-loads are contained in the I-loads requirements 
document (JSC-19350), 

4.5.2.4 Ascen 

ascent site lookup 
the I-loads, K-load 
Tables 4.5.2.4-] th 
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Table 4.5.2.4-1. Ascent Site Lookup (4.238) Input/Output Punctionel Parameters 

DBFN: D2B031-A = PN 0026P00L OCTOBER 16, 1987 
e 

VP70710 
INPUT FUNCTIONAL PARAME ETERS FOR ASCENT SITE LOOKUP 

O188 REVOO 
ASC SITE LOOKUP Ae 4.238 poo: $ i 

" 
R 

FSSR NAME M/S 10 NOMENCLATURE SOURCE UNITS aoe 

LRU ID V95J5021C TACAN LRU NUMBER TACAN 
NEH STATION 1D V95J5020CB TACAN 1,2,0R 3 NEW STATION CHAN NO ORB TAC SOP 
NEW A V93K4398X NEW LANDING AREA SELECT IND 6.22 
NEW STATION. 10 V95J5020CA TACAN 1,2,0R 3 W STATION CHAN NO TACAN SOP 
PRI SEL V93X4393X PRIMARY RUNWAY SEL c 6.21 
SEC -SEL V93X4394X SECONDARY RUNWAY SEL "Cu 6.2 . 

TAC_ CHANGE V93K43 95% PRI/SEC TACAN SELECT 6.21 
TAL C- bECL FRST_PASS V90X8657X TAL ABORT DECLARED FIRST PASS FLAG MSC 
TAL_SELECT CMB V93J4399C TAL SELECT CHO 6.22 
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DBFN: D3B008-D 

Table 4.5.2.4-1. 

PN: VP707100037P00L 

Ascent Site Lookup (4.238) Input/Output 
Functional Parameters (Cont) 

JULY 
OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT SITE LOOKUP 

FSSR NAME 

CAN_SLOL) 
CAN_SL(2) 
CAN_SL(3) 

ANGTE_CORR_TNTOMAG_RW 

ANGLE_CORR_TNIOMAG_S1 
ANGLE_CORR_TNTOMAG_S2 
ANGLE_CORR_TNTOMAG_S3 
AREA_SEL 

AREA_SEL_OPS1 
AUTO-CHANNEL_ID 

ALT_RW 
ALT_TA 
ALT_TA 
ALT"IA 

AZIMOTH_RW 

BIAS_AZMLS 
BIAS_ELHLS 
BIAS_RHLS 
DELH_MSt_ELLIPSOID_RW 
DH_TACAN_SL(1) 
DH_TACAN_SL(2) 
DH_TACAN_SL(3) 
HUB_RW_LENGTH 
M_EFTORAD_EL(1-1) 
H_EFTORAD_EL(1-2) 
M_EFTORAD_EL (1-3) 
M_EFTORAD_EL(2-1) 
M_EFTORAD_EL (2-2) 
M_EFTORAD_EL (2-3) 
M_EFTORAD_EL(3-1) 
M_EFTORAD_EL(3-2) 
M_EFTORAD_E€L(3-3) 
M_EFTORAD_R_AZ(1-2) 
M_EFTORAD_R_AZ(1-2) 
M_EFTORAD_R_AZ(1-3) 
M_EFTORAD_R_AZ(2-1) 
M_EFTORAD_R_AZ(2-2) 
H_EFTORAD_R_AZ(2-3) 
H_EFTORAD_R_AZ(3-1) 
H_EF TORAD_R_AZ(3-2) 
H_EFTORAD_R_A2(3-3) 
M_EFTORW(I-T) 

M_EFTORW(1-2) 

M_EFTORW(1-3) 

M_EFTORW(2-1) 

M_EFTORW(2-2) 

M_EF TORW(2-3) 

M/S ID 

V90H18618CB 
V90H1846CB 
V90H1847CB 
V90H1848CB 
V90H1820CB 

V90H1843CB 
V90H1844CB 
V90H1845CB 
V93J4392CB 

V93U4389C 
V95J5022CB 
V90H1617CB 

V90H1886CB 
V90H1887CB 
V90H1885CB 
V90H1819CB A 
V90H1849CB 
V90H1850CB 
V90H1851CB 
V72HG163CB 
V90U1875CB 
v90U1876CB 
V90U1877CB 
V90U1878CB 
V90U1879CB 
V90U1880CB 
V90U1881CB 
V90U1862CB 
V90U1883CB 
V90U1865CB 
V90U1866CB 
V90U1867CB 
Vv90U1868CB 
V90U1869CB 
Vv90U1870CB 
Vv90U1871CB 
Vv90U1872CB 
V90U1873CB 
Vv90U1605CB 

V90U1806CB 

V90U1807CB 

V90U1608CB 

V90U1809CB 

V90U1610CB 

NOMENCLATURE 

ALTITUDE 
ALTITUDE 0 
ALTITUDE 
ALTITUDE 
MAGNETIC 

MAGNETIC 
MAGNETIC 
MAGNETIC 
SELECTED 

AREA-SEL 

17, 19869 

OF RW WRT REF A ELLIPSOID 
F TACAN 1 S 

OF TACAN 2 STATION 
OF TACAN 3 STATION 
VARIATION 

VARIATION 
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CARRYOVER 
AUTO TACAN CHANNEL 
AZIMUTH OF RW FROH 

MSBLS AZIMUTH MEASUREMENT BIAS 

OF 

AT TACAN 1 
AT TACAN 2 
AT TACAN 3 

TO OPS 3 
SELECTION 
TRUE NORTH 

SITE 
SITE 
SITE 
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MSBLS RANGE MEASUREMENT BIAS 

T OF MSL ABOVE REF ELLIP AT RW 
ACT OF MSL ABV REF ELLIP AT TAC he 2 
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ASC SITE Lookup 

DESTINATION 

ASC AREA NAV,AVVI PROC,RTLS UPP 

ASC AREA NAV 
ASC AREA 
A/E ATT PROC, Asc AREA NAV, 
HSI PROC ,HUD PROC, 
RTLS UPP,ASC AREA NAV, RTLS NAV 
RTLS UPP,ASC AREA NAV RTLS NAV 
RTLS UPP,ASC AREA NAV,RTLS NAV 
6.2 ASC 2s1G GUID ,TLA, 
Suerte 
ENT SHE. LOOKUP 
6.21,TACAN SOP 
ASC AREA NAV,HSI PROC,RTLS UPP, 
UD PROC ' 

RTLS NAV 
RTLS NAV SRTLS upP 

Asc S AREA NAV,AVVI PROC,RTLS NAV 
ASC AREA NAV 
ASC AREA NAV 
ASC AREA NAV 
HUDE1 , HUDE2 
RTLS NAV 

NAV 
RILS UPPRTLS NAV,ASC AREA NAV, 

RILS UEP RTLS NAV,ASC AREA MAV, 

eyis UPP,RTLS NAV,ASC AREA NAV, 

RILS UPP,RTLS NAV,ASC AREA NAV, 
ASC NAV 
RIES UEP RTLS NAV,ASC AREA NAV, 

RTLS UPP,RTILS NAV,ASC AREA NAV, 
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V90H1832CB 
V90H1633CB 
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X-COMP EF POS VCT OF MLS RNG ANT 
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X-COMP EF POS VECTOR OF TACAN 

V-COMP EF POS VECTOR OF TACAN 
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V-COMP EF POS VECTOR OF TACAN 
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Table 4.5.2.4-2. 

OI8D MISSIONS 
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ALT_MLSEL (04) 

BIAS_AZMLS(01) 
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V96U8293C 

v98uU8294C 

v9eus8295C 

V96U8463C 

V¥98U8464C 

V98U8465C 

v98uU8466C 

DBFN: 0476 

ENG UNIT 

RAD 

RAD 

Rad 

RAD 

RAD 

RAD 

RAD 

RAD 

FT 

FT 

FT 

FT 

RAD 

RAD 

RAD 

RAD 

dt eatttain sien St ih 

Ascent Site Lookup (4.238) I-Loads (Cont) 

_T PRD S PR FCTN CAT 

F S DP 64.124 
64.238 

F 

DATE : 01/23/89 

P 64.124 
64.238 

P 64.124 
8 

P 64.124 
64.238 

P 64.124 
64.238 

P 64.124 
64.238 

P 646.1246 
64.238 

P 64.1246 
64.238 

P 64.126 
64.238 

P 64.126 
64.238 

P 64.126 
38 

P 64.1246 

iu
m 

iw
 
ie
 

R
$
 

$2
 

8B
 

RF
 

SP
 

33
 

$F 

Sk
 

SF
 

SF
 
S
I
S
 

AHLO 
EHLO 

AMLO 
EHL® 

AML® 
EML6 

ANLO 
EHL6 

AHLO 
EML® 

AMLE 
EMLO 

AML®O 
EHLO 

AML® 
EHL®é 

AML 
EML® 

AHLO 
ENLO 

AMLO 
EMLe 

AMLO 
EML® 

AHL® 
ENLO 

AMLO 
ENL® 

AMLO 
EHLO 

AMLG 
ENML® 

AMLO 
ENLe@ 

  

y
B
u
o
y
e
u
s
s
z
y
|
 

UO
IS
IA
IQ
 
SU

e;
sh

g 
[
E
e
M
y
A
O
O
Y
 
e
 
9
 

u
o
n
e
u
o
d
s
u
e
l
 
s
s
e
d
g



68
61

 
‘1

¢ 
At

ar
 

Q8
-1
0 

%-
No
Od
 

@
S
0
0
0
-
€
8
 

SL
S 

29
7-
9 

Table 4.5,2,4-2, 
OI8D MISSIONS 
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Table 4.5.2.4-2. Ascent Site 
OI6D HWISSIONS 

FSSR NAME 

LATITUDE_GEODETIC_MAKI(10) 

LONG_MLS_R_AZ(01) 

LONG_HLS_R_AZ(02) 

LONG_MLS_R_AZ(03) 

LONG_MLS_R_AZ(04) 

LONG_MLSEL (01) 

LONG_MLSEL (02) 

LONG_MLSEL (03) 

LONG_MLSEL(04) 

LONGI TUDE_EAST_MAXI(01) 

LONGITUDE_EAST_MAXI(02) 

LONGITUDE_EAST_MAXI(03) 

LONGI TUDE_EAST_HMAXI (04) 

LONGITUDE_EAST_MAXI(05) 
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v98U8587C RAD F 
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Table 4.5.2.4-2, 

O18D MISSIONS 

Pee See SMO De BBM ees Gwe ee een eewscowmewtoenosauasee 

LONGITUDE_EAST_MAXI(09) 

LONGITUDE _EAST_MAXTI(16) 

MAGNETIC _VARIATIOM_MAXI (01) 

MAGNETIC _VARIATION_MAXI(02) 

MAGNETIC_VARIATION_MAXT(@3) 

MAGNETIC_VARIATION_MAXI (04) 

MAGNETIC_VARIATION_MAXI(05) 

MAGNE TIC_VARIATION_MAXI(06) 

MAGNE TIC_VARIATION_MAKI (07) 

HAGNETIC_VARIATION_MAXI(08) 

MAGNETIC_VARIATION_MAXI (09) 

MAGNE TIC_VARIATION_MAXI(10) 

MSL_ABOVE_ELLIPSOID_MAXI(01) 

MSL_ABOVE_ELLIPSOID_MAXI(02) 

MSL_ABOVE_ELLIPSOTD_MAXI (63) 

MSL _ABOVE_ELLIPSOID _MAXI(64) 

HL ABOVE _SLLIPSOID_MANT( 0S) 
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ENG UNIT ee OT PR DS PR ECTN CAT 

RAD F S$ BC 64.1246 
64.238 

RAD F S$ DC 64.126 
64. 38 

RAD F 3 DC 64.1246 
6. 38 

RAD F S$ BDC 64.124 
64.238 

RAD F S$ BDC 64.124 
64.238 

RAD F $ DC 64.124 
64.238 

RAD F S DC 64.124 
64.236 

RAD F S$ DC 64.124 
64.236 

RAD F S$ BC 64.124 
64.238 

RAD F S$ BC 64.1246 
4.238 

RAD F S BC 64.124 
A.238 

RAD F S$ BC 6 124 
238 

F S&S BC 64.124 
ft “~ 335 

S$ BC 64 124 n rs ce it 
FT F 8 ee gs 333 

T es ec $3 $33 

‘T Fs ec $3 $33 
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Table 4.5.2.4-2. Ascent Site Lookup (4.238) I-Loads (Cont) 
O18D MISSIONS 

SFSSR MAME neneneneeeenceeees STD... EMG UMIT.________BTPRD'S PRFCTIN CAT 
MSL_ABOVE_ELLIPSOID_MAXI(.06) V98U8697C FT F S$ DC 64.124 A031 

. E031 
MSL_ABOVE_ELLIPSOID_HAXI(67) vosuse9ec FT F S DC 64.124 A041 

. £041 

MSL_ABOVE_ELLIPSOID_MAXI(08) v9s8us6e99c «FT F S DC 64.124 A041 
64.238 £041 

MSL_ABOVE_ELLIPSOID_MAXI(09) v98U8700C FT F S$ DC 64.124 esi 
. 64.238 E052 

MSL_ABOVE_ELLIPSOID_MAXI(10) voaus701Cc FT F $ DC 64.124 A051 
64.238 E052 

R_AZ_RADAR_BEARING( 01) V98U8729C RAD F $ DP 646.124 AHLe 
64.238 EMLO 

R_AZ_RADAR_BEARING( 02) V98U8739C RAD F S$ DP 64.124 AMLO 
64.238 EHLO 

R_AZ_RADAR_BEARING( 03) v98U8731C RAD F S DP G6%.124 AMLO 
64.238 EMLE 

R_AZ_RADAR_BEARING(04 V98U87 A F S DP 64.124 AHLO 
—s - ) S2¢ RAD 64.238 EMLO 

F S DC 64.124 xsse R_HAC_RW_L(1) v98U9801C ~FT es.120 = xsee 

, S$ DC 64.124 xS86 R_HAC_RW_R(L) v98u9804C FT F 64.238 XS80 

RILS_PRIME_AREA ¥99U8961C ND Is uc 64.2 AAPO 

64.238 

RUNWAY_ALT(L) v96U9795C FT F $s DC 64.128 aelt 

RUMWAY_ALT(16) v97U6570C FT FS DC 64.128 aes} 

RUMVAY_ALT(2) V97U6562C FT F Ss DC 64.126 acl 

RUMUAY_ALT(3) V97U6563C FT F $s DC 64.128 aezt 

RUWHAY_ALT(G) v97U6566C FT ‘ $s DC 64.128 aezt 

DBFN: 0470 DATE 3011/23/89 
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Tab ¢ 6.5.24 2. A 

G18 WISSIONS 

FSSR NAME 

RUNWAY_ALT(S) 

RUNWAY_ALT(6) 

RUNWAY_ALT(7) 

RUNWAY_ALT(8) 

RUNWAY_ALT(9) 

RUNWAY _MAHME (61) 

RUNWAY _NAME (92) 

RUNWAY _NAME (63) 

RUNWAY _HAME (64) 

RUMUAY_MAME (65) 

RUMMAY MAME (96) 

RUMMAY _MAME (67) 

RUM AY WANE 108) 

RUNWAY WAME (69) 

RUNWAY _WAHE (16) 

RW_AZIMUTH(61) 

RW_AZIMUTH( 62) 

ne te Lookap (4.238) I-Loads (Cont) 

V97U6565C 

V97U6566C 

V97U6567C 

V97U6568C 

V97U6569C 

V96U8767C 

V98U8768C 

V98U8769C 

¥98U8770C 

¥96U8771C 

¥98U6772C 

¥98UB773C 

¥96U8775C 

¥98U6775C 

V96U6776C 

V98U8794C 

v96U8795C 

DBFN: 0476 

DT PRD S PR FCTIN CAT 

BC 64.126 
64.238 

DC 64.124 
64.238 

DC 64.124 
64.238 

DC 64.124 
64.238 

DC 64.124 
64.238 

BDC 64.124 
64.238 

DC 64.124 
64.238 

BC 64.126 
64.238 

BC 64.126 
64.238 

BC 64.126 
64.258 

BC 64.124 
66.238 

BC 64.126 
238 

BC 64.126 
4.238 

BC 046.126 
64.238 

BC 64.1246 
4.238 

DC 64.124 
id 64.238 

DC 64.124 
fs 64.238 

ENG UNIT 

FT F 

FT F 

FT F 

FT F 

FT F 

ND CH 

ND CH 

ND cH 

uD cH 

uo ca 

“eS cn 

e cn 

ad cn 

wD cn 

ND cH 

RAD 

RAD 

DATE 3081/23/69 
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Table 4,5.2.4-2, Ascent Site Lookup (4.238) I-Loads (Cont) Olé0 MISSroNs 

EMME cece rere eaneeEMeLUMET. OT OR DS PR FTN cat RW_AZIMUTH(03) 
V98U8796C RAD F S$ DC 64.124 Ae21 

64.238 £921 RW_AZIMUTH(04) 
V98U8797C RAD F S DC 64.124 Ao21 

64.238 E9021 RW_AZIMUTH(05) 
V98U8798C RAD F S DC 64.126 A031 

64.238 £631 RW_AZIMUTH(06) 
V98U8799C RAD F S DEC 64.124 Ae31 

64.236 £63] RW_AZIMUTH(07) V98us800C RAD F S DC 64.126 A041 64.238 E641 RW_AZIMUTH(08) V98USB801C RA F S$ DC 66.126 4041 D 
64.238 Ee41 RW_AZIMUTH(09) 

S DC 64.124 Aes) 

A 
vosus602C RAD F 64.238 Lees 

C 64.126 = a651 

RW_AZIMUTH(10) V98U8803C RAD F S$ D 64.238 Fees 3 

@ -1246 = A612 

RW_DELH(01) vosuseo7c FT F S$ DC £4-328 Eeil 3 

wo 64.124 AGil 

RW_DELH(02) V9eusseeC FT F s$ De 64.238 Eell 

-124 =A821 

RW_DELH(03) vosusseoc «FT F $ DC $3 -328 £821 
RW_DELH(66) vosusslec FT F Ss pec £3328 233} 
RW_DELH( OS) vesussiic FT F S$ DC £3 -32% £33} 

OW_DELH(O6) v9s8u8812C FT F $ DC €3:328 eet 

RYW_DELH( 67) voeussl3sc FT F $s oc €4-328 oes} 

. A041 
RYU_DELH( 08) voeussl4c FT F $ oc 07288 Fei 

C 64.124 §=ae51 
RY_DELH(69) V98U8815C FT F $ D 64.238 Lees 

DBFN: 0470 DATE : 01/23/69 
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Table 4.5.2.4-2, 

OI8D NISSIONS 

FSSR NAME 

RuELNe) 

RW_LAT(O1) 

RW_LAT(O2) 

RW_LAT(03) 

RW_LAT(04) 

RW_LAT(OS) 

RW_LAT(06) 

RW_LAT(07) 

RW_LAT(08) 

RW_LAT(09) 

RW_LAT(10) 

RW_LENGTH(1) 

RW_LENGTH(10) 

RW_LENGTH(2) 

RW_LENGTH(3) 

RW_LENGTH(4) 

RW_LENGTH(5) 

Ascent Site 

MSID ENG UNIT DT PRD S PR FCTN 

voeuse8l6éc FT F dC eh 128 

V98U6820C RAD F DC 64.124 
64.238 

V98US8821C RAD F DC 64.124 
64.238 

V98U8822C «RAD F a 64-328 

V98U8823C RAD F BC 64.124 
64.238 

V9BUBB24C RAD F BC 64.124 
64.238 

V98U8825C RAD F DC 64.124 
64.238 

V98U8826C RAD F BC 64.126 
64.238 

V98U8827C RAD F DC 646.1246 
64.238 

V96U8828C RAD F DC 64.124 
64.238 

v98U8829C RAD Ff Bc 64.124 
64.238 

v99U7121C FT Z DP 64.124 
64.238 

v99u7130C FT I DP 64.124 
64.238 

yv99U7122C FT I DP 64.124 
64.238 

U7123C FT z DP 64.124 v99u71 64.238 

FT I DP 64.124 V99U7124C 64.258 

I DP 64.124 yoou7125C FT 64.258 

DBFN: 0470 DATE :01/23/89 

& 

=~ 

Lookup (4,238) I-Loads (Cont) 
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Table 4.5.2,4-2, 
GI8D MISSIONS 

FSSR NAME 

Ascent Site Lookup (4.238) I-Loads (Cont) 
68
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¥ 
watt een c te ewe neeee ee een enn e ee HSID ENG UNIT OT PRBS PRECTN CAT 
RW_LE NGTH(6) voou7126C FT IS DP C4.126 ae31 awk 64.238 £831 

-LENGTH(7) v99u7127¢ FT I S BP C4.126 0% eu 64.238 E06 
.-LENGTH(8) veoU7126c FT I 3 DP C4.126 £062 

64.238 E841 RW_LENGTHI9) veou7l29¢ FT I S BP G4.126 4051 
64.238 £052 RW_LONIO1) v98Us833C RAD F S$ BC C4.12% 64011 
64:238 E011 

RW_LON( 02) V9BUS836C RAD F S BC G4.126 sell 
64:238 E011 

RW_LOW( 63) voeussssc RAD F S BC C4126 nez1 
64.238 «Ee2t ff 

RW_1ON1 06) ¥esuessec RAD F S$ BC G.126) «fe71 TS 
64.238 £e2l J2 

R¥_LON(eS) vequess7C¢ (RAD F S$ BC 64.124 2031 FS 
64.238 £831 [[‘o 

WW_t 061 06) Vooussssc RAR F S BC 64.126 A031 
64:238 £031 

Bd_t oni 87) ¥9eUsE35C RAD F S$ DC G4.126 1062 
64.238 E641 

W_Lomiess voeuEssec RAD Fs OC 64.126 aes 

R_10m1 09) ¥98U8841C RAD fs BC 04.126 aest 

Rw_Low(ie) ¥90U88462C RAD ° 3s DC 04.126 nest 

RW_MAG_VAR(O1) 498U8846C RAD a | DC 64.126 agit 

RW_HAG_VAR(02) ¥90U8847C RAD yr $ DC 64.124 Aely 

RW_HAG_VAR(03) V98U8848C RAD fF spe 64.126 aezt 

DBFN: 0470 DATE :01/23/89 
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Table 4.5.2.4 2. 
C180 MISSIONS 
FSSR WANE 

Ascent Site Lookup (4.238) I-Loads (Cont) 

NSID DT PROS PR FCTH CAT 
Meese vases = SWeBeses SESSS SSK SBeVes G& FHF FFFSSOS EHS STH HE HH EEO FOSS SSA EHAEASSSABDSSOSOROFEDSZODAS 

Rw_BAG_VAR(04) 

Ww_MAG_VAR 65) 

Pv_BAS_VAE 66) 

Id _PAS Vik O7 

Wd_Pas VaAk 08 

W4_paS_¥ak 09) 

Ri _pac_vah(16) 

R'4_MSALS_IMDEX( 01) 

R_MSaLS_INDEX( 62) 

RW_MSBLS_INDEX (03) 

RW_NMSBLS_INDEX (64) 

RW_MSBLS_INDEX(65) 

RW_MSBLS_INDEX(@6) 

RW_HSBLS_INDEX (07) 

RW_MSBLS_INDEX (08) 

RW_MSBLS_INDEX(09) 

RW_HSBLS_INDEX(10) 

V28U8B49C 

v98U8850C 

v98U8851C 

V98U8852C 

vesussssc 

¥98U8856C 

weouesssc 

¥9907619C 

yoou7e11C 

¥99U7612C 

¥99U7613C 

¥99U7614C 

V99U7615C 

v99U7616C 

V99U7617C 

v99U7618C 

V99U7619C 

DBFN: 0470 

ENG UNIT 

RAD F 

RAD F 

RAD F 

RAD F 

RAD F 

RAD F 

RAD F 

we z 

“Dp z 
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ND I 
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Table 4.5.2.4-2. 
OI8D MISSIONS 

FSSR NAME 

TACAN_ID_MAXI(61) 

TACAN_ID_MAXI(062) 

TACAN_ID_MAXI(.03) 

TACAN_ID_HAXI(04) 

TACAN_ID_HAXI(05) 

TACAN_ID_MAXI(06) 

TACAN_ID_MAXI(07) 

TACAN_ID_MAXI (08) 

TACAM_ID_MAXI(.09) 

TACAN_ID_MAKI(10) 

X_DHEAZ_RW(OL) 

X_DMEAZ_RW(02) 

X_DHEAZ_RW(63) 

X_DHEAZ_RW(04) 

X_EL_RW(01) 

M_EL_RW(02) 

M_EL_RW(03) 

Ascent Site 

v98U8895C 

V98U6894C 

V98U8895C 

V98U8896C 

v98U8897C 

v98U8896C 

V98U8899C 

v98u86900C 

v9eue90ic 

v98U8902C 

v98U9207C 

v98u9208aC 

v98U9209C 

v96U9210C 

v98U9219C 

v98u9220C 

v9eue221C 

DBFN: 0470 

Lookup (4.238) I-Loads (Cont) 

ENG UNIT DT PR D S PR FCTN 

ND I $ DC 64.126 
64.238 

ND I S$ DC 64.124 
64.238 

ND I S$ DC 64.124 
64.238 

ND I S$ DC 64.124 
64.238 

ND IS DC 64.124 
64.238 

ND I S DC 64.1246 

ND I S DC 64.126 
64.238 

ND I$ DC 64.124 
64.238 

I S$ DC 64.126 
ND 64.238 

IS DC 64.124 
NOD 64.238 

F S DP 64.124 
FT 64.238 

S DP 64.124 
FT F 64.238 

F S DP 64.1246 
FT 64.238 

F S DP 64.124 
FT 64.238 

S DP 64.1246 
FT F 64.238 

F S DP 64.126 
FT 64.238 

$ DP 64.124 
FT F G4.238 

DATE: 01/23/89 
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Table 4.5.2.4-2, 

OI6D MISSIONS 

FSSR NAME 

Ascent Site Lookup (4.238) I-Loads 

MSTO DT PR DS PR FCTN CAT 

XLEL_RW(04) 

Y_DMEAZ_RW(01) 

Y_DHEAZ_RW( 62) 

V_DNEAZ_RW(03) 

Y¥_DHEAZ_RW(04) 

v9eu9s222c 

v9au9231C 

v9au9232C 

v98U9233C 

¥98U9234C 

DBFN: 0476 

ENG UNIT 

FT F 

FT F 

FT F 

FT F 

FT F 

DATE 01/23/89 

D P 64.124 
64.238 

D P 64.124 
64.238 

DP 64.1246 
64.238 

DP 64.1246 
64.238 

DP 64.126 
64.238 

AHL 
EHLO 

AMLO 
ENL® 

AML® 
EMLO 

AML® 
EML6 

AHL 
ENLO 
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Table 4.5.2.4-3, 

O18B MISSIONS 

Ascent Site Lookup (G4.238) K-Loads Ascent Site Lookup 

  

FSSR NAME MSI e DESCRIPTION 0 MC KLOAD VALUE ENG UNIT OT PRS PR FCTN LAST CR EQTN SIO 
t were enwere ~- - 

S R_HAC_RW_LO2) v98u9802C ~1.55 E+04 FT fF se 3-383 G9661A CS) ° 64.238 
R_HAC_RH_LE3) v9eu96803C +0.0 E+¢00 FT Fse 4-328 59966 

R_HAC_RH_RI2) V98U9805C 41.55 E204 FT Fse 83-328 O%661A 

R_HAC_RW_AI3) V98U9606C 20.0 €*00 FT Fsece £4: 232 59966 

OBFN:053¢ DATE :07/14/68 
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NROKRMM. FSSR2. DATALX06 IBOOKS 
PFS CONSTANTS UPDATE B/L 

FSSR NAME 
DESCRIPTION 

SS i Oe eee ee eee eee 

ELLIPT 
EARTH'S ELLIPTICITY CONSTANT 

EARTH RADIUS EQUATOR 
EARTH EQUATORIAL RADIUS 

Table 4,5.2.4-4, 

V97U5332C 

V97U5324C 

Ascent Site Lookup (4.238) Constants 

- 335232980000 ND F D 
0000 E-02 

- 209257414698 FT F D 
1630 E408 

s PF REF LAST CR EQTN HSID 
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Space Transportation g Rockwell 
Systems Division international 

Table 4.5.2.4°5. Ascent Site Lookup (4.238) 

  

  

  

Cross-Reference 

FSSR Name Source Name 

TAL_DECLARED FIRST PASS TAL_DECL_FRST_PASS 

TAL_ABORT_DECLARED TAL_SELECT_ CMD 

M_EFTOTD_TACAN_SL(1) 

M_EFTOTD_TACAN SL(2) 

M_EFTOTD_TACAN_SL(3) 

R_TACAN EF _SL(1) 

R_TACAN_EF_SL(2) 

R_TACAN EF_SL(3)   
M_EFTOTD_TACAN_SL1 

M_EFTOTD_TACAN_SL2 

M_EFTOTD_TACAN SL3 

R_TACAN_EFSL1 

R_TACAN_EFSL2 

R_TACAN_EFSL3     

4-274 
STS 83-0005B 
PCN-2 OI-8B 
November 30, 1988 

os 
  

on 4



Rockwell 
International 

Space Traneportation 6 
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4.6 USER PARAMETER PROCESSING PRINCIPAL FUNCTIONS 

The purpose of the user parameter processing principal functions is to 
maintain an estimate of the vehicle state (position and velocity) and to 
derive from that state various related parameters required by systems such as 
guidance, displays, flight control, targeting, payloads, and navigation. 

Within each user parameter processing principal function, the state fron 
which the user parameters are derived is maintained by the user parameter 
state propagation subfunction. This subfunction utilizes a simple, fast- 
acting, single-step integrator to rapidly advance the user parameter state. 
The propagation interval is smaller than that used by the navigation principal 
functions, thus avoiding the need to wait for the next external sensor 
measurement processing to occur. At the end of each navigation propagation 
and external sensor measurement incorporation step, the navigation state is 
passed to the user parameter propagator, which then resets itself to that 
state. The value of the gravitational acceleration vector calculated by the 
Navigation state propagator is used as a constant by the user parameter propa- 
gator between resets. Sensed changes in velocity are rapidly incorporated in 
the user parameter state at each integration step. In this way, the user 
parameter state propagation function maintains an accurate current state 
between navigation filter state computations. 

The user parameters that are derived from the user parameter state typi- 
cally provide expressions of the vehicle state in frames of reference dictated 
by the user3 for example, positions expressed in non-Cartesian frames related 
to landmarks, radar beacons, or selected way points for easy crew interpreta- 
tion and aerodynamic parameters for guidance, displays and flight control 
derived from the state through the use of environmental models. 

The systems that require user parameters vary as a function of mission 
phase, major mode, and event cues recognized by the user parameter processing 
sequencers. The rates at which user parameters must be calculated also vary 
according to these criteria. This forces the user parameter state propagation 
subfunction to be performed at a rate supportive to the user parameter having 
the highest rate requirement during any particular user parameter phase. 

The user parameter processing principal Functions that perform the compu- 
tations of the user parameters correspond to the major ascent/RTILS operations 
mission phases: ascent and RTLS. The detailed requirements for these phase- 
related principal functions are provided in theie individual subsections. 

Because the user parameter propagator supports all phases, the rate 
requirements of these phase-related user parameter processing principal 
functions implicitly place scheduling and rate requirements upon the user 
parameter state propagation subfunction. These scheduling and rate require- 
ments are defined in those subsections of Section 4.1 that correspond to the 
user parameter processing sequencer principal functions. 
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4.6.1 Ascent User Parameter Processing (4.19) 

This principal function will serve as the interface between navigation 
and users of navigation-related data during the ascent operational sequence. 
This function will maintain the vehicle state within the user parameter state 
propagation subfunction and shall: 

e Provide this state to users who require vehicle state parameters in 
mean-of-fifty (M50) coordinates 

e Provide the software to transform this state for users who require nav 
state related parameters 

This function is composed of the following subfunctions: 

l. User parameter state propagation (Section 4.6.1.1). 

2. Ascent/RTLS user parameter calculations (Section 4.6.1.2). 

3. Ascent user parameter processing initialization (Section 4.6.1.3). 

4. Ascent user parameter HSI calculations (Section 4.6.1.4). 

This function is controlled by the ascent user parameter processing sequencer 

(Section 4.1.3). 

The principal function input and output parameter tables, along with 
I-Load, K-load, constant, and cross-reference tables, are presented in 

Section 4.6.1.5, in Tables 4.6.1.5-l through 4.6.1.5-5. 

4.6.1.1 User Parameter State Propagation. This subfunction will provide 
state vector information to users such as guidance and displays during the 
ascent phase. 

  

A. Detailed Requirements. The detailed requirements for this subfunction are 
contained in Section 4.4.1. 

B. Interface Requirements. The input and output parameters required are 
listed in Tables 4.6.l1.1-l and 4.6.1.1-2. 

  

C. Processing Requirements. None. 

D. Constraints. None. 

E. Supplementary Information. A suggested implementation in the form of a 
detailed flow chart is to be found in Section 5.6, USER PARAM _PROPAGATOR_ 

ASCENT _AND_RTLS. 
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Ascent User Parameter Processing Principal Function Interface Diagram 
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Table 4.6.1.1-l. Ascent User Parameter State Propagation Input Parameters 

Taput Semple 
Descriptica Syabol Source Type | Precision! Range | Units Rate 

Switch indicating (ON) thee current FILT_UPOATE (a) D orr/on BAV rate 
Wav cycle is complete 

Vehicle position vector after all BR _RESET (a) v oP fe Ba¥ race 
navigation updates ceserved for 
eeset of user parameter integra- 
tor position vector R _AVGG - 

Time associated vith currently T_IMU (a) v DP eec Ae per 
taad IMU velocity counts from the sequeacer 
TU selection filter (RM) 

Time associated with reserved T_RESET (a) F DP sec WAV rate 
reset state 

Current selected accumleted vt (a) Vv or fe/seci Ae per 

TMU velociry CURRENT sequeacer 

Copy of V _CURRENT_FILT v_m™ (a) v DP fe/eec] RAV race 
reserved a8 velocity count at RESET 
start of extrapotacion interval 
when user parameter integrator 
is reset 

Vehicle velocity vector after V RESET (a) v $s fe/sec] RAV race 
all navigation updates reserved 
for reset of user parameter 
integrator velocity vector 
¥ _AVGG 

Previous value of T_IMU T_IMU_LAST (a) F oP sec Farse pass 
oaly 

Previous velue of V_IMU v IM (a) Vv or fe sec] First pass 
CURRENT LAST oaly 

Sensed acceleration A SENSED (a) v $s fe 2 Friese pass 
sec oaly 

Current tiee T_CURRENT (a) Fr DP aec As pert 
sequeancet 

Gravirational acceleration G _RESET (a) v s Ee 2 RAY rate 
vector reserved for reset of sec 
user parameter integrator 
gravity vector 

‘See ascent UPP principal function input paramecer table. 
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Ascent User Parameter State Propagation Output Parameters 

  

  

Output Comp 
Description Syabol Destiaation Precision | Range | Unite | Rate 

TMU-sensed acceleration A SENSED ASCENT_RTLS_ 8 ft/, As per 
COMPS sec sequencer 

Current Shuttle position vector BR _AVG Ce), ASCENT_ oP fe As per 
RTLS COMPS, sequencer 
ASCENT_UPP_ 
INIT 

Tiwe tag for current user peta T_STATE (a), ASCENT_ op sec Ae per 
eter state vector UPP_INIT sequencer 

Shuttle current velocity vector Y¥ _AvGG (a), PW_HST_ 8 ft/sec| As per 
COMPS sequencer 

Earth-relative velocity ¥ _RHO (a), ASCENT_ s ft/sec| As per 
RTLS_ COMPS, sequencer 

Pw_HST_COMPS 

Earth-relative velocity REL_VEL_MAG | (a), ASCENT_ s ft/sec| As per 
magnitude RTLS_COMPS, sequencer 

Pw_HST_COMPS 

Inertial velocity magnitude V_INERTIAL_ | (a) s fe/sec| As per 
MAG sequencer 

Current selected accumulated V _IMu OLD (a) DP fe/sec| Ae per 
IMU velocity sequencer               

  

    . 

“See ascent UPP principal function output parameter table.     
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4.6.1.2 Ascent/RTLS User Parameter Caiculations. This subfunction will 
compute the navigation-related parameters required by users _ during MM‘s 102 
and 103 of the ascent operational sequence. 

A. Detailed Requirements. The detailed requirements for this subfunction sre 
contained in Section 4.4.3. 

B. Interface Requirements. Input and output parameters required are listed 
in Tables 4.6.1.2-1 and 4.6.1.2-2. 

C. Processing Requirements. Cyclic execution and repetition rate for this 
subfuaction are controlled by the ascent users parameter processing sequencer 
(Section 4.1.3). 

D. Constraints. The computations from RHO A will be valid for altitudes 
ALT < ALT _TABryay where ALT_TABy yay is the last altitude in the premission- 
loaded table. 

E. Supplemental Information. A suggested implementation of the ascent 
calculations, in the form of a detailed flow chart, is shown in Section 5.6, 
flow chart ASCENT_RTLS_COMPS. 
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Inputs for Ascent/RTLS User Parameter Calculations 

  

  

  

Input Sample 
Description Syabol Source Type| Precision | Range | Unice Race 

Exponential ateosphere acale ALT_Sy Design P § te As per 
height I=], 7 Dependent sequencer 

Current Shuttle position vector R _AVGG Ascenct UPP| V oP fe As per 
state prop sequencer 

Exponential atmosphere base RHO_By (b) F 8 slyge/ As per 
density I21, 7 fe sequencer 

Magnitude of vehicle relative REL_VEL_MAG Ascenc UPP| F 8 ft/sec | As per 
velocicy state prop sequencer 

Altitude regions f= 1, ? ALT_TABy (b) Ft s | fe As per 

sequencer 

Number of altitude regions IMAX (b) I s As per 
sequencer 

IMNU-sensed acceleration A _SENSED Ascenc UPP | V s fc/ As per 

- : state . sec” sequencer 

Acceleration of gravity at sea GRAV_SEA_ (b) F Ss fe/ As per 
level LEVEL sec? sequencer 

Major wmode 102 flag MM_CODE_102 (a) D ON/OFF As per 
sequencer 

Major mode 103 flag MM_CODE_103 (a) D ON/OFF As per 
sequencer 

| 
Unie vector in direction of EARTH_POLE Vv 0) ' As per 
earth's axis of rotation sequencer 

Earth equatorial radius EARTH_RADIUS_ | (b) F DP ft AS per 
EQUATOR sequencer 

Flag indicating (ON) thac che UPP_UPDATE Ascent UPP | D  orr/on As per 
UPP scace has been updated by the sCate ! sequencer 

navigation filter Prop I 

Alcitude of runway with respect ALT_RW (a) F s fe As per 
to reference ellipsoid sequencer 

Earth ellipticicy conscane ELLIPT (b) F DP As per 
sequencer 

Shuctle Earth-relative velocity Vv _RHO Ascent UPP | V s Fc/sec | As per 
vector in M50 coordinates . state sequencer 

prop 

Major mode 602 flag MM_CODE_602 (a) D ON/OFF As per 
sequencer 

Major mode 603 flag MM_CODE_603 (a) D ON/OFF As per 
sequencer                   "See ascenc UPP principal function input parameter table. 

MSee ascent UPP principal function I-load, K-load, and constant tables.     
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Table 4.6.1.2-2. Outputs From Ascent/RILS User Parameter Calculations 
  

  

  
                  

Output Coup 
Descriptica Syabol Destination | Type Precision | Range | Units | Rate 

Vehicle's current dynasic pressure QBAR_A (a) F s PSF Ae per 
. sequencer 

Current Orbiter altitude above ALT (a) F 8 ft As per 
weference ellipsoid sequencer 

Radial component of the relative . W_por (a) Fr s ft/sec | As per 
velocity Sequeacer 

Total load factor LOAD_TOTAL | (a) F 8 g's Aa per 
sequencer 

Equivalence air speed EAS (a) Fr 8 ft/sec | Ae per 
sequencer 

*See ascent UPP principal function output parameter table.     

oS) / 
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4.6.1.3 Ascent User’ Parameter Processing Initialization. 
* 

A. Detailed Requirements. The following initial calculations are required to 
properly initialize the ascent user parameter processing principal function. 

The M50 position vector of the navigation base will be snapped and 
renamed at this time to provide a vector approximating the M50 position of the 
launch site at liftoff: 

R_MS5O_AT LIFTOFF = R _AVGG 

An earth-fixed to topodetic coordinate system transformation matrix will 
be determined: . 

M _EFTOTD = EF TO TOPDET(NAVBASE_LAT_ZERO, NAVBASE_LONG ZERO) 

where NAVBASE LAT ZERO dnd NAVBASE_LONG ZERO are premission-loaded coordinates 
of the navigation base at the launch pad reference point, 

A matrix to transform M50 coordinates to Earth-fixed at the time associ- 

ated with the current vehicle M50 state will be generated: 

M TEMP TXPOS = EARTH FIXED TO M50_COORD(T STATE)? 

where T_STATE is obtained from the user parameter state propagator, 

A matrix to transform M50 coordinates to the boost reference coordinate 

system (topodetic coordinate system at launch site) at this tame of 
anitialization will be computed as: 

M_MSOTOBR = M_EFTOTD M_TEMP_TXPOS 

Next, the general utility routine MAT_TO_QUAT will be evoked to convert 
the matrix M MSOTOBR to an equivalent quaternion, 

CALL: MAT_TO_QUAT(M_MSOTOBR) 

ASSIGN (Q_MSOTOBR) 

Finally, the unit vector normal to the plane of the orbit 1s computed as 
follows: 

If the orbital plane constraint is earth fixed (i e@e , RF PLANE SW = ON), 
then the unit vector normal to the EF orbital plane is tranaformed From EF 
coordinates to M50 coordinates: 

L _¥D_M5O = M_TEMP TXPOS? I yD, 
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else (i.e., EF_PLANE SW = OFF) a node adjustment matrix is computed, and the 
unit vector normal to the M50 orbital plane is rotated to account for nodal 
regression between nominal and actual launch times: 

DELTA_NODE = NODE_SLOPE (T_STATE - T_GMTLO REF) 

CNODE = COS(DELTA_NODE) 

SNODE © SIN(DELTA_NODE) 

M_NODE_ADJ = (CNODE, SNODE, 0, -SNODE, CNODE, 0, 0, 0, 1) 

1 _YD_M50 = M_NODE_ADJ I YD 

B. Interface Requirements. The input and output parameters required are 
listed in Tables 4.6.1.3-1 and 4.6.1.3-2. 

C. Processing Requirements. None. 

D. Constraints. None. 

E. Supplementary Information. A suggested implementation in the fora of a 
detailed flow chart may be found in Section 5.6, ASCENT_UPP INIT. 
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Table 4.6. lh, 3-1, 

  

Description 

Ascent User Parameter Preeeseing tattialination Input Parameters 
  

  

hacivude of nav base at launch 
reference porat 

hoagitude of aav base at 
Lawnak vefereace point 

Time tag aseociated with 
qurweas user paraeeter state 
wes tor 

Quareag aae base NSO position 

wee tog 

Wart vector aoreal to orbit 
piame re eartanfixed or N50 

qoord aates 

Weaapal liftroff tine 

Nodal eegreasion slope 

Rerth=fixed plane coastraint 
PEASR   

ener a 

Vaput fete 
byabai Ruuree tree | Prac tetee [ Qange | Gaite | ace 

SAO a a 

WAVBART_LA (a) ' we wea anes 
aero Nhe : 

maveasn Lone | (a) ' re b eet tate 
azac ‘ . | 

Tarr UPP abate | F we ex 80 ate 
prep / 

i 
AR Avoa VPP erate | ¥ ee F Qere 

prep 
; 

4 v5 (a) ¥ t ure 

TONTLO_REP (ad ' ee —_—. 
} 

NODE_SLOPE (a) t a | tees tare 
wer 

EF _PLANE_SW (ad e QE Ate —     

  

      

  

    *gee ascent UPP prancipal function I-load table.     

Table 4,.6.1,3-2. Ascent User Parameter Processing Tnitialisation Qatput Rateeetets 

  

  

    
  

    

  

Oucpur - Need | 

Deacription Syabol Destination | Type | Prag yayag Range | Yancy hace 

, 

‘Wan cf $0 to boost reference QMSOTOBR (a) v(4) DR Qc 
quatera.ea 

“5Q poaitioca of navbase ac SRB R _M50O_AT_ (a) ¥ oe Qc 
xgmatiem command (approximates LIFTOFF 
“S30 poartiea of launch psd at i 

afeofé) 
j 

Unat vector normal to orbit i _Y0_50 (a), Pw_ Y & Bin \ 
RB ane 1a M30 coordinates HSI_COMPS 4 

Hede adjustment matrix M_NODE_ADJ (a) M ae q 

* SH 

"See ascent UPP principal function output parsmecer table. 
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4.6.1.4 Ascent User Parameter HSI Calculations. This subfunction will 

calculate certain parameters required to support the HSI processing principal 

function during MM's 102 and 103 of the ascent operational sequence. 

A. Detailed Requirements. The detailed requirements of this subfunction are 

presented in Section 4.4.4. 

B. Interface Requirements. The input and output parameters requi 

ed in Tables 6.6-1-4-1 and 4.6.1.4-2. 
quired are 

List 

C. Processing Requirements. 

The parameter HEADING_V_REL shall be initialized to a value 

None. 

D. Constraints. 

of zero. 

A suggested implementation in the form of a 
E. Supplementary Information. 

be found in Section 5.6, PW_HSI_COMPS. 
detailed flow chart may 

oy 
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Table 4.6. 1,41, 

menremeenee ON 

Inputs for Ascent BSI Calculations 

Rockwell 
international 

  

  

  

  

  
  

              

  

  

. Tepet Seapie 
Description Syebeok Sreres Type | Preetoion| Renge | Unice Race 

Positioa vector of runvay ia earth=- RAF te) v op fe Ae per 
fixed coordinates sequencer 

Time tag associated with current Lstare We? etate | F oP eee Ae per 
upper parameter state vector ree sequencer 

Current aavbase M50 position vector BAe WPP etate | ¥ bP ft Ab pet 
ptep sequencer 

Unie vector perpendicular to the SRN axt v 8 Ae per 
orbiec plane and directed ia the wee tw sequencer 
opposite sense to that of the = 
angular sosentus 

Inertial velocity in M50 & LAWes OPP otate | ¥ $ ft/eec | Ae per 
prep eequencet 

Relative velocity ia ™50 Ae BPP atate 1 V 3 ft/sec | Aa per 
prep sequencer 

Magoitude of the inertial velocity WLUNERT LAL Wee etate | F s ft/eec | As pet 
WAG prep sequencer 

Magnitude of the relative veloocaty RELVES WEP atace | F $ ft/sec | As per 

prop sequencet 

Major wode 601 flag WL CORK 04 (a) d ON/OFF As per 
sequencet 

TAL abort declared flag ARCRT ka) d ON/OFF Ae per 
DEL LARED sequencer 

"See ascent UPP principal function input pareneter tadle 

Table 4.6.1.4 2. Gutputs For Ascent HSI Calculations 

Qateat Comp 
Description Syeda Bestimation/ Type ] Precision} Range | Units | Rate 

Angle formed by che inertial Weabhinee va) t $ =r | tad As per 
velocity vecter and the orbit plane sequencet 

Angle formed by the relative WEARER REL Ca) r § “tr | rad As per 
velocity vactor and the arece plane sequencer 

Bearing of Shuttle position ta WEARING RW ta) t s own | cad As per 
landing site refaranced ta the orbit sequencer 
plane             
  

  
“see ascanc UPP prineipal functian cukpue Pareneter tedle 

  
  

el 
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4.6.1.5 Ascent User Parameter Processing (4.19) Principal Functioa 

Tables. The ascent user parameter processing principal function input and 

output parameters, along with the I-loads, K-loads, constants, and cross~ 

references, ate presented in Tables 4.6.1.$-1 through 4.6.1.5-5. 

The values for the I-loads are contained in the I-loads requirements 

document (38C-19350). 

gy 
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Table 4.6.1.5-1. Ascent User Parameters Processing (4,19) Input /Output 
Functional Parameters 

DBFW DS3B8e08-D 3 PN: VP7O71 eCeS7PEOL JULY 17, 1989 o1 INPUT FUNCTIONAL PARAMETERS FOR ASCENT USER PARAMETER PROCESSING ASC UPP oD REvee os. meses 307 
P 
Rg FSSR MAME ws ID NOMENCLATURE SOURCE UNITS para E 

A_SEWSED 1 ¥9018966C M-COMP OF SENSED ACCELERATION ASC NAV SE FT/S2 SENSED 25 V90A8967C Y-COHP OF SENSED ACCELERATION ASC WAV SE FT/S2 ercEnse 3 VORAB OAL Z-COMP OF SENSED ACCELERATION ASC WAV SE FT/S2 ClOtr CLOceTIME V91N5008C2  CLOCK-COMPUTERIGHT) FCOS FILT_UPba TE VOEXOZ2G¥R FLAG IND WAV FILTER PROC COMPLETE ASC NAV FILT JPLaTe VOOKO22G7BR FLAG IMD WAV FILTER PROC COHPLETE ASC WAV SEQ 
Erricit Voscescses SEL M-Corw OF Cray ACEEL GEIR RST | ASC MAY FI/s3 SLtEDET 2 VStS2e6CA SEL Y-COMP OF GRAV ACCEL VCTR RST © ASC NAV FI/S2 B_¥i2:T 2 WOEAES@OCR 8 SEL Y-COMP OF GRAV ACCEL VCTR RST ASC NAV SEQ FT/S2 SHEET FE VYSASCESCA 8 =6SEL Z-CORP OF GRAV ACCEL VCTR RST ASC NAV FT/S2 oot ite 2 core ie2 Weisscesce set Z-come OF SRAv ACCEL VCTR RST ASE WAV SEQ FT/S2 

—_—_ = Wa48 

Poses tiohads essilise Gis rose 288 He me = 

e[s 257, V41~1941CBR N-COMP LOG SITE POS VCT-EF COORD ASC SITE LOOKUP FT i roi Vomistcs [tone tGe Sue fos Vergy cooee ASE StTE LSQue HH an bE rv - - 

W_AtTZT 1 V99NG225CR SEL X-COMP OF UPDATED POS VCTR RST ASC NAV as DPL R_2752T 1 VOqHa235CBR 8 6SEL X-COMP OF UPDATED POS VCTR RST ASC NAV SEQ FT DPL P_RNLET 2 ¥O9HO236CA SEL Y-COMP OF UPDATED POS VCTR RST ASC NAV FT DeL Rader wgauesiven GEL F-eoue Or UpSureD fos Vere ast ASE Why S€Q FT Brt RTRESET 3 ¥90HO237CB «6 SEL 2-COMP OF UPDATED POS VCTR RST ASC NAV SEQ FT pPt S77. _v 65a 1 ¥900 25576 SEL TOTAL X VEL H50 IHU RM FT/S ort SEL_v~MEO 2 V90 2558C SEL TOTAL Y VEL H56 IMU RH FT/S DPL SéL_V_MS@ 3 V90 2559C SEL TOTAL Z VEL M50 IMU RM FT/S OPL S&B" SEP_CMD_ FLAG V90M8331KB SRB SEPARATION COHMAND FLAG ET SEP SEQ T_GATLO_REF ¥99U7442C NOMINAL LIFTOFF IGN REF UL ge Y_Imu_List V90W8941C PREVIOUS VALUE OF T_IMU ASC WAV SE $ 4 T_Iaus V95W0002C IMU INPUT TRANS TIME TAG IMU INT PR or. 3 TLRESET V90WO225CA TIME OF FILTER STATE VCTR ASC NAV $ T_RESET V90W0225CB = TIME OF FILTER STATE VCTR ASC NAV SEQ s 
Dereon E pDESLARED VooLescce «© X-COMP OF PREVIOUS V_IMU_CURRENT ASE NAV SE FI/$ ? vate bast iL} vol eease Y¥-COHP OF PREVIOUS V_IMU_CURRENT ASC NAV Std FT/S 

sf aesetel Usarescten Set urcOre OF Acton senses Get Esr ASE May & Va 
reser veers ft U-Her er ERR SEeTE wet GGT ME ay ore F174 = EL x 

tReet eaesieee SEL Vea BF Accum Setee Wet aE Ree hay see = EUs @ THT Et 2- 

eter eiteee St E-eie Sr deomaraetiees BE Ree may see F17e pa VIRESETI1) V90L6239CA - Rey ASE BY cea crs 
VIRESET(1) V90L0239CB SEL X-COHP OF UPDATED VEL VCTR RS 4 

VIRESETIGS VooLescOc® SEL Y-COMP OF UPDATED VEL VCTR RST ASE HAV SEQ ae 4 
VIRESET 3} V90L02G1CA = SEL Z-Conp OF UPDATED VEL vcTR Rst ASC way seq rvs z 
V_RESET(3) V90L0241CB SEL 2 COHP OF UPDATED VEL VCT 

x 
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Table 4.6.1.5-1. Ascent User Parameters Processing (4.19) In 

i ut/0 
Functional Parameters (Cont) put /Out put 

DBFN: D3B008-D PN: VP707100037P0 1989 OOL OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT USER PARAMETER PROCESSING ASC UPP OT8D REVoe PAGE 227 64.19 BOOK: § 

    

R FSSR NAME M/S ID NOMENCLATURE DESTINATION UNITS DATA E 
ALT V9S5HO1L75CB CURR ORB ALT AROVE REF ELLIPSOID AVI. PRoc, es TRAJ DIP, KFT 
EAS V95LO514CA EQUIVALENT AIRSPEED AMT PROC H_DOT V95LO FT/S Eanes nor HEINE aE era ssc Bite oe om EE HEADINGIUST V9SHOSISCA ANG BETWN TNER VEL AnD OB PL Het Fee RAD HEADING V~REL V95HOS16CA ANG BETWN REL VEL AND ORB PL HSI PROC RAD 1_YD_H50(T) V95U0494C M50 INSERTION TARGET UNIT VECTOR-2 A/E ATT PROC,RTLS UPP I~YD_H50(2) V95U0495C M50 INSERTION TARGET UNIT VECTOR-2 A/E ATT PROC.RTLS UPP 3 I~YD_H50(3) V95U0496C_ MSO INSERTION TARGET UNIT VECTOR-3 A/E ATT PROC,RTLS UPP & LOAD TOTAL V95U0163CB TOTAL LOAD FACTOR AMI PROC, TLM c ae H_NODE_ADJ V95U0512C NODAL ADJUSTMENT MATRIX ASC 2STG GUID,ORB INS GUID a Q-BAR I V95P0500C DERIVED ASCENT DYNANIC PRESS SRB SEP SEQ, ASC 1 1S1G GUID, TLM LB/FT2 SPL So “M50TOBR(21) V95U0503C HS0-TO BOOST REF QUATERNION ELE 1 ASC 1STG GatD, PW RTLS GUI6 = Q~M50TOBR(2) V95U0504C H50-TO BOOST REF QUATERNION ELE 2 ASC 1STG GUID,PW RTLS GUID ras “MS0TOBR(3) V95U0S05C H50-TO BOOST REF QUATERNION ELE 3 ASC 1STG GUID,PW RTLS GUID ‘0 “M50TOBRI4) V95U0506C M50-TO BOOST REF QUATERNION ELE 4 ASC 18TG GUID.PW RTLS GUID > “AVGG1) V9S5HO18S5CB X-COMP OF CURRENT SHUTTLE POS VCTR ASC 2STG GUID,ORB INS GUID, FT DPL a 

ae STEERTASE RNR BIFCTCH : 
R_AVGG(2) V9SHOL86CB Y-COHP OF CURRENT SHUTTLE POS VCTR ASE 2516 GUID ,ORB INS gulp, FT DPL 

e7e STEER A CehOA/ATO TCT rey 
R_AVGG(3) V9SHOLS7CB Z-COMP OF CURRENT SHUTTLE POS VCTR ASE Sete GUID, ORD INS Gur fT DPL 

O7E St att T pRoc ABA7atO Ter vie 
R_M50_AT_LIFTOFF(1) V95U0507C X-M50 POS OF NB AT LIFTOFF ROK/AtO Tet, PW RTLS GUiD, FT ak 

R_MSO_AT_LIFTOFF(2) V95U0508C Y-M50 POS OF NB AT LIFTOFF AQA/ATO TCT .PH RTLS GUID, FT is 

R_MS0_AT_LIFTOFF(3) V95U0509C Z-M50 POS OF NB AT LIFTOFF AQA/ATO TT PH RTLS GUID, FT $3 

REL_VEL_MAG VOSLOISICE GND REL VEL MAGNITUDE IN MSO SYS ASC 1ST6 GUID ASC 2 2ST6 GUID, FT/S 23 

XXXXXX TRA DIP, sprit sor, xe 
AVVT PROC, TL ee 

T_STATE V95WO200CD TIME TAG ASSOC WITH CURRENT STATE ASC Haz ourD Abkrate ests fut s 33 
ASC HNVR DIP,TLM 

T Barb. ORB INS GUID FT/S SPL 
V_AVGG(1) V95L0190CB X-COMP OF CURRENT SHUTTLE VEL VCTR AB\/Ago Tet AVE NA TENS SUID. a 

A RB INS GUID FT/S SPL 
V_AVGG(2) V95L0191CB Y-COMP OF CURRENT SHUTTLE VEL VCTR Ae aeeretiy ren BINS Gulp, a 

ASC MNVR 
STG eurb, One INS GUID FT/S SPL 

V_AVGG(3) V95L0192CB Z-COMP OF CURRENT SHUTTLE VEL VCTR Rav/Aio Tet AE, BINS GUID, =a 

A ee O 
ASC 2STG Gurb On INS GUID, FT/S 

v_IMu_oLD(1) V9SLOZLOCB X-COMP OF CURRENT ACCUM THY UT Ase BAUR BET ,ORB INS GUID, FT/S 3% s 

V_IMU_OLD(2) ¥V95L0211CB Y-COMP OF CURRENT ACCUM IMU VEL @ 3 

o= 
5 
o 
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ee 
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OBFN: D3B008-D 

Table 4.6.1.5-l. Ascent User Parameters Processing (4.19) Input/Output 
Functional Parameters (Cont) 

PN: VP707100037P00L JU 1989 LY 
GQUTPUT FUNCTIONAL PARAMETERS FROM ASCENT USER PARAMETER PROCESSING 

FSSR NAHE 

V_IHMU_OLD(3) 

Vv VENER PAL ae 

- ~RHO(2) 
VIRHO(3) 

H/S ID NOMENCLATURE 

V95LO212CB Z-COMP OF CURRENT ACCUM IMU VEL 

V9S5LOS10CA MAG OF VEHICLE INERTIAL VELOCITY 
V95LO215CE X-COMP OF RELATIVE VEL IN H 
V9SLO216CE ¥Y-COHMP OF RELATIVE VEL IW Hee 
V95LO0217CE Z-COMP OF RELATIVE VEL IN H56 

OID REVE 
ASC UPP os. 

DESTINATION UNITS 

ASC HHVR DIP 
ASC 2516 GUID,ORB INS GUID, FT/S 
ASC PVR OIF 
ANT PROC FT/S 

we ki broeere sreeetig = 
A/E ATT PROC,G/C STEER, TLH FT/S 

PAGE . 228 
3 

g 
DATA E 
TYPE C 
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Table 4.6.1.5-2, 

OI8D MISSIONS 

FSSR NAHE 

Ascent User Parameters Processing (4.19) I-Loads 

  

wane een ecceene enone nnn nen e ee SED ENG UNIT DT PRD S PR FCTN CAT 

ALT_SQ)) V97U5706C FT FS DC64.19 Pace 64.26 
ALT_S(2) V97US707C FT F S$ DC 64.19 Pace 

64.20 
ALT_S(3) V97U5708C FT - — S$ DC G4.19 ~~ PAEO 

G4:20 
ALT_S(4) V97U5S709C FT F S DC 64.19 Pace 

64.26 
ALT_S(5) V97U5710C FT FS DCG4.19 ~ PAEO " 64.20 
ALT_S(6) v99U6878C FT F S DC G4.19  PAEO 

G4.26 

ALT_S(7) v99u6879C «OFT F $ DC G4.19 PAESO 
64.20 

ALT_TAB(L) v97U5712C FT F S DC 64.19 PAES 
64:20 

ALT_TAB(2) V97U5S713C FT FS DC Gs.19 AES 

ALT_TAB(3) V97U5714C FT FS DC G4.19  PAEO 

ALT_TABIG) V97U5715C FT FS DCG4.19  PAES 

F S DC 64.19  PAEe ; ALT_TABIS) v97U5716C FT 64.39 gt 

F S$ DC 64.19  PAEO sa ALT_TAB(O) v99Uu6874C FT 64.20 33 

ALT_TABI7) V99UGB75C FT FS DCG4.19  PAEO i 

EF_PLANE_SW V99U7441C ND - DNC 64.2 AN a 5 

64.19 z 
64.26 o 
geHie 5 @ 

" > >— 

DBFN: 0470 DATE :01/23/89 5D 
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Table 4.6.1.5 2. Ascent User Parameters Processing (4,19) 1-Losds (Cont) 

OF60 MISSIONS 

  

S538 wand 
on os Seeaeen steknannenH ae W570 cece et OUI eee oy od 9s me rev cat 

rou VITUCGISE WD 5 9 NCS 226) Ame 
%. 
. 
64.19 o 
64.26 zg 

64.216 8 

ID? VOTING OD FO HNC C6.22% ame FS 
64.2 » 
C4.3 
64.19 
64.26 
64.218 

wD % COIS MD F BD NC 66.226 Azu2 

€e:3 
64:19 
64.20 
64.210 

WMIRASE ENE _PERD WI7US7TSEC RAD FD DC 6.18 nvBe 

64.20 
64.205 

WWENSE_LONG_ZERG 097U5751C RAD FB DC 64.15 nvee 

64.20 
64.205 

NODE_SLOFE ¥99U7443C RAD/SEC Fos NC G6.19 ance ; 

C 64.9 Fue 3 
PSHARS ¥96U8647C DEG F 8 DC 64.3, Fug i 

64.24 
64.28 . 
64:19 
64.20 
64.204 

£_CO_RmAMe V97U5S438C FT . F DP 66.19 zFv2 

64.23 
64.24 
64.25 

RADIUS_WEP ve7usssec FT a 8:33 zrv2 a 

C4. 

DBFN: 0476 DATE :01/23/69 
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Table 4,.6.1.5-2. 

OI088 MISSIONS N:04 64.19 OBF 31 

RHO_Bt1} 

RHO_B(2) 

RHO_B(3) 

RHO_BI4) 

RHO_8(5) 

RHO_B8(6) 

RHO_B(7) 

START_POSITION 

STOP_POSITION 

T_GMTLO_REF 

X_NEP 

V97U5765C 

V97U5766C 

V97US767C 

V97U5768C 

V97U5769C 

V99U6876C 

V99U6877C 

V999569C 

V99U9570C 

V9997442C 

V97U5575C 

= 0005 - ASCENT USER PARA ACTIVE MEMORY CONFIGURATIONS: O1 METER PROCESSING 

SLUG/FT x3 

SLUG/FT 4x3 

SLUG/FT «#3 

SLUG/FT #3 

SLUG/FT #3 

SLUG/FT #3 

SLUG/FT #23 

FT 

FT 

SEC 

FT 

Ascent User Parameters Processing (4.19) I-Loads (Cont) 

DT PR DS PR FCIN CAT 

64.19 
64.20 

64.19 
64.20 

G4.19 
64.20 

N
E
F
 
N
E
N
A
N
 

N
E
N
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N
N
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H
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e
w
t
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t
 

R
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d
 

C
o
e
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R 

RR
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N
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PAEO 

PAEO 

PAEO 

PAEO 

PAEO 

PAEO 

PAEO 

2FV2 

2FV2 
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xS60 
XS60 
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Table 4,6.1.5=3, Ascent User Parameter Processing (64,19) K-Loads Ascent User Paraneter Processing Ol8B mISstOns 

FSSR ware 
S10 MC KLOAD Vat 

Of SCRIPTION 
UE ENG UNIT OT PRS PR FCIN LAST CR EQTN NSIS as tH 

veaUI« 25¢ 30 E-03 map F $s Co 25 856614 
64:20 
£4. 194 
64:127 
64.205 

eax 
wrTUsTze o7 ne Ise S19 59972 © DF ALTITME RESINS 

DBFN.0534 DATE :07/14/88 
l 
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Table 4.6.1.5-3. Ascent User Parameters Processing (4.19) K-Loads (Cont) 

Orss MISSIONS goBFN: 0509 
G4.19 0005 - ASCENT USER PARAMETER PROCESSING 
ACTIVE MEMORY CONFIGURATIONS: ol 

FSSR_ NAME MSID MC KLOAD VALUE ENG UNIT OT PR S PR FCTIN CAS 
DESCRIPTION 

LAST CR EQTN MSID 

TIME_BIAS_RAODALT V97U5546C 41.50 E-02 SEC . F DP 

  

59972 

BE
ET
S 

N
N
Y
N
N
-
 

W
N
S
W
O
O
 

PAD LOAD CORR RAD ALT TIME 

*x_NB_CG V97U5573C 45.61360 E401 FT F sc 59972 

N
E
N
N
N
 

o
u
n
t
w
 

X_STRUCT_BODY DIST NAV BASE CG 

Z_NB_CG V97U5580C +4.0580 —+00 FT FS Cc §9972 

SE
RR
E 

PP
LP
L 

BR
N 

Z_STRUCT_BODY DIS CG NAV BASE 
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Table 4,.6.1.5-4. 

NROKRMM. FSSR2 . DATACXO7 IBOOKS PFS CONSTANTS UPDATE 8/L 

FSSR_ NAME 
OESCRIPTION 

LLL ORK ee See eee mew eee meres cece 

EARTH RADIUS EQUATOR 
EARTH EQUATORIAL RADIUS 

EARTH _RATE 
EARTH'S ROTATIONAL RATE 

EARTH Pott 1D 
X COMP OF UNIT VECTOR _IN DIRECTION 
oF EARTH" S AXIS OF ROTATION IN MSO 

EARTH POLE(2) 
Comp OF UNIT VECTOR IN DIRECTION 

oe EARTH°S AXIS OF ROTATION IN H50 

EARTH Ppt ets 
Z COP O fCUNTT VECTOR _IM DIRECTION 
oF EARTH'S AXIS OF ROTATION In SO 

ELLIPT 
EARTH’S ELLIPTICITY CONSTANTS 

GRAY SEA L 
gARTH CCRAVETATIONAL ACCELERATION 

PT TIO CIRCUMFERENCE TO DIAMETER 

WH 
eR STANCE FROM THE NAVIGATION 

BASE TO THE WHEELS IN THE X 
STRUCTURAL BODY DIRECTION 

~ RESTA gaULIME mL TO TH NAV 
STRUCTURAL BODY DIRECTION 

MSID MC VALUE 

V97U5324C 293287414698 
1630 0 E+0 

V97U4379C - 729211514646 
0000 E-04 

V98U6460C - 28322844 
E-02 

V98U8461C -.5027996 
E-04 

V¥96U8462C - 99999598 
€+00 

V97US332C - 335232980000 
0000 E-02 

- 32176069 
E+02 

V96U8725C 3.1415926535897 

- 62784 
E+02 

- 22405 
E402 

a ee 

Ascent User Parameter Processing (4.19) Constants 

  

UNITS DT PR S_ PF REF LAST CR =—s EQTN MSID 

FT F D 

RAD/SEC F D 

NO F s 

ND F s 

NO F $ 

NO F 0 

FT/ F s 
SECHN2 

ND F 0 

FT F s 

FT F s 
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65
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Table 4.6.1.5-5. 

Space Transportation él 
Systems Division 

Ascent User Parameter 

Processing (4.19) Cross-Reference 

  

Rockwell 
international 

  

  

  

FSSR Name Source Name 

T_IMU T_IMUS 

v _IMU_CURRENT SEL_V_M50 

T_CURRENT CLOCK       

4-298 

STS 83~-0005B 

 



Rockwell Spece Transportation 

International sores 

  

4.6.2 RILS User Parameter Processing (4.20) 

This principal function will serve as the interface between navigation 
and users of navigation-related data during the RBILS operational sequence. 
This function will maintain the vehicle state within the user parameter state 
propagation subfunction and shall? 

Provide this state to users who require vehicle state parameters in 
mean-of-fifty (M50) coordinates 

° 

© Provide the software to transform this state for users who require nav 
state related parameters 

This function is composed of the following subfunctions: 

l. User parameter state propagation (Section 4.6.2.1). 

2. Powered RTLS user parameter calculations (Section 4.6.2.2). 

3. Glide RILS user parameter calculations (Section 4.6.2.3). 

4. Ascent/RTLS user parameter calculations (Section 4.6.2.4). 

5. RTLS user parameter processing HSI calculations (Section 4.6.2.5). 

6. TACAN display computations (Section 4.6.2.6). 

This function is controlled by the RTLS user parameter processing sequencer 
(Section 4.1.4). ; 

The principal function input and output parameter tables, along with the 
I-load, K-load, constant, and cross-reference tables, are presented in Section 
4.6.2.7, Tables 4.6.2.7-1 through 4.6.2.7-5. a

 
39
65
68
4)
 

4.6.2.1 User Parameter State Propagation. This subfunction will provide 
state vector information to users such as guidance and displays during the 
ascent phase. 

A. Detailed Requirements. The detailed requirements for this subfunction are 
contained in Section 4.4.1, ascent/RTLS operations (OPS-1, 6). 

=
 

9
9
6
5
6
8
4
9
 

B. Interface Requirements. The input and output parameters required are 
Listed in Tables 4.6.2.1l-1 and 4.6.2.1-2. 

C. Processing Requirements. None. 

D. Constraints. None. 

E. Supplementary Information. A suggested implementation in the form of a 
detailed flow chart is to be found in Section 5.6, subfunction USER_PARAM_ 
PROPAGATOR ASCENT_AND_RTLS. 

4-299 
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Table 4.6.2. 

  

  

  

      

RTLS User Parameter 

  

  

  

    

    
  

  

  

  

  

  

  

  

  

  

        

  

  

  

     

  

  

  

            

PP 3, tat 

Yd st ] 

SE ATT PRA 3 22e) 

1 .0STH 

~- SINTH | 

3. THETA 

ASC WAV CaLTAI TMPUT LIST 

RILS WAV #4, 205) 
1. FILT_UPOATE 

i. FILT_UPDATE 2. G_RESET aATLS 
2, G_RESET 3, R_RESET upp 
3. R_RESET 4. TCuRRENT PRINCIPAL FUNCTION 
4. TAREset ry 5. tiw (4.2) 
5. USE_IMU_DATA 6. T RESET 
6. ¥_IMu_RESET 7, USE_tMU_DATA 
7, y RESET 6. ¥_IMU_CURRENT 

9, YDnwrReser 1. STATE PROPAGATION 
cos 10. VTRESET Wt: 601/602/603 

=- BATE: 6.25/6.25/ | 

1. TLCURRENT 6.25 
1. WEF TORW 

GRILS GUID (4.204) 2. & LS €F 
1 3, AZIMITH Rw 2. RTLS_SECOWD_STAGE_ 

1. 1G_ENO ry 4. RCC RMI by Comps 
5. RCCL OR me: Or | 

HORIZ SIT DIP (6.21) 6. R_CC_RMAG PAI 1.04 
7, RCC LS PRI MATE 2.08 

1 TAC_MODE S ~ 

Igy INT PROC (4 38} 1. ALT Rw 3. GUIDECOMP_RTLS 

2. COSTH Le ™%: 602/603 

ed r 3. DG_RADALT RATE: 1.06 | a > $.06/6.25 HZ 
4, IMs SFC 

Imy RM (4 72) 5. M_EFTORW 
6. MAV_EL FLAG 

1. ¥_IMU_CURRENT ry rieso?. @ RADALT 

8. @ LS EF 
9. WM_WAME 

10. SINTH 
1. TG_ENO 
12, THETA 
13. TARADAIT 
14. waR2           

OUTPUT LIST 

A/E ATT PROC (4.226) 

Processing Principal Function Interface Diagram 

WORSZ SIT DISP (6.21) 
  

  

1. @_AVGE 
2. ¥_AVGE 
3. ¥_RHO 

1. TAAL) 
2. ‘TAC_N0o_BISP 
3. IM _Auc{l) 
  

HORIZ SIT SPEC (5.7) 

RTLS WAV (6.205) 
  

  

  

  

ie 

2. 

3. 

4. 

5. 

6. 

.   

R_AVGG 
REL_VEL_MAG 
T_STATE 
¥_AVGG 

V_INERTIAL_MAG 

ADTA SOP (4.39) 
  

1 at 
2. M_DOT_ELLIPSOIO 
3, REL_VEL_MAG 

1. COURSE_WRT_au 
2. POSITION_MAT_MNn,2 
2. MI_UHEELS 
4. Y_GROUNOSPEED 

1. ACC_ORAG 
2. mt 
3. MT_WHEELS” 
4. RAG_DA_PROC 
S. MEL_VEL_IG 

  

  

AME PROC (4.105) 
WS1 PROC (4.106) Tata ae 54 77) 
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Table 4.6.2.l-l1. Ascent/RTLS User Parameter State Propagation Input Parameters 

  

  

                  
      

Taput Sanpie 
Description Syabol Source Type | Precision | Range | Unite Rate 

Svitch indicating (OW) chat current PILT_UPDATE (a) D orr/on Nav rate 
nav cycle is complete 

Vehicle position vector after all & _RESET (a) v DP fc Mav race 
navigation updates reserved for 
reset of user parameter integrator 
position vector R _AVGG 

Time associated with currently read TIMU (a) e oP sec As per 
IMU velocity counts from the IMU sequeacer 

selection filter (aM) 

Time associated with reserved reset T RESET (a) F DP sec Mev rate 
state 

Current selected accumulated IMU V_IMg_ (a) v oP fc/sec| As per 
velocity CURRE sequencer 

Copy of V CURRENT _FILT reserved ¥ _Iug_ (a) v DP ft/sec} Wav rate 
as velocity count at start of RESET 
extrapolation interval when user 
parameter integrator is reset 

Vehicle velocity vector after all V _RESET, (a) v s ft/sec] Wav rate 
navigation updates reserved for 
reset of user parameter inte- 
gtator velocity vector 

WY _AVGG 

Gravitacional acceleration G _RESET Ca) v s ft/s? | WAV rate 
vector reserved for reset of user 
parameter integrator gravity vector 

Current time T_CURRENT (a) F oP sec As per 
sequencer 

4See RTLS UPP principal function input parameter table. 
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Table 4.6.2.1-2. Ascent/RTLS User Parameter State Propagation Output Parameters 

  

Description Sywbol 
Output 

Destination Type Precision Raage Vaits 
Coup 

  

ImU-sensed acceleration 

Curreat Shuttle position vector 

Time tag for current user parameter 
state vector 

Shuttle current velocity vector 

Currenc IMU accusulated velocity 

Shuctle earth-relative velocity 
vector in M50 coordinates 

Magnitude of Shuctle esrth-relative 
velocity 

Inertial velocity sagnitude 

Flag indicating (ON) thac the UPP 
ecacte has been updated by 
navigation   

A SENSED 

RB _AVGG 

T_STATE 

¥ _AVGG 

¥ _Imu_oup 

I<
 _RHO 

REL_VEL_MAG 

V_INERTIAL_ 
MAG 

UPP_UPDATE   

ASCENT_RTLS_ 
Cours 

(a), ASCENT_ 
RTLS_COMPS, 
Pu_HSI 
COMPS, RTLS_ 
SECOND_ 
STAGE_COMPS, 
GUIDECOMP_ 
RTLS 

(a), ASCENT_ 

(a), PW_HSI_ 
COMPS 

(a), 
GUIDECOMP_ 
RTLS 

(a), ASCENT_ 
RTLS_COMPS, 
Pw_HST_ 
COMPS, RTLS_ 
SECOND_ 
STAGE_COMPS, 
GUIDECOMP_ 
RTLS 

(a), ASCENT_ 
RTLS_COMPS, 
Pw_HST_ 
COMPS, RTLS_ 
SECOND_ 
STAGE_COMPS, 
GUIDECOMP_ 
RTLS 

(a), PW_HST_ 
COMPS 

ASCENT_RTLS_ 
COMPS   

DP 

bP 

    ON/OFF   

fte/ 
eec* 

ft 

ft/sec 

ft/sec 

fc/sec 

ft/sec 

ft/sec   

Ae per 
sequencer 

Ae per 
sequeacer 

As per 
sequencer 

As per 

sequencer 

As per 

sequencer 

As per 

sequencer 

As per 

sequencer 

As per 
sequencer 

As per 

sequencer 

    “see RTLS UPP principal function output parameter table.     
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4.6.2.2 Powered RTLS User Parameter Calculations. This subfunction will 
provide the required software to transform the user parameter state into 
related parameters required to support the RTLS TRAJ 2 CRT display during the 
RTLS second stage MM 601. Since the altitude and the vertical velocity are 
also computed for glide RTLS, a common subfunction ASCENT_RTLS_COMPS is 
designed to handle these parameters and is presented in Section 4.6.2.4. 

A. Detailed Requirements, This subfunction shall first generate a matrix to 
transform from M50 to earth-fixed coordinates at the time of the current 
vehicle state vector and determine the earth-fixed position and relative 
velocity of the Shuttle. 

M_TEMP_TXPOS = EARTH_FIXED TO M50_COORD(T_STATE)* 

R_EF = M_TEMP TXPOS R_AVGG 

V _RHO EF = M TEMP _TXPOS V_ RHO 

The y-component of the Shuttle position vector in runway coordinates will 
then be computed: 

R_VEH_ RW, = (M_EFTORW), 1) ¢o 3) ° (R_EF - R_LS_EF) 

where R_LS EF is the position vector of the primary runway in earth-fixed 
coordinates, This subfunction will then determine which side of the runway 
centerline the Shuttle is on, and the parameter YSGNP will be established 
accordingly: 

YSGNP = -SIGN (R_VEH_RW.) 

The flag TOGHAC is monitored to determine which runway approach type 
(overhead or straight in) has been selected by the crew. Whenever TOGHAC has 
the value OFF, an overhead approach is commanded, and YSGNP will retain its 
value established above. Whenever TOGHAC has the value ON, a straight-in 
approach is commanded, and YSGNP is set to the negative of its previously 
determined value. That is, if 

TOGHAC = ON 

then 

YSGNP = -YSGNP 

If YSGNP is positive, then the HAC center position vector and associated 
magnitude will be set equal to the following site lookup input parameters 

R_CC EF = R CC _R PRI 

R_CC_MAG = R_CC_RMAG PRI 
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’ If YSGNP is negative, then they will be set equal to 

R_CCEF=©R CCL PRI 

R_CC_MAG * R_CC_LMAG PRI 

The vector, V_NORM, normal to the great circle plane containing the 
Shuttle and heading « alignment circle center and its absolute value will be 
determined: 

V NORM = R EF x R_ CC EF 

UNIT = ABVAL(V NORM) 

Next, the bearing of this great circle plane with respect to true north 
at the circle center is determined: 

BEAR_CC = ARCTAN2 [V_NORM, R_CC_MAG, 
(v J_NORM, R_CC_EF, - Vv |_NORM, R_CC EF, )] (F7) 

If BEAR_CC <0, then BEAR_CC = BEAR CC + 2 PI. The sine of the central 
angle between the position of ‘the Shuttle and the center of the heading 

alignment circle is determined: 

SIN_THET VEH_ CC = UNIT/ (R_VEH_MAG R_CC_MAG) 

The great-circle surface range from the Shuttle to WP-l is determined: 

DIST_VEH_WP1 = ARCSIN(SIN THET_VEH_CC) R_CC_MAG 

Next, the angle defined by the intersection of the two great circle 
planes (one passing through the Shuttle position and the HAC center and the 
other through the Shuttle position and WP1) is given by 

A2 = RADIUS_NEP/ DIST_VEH_WP1 

The arc length around the heading alignment circle from WP-1 to the 
normal entry point will be determined: 

A3 = A2 + YSGNP (AZIMUTH_RW - BEAR_CC) 
If A3 < A3 TOL, then A3 = A3 + 2 PI and 

D_ARC = A3 RADIUS_NEP 

Fl this equation shall be protected against arc tangents with both arguments 
equal to zero (Section 3.5). 
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Next, the surface range from the Shuttle to the primary runway threshold 
is computed via way point 1 and converted for output: 

RNG_TO_RW_THRESH = (DIST_VEH_WPl +D_ARC = X_NEP) NAUTMI_PER_FT 

The flight path angle is given by 

FLT_PATH_ANG = H_DOT_ELLIPSOID/ REL_VEL_MAG 

FLT_PATH_ANG TIME = T_STATE 

The downrange component of groundspeed will then be determined by first 
defining the unit vector normal to the position vector and directed downrange 

-in the plane containing the vehicle and the heading slignment circle: 

I_DR = R_EF x V_NORM/ (R_VEH_MAG UNIT) 

Downrange velocity follows from: 

V_HORIZ_DNRNG = V_RHO EF * IDR   B. Interface Requirements. The input and output requirements for the 
guidance and displays way point computations are listed in Tables 4.6.2.2-1 
and 4.6.2.2-2, respectively. My 

C. Processing Requirements. The performance of this subfunction and its 
cyclic repetition rate are under the control of the ascent/RTLS user parameter 
processing sequencer, as described in Section 4.1.4. 

D. Constraints. None. 

E. Supplemental Information. A suggested implementation of the guidance and 
displays way point computation subfunction may be found in Section 5.6, 
subfunction RTLS_SECOND_STAGE_COMPS. 
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Teapue Senple 
Description Syabol Source Precision | Range | Unite Race 

Time tag for current user paras T_STaTE UPP ecace oP eec Ao per 
eter state vector prop sequencer 

Current Shuttle position vector B _AYGo UPP etate OP tc As per 
prop *| sequencer 

Earch-fixed to prime RW transfor- M_EFTORW (a) 8 As per 
mation aatrix sequencer 

Feet to nautical ailes NAUTMI_ PER Constant 8 ne/fe | Ae per 
fT sequencer 

Constant PI Pr Constant or Ae per 

sequencer 

Radius of nominal entry point RADLUS_NEP Mission 8 fe As per 
heading alignment circle dependent sequencer 

Position vector of landing site & LS EF (a) op tc As per 

in earth-fixed coordinates sequencer 

Runway X-component of the HAC X_NEP Mission 8 ft As per 
center dependent sequencer 

| 
Bearing from true north of runway AZ IMUTH_RW (a) 8 O-2 PI| rad |] As per 
coordinate system +X-axis | sequencer 

Tolerance for correcting the A3_TOL Design s cad ! As per 

tange of the angle A3 dependent sequencer 

Shuttle earth-relative velocity V _RHO UPP state 8 ft/sec | As per 
vector in M50 coordinates prop sequencer 

1 

Position vector of the HAC center BR _CC L PRI (a) s ft As per 
on the left-side (-¥) of the run- | Sequencer 
way centerline | 

Position vector of the HAC center RCC R PRI (a) | 8 ft As per 
on the right-side (*¥) of the run- sequencer 
way centerline 

Magnitude of the vector R_CC_ R_CC_LMAG_PRI (a) 8 ft As per 
L_PRI | sequencer 

Magnicude of the vector R CC_ R_CC_RMAG PRI | (a) s ft | as per 
BR_PRI sequencer 

Escimated topodetic altitude rate H_DOT_ ASCENT_ s ft/sec; As per 
ELLIPSOID RTLS_ sequencer 

COMPS 

Magnitude of Shuttle position vector R_VEH_MAG ASCENT_ s fe As per 
. RTLS_ sequencer 

COMPS 

Magnitude of Shuttle earth-relacive REL_VEL_MAG UPP state Ss ft/sec | As per 
velocity prop" . sequencer 

Flag denocing HAC approach type TOGHAC (a) ON/OFF 

"See RILS UPP principal function input parameter table. 
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Outputs From Powered RTLS User Parameter Calculations 

  

  

              
      
  

Outpuc . Comp 
Description Syubol Destination! Type | Precision | Range! Unite | Rete 

Surface range from Shuttle to run~ RNG_TO RW (a) F 5 oni As per 
way target point THRESH sequencer 

Dovarange component of the V_MORIZ (a) Fr 8 fc/sec| As per ‘ 
Shucttle’s horisoatal, earth- DURNG sequeacer 
relative velocity 

Ground relative flight path angle FLT_PATH ANG | (a) v 8 rad Ae per 
™_ sequencer 

Tiwe at calculation of flight FLT_PATH_ANG_ | (a) F D sec As per 
path angle TIME - sequencer 

HAC center position vector RCC FF (a) v oP fe As per 
- sequencer 

Arc length around HAC from WPl D_ARC (a) F $ fe As per 
to NEP sequencer 

Indicator of vehicle position with YSGNP (a) t s As per 
respect to runway sequencer 

®See RILS UPP principal function output parameter table. 
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4.6.2.3 Glide RTLS User Parameter Calculations, Guidance and other 
systems require that certain navigation-related calculations to be accou-~ 
plished during the glide phases of the RTLS operational sequence. Since many 
of the required parameters are common to all points along the trajectory, one 
subfunction called GUIDECOMP RTLS (4.6.2.3) is designed to handle the calcula- 
tions. It should be expected that the commonality existing during this phase 
of RTLS is not perfect and, therefore, it is found that certain parameters are 
computed in different ways along different portions of the trajectory. The 
main difference is that the calculation of h, fi, and h is with reference to 
runway coordinates when RTLS Approach/Land is active; while for RTLS TAEM 
Guidance, calculation is with reference to topodetic coordinates. The Latter 
computations are made in a separate subfunction called ASCENT_RTLS COMPS 
(4.6.2.4). 

A. Detailed Requirements, First, the earth-fixed-to-M50 coordinate trans- 
formation will be transposed to form an M50 to earth-fixed transformation: 

M_TEMP_TXPOS = EARTH_FIXSD_TO_M50_COORD(T_STATE)? 

The earth=fixed position and relative velocity vectors are: 

R_EF = M_TEMP_TXPOS R__AVGG 

Vv _RHO_EF = M TEMP TXPOS V RHO 

and by using the earth-fixed=to-runway transformation, the position and 
velocity in runway coordinates will be computed; 

POSITION _WRT_RUNWAY = M_EFTORW(R EF - RLS EF) 

VELOCITY_WRT_RUNWAY = M_EFTORW(V _RHO EF) 

where R_LS EF is the radius vector to the landing site reference point. The 
components of these vectors are 

downrange position = POSITION WRT_RUNWAY) 

crossrange position = POSITION WRT_RUNWAY, 

altitude position = - POSITION _WRT_RUNWAY, 

downrange velocity = VELOCITY _WRT_RUNWAY, 

crossrange velocity = VELOCITY_WRT_RUNWAY, 

altitude rate = - VELOCITY_WRT_RUNWAY, 
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4.6.2.3 Glide RTLS User Parameter Calculations, Guidance and other 
systems require that certain navigation-related calculations to be accom 
plished during the glide phases of the RTLS operational sequence. Since many 
of the required parameters are common to all points along the trajectory, one 
subfunction called GUIDECOMP_RTLS (4.6.2.3) is designed to handle the calcula- 
tions. It should be expected that the commonality existing during this phase 
of RTLS is not perfect and, therefore, it is found that certain parameters are 
computed in different ways along different portions of the trajectory. The 
main difference is that the calculation of h, f, and h is with reference to 
runway coordinates when RTLS Approach/Land is active; while for RTLS TAEM 
Guidance, calculation is with reference to topodetic coordinates. The latter 
computations are made in a separate subfunction called ASCENT _RTLS_ COMPS 
(4.6.2.4). 

A. Detailed Requirements. First, the earth-fixed-to-M50 coordinate trans- 
formation will be transposed to form an M50 to earth-fixed transformation: 

M_TEMP_TXPOS = EARTH FIXED TO M50 COORD(T_STATE)* 

The earth~fixed position and relative velocity vectors are: 

R_EF = M TEMP TXPOS R_AVGG 

V _RHO_EF = M TEMP TXPOS V RHO 

and by using the earth-fixed-to-runway transformation, the position and 
velocity in runway coordinates will be computed: 

POSITION _WRT_RUNWAY = M_EFTORW(R EF - R_LS EF) 

VELOCITY_WRT_RUNWAY = M_EFTORW(V _RHO_EF) 

where R_LS_ EF is the radius vector to the landing site reference point. The 
components of these vectors are 

downrange position = POSITION _WRT_RUNWAY, 

crossrange position POSITION_WRT_RUNWAY. 

altitude position = - POSIT LON_WRT_RUNWAY, 

downrange velocity = VELOCITY_WRT_RUNWAY, 

crossrange velocity = VELOCITY _WRT_RUNWAY, 

altitude rate = - VELOCITY_WRT_RUNWAY, 
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4.6.2.3 Glide RTLS User Parameter Calculations, Guidance and other 
systems require that certain navigation-related calculations to be accom 
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subfunction called GUIDECOMP RTLS (4.6.2.3) is designed to handle the calcula- 
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main difference is that the calculation of h, fi, and h is with reference to 
runway coordinates when RTLS Approach/Land is active; while for RTLS TAEM 
Guidance, calculation is with reference to topodetic coordinates. The latter 
computations are made in a separate subfunction called ASCENT_RTLS_COMPS 
(4.6.2.4). 

A. Detailed Requirements. First, the earth-fixed-to-M50 coordinate trans- 

formation will be transposed to form an M50 to earth-fixed transformation: 

M_TEMP TXPOS = EARTH FIXED TO M50 COORD(T_STATE)? 

The earth~fixed position and relative velocity vectors are: 

R_EF = M TEMP TXPOS R_AVGG 

NV _RHO EF = M_TEMP TXPOS V_ RHO 

and by using the earth-fixed-to-runway transformation, the position and 
velocity in runway coordinates will be computed: 

POSITION _WRT_RUNWAY = M_EFTORW(R EF - R_LS EF) 

VELOCITY_WRT_RUNWAY = M_EFTORW(V _ RHO EF) 

where R_LS EF is the radius vector to the landing site reference point. The 
components of these vectors are 

downrange position # POSITION _WRT_RUNWAY, 

crossrange position = POSITION WRT_RUNWAY. 

altitude position = - POSITION WRT_RUNWAY, 

downrange velocity = VELOCITY_WRT_RUNWAY, 

crossrange velocity = VELOCITY_WRT_RUNWAY, 

altitude rate = - VELOCITY_WRT_RUNWAY, 
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Because of targeting requirements, the sign of the vehicle side of the 
runway centerline for the selected runway is next determined: 

SIGNY = SIGN (POSITION _WRT_BW.) 

In order to target to the proper point in preparation for landing at the 
selected runway, it is necessary to determine which type of targeting (either 
overhead approach or straight-in approach) has been selected as well as the 
associated heading alignment cone (HAC). The nominal targeting is initially 
set to the overhead approach on the selected runway which would therefore 
place the HAC on the opposite side of the runway centerline to that of the 
Shuttle. Since weather changes as well as energy level may cause the crew to 
select some combination of runway and approach type other than the nominal 
choice (by means of item entries on the HSD), it is necessary to monitor these 
changes and respond with the proper command both to guidance and the displays 
(HSD and HSI). Basically, there are four parts to the logic which handle the 
aforementioned problem: (a) initialization of parameters, (b) response to 
crew item entry which changes the approach type, (c) response to crew item 
entry which causes a runway redesignation, and (d) particular case of crossing 
runway centerline for a straight-in approach. Each part is now treated 
separately. 

(a) Initialization of Parameters - The parameter RW_ID_UPP will be 
initialized to zero and employed as a single pass flag in - order to initialize 
the required variables. Since the nominal approach will be overhead to the 
selected runway, the overhead flag, OVHD, will be turned ON and the commanded 
HAC side for the selected runway YSGNP, will be set equal to the negative of 
the Shuttle side of the runway centerline, that is, 

  

OVHD = ON 

YSGNP = -SIGNY 

In addition, the runway parameter RW_ID UPP will be set equal to the selected 
runway number and the radius of the HAC, R _NEP, as well as the turn angie 
along the cone, PSHA, will be initialized for the selected runways 

RW_ID_UPP = RW_NAME 
R_NEP = RI 
PSHA = PSHARS ; 

The initial values of the radius, RI, and the turn angle, PSHARS, are 
design dependent constants. 
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Finally, one flag corresponding to TAEM guidance downmoding is initial- 
ized to OFF and one flag corresponding to AREA NAV is initialized to ON: 

OHALRT = OFF 

FIRST_PASS = ON 

The flag, FIRST_PASS, when turned ON, allows AREA NAV to initialize the 
HAC indicators to those used by guidance. 

(b) Response to Change of Approach Type - Since an item entry on the HSD 

commands a change in approach type, the flag TOGHAC is monitored in order to 
detect this crew request. Whenever TOGHAC is turned ON by the HSD, the turn 
angle PSHA will be re-initialized, and the HSD flag TOGHAC is turned OFF; that 
is: 

PSHA = PSHARS 

TOGHAC = OFF 

The next step is to determine the status of the overhead flag, OVHD, and the 
commanded HAC side, YSGNP. If the current status of the overhead flag, OVHD, 
is ON, then it is set to OFF indicating a straight-in approach. The commanded 
HAC side for the selected runway is set equal to the vehicle side of the 
corresponding runway centerlines; that is, if 

OVHD = ON 

then 

OVHD OFF 

YSGNP = SIGNY 

If the current status of the overhead flag, OVHD, is OFF, then it is set 
to ON indicating an overhead approach. The commanded HAC side for the. 

selected runway is set equal to the opposite sign of the vehicle side of the 
corresponding runway centerlines, that is, if 

OVHD = OFF 

then 

OVHD = ON 

YSGNP = -SIGNY 

(c) Response to Runway Change - Since two item entries on the HSD 

provide the crew with the capability to change the designated runway, the 
parameter RW NAME is monitored to detect this crew request. Since the 

variable RW_ ID ) UPP is set equal to the current runway number, it is employed 

to detect a change in runway designation. If RW_ID_UPP is not equal to the 
new value of RW NAME, then this indicates a change of selected runway and 
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hence, the value of the commanded HAC side must be once more determined. The 
tule’ for determining this parameter for runway redesignation is as follows: 
(i) if the primary runway or the secondary runway are redesignated as 
selected, then the current status of the OVHD flag is to be retained and the 
value of the commanded HAC side will be determined based on this flag. 
Therefore, if 

RW_ID_UPP # RW_NAME 

then the current status of the OVHD flag is tested. If it is ON, then the 
commanded HAC side is set equal to the negative of the vehicle side for the 
selected runway - otherwise it is set equal to the vehicle side, that is, if 

OVHD = ON 

then 

YSGNP = -SIGNY 

otherwise 

YSGNP = SIGNY 

Regardless of the current status of the OVHD flag, the flag FIRST_PASS is 
turned ON, the runway parameter RW_ID UPP is set equal to the current value of 
RW_NAME and the turn angle PSHA is . re-initialized: 

FIRST_PASS = ON 

RW_ID_UPP = RW_NAME 

PSHA = PSHARS 

(d) Particular Case for Straight-In Approach = Whenever the straight-in 
approach is required, it is necessary to change the conmanded HAC side to be 
compatible with the vehicle side. A test is made on the overhead flag, OVHD, 
to determine if the approach is straight-in, If the OVHD is OFF, then a test 
is made on the phase counter IPHASE. For the vehicle not yet on the HAC 
(IPHASE # 2 and IPHASE # 3), the commanded HAC side is set equal to the 
vehicle side, that is, if 

IPHASE # 2 and IPHASE # 3 

then 

YSGNP = SIGNY 

4-312 

STS 83-0005B   
n
e
.
 fe 

2 
A
 
f
e
 

O
D



  

A flag will be tested to determine if transition to RILS Autoland guidance has 
.occurred. If TG_END = ON, RTLS Autoland guidance is in effect and all subse- 
quent calculations will be done with respect to the landing runway coordinate 
system. Radar altimeter data, altitude of the Shuttle, the data good flag, 
and the time tag will be collected?! 

SNAP RADAR ALTIMETER (Q_RADALT, DG_RADALT, T_RADALT) 

All data are to be saved in one uninterrupted operation by the transfer of the 
parameters from working locations that are constantly being updated by hard- 
ware data reads and other operations into special locations. It will then be 
determined whether the third component of the vector, POSITION WRT_RUNWAY, 
will be replaced with a value derived directly from the radar altimeter 
measurement of altitude. If RAW |_RA_PROC # ON and DG RADALT = ON, the 

following computations will be performed? 

T_RADALT = T_RADALT = TIME BIAS RADALT 

POSITION _WRT_RUNWAY, © = Q_RADALT + BIAS_RADALT 

+ (T_STATE = T_RADALT) VELOCITY_WRT_ 
RUNWAY, 

> SINCRADALT_ANG = THETA RAD PER_DEC) 
RADALT_NB _DIST, 

where DG RADALT is the data validity indicator for the radar altimeter 
altitude measurement and RAW _RA_ PROC indicates whether the vehicle position is 
within the zone of radar altimeter use. 

If the first part of the test fails, that is RAW RA PROC ® OFF, then the fol- 
lowing test shall be made to determine whether the vehicle is close enough to 
the runway threshold to permit radar altimeter utilization: 

If . 

POSITION _WRT_RUNWAY,2 + POSITION WRT_RUNWAY,* 
< R_GO_RaMP?, 

then set 

RAW RA PROC z ON. 

For some sloping runways, the MSBLS will be aligned parallel with the sloping 
runway rather than horizontally. In these instances, 1t will be necessary to 
correct the vertical components of the position and velocity with reference to 
runway vectors to account for this bias. These corrections will be made 

gradually beginning at the x-runway position, START POSITION. The amount of 
correction will increase linearly so that the components are fully corrected 
at the x-runway position, STOP POSITION. A small angle approximation will be 
used for the transformation from horizontal to sloping coordinates. The 

runway slope, BIAS ELMLS, is obtained from the site lookup principal function. 
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Fiest test to determine if MSBLS is available at the runvay, that is, if 

MLS_AVAIL = ON 

then calculate the vertical components of the position and welocity vectors 

relative to the sloping runway: 

TEMP = (POSITION WRT_RUNWAY, -~START_POSITION)/ 

(STOP_POSITION-START_POSITION) 

RANP = MIDVAL (0, TEMP, 1) 

TEMP = RAMP BIAS_ELMLS 

POSITION_WRT_RUNWAY, = POSITION WRT_RUNWAY, + 

TEMP POSITION _WRT_RUNWAY, 

VELOCITY_WRT_RUNWAY, = VELOCITY _WRT_RUNWAY, * 

TEMP VELOCITY_WRT_RUNWAY, 
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The altitude of the rear.wheels (corrected for the pitch plane altitude 
difference between the navigation base and the rear wheels), the altitude 
above the ellipsoid and the altitude rate (corrected for pitch rate of the 
navigation base with respect to the c.g.) shall be calculated: 

ALT WHEELS = -POSITION_WRT_RUNWAY, ~ (X_NB_WH SINTH 
+ Z_NB WH . COSTH) 

ALT = ALT WHEELS + ALT_RW 

H_DOT_ELLIPSOID = - VELOCITY _WRT_RUNWAY, - WBR RAD PER_DEG 
(X_NB_CG COSTH - 2_NB_CG SIN 

where X_NB_CG and Z_NB CG are the (positive) X and Z structural body axis 
distances between the navigation base and the vehicle c.g. and X_NB_WH and 
Z2_NB WH are the (positive) X and Z structural body axis distances between the 
navigation base and the bottom of the rear wheels. The term WBR. is the 
vehicle pitch rate in degrees per second, and SINTH and COSTH are the sine and 
cosine of the pitch angle. These last three terms are obtained from the 
attitude processing principal function. 

The vertical acceleration is then obtained from 

ACC_VERT = (H_DOT_ELLIPSOID - H_DOT LAST) /.(T_STATE - T_STATE_LAST) 

Subsequently, previous values are set to current values: 

H_DOT_LAST = H DOT ELLIPSOID 

T_STATE_LAST = T_STATE 

Returning now to calculations common to the entire glide phase, the heading of 
the Shuttle navigation base with respect to the runway centerline will be 
computed: 

COURSE_WRT_RW = ARCTAN2(VELOCITY_WRT_RUNWAY,, VELOCITY_WRT_RUNWAY) ) 

A test will be made to determine if the computed course is a negative number: 

COURSE _WRT_RW < 0 

If this statement is true, 2 nm radians will be added to the computed value: 

COURSE_WRT_RW = COURSE_WRT_RW + 2PI 

Finally, the value is converted to degrees 

COURSE_WRT_RW = COURSE_WRT_RW DEG PER RAD 
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Next, the vehicle groundspeed will be determined! 

V_GROUNDSPEED = (REL_VEL_MAG? = H_doT_eLiresorp*)!/2 

A test will be made to determine {if there has been a change ia etetse of tte 
tmMu's (for instance, an IMU failure). If the current value of IMJ 87° 9 cae 
same as the previous value, IMU SFC_PREV, indicating no change Te the stetse 
of the IMU's, that is, 

if 

IMU_SFC = IMU_SFC_PREV 

then the total sensed acceleration vector TCG is computed from tke ie 
measured velocities: 

TCG = (V _IMU_OLD = V _IMU_PREV)/ (T_STATE - T_STATE_PREY) 

Next, the drag acceleration magnitude follows from 

3 ACC_DRAG = - (TCG * V _RHO)/ REL _VEL MAG 

= ACC_DRAG should be Limited between 1.0 E-4 and 1.0 E+3. 

Then, the angle of attack is averaged over the last cycle in order t3 tome 
synchronize this parameter with drag acceleration computations for ase im =e 
NAVDAD SOP (PF 4.122). 

ALPHA_WAVDAD = (ALPHA _OLD + ALPHA_N)/2 

ALPHA_OLD = ALPHA_N 

Next, previous velues ere set equal to current values: 

T STATE PREV = T_STATE 

VY IMU PREV = V _IMU_OLD 

[MU SVC PREV = IMU_SFC 

The {Light path angle shall be calculated as 

FLT PATH ANG * BIN 1(H DOT_ELLIPSOID REL VEL ‘AL) 
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Next the value of the radar altimeter alert flag will be established. If 
ALT_WHEELS < ALT _NAV_EVLT3, then the value of the discrete, DG_RADALT, shall 
be tested, and if the value is ON, then the value of the discrete, RA FLAG, 
shall be set to OFF and the sequential counter, N SEQ RA, shall be initialized 
to one. Otherwise, the sequential counter, N _SEQ_RA, shall be incremented by 
one and its value tested to see if it exceeds the maximum allowable value, 
N_SEQ MAX. If it does, then the discrete, RA_FLAG, shall be set to the value 
ON. Whenever ALT WHEELS > ALT_NAV |_EVLT;, the | discrete, RA_FLAC, shall retain 
its initial value of OFF. 

B. Interface Requirements. The input and output required for the RTLS 
guidance parameters are Listed in Tables 4.6.2.3-1 and 4.6.2.3-2. 

C. Processing Requirements. The performance and cyclic repetition rate of 
this subfunction will be under the control of the Ascent/RILS user parameter 
processing sequencer (Section 4.1.4). Minimum required computation rates for 
parameters computed by this subfunction are indicated in Table 4.6.2.3-2. 

D. Constraints. It is required that N_SEQ RA be initialized to one, 
T_STATE_PREV be initialized to an extremely - Large negative number, V IMU PREV 
be initialized to (0,0,0) and IMU_SFC_PREV to (1, 1, 1). The flag 
VNT_DR_SEQ INIT must be initialized to OFF and the flag TEST_VNT_DR to ON. 
The parameter RW_ID_UPP must be initialized to zero. The flag, RA _FLAG, must 
be initialized to OFF. 

E. Supplemental Information. These calculations have been simplified to 
conserve memory Locations and execution time. The assumptions are as follows: 

1. Position and velocity are defined with respect to the vehicle 
navigation base rather than the c.g. 

2. <A correction factor has been applied to the altitude and altitude 
rate calculation to correct for pitch and pitch rate errors 
introduced because of the first assumption. Roll and roll rate are 
not included. 

3. Flight path angle is computed at the navigation base. Thus, errors 
will be introduced whenever pitch rate is not zero. 

A suggested implementation in the form of a detailed flow chart is shown 
‘in Section 5. 6, subfunction GUIDECOMP_RTLS. 
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for Glide RTLS User Parameter Calculations 

  

  

Tapet Seupie 

Description Syabol Source Type | Precisica | Range | Unite Rate 

The constant PI Pr (b) r 8 As per 
eequencer 

Cosine of Shuttle's pitch Euler costa (a) r 8 As per 
angle (TD to body) ‘ sequencer 

Sine of Shuctle's pitch Euler angie | SINTH (a) r 8 As per 
(TD to body) 

sequencer 

Current Shuttle position vector & AVG UPP stace v oP fe As per 

= prop sequencer 

Present value of horizontal distance | R_GO_RAMP (b) F sd fe As per 
of vehicle from RW reference point sequencer 
below which radar altimeter neasure- 
wents will be incorporated into 

alcitude position WRT runway 

Position vector of runvay in earth- R_Ls EF (a) v oP fe As per 

fixed coordinates sequencer 

Altitude of runvay WAT reference ALT_RW (a) F 8 ft Ae per 
* ellipsoid sequencer 

Time tag for current user parameter T_STaTE UPP state F or sec da per 

state vector prop sequencer 

Shuttle earth-relative velocity ¥ _RHO UPP state v s ft/sec | As per 
vector in M50 coordinates prop sequencer 

RGA-derived body rate in degrees/ WER (a) v s deg/ As per 

second eec sequencer 

X_STRUCT_BODY distance from naviga- X_NB_CG (b) F $s ft As per 

tion base to c.g. sequencer 

X_STRUCT_BODY distance from naviga- X_NB WE (>) F s fe As per 

tion base to rear wheels sequencer 

Z_STRUCT_BODY distance from c.g. Z_NB_CG (b) F $s ft As per 
to aavigation base sequencer 

Z_STRUCT_BODY distance from rear Z_NB_WH (b) F 8 ft As per 
wheels to navigacion base sequeacer 

Pitch angle THETA (a) Fr $ deg As per 
sequencer 

Conversion from radians to degrees DEG_PER_RAD (b) F 8 deg/ As per 
rad sequencer 

Selected cunvay [ID Rul_NAME (a) I $ 1-10 As per 
sequencer 

Aleicude regions for nav event Lemp | ALT _MAV_EVLT (b) v 8 tc As per 
processing sequencer                   
saee RTLS UPP principal function input paremeter table, 
See RILS UPP principal function K-losd and constant cables.     
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Input Parameters for Glide RTLS User Parameter Calculations (Cone) 
  

  

Input Seuple 
Deacription Syabol Source Type | Preeiaion| Range | Onite Race 

Mumber of sequential failures of W_SEQ_MAX (b) t 8 As per 
the teat criteria allowed before sequencer 
activatieg the nav event lenxp 

Conversion from degrees to radians RAD PER_DEG (b) r s vad/ | As per 
deg saqueacer 

Angle betveen body X-axzia and c.g. RADALT_ANG (b) r s vad As per 
te RA aatenna vector sequencer 

Radar altineter measurement Q_RADALT (a) Fr 8 fe As per 
eequencer 

Reader altitude bias BIAS_RADALT (b) r 8 fc As per 
sequencer 

Radar weasurement time tag T_RADALT (a) r OP sec Ae per 
sequencer 

Navigation base to antenna distance RADALT_NB_DIST (b) F 8 fc Aa per 
” sequencer 

Pad loaded bias used to correct TIME_BIAS RADALT| (b) F DP sec As per 
radar altimeter time tag sequencer 

Data good flag for radar altimeter DG_RADALT (a) D ON/ As per 
Orr sequencer 

Value of T_STATE ac previous pass T_STATE_LAST ASCENT_ F DP sec As per 
through user parameter processing RTLS_ sequencer 

COMPS 

Previous value of H_DOT_ELLIPSOID H_DOT_LAST ASCENT _ r 8 ft/sec | As per 
RTLS_ sequeacer 

COMPS 

Magnitude of Shutcle earth-relative REL _VEL_MAG UPP state F s ft/sec | As per 
velocity prop sequencer 

RTLS TAEM guidance termination flag TG_END (a) D ON/ As per 
OFF sequencer 

Estimated copodetic altitude rate H_DOT_ELLIPSOID | ASCENT_ F s ft/sec | As per 
RTLS_ sequencer 

COMPS 

Alcicude of Shuctle nav base above ALT_WHEELS ASCENT_ F s fe As per 
ruoway altitude RTLS_ sequencer 

COMPS 

IMU selection filter control vector | IMU SFC (a) I 0,7 As per 
sequencer 

Current IMU accumulated velocity WV _IMu OLD UPP state v DP ft/sec | Ae per 
prop sequencer               

    a 
b 
See RTLS UPP principal function input perameter table. 
See RTLS UPP principal function K-load and constant tables. 
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Input Parameters for Glide RTLS User Parameter Calculations (Cont) 

  

  

lapet Seaple 
Description Syubol Source Type | Precision | Range | Unite Rate 

WAV derived angle of attack ALPHA_& (a) 8 deg ds per 
sequencer 

Earth-fixed to secondary QW trans= M_EFTOaW_ SEC (a) 8 Aa per 
formation eatrix = eequencer 

Initial value for spiral radius ar (b) 8 fe As per 
eequeacer 

Tnital value of HAC turn angle PSRARS I-loade 8 deg As per 
sequencer 

Flag denoting various phases of IPHASE Ca) 0-6 As perc 
GRILS TAEM guidance sequencer 

Flag denoting crew request to TOGHAC (ea) orr/ As per 
change approach type (OVHD/STRT) On sequencer 

Flag denoting GRTLS TAEM guidance OBALRT (a) orr/ As per 
request to downmode on sequencer 

MSBLS elevation aeasurement bias BIAS_KLNIS (a) 8 rad As per 

sequencer 

MLS availability MLS_AVAIL (a) 8 oFrF/ As per 
on sequencer 

X-runvay position where conversion START_POSITION T-loads s ft As per 
from horizontel to sloping runway sequencer 
coordinates begins 

X-runway position where conversion STOP_POSITION T-+loade 8 ft As per 
from horizontal to sloping runway sequencer 
coordinates is completed                   ®see RILS UPP principal function input parameter table. 
Osea RTLS UPP principal function K~load table.     

Table 4.6.2.3-°2. Output Parameters from Glide RTLS User Parameter Calculations 

  

  

Input Seaple 

Description Symbol Source Preciaion | Range | Units Rate 

Vertical component of vehicle c.g. | ACC_VERT (a) 8 ft/sec? As per 
acceleration wre earth rotating sequencer 
frame 

Current orbiter altitude above ALT (a) $s ft As per 
reference ellipsoid sequencer 

Vehicle velocity direction wrt COURSE_WRT_RW (a) 8 Oto | cad As per 
runvay centerline 2 PI sequencer 

Component of c.g. relative velocity) H_DOT_ (a) 8 fc/sec As per 
aormal to RW ellipsoid (A/L) or ELLIPSOID sequencer 
local ellipsoid (TAEM) 

Downrange position wrt the runway POSITION_WRT_ (a) 8 ft As per 
RUWWAY, sequencer                   ®seeq RTLS UPP principal function output parameter table.     
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Table 4.6.2.3-2. Output Parameters from Glide RTLS User Parameter Calculations (Cont) 

  

  

              
    

Input Senple 
Description Symbol Source Precision | Range| Unite Race 

Primary runvay ID RW _ID_UPP (a) 5 O-10 | fe As per 
sequencer 

Crossrange position wrt the runway | POSITION WRT_ (a) 8 fe As per 
RUNWAY, sequencer 

Altitude position wrt the runvay POSITION _WRT_ (a) 8 fe As per 
RUNWAY, Gequencer 

Downrange velocity wrt the runvay VELOC ITY_WRT_ (a) 8 fc/sec As per 
RUNWAY, sequencer 

Crossrange velocity wrt the runway | VELOCITY _wRT_ (a) 8 ft/sec Ae per 
RUNWAY, sequencer 

Flag sent to MSC co initiate VENT VNT_DR_SEQ_ (a) OFT/ As per 
DOOR CNTL SEQ INIT Ou sequencer 

Vehicle c.g. groundspeed WRT V_GROUNDSPEED (a) $s ft/sec As per 
runway (A/L), reference sequencer 
ellipsoid (TAEM) 

Drag acceleration ACC_DRAG (a) s ft/sec? Ae per 
sequeacer 

Flight path angle FLT_PATH_ANG (a) s rad As per 
sequencer 

Altitude above runway of rear ALT_WHEELS (a) s ft As per 
wheels sequencer 

Radar altimeter processing flag RAW_RA_PROC (a) ONn/ As per 
OFF sequencer 

Shuctle position vector in earth- R er (a) DP ft As per 
fixed coordinates sequencer 

Shuttle earth-relative velocity ¥ _RHO EF (a) Ss ft/sec As per 
vector in EF coordinates sequencer 

Radar measurement time tag T_RADALT (a) DP sec As per 
sequencer 

Data good flag for radar altimeter | DG RADALT (a) ON/ As per 
: OFF sequencer 

Radar altimeter measurement Q_RADALT (a) S fc As per 
sequencer 

NAV derived angle of attack for ALPHA_NAVDAD (a) s deg As per 
use in NAVDAD SOP sequencer 

Radar altimeter crew alert, HUD RA_FLAG (a) OFF/ As per 
ON eequencer 

Flag denoting overhead or OVED (a) OFF/ As per 
straight-in approach ON sequencer 

Commanded HAC side of primary YSGNP (a) a1 As per 
runway sequencer 

*see RTLS UPP principal function output parameter cable.     
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Table 4.6.2.3-2. Output Parameters from Glide RILS User Parameter Calculations (Cont) 
  

    
Taput Senpie 

Description Syebel Souree Type | Precioion | Range | Unite Rate 

Tera angle of WAC of primary rem (a) r 8 deg da per 
cwnvey eequencer 

Area Hav RAC indicator initialiaa= | PIBST_Mas (a) o orr/ Ae per 
tion flag on eaquencer 

Radive of HAC . ower (a) P 8 fe ae per 
. eequeacer                 

®seeq RTLS UPP principal fuection output parameter table. 

oy 
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4.6.2.4 Ascent/RTLS User Parameter Calculations. For both powered RTLS 
and glide RTLS the altitude and the altitude rate are required output param 
eters. This subfunction will provide the required software to handle these 
calculations. Furthermore, for glide RTLS the additional requirement of pro- 
viding vertical acceleration is also handled in this subfunction. 

A. Detailed Requirements. The detailed requirements for this subfuncrion are 
contained in Section 4.4.3. 

o 

B. Interface Requirements. Input and output parameters required are listed 
in Tables 4.6.2.4-1 and 4.6.2.4=2. 

C. Processing Requirements. Cyclic execution and repetition rates for this 
subfunction are controlled by the RTLS user parameter processing sequencer 
(Section 4.1.4). These calculations must be performed prior to those speci-~ 
fied in Section 4.6.2.2, powered RTLS user parameter calculations. 

D. Constraints. It is required that T_STATE_LAST, H_DOT_LAST, ACC_VERT_ 
OLD, T_STATE_OLD and DELTA_ACC_VERT be initialized to zero and that DELTA_T be 
initialized to a non-zero value. 

E. Supplemental Information. A suggested implementation in the form of a 
detailed flow chart is shown in Section 5.6, subfunction ASCENT_RTLS COMPS. 
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Table 4, 6. 2.4-l. 

Soetgyateme Oviion OR tee international 

Ascent/RILS Calculations Input Parameters 
  

  

              
        

    

Input Seuple 
Description Syebol Source [ Type | Preeision | Reage | Units Race 

Flag indicating UPP etate has been UPP_UPDATE UPP state Ou /ovF As per 
updated by nav filter prop sequencer 

Unie vector in direction of earth's EARTE_POLE Ce) s As per 
axis of rotation eequencer 

Earch equatorial radius BARTH_RADIUS_ (b) oP fc As per 
EQUATOR . sequencer 

Earth ellipticity constant ELLIPT Cb) or As per 
sequencer 

Alcicude of runway vre reference ALT_kw (a) 8 ft As per 
ellipsoid sequencer 

Time tag for current user parameter Tt State UPP atacte bP , ae Ao per 
ecate vector prop : sequencer 

Shuttle earth-relative velocity ¥ _ano UPP etate s te/ As per 
vector in M50 coordinates prop sec sequencer 

IMU-derived body rate in WER (a) 3 deg/ As per 
degrees/ second sec eequencer 

X_STRUCT_BODY distance from aavigation X_NB_CG (b) $ ft As per 
base to c.g. sequencer 

X_STRUCT_BODY distance from navigation X_NB_WH (b) $s tt As per 
base to rear wheels ! sequencer 

Z_STRUCT_BODY distance from c.g. to 2_NB_CG (bd) s | fc As per 
navigation base sequencer 

Z_STRUCT_BODY distance from rear wheels | 2_NB WH (b) s fe As per 
to navigation base sequencer 

i 
Major mode 602 flag MM_CODE_602 (a) Ou/ OF? As per 

sequencer 

Major mode 603 flag MM_CODE_ 603 (a) ON/OFF As per 
sequencer 

Major mode 102 flag MM_CODE_102 (a) ON/OFF Aa per 
sequencer 

Major aode 103 flag MM_CODE_103 (a) on/OFF As per 
sequencer 

Exponential atmosphere scale height ALT_S, (b) $ fe As per 
tel, 7 sequencer 

Current Shuttle position vector & _AVGG UPP state oP fc As per 
prop sequencer 

Exponential atwosephere base density, RHO 8, (b) $s olyse/ As per 
tel,? ft sequencer 

Magnitude of vehicle relative REL_VEL_NAG UPP stace 8 fe/ As per 
velocity prop sec sequencer 

pee RTLS UPP principal function input parameter table. 
See RILS UPP principal function I-load, K-load and constant tables. 
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Table 4.6. 2.4-1. 

  

  

sngrameeaee OR 

Ascent/RTLS Calculations Input Parameters (Cont) 

Rockwell 
international 

  

  

Input Sample 
Description Syabol Source Type | Precisica Reage Gate Rate 

Mueber of altitude regions IMAX Ce) t 8 ae per 
sequencer 

Altitude region, I = 1, 7 ALT_TAB, oy) ¥(?) 8 tt As per 
seqeencer 

TMU-sensed acceleration A _SENSED UPP state v 8 ftfeec? | as per 
eequeacer 

Geavicational acceleration at GRAV_SEA_ (b) r 8 fefeec? | ae per 
sea level LEVEL eequeacer 

Sine of Shuttle's pitch angle SINTH (a) Fr 8 Aa per 
sequencer 

Cosine of Shuttle'’s pitch angle COSTH (a) r 8 de per 
eequescer 

Conversion from degrees to radians | RAD_PER_DEG (b) t $s rad/deq | Aa per 
sequencer                 

  

See RILS UPP principal function input parameter table. 
See RTLS UPP principal function I-load, K-load and constant tables. 

  

4-325 

STS 83-0005B 

   



  
Table 4.6. 2.4=-1. Ascent/RTLS Calculations Input Parameters (Cont) 

Space Transportation 
Systeme Divisien a 

  

Rockwell 
international 

  

  

Input Sample 
Deecriptioa Symbol Source Type | Preaisioa Range Units Rate 

Bumber of altitude regions IMAX (b) t 8 As per 
sequencer 

Altitude region, f= 1, 7 ALT_TAB, (a) v(7)} 8 fe As per 
sequencer 

TNU-sensead acceleration A _SENSED UPP state Vv 8 ft/sec? | as per 
sequencer 

Gravitational acceleration at GRAV_SEA_ (b) r 8 fe/eec* | As per 
eea level LEVEL sequencer 

Sine of Shuttle's pitch angle SINTR (a) fr 8 As per 
sequencer 

Cosine of Shuttle's pitch angle COSTH (a) t 8 As per 
sequencer 

Coaversron from degrees to radians | RAD_PER_DEG (b) r 8 vad/deg As per 
sequencer                 

  

yee RBILS UPP principal function input parameter table. 

See RILS UPP principal function I-load, K-load and constant tables. 
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Table 4. 6. 2.42. 

Srecgysieme Divieten OD fest International 

Ascent/RTLS Calculations Output Perameters 
  

  

                

      

Iapet Sanple 
Deseription Syabol Source Type | Precision | Range | Unico Rete 

Wercieal eonponeat ef venicle ¢.g. acc VERT (a) r 8 fe/ Ae per 
aceeleration vet earth cetating frame sec? sequeacer 

Corveat Orbiter altitude abeve att (a) fF 8 fe Ae per 
weference ellipsoid sequencer 

Component of ¢.g. relative velocity B_doT_ (a), UPP_ | Ff $s ft/ | As per 
woreal te lecal ellipecid ELLIPSOID Pw_RTLS_ eee sequencer 

COMPS, 

aTLs 
GaTLs- 

COMPS 

Prewrewa value of 0 00T ELLIPSOID W_DOT_Last Fr s fe/ As per 
GRTLS_ sec sequeacer 

COMPS 

Valve ef T_STATE at previous pase T_STATS_ UPP_ iv oP sec =| As per 
threegh eser peraseeater processing LAST GRTLS_ sequencer 

COMPS 

Maguitude ef the Shettle position vector | R_VEH_NAG uPP Pu e oP te As per 
“ aTLs_ sequencer 

COMPS 

alcitede of the bottom of the rear ALT_WREELS (a), Pr s 4 As per 
wheels above the romway altitude ia UPP_ sequencer 
71602 ead MNG6O3. Altitude of the WAV GRILS_ 
base above the ruauay altitude ia COMPS 
major godes other than 602 and 603 

Equivaleac airspeed tas (a) t s fe/ As perc 
sec sequencer 

Total seased acceleration LOAD_TOTAL (a) t s g's | As per 
sequencer 

Mag Shuttle pos vector R_VEM_NAG ASC ARKA Fr oP fc As per 
uPP WAV sequencer 

“gee RILS OPP principal fuaction output paramecer table, 
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4.6.2.5 RILS User Parameter Processing HSI Calculations. This 
subfunction will calculate certain parameters required to support the HSI pro- 
cessing principal function during Major Mode 601 of the RTLS operational 
sequence. 

A. Detailed Requirements. The detailed requirements for this subfunction are 

presented in Section 4.4.4. 

B. Interface Requirements. The input and output parameters required are 

listed in Tables 4.6.2.5-1 and 4.6.2.5-2. 

C. Processing Requirements. None. 

D. Constraints. None. 

E. Supplementary Information. A suggested implementation in the form of a 

detailed flow chart may be found in Section 5.6, subfunction PW_HSI_COMPS. 
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Table 4.6.2.5-1. RITLS User Parameter Processing HSI Calculations Input Parameters 

Pesisteme Division OD feck Ineernational 

  

  

                      

  

  

                

    
  

fapuc Semple 
Description Syebol Source Type | Precision | Range | Unite Rete 

Position vector ef runvay in earth- S_Ls er (a) v oP ft As per 
fixed coordinates saqueacer 

Time tag aesociated vith current user T_STATE UPP estate| F DP eec As per 
parameter state vector prop sequeacer 

Carreat navbase NSO position vector & _Aavcs UPP estate| ¥ DP ft As per 
prop eequencer 

Uait vector perpendicular to the orbit | I yD 450 (a) v s As per 
plane and directed in the opposite sequencer 
eense to that of the angular scoeentus 

Inertial velocity in MSO V_AvGs UPP state] ¥ s te/ As per 
prop sec sequencer 

Relative velocity in “50 ¥ _Ruo UPP estate| ¥ 8 fe/ as per 
prop sec sequencer 

Magnitude of the inertial velocity V_INERTIAL_ UPP scate| F s te/ As per 
MAG prop eec sequencer 

Magnitude of the relative velocity REL_VEL_MAG UPP state] F s fe/ Ae per 

prop sec sequencer 

The constant PI PI Constant | F $s As per 

sequencer 

Major Mode 601 flag MM_CODE_601 Cad o OoFrF/ As per 
on sequencer 

“See RTLS UPP principal function input psrameter table, 

Table 4.6.2.5-2. RTLS User Parameter Processing HSI Calculations 
Output Parameters 

Input Saaple 

Description Sywbol Source Type | Precision! Range | Unites Rate 

Aagle formed by the inertial velocicy HEADING _V_I (a) r 8 -f,"] rad As per 
vector sad the orbit plane sequencer 

Angle formed by the relative velocity HEADING _V_ (a) rt a = ie] rad Ae per 
veetor aad the orbit plane REL . sequencer 

Bearing of Shuctia position to landing HEADING_RW (a) r a “ae | rad As per 
eite relereaced cto the orbit plane sequencer 

"gee ATLS UPP principal function output parameter table. 
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4.6.2.6 TACAN Display Computations. During the GLIDE RTLS portions of 
the Shuttle flight the horizontal situation display (HSD) provides the crew 
with spacecraft position and heading information with respect to the ground 
plane. In addition to the graphical display of the Shuttle's position with 
respect to the runway and heading alignment circle, other tabular data is dis- 
played. This subfunction provides tabular data for the TACAN portion of the 
display. Data for each of the three TACAN LRU‘s are displayed. 

For each TACAN, there is a display of TAC_AZ as either the absolute aag- 
netic azimuth in degrees from the vehicle to the ground station as measured by 
the TACAN, or the delta azimuth in degrees formed by subtracting the nav 

derived azimuth to the ground station from the TACAN measured azimuth to the 
station. In addition, for each TACAN there is a display of range as either 
the absolute slant range in nautical miles from the vehicle to the ground stae- 
tion as measured by the TACAN, or the delta slant range in nautical miles 
formed by subtracting the nav derived range to the ground station from the 
TACAN measured range to the ground station. Two mutually exclusive items, ABS 
and DELTA, are provided on the HSD to allow the crew to select absolute or 
delta values of TACAN azimuth and range. 

A. Detailed Requirements. The computational sequence for the ABS mode is to 
convert data from the TACAN SOP to the proper units for display as follows: 

TAC_AZ, = TACBEARO, DEG _PER_RAD 

TAC_RNG, ™ TACRANGEO, NAUTMI_PER_FT 

If the TAC_MODE is not ABS and the TACAN CHAN VALID SL is “OFF"™, then both 

TAC_AZy and TAC , RNG,, shall be set to "BLANK" for display. 

If the TAC_MODE is not ABS and the TACAN CHAN VALID ) SLy is “On, then the com- 
putational | sequence is for the DELTA! MODE and the differences between the nav 
derived range and azimuth and the TACAN measured range and azimuth are com 

puted, The range difference for each TACAN is computed as follows: 

REST = R_EF = R_TACAN EF SL, 

R UTEMP = M_EFTOTD TACAN SL; R _EST 

TAC_RNG, = (TACRANGEO, - ABVAL(R _EST)) NAUTMI_PER_FT 

The azimuth difference for each TACAN is computed as follows: 

TEMP @ (TACHEARO, (ARCTAN2(R | TEMP,, R_TEMP ) 

ANGLE CORR_TNTOMAG SL, + PI)) ‘DEG | PER RAD 
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\ 
This base delta azimuth (TEMP) is then adjusted for the event where the two 
angles span the 360° or 0° radial as follows: 

If ABVAL(TEMP) >180° 

then set, 

TAC_AZ, © TEMP - SIGN(TEMP) 360° 

If not, set 

TAC_AZ; © TEMP 

Finally, independently of the status of the TAC_MODE flag, it is renamed for 
Output purposes as TAC MODE DISP. 

B. Interface Requirements. The input and output are listed in 
Tables 4.6.2.6-1 and 4.6.2.6-2, respectively. 

C. Processing Requirements. None (@ 

D. Constraints. None 

E. Supplementary Information. A suggested implementation in the form of a 

detailed flow chart is given in Section 5.6, subfunction TACAN DISP COMPS. 
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TACAN Display Calculations Input Parameters 
  

  

                      
  

  

                

    

Input Seaple 
Description Syabol Source Type | Precision | Range | Unics Rate 

Svitch indicating ON vhen TAC_MODE (a) D on/OFF As per 
ABS MODE is selected for HSD DISP sequencer 
and OFF when DELTA_MODE is selected 

Switch indicating (OW) when a valid TACAN_CHAN_ (a) D ou /OrF As per 
TACAN channel has beea selected VALID SL, sequencer 

TACAN range data obtained from the TACRANGEO, (a) Fr 8 enti As per 
SOP for each receiver, I #1, 3 sequencer 

TACAN bearing data obtained frou TACBEARO, (a) F 8 0-20" cad As per 
the SOP for each receiver, I #1, 3 sequencer 

Conversion faccor from radians to DEG_PER_RAD (b) F s deg/ As per 
degrees cad sequencer 

Conversion factor froe feet to NAUTMI_PER_FT (b) r 8 nmi/ft| As per 
nautical ailes sequencer 

Shuctle position vector in earth- RB _EF GUIDE- Vv DP fe As per 
fixed coordinates COMP_ sequencer 

RTLS 

TACAN station earth-fixed position R _TACAN (a) Vv DP fe As per 

vector obtained from sire lookup SL, sequencer 
for Ith receiver 

Variation of magnetic north from ANGLE _CORR_ (a) F s rad As per 
true aorth at TACAN site obtained TNTOMAG_SLy sequencer 

from site lookup for Ith receiver 

The constanc PI PL (b) F DP As per 
sequencer 

Transformation matrix from earth- M_EFTOTD_ (a) M s As per 
fixed to topodetic coordinates at TACAN_SLy sequencer 

the Ich TACAN site 

4See RILS UPP principal function input parameter table. 
See RILS UPP principal function constanc tables. 

Table 4.6.2.6-2. TACAN Display Calculations Output Parameters 

Input Sample 

Description Syabol Source Type | Precision | Range | Units Race 

Feedback switch indicating ON TAC_MODE_ (a) D ON/OFF As per 
when ABS MODE is selected on RSD DISP sequencer 
OISP and OFF when DELTA_MODE 

1s selected 

TACAN azieuch for display in the TAC_AZ, (a) F Ss 180 = | deg As per 
ABS_MODE or DELTA azimuth when in +360 sequencer 
DELTA_MODE 

TACAN range for display in the TAC_RNG, (a) F s 0-400 {oni As per 
ABS MODE or DELTA range when in sequencer 
the DELTA_MODE 

*TLs UPP principal function output lisc. 
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4.6.2.7 RILS User Parameter Processin 
Tables. The RILS user parameter processing pr 

    
   

Rockwell 
Opes olome Diielon gt international 

4.20) Principal Function 
unction input and 

Output parameters, along with the I-Loads, K-loads, constants, and cross- 

references, are presented in Tables 4.6.2.7°1 through 4.6.2.7-5. 

The values for the I-loads are contained in the I-loads requirements 
document (JSC-19350). 
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RTLS UPP 

SOURCE 

A/E ATT PROC 
ASC SITE LOOKUP 
ASC SITE LOOKUP 
ASC SITE LOOKUP 
ASC SITE LOOKUP 
ASC SITE LOOKUP 
ASC SITE LOOKUP 
cos 

A/E ATT PROC 
SF 
ASC NAV 
RTLS NAV 
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RTLS NAV 

CN 
RTLS NAV 
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RTLS User Parameter Processing (4.20) Input/Output 
Functional Parameters 
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Table 4.6.2.7-1. RTLS User Parameter Processing (4.20) Input/Output 
Functional Parameters (Cont) 
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DBFN: D3B008-D PN: _VP707100037P00L JULY 17, 1989 
INPUT FUNCTIONAL PARAMETERS FOR RETURN TO LAUNCH SITE UPP RTLS UPP OT8D REVO ze somes ° 

° 
R 

DATA E 
FSSR NAME H/S ID NOMENCLATURE SOURCE UNITS TYPE 

H_EFTOTD_TACAN_SL2(3-3) V90U1792CB EF TO TOPO COORD AT TA SITE 2/3-3 ASC SITE LOOKUP 
HOEFTOTD-TACAN_SL 5(1-1) V90U1793CB EF TO TOPO COORD AT TA SITE 3/1-1 ASC SITE LOOKUP 
HEF TOTD_TAGAN_SL3(1-2) V90U1794CB_ EF TO TOPO COORD AT TA SITE 3/1-2 ASC SITE LOOKUP 
HEF TOTD-TACANSL3(1-3) V90U179SCB EF _TO TOPO COORD AT TA SITE 3/1-3 ASC SITE LOOKUP 
H-EFTOTD_TACANSL3( 2-1) V90U1796CB EF TO TOPO COORD AT TA SITE 3/2-1 ASC SITE LOOKUP 
HEF TOTD_TACAN_SL3(2-2) V90U1797CB EF TO TOPO COORD AT TA SITE 3/2-2 ASC SITE LOOKUP 
HTEFTOTD_TACANZSL3(2-3) V90U1798CB EF TO TOPO COORD AT TA SITE 3/2-3 ASC SITE LOOKUP 
HEF TOTD_TACAN_SL3( 3-1) V90U1799CB_ EF TO TOPO COORD AT TA SITE 3/3-1 ASC SITE LOOKUP 
HEF TOTD-TACAN_SL3( 3-2) VgoULB800CB EF TO TOPO COORD AT TA SITE 3/3-2 ASC SITE LOOKUP 
HEF TOTDTACANSL3( 3-3) V90U1801CB EF TO TOPO COORD AT TA SITE 3/3-3 ASC. SITE LOOKUP 
HLS_AVAIL V9OX3720NB ALS AVATLABIL ITY ASC SITE LOOKUP 
HM_CODE_102/MM_102 V90X8158X MAJOR MODE 102 FLAG HSC 
HM~CODE_103/HM_103 V90X8156X MAJOR HODE 103 FLAG HSC 
HM~CODE_601/HH_601 V90X8194X  HAJOR HODE 601 FLAG HSC 
HMTCODE_603/MH_603 V90X8122X  HAJOR MODE 603 FLAG HSC 
_ORB/Q V9OR5321CA SELECTED RGA PITCH RATE SF DEG/S 
[RADALT V90HG002C_ SELECTED RALT HEIGHT-RAW SF FT sPL 
“LS_EF(L) V90H1900CB \X-COHP LDG SITE POS VCT-EF COORD ASC SITE LOOKUP FT 

RILS_EF (2) V90H1901CB Y-COHP LDG SITE POS VCT-EF COORD ASC SITE LOOKUP FT 
R—-USEF (3) V90H1902CB Z-COHP_LDG SITE POS VCT-EF COORD ASC SITE LOOKUP FT 
RIRESET(1) V90HO235CA SEL X-COMP OF UPDATED POS VCTR RST ASC_N FT DPL 
RTRESET(1) V9OHO2Z35CF SEL X-COMP OF UPDATED POS VCTR RST RTLS NAV FT DPL 
RTRESET(2) V90HO236CA SEL Y-COHP OF UPDATED POS VCIR RST CN FT DPL 
RTRESET(2) V9OHOZ36CF SEL Y-COMP OF UPDATED POS VCTR RST  RTLS NAV FT DPL 
RTRESET(3) V90HO237CA SEL Z-COMP OF UPDATED POS VCTR RST CN FT DPL 
RTRESET(3) V90HO237CF SEL Z-COMP OF UPDATED POS VCTR RST  RTLS NAV FT DPL 
RITACAN_EFSL1(1) V90H1834CB X-COMP EF POS VECTOR OF TACAN 1 ASC SITE LOOKUP FT “ 
R_TACAN_EFSL1(2) V90H1835CB Y-COMP EF POS VECTOR OF TACAN 1 ASC SITE LOOKUP FT 2 
RTTACAN_EFSL1(3) V90H1836CB 2-COMP EF POS VECTOR OF TACAN 1 ASC SITE LOOKUP FT no 
RT7TACAN_EFSL2(1) V90H1837CB X-COMP EF POS VECTOR OF TACAN 2 ASC SITE LOOKUP FT ge 
RTTACAN_EFSL2(2) V90H1838CB Y-COMP EF POS VECTOR OF TACAN 2 ASC SITE LOOKUP FT a) 
R-TACANEFSL2(3) V90H1839CB = 2-COMP_EF POS VECTOR OF TACAN 2 ASC SITE LOOKUP FT gs 
RITACANLEFSLS(1) V90H1840CB -COMP EF POS VECTOR OF TACAN 3 ASC SITE LOOKUP FT 2 
R_TACAN_EFSL3(2) V90H18G1CB Y-COMP EF POS VECTOR OF TACAN 3 ASC SITE LOOKUP FT ° 
R-TACAN_EFSL3(3) V90H1842CB «_2-COHP_EF P CTOR OF TACAN 3 ASC_SITE LOOKUP FT ° 
RA_TINE V95W7000C_ «RADAR ALTIMETER TIHE RA SOP s DPL $ 
RW-ID_UPP V95K0234KB OTT FIRST PASS FLAG ASC SITE LOOKUP a8 
RW_NAME V90U1916CB CURRENT LANDING SITE SELECTED ASC SITE LOOKUP O65 
SEC_V_M50(1) V90L2557C SEL TOTAL X VEL H50 THU RM FT/S prt 35 
SEL_V~M50(2) vooL25sa¢ = SEL TOTAL Y VEL Hé0 THU RH FT/S DPL 
SEL~V_H50(3) V90L2559C SEL TOTAL ZV IMU RH FT/S DPL 
SINTH” VooHszic€ «EULER ANGLE PITCH SINE A/E ATT PROC 
T_GHTLO_REF V99U7442C = NOMINAL LIFTOFF IGN REF UL a 
TIHUS V95WO002C IMU INPUT TRANS TIME TAG IHU INT PROC s DPL 
TTRESET vgowoz26Ca TIME OF FILTER STATE VCTR ASC_NAV s 
TTRESET V9OWO225CF TIME OF FILTER STATE VCTR RTLS NAV $ 
TIC MODE V93X5015X  TACAN ABSOLUTE/DELTA DATA CHD 6.21 BD 
TACAN_CHAN_VALID_SL1 V90X1858XB  TACAN CHANNEL VALIDITY FLAG(TAC 1) ASC SITE Lookup 
TACAN_CHAN_VALI®—SL2 V90X1659B  TACAN CHANNEL VALIDITY FLAG(TAC 2) ASC SITE LOOKUP 5D 
TACAN-CHAN-VALID_SL3 V90X1860XB TACAN CHANNEL VALIDITY FLAG(TAC 3) ASC SITE LOOKUP 235 
TACBEARO(1 V95H5122CA TACAN NO 1 BEARING OUT TACAN SOP RAD DO 
TACBEARO(2) V95H5222CA  TACAN NO 2 BEARING OUT TACAN SOP RAD 3x 
TACBEARO(3) V95H5322CA TACAN NO 3 BEARING OUT TACAN SOP RAD 35 
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Table 4,6.2.7-1. RILS User Parameter Processing (4,20) Input /Out put 

Functional Parameters (Cont) 

DBFN: D3B008-D PN: VP707100037PC0L ven”? 1989 OI6D REV GE 311 INPUT FUNCTIONAL PARAHETERS FOR RETURN TO LAUNCH STTEL upP RTLS UPP D REvee 64.20 B PAGE. 1 
P 
R 

DATA E FSSR NAME M/S ID NOMENCLATURE SOURCE UNITS TYPE C 

TACRANGEO(1) V95H5102CA TACAN NO 1 RANGE OUT TACAN SOP FT TACRANGEO(2) V9SH5202CA TACAN NO 2 RANGE OUT TACAN SOP FT TACRANGEO(3) V95H5302CA TACAN NO 3 RANGE OUT TACAN SOP FT TG_END V90X1108XB  TAEM GUIDANCE TERMINATION FLAG GRILS TAEM GUID THETA V90H2217C BODY PITCH ATTITUDE EULER ANGLE A/E_ATT PROC DEG SPL TOGHAC V93X4477xX R/L CONE CHG CHD 6.2 BD V_IHU_RESET(1) V90L0247CA SEL X-COMP OF ACCUM SENSED VEL RST ASC NAV FT/S V_IMU_RESET(1) V90L0247CF SEL X-COMP OF ACCUM SENSED VEL RST RTLS NAV FT/S V_IMU_RESET(2) V9OLO0248CA SEL Y-COMP OF ACCUM SENSED VEL RST ASC NAV FT/S V_IMU_RESET(2) V90L0248CF SEL Y-COMP OF ACCUM SENSED VEL RST RTLS NAV FT/S V_IHMU_RESET(3) V90L0249CA SEL Z-COHMP OF ACCUM SENSED VEL RST ASC NAV ae V_IMU_RESET(3) V90L0249CF SEL 2-COMP OF ACCUM SENSED VEL RST RTLS NAV rvs V~RESET(1) V90L0239CA SEL X-COMP OF UPDATED VEL VCTR RST ASC NAV FI/s V_-RESET(1) V90L0239CF SEL X-COHP OF UPDATED VEL VCTR RST RTLS NAV FV/3 V_RESET(2) V90L0240CA SEL Y-COMP OF UPDATED VEL VCTR RST ASC NAV Fi/s . V~RESET(2) V9O0L0240CF SEL Y-COHP OF UPDATED VEL VCTR RST RTLS NAV rr/s V~RESET(3) V90L02G1CA SEL Z-COHMP OF UPDATED VEL VCTR RST ASC NAV EVs 
V_RESET(3) V90L0241CF SEL Z-COMP OF UPDATED VEL VCTR RST RTLS NAV 
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Table 4.6.2.7-1, RTLS User Parameter Processing (4.20) Input/Output 
Functional Parameters (Cont) 

DBFN: D3B008-D = PM: VP707100037P0 Y 17, 1989 
OUTPUT FUNCTIONAL PARAHETERS FROM RETURN TO LAUNCH SITE CUPP.” RTLS UPP OT6D REveS 64.20 

FSSR NAME H/S ID NOMENCLATURE DESTINATION UNITS 

ACC_DRAG V95A0160CA DRAG DECEL NAVDAD SOP/RTLS NAV,AMT PROC, 
ACC_VERT V95A0170CA VERTICAL ACCEL IN TOPODETIC COORD AVVI PROG TEM 
ALPRA_NAVDAD V95HO233CD AVG NAVDAD ANGLE OF ATTACK NAVDAD SOP DEG 
ALT V9SHOL7SCA CURR ORB ALT ABOVE REF ELLIPSOID NAVDAD SOP,XXXWX¥ TRAJ DIP KFT 

RILS NAV ZG7C SLEER,ADTA SOP, 
ALT_WHEELS VOS5SHO165CA ALT TO REAR WHEELS/NAV BASEC(ENTRY) VERT SIT DIP,ASC AREA NAV FT 

Recs HAV GRTCS TAEH GUID, 8.7, 
GRTLS A/C GUID,TACA 

fu EV AN PR PROC HYD Svs ‘Lop, 

COURSE_WRT_RUNWAY V9SHO225CD COURSE WRT RW CENTER LINE O CRIES TAEM 
Bare AoE COLD ASBLS sop ,TLH 

D_ARC V95H0477C ARC LENGTH AROUND HAC(WPI TO NEP) PW RTLS GUID 
DE_RADALT V95K0460XA SNAPPED RALT DATA GOOD TL 
EAS V95L0S14CB EQUIVALENT AIRSPEED TLM 
FIRST ASS V95X0184XC AREA NAV HAC INIT FLAG ASC AREA NAV 
FLT SPxTAS ANG/GAMHA V95HO2Z61CC GROUND-REL FLT PATH ANGLE GRILS TAEM GUID,GRTLS A/L GUID, RAD 

PW RTLS GUID, KXXAXX TRAJ DIP, 
FLT_PATH_ANG_TIME VOSWOGGGC TIME OF COMPUTTING FLT PATH ANG © PH RTLS GUID 
H_DOT_ELCIPSOID/H_DOT V95L0265CA EST ALTITUDE RATE VERT SIT DIP ABTA SOP FT/S 

GRILS TAEM GUID, AVVI Roc, 
GRILS AZL GUID ,KXXXXY TRAJ Orr, 
6.22,PW RTLS GUID,HUD PROC, TLH 

HEADING_RW V95H0G61CB BEAR VEH TO RW WRT ORB PL HSI PRO RAD 
HEADING_V_ V95HO515CB ANG BETWN INER VEL AND ORB PL Het PROG RAD 
HEADING —V_~REL V95HOS16CB ANG BETWN REL VEL AND ORB PL HSI PROC RAD 
LAT_GEOD V9SHO4SEC VEHICLE GEODETIC LATITUDE TLM 
LOAB_TOTAL V95U0163CC TOTAL LOAD FACTO AMI PROC, YTLM 
LON VOEHOSEEE VENICLE- LONGITUDE TLM 
OVHD V95J0154CC OVHD/STRT IND ASC AREA NAV,6.21 
POSN_WRT_RW(VERT) V95HO300CA VERTICAL DISTANCE WRT RW ASC AREA NAV, HUD PROC, TL FT 
POSN_WRT_RW(1)/X V95HO220CA DOWNRANGE DISTANCE WRT RW ASC AREA N FT 

fe Beats eity Téetis an cuID, 

POSN_WRT_RW(2)/Y V9S5SHO2Z1CA CROSSRANGE DISTANCE WRT RW ASC AREA M fT 
GRILS TAEH HeitD, TéRTLS AVL cuID, 

PSHA V95HO181CB TURN ANG HAC GRILS TAEH GUID DEG 
Q-RADALT V95HOG58CA SNAPPED RADAR ALT MEASUREMENT TLH 
TAVGGOL) VOSHOLBSCA X-COHP OF CURRENT SHUTTLE POS VCTR AVE ATT PROC, Pw RTLS GUID, FT 

R_AVGG(2) V95HOL86CA Y-COMP OF CURRENT SHUTTLE POS VCTR ME eet RTLS GUID, FT 

R_AVGG(3) V9SHOL87CA Z-COMP OF CURRENT SHUTTLE POS VCTR ME AT ATT P voc pw RTLS GUID, FT 

R_CC_EF(2) V95HO478C HAC X_POSITION EF(TOD) PW RTLS GUID 
R_CC_EF(2) V95H0479C HAC Y_POSITION EF(TOD) PH RILS GUID 
R ~CCTEF (3) VOSHOGKOC HAC ZTPOSETION EE CTOD) PW RTLS 
R_EFTL) V95HO155CB ORBITER X POSITION EF (TOD) ASC AREA CNA, TACAN Rn FT 

a ° 
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Table 4.6.2.7-1. 

VP7O71 000377090 GUTPUT FUNCTIONAL PARAMETERS FROM RETURN TO LAUNCH SITECUPD? 2789 

FSS& NAME 

VW aw 13 

¥ Fry 2) 

W_RnOts) 

YSGNP/YSGN 

M/S ID 

V95H0156cB 
V95HO0157CB 
V95U0183CB 
V9S5HO167CA 
V90K0450xC 
V9OXBB865KA 
VOS5SLOISICA 

V9SHO176CB 
V95U0205CA 
¥V90U1916CF 
V9SW0459CA 
V95wWo200CC 
V95HO207CD 
V9SHO208CD 
V95HO0209CD 
V95x%0227xKD 
v95HO201CD 

¥9SL6216CA 

V9SLOZ17C4 

VOSL 3A86CB 
V9S 266506 
V95L 3866CB 
V9O5LO6257CA 
V95L0255CB 
V95L0256CC 

V95J0153CC 

V95xX0235xD 

NOMENCLATURE 

ORBITER Y POSITION EF(TOD) 
ORBITER Z POSITION EF(TOD) 
HAC RADIUS 
MAG SHUTTLE POS VECTOR 
RADAR ALTIMETER CREW ALERT 
RADAR ALTIHETER PROCESSING FLAG 
GND REL VEL MAGNITUDE IN M50 SYS 

RANGE TO RUNWAY THRESHOLD VIA WP) 
INDEX OF CURRENT RW USED FOR UPP 
CURRENT LANDING SITE SELECTED 
SNAPPED RADAR ALT TIHE 
TIME TAG pSSOC WITH CURRENT STATE 
TACAN 1 AZIMUT 
TACAN 2 AZIMUTH 
TACAN 3 AZIMUTH 
TACAN ABS/DELTA DATA IND 
TACAN 1 RANGE 
TACAN 2 RANGE 
TACAN 3 RANGE 
X-COMP OF CURRENT SHUTTL € vEt vi 
¥-COMP OF CURRENT SHUTTLE VEL VCT 

E VEL V Z-COMP OF CURRENT SHUTTL 
GROUNDSPEED 

Z-COMP OF CUPREMT ACCUM IMU 
WS OF VEMICLE JMERTIAL VELOC 
% COMP OF RELATIVE VEL IW M56 

¥-COMP OF RELATIVE VEL IW H5S8 

2-COMP OF RELATIVE VEL IN K5O 

K VELOCITY VECTOR EFI TOD) 
¥ VELOCITY VECTOR EFC(TOD) 
Z VELOCITY VECTOR EF(TOD) 
VERTICAL VEL WRI RW 
DOWNRANGE VEL WRT RY 
CROSSRANGE VEL WRT RW 

R/L CONE IND PRI RW 

VENT DOOR SEQ INIT 

RTLS User Parameter Processing (4.20) In 
Functional Parameters (Cont) 

RTLS UPP 

DESTINATION 

ASC AREA NAV,TACAN RH 
ASC AREA NAYETACAN RH 
GRTLS TAEM 
ASC AREA NAV 
HUD PROC 
TL 
NAVDAD SOP,ADTA SOP, 
VENT CNTL $€Q,MPS DUMP 
VERT SIT DIP,GRTLS TAEHM GUID, 
GRILS A/L GUID,PW RTLS GUID, 
MSC,LDG GEAR VLV CNTL 
XXXKKK TRAJ DIP,RTLS MAV,TLH 
XXXXXX TRAJ DIP,TLM 
GRTLS TAEM GUID, TLM 
TLH 
Pw RTLS GUID,TLM 
21 

6.21 
6.21 
6.21 
6:21 
6:21 
6:21 
AZE ATT PROC,PW RTLS GUID, TLM 
AVE ATT PROC,PM RILS GUID, TLN 
A/E ATT PROC,PW RTLS GUID,TLM 
HSI PROC, VERT SIT DIP,S.7, 
GRILS TAEM GUID,GRTLS A/L GUID, 
TACAN RM, TLM 
WKN TRAD DIP 
PW RILS GUID 
PW RILS$ GUID 

cy rhage 
ie A Eccnorarw avis euro 
AE ATT pRoc Pw RILS GUID, 

A/E ATT PROC,PW RILS GUID, 
G/C STEER, TLA 
ASC AREA HAV 
ASC AREA NAV 

te Aaee HY 
RTLS TAEM GUID, HUD PROC,TLH 

GRILS TAEH GUID,GRTLS a/( Guin, 
u 

eC AREA NAV,GRILS TAEM GUID, 
5.7 ,6.21,M &TLS GUID 

put /Out put 
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Table 4.6.2.7-2. RTLS User Parameter Processing (4.20) I-Loads 

O18 wIsstoss 

  
        te 

SSE MU aneeeeseeneneeen SID EMC MTT | OT PR 8S PR ECIN CAT 
ALT_siit ve7uS7e6C FT eS oC 64.19 PAEO 

oo. 0 

ALT_$12) verus7e7c FF oc M-18 PALO 

ALT_S(3) ve7us7esc FT —F S$ PC 64.19 PAES 
64.28 

ALT_S(6) ve7u57e9C «FT F $ BDEG&19 = PAEO 
« 26 

ALT_S(S) V9O7USTIO® FT F $ BEAD PES 
4.28 

ALT_S(6) yeousse7ec FT F S$ 8BCQH19 = PES 
28 

ALTLS(7) v9ouce79C OFT F S$ BCG 19 = PRES 
4.20 

ALT_TAB(1) v97UsS712C FT F S$ DEG19 PEO 
%.208 

ALT_TAB(2) v97U5713C FT fF S$ DC 6.19 PAEO 
&.208 

ALT_TAB(3) V97U57146C FT F S BC &%.19 PEO 
6.268 

ALT_TAB(4) V97U5715C FT F S DE 6.19 PAES 
64.26 

ALT_TAB(5) v97US5716C FT F s BC 64.19 PAEO z 
64.26 3¢ 

ALT_TAB(OD vequ6s74c FT F S$ BC 64.19 PAEO => 
64.20 3 3 

ALT_TAB(7) v99ue875C FT FS OC 64.18 PAEO 9 

EF_PLANE_SW v99U74G1C ND 8 uC G4. amm2 §., 3 
oe. $ 64.19 3 
64.20 2 
Gs.210 2 

“ 7 pa 

BEF 0470 BATE : 01/23/09 sy 

“ao 
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Table 4.6.2.7-2. RILS User Parameter Processing (4.20) I-Loads (Cont) 

OI8D MISSIONS 

FSSR NAHE . HSID ENG UNIT OT PROS PR FCTIN CAT 
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TyDth) V97U4413C ND F DBD HC 64.226 A2N2 

TyD(2) V97UG414C ND F D MC 64.226 A2N2 

TyD(3) V97U4415C ND F OD HC 64.226 A2H2 

NAVBASE_LAT_ZERO . V97U5750C RAD F Doc &%.- 5 nVBS 

MAVBASE_LONG_ZERO V97U5751C RAD Fooc ee NVBO 

64.205 

HODE_ SLOPE V99U7443C RAD/SEC Fsauac 64.18 Arce 

96U8647C DEG "  € $ pc &.9 ZFU2 
PSHARS y “7c 0 OC es | ZFUR 

R_GO_RAMP v97U5438C =FT . Fs DP 64-23 ZFV2 

. 
DC 64.19 ZFV2 

RADIUS_NEP v97u5456C FT Fs 0:38 

DBFN: 0470 DATE : 61/23/89 
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Table 4.6.2.7-2. RTLS User Parameter Processing (4.20) I-Loads (Cont) 

CoE NS gee Non LAUNC ACTIVE MEMORY CONEIGURAT eS Oy AUNCH SITE UPP 
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FSSR NAME ee MSID ENG UNIT OT PROS PR FCTIN CAT 

RHO_B(1) V97U5765C SLUG/FT #83 °F 8s ec G-19 PEO 

RHO_BI2) V97U5766C SLUG/FT#H3 F $s Bc <4. 19 PES 

RHO_B(3) V97U5767C SLUG/FT NHS F $s BC &-19 PLES 

RHO_B(4) V97U5768C SLUG/FTus3 fF S$ BC Ge-18 PIES 

RHO_BI5) V97US769C SLUG/FT=s3 Fs Bc c-19 PRES 

RHO_BI6) V99U6876C 9 SLUG/FTss3 Fs Bec e-19 PAES 

RHO_B(7) V99U6877C | SLUG/FT=s3 F Ss BC Cs -19 PAEO 

START_POSITION V99U9569C FT FS BP o.25 2FVv2 ; 

64.25 . o 
> 64.19 3 

64.20 so 
STOP_POSITION v99U9570C FT F S OP G.23 2Fv2 33 

G.24 9g 
64.25 
64.19 
G*.20 + 

T_GMTLO_REF V99U7442C SEC Fone Go.19 ARCO 

97U5. F MX 64.4 xS60 
X_NEP V97US575C FT 64.19  xS60 a 

64.20 >— 
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Table 4.6.2.7-3. 

O18B MISSIONS 

+0.0 

+7 

+7 

#2.0 

#1.50 

+5 .61360 

#4.0580 

FSSR NAME 
DESCRIPTION STO 

A3 TOL V98U9425C 

BIAS_RADALT V97U5253C 

RADAR ALTITUDE BIAS 

TMAX V97U5729C 

NO OF ALTITUDE REGIONS 

N_SEQ_MAX V98U9435C 

NO OF FAILURES BEFORE NAV EV LAMP 

RI V96U8660C 

TIME_BIAS_RADALT V97U5546C 

PAD LOAD CORR RAD ALT TIME 

X_NB_CG V97U5573C 

X_STRUCT_BODY DIST NAV BASE CG 

Z_NB_CG V97U5560C 

Z2_STRUCT_BODY DIS CG NAV BASE 

9 

DBFN: 0534 

E-03 RAD 

E+00 FT 

ND 

ND 

£404 FT 

E-02 SEC 

E+01 FT 

E+00 FT 

DATE :07/14/68 

S
o
 

RTLS UPP (G4.20) K-Loads Return to Launch Site UPP 

DT PR S PR FCIN LAST CR EQTN MSID 

F S C 64.23 89661A 
64:19 
64.20 
64144 
64.127 
64.205 

F S PG4.20 89661A 
64.23 
64.24 
64.25 

I S € 64.19 59972 
64.20 

I S P 64.20 89661A 
64.24 
64.25 

F S CG4.20 89661A 
64.23 

F D P 64.20 896614 
64:23 
64.24 
64.25 

F S C 64.23 89661A 
64.24 
64:25 
64:20 

F S C 64.20 89661A 
64.23 
64.24 
64:25 
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Table 4.6.2.7-4. RTLS User Parameter Processing (4.20) Constants 

NROKRMM. FSSR2.DATA( X08 IBOOKS 
PFS CONSTANTS UPDATE B/L 

99
65
68
8)
 

FSSR NAME 

_. DESCRIPTION. one weenee neuen MSIO Mc CVALUE eee UNITS DT PR S PF REF LAST CR __EQTN HSID 

DEG_PER_RAD v97U0112C 57.2957795 
REDIANS TO DEGREES CONVERSION 57795131 = DEG/RAD FS 

EARTH RADIUS EQUATOR V97US324C ~ 209257414698 
EARTH EQUATORIAL RADIUS 1630 E+08 Fv FP 

EARTH_RATE V97U4379C 729211514646 RAD/SEC FD 
EARTH'S ROTATIONAL RATE 0000 E-04 

EARTH _POLE(1) V98U8460C 28322844 NOD FOS 
% COMP OF UNIT VECTOR IN DIRECTION E-02 
OF EARTH'S AXIS OF ROTATION IN M50 

EARTH_POLE(2) V98UB461C -.5027996 NOD FOS 
Y COMP OF UNIT VECTOR IN DIRECTION E-04 
OF EARTH'S AXIS OF ROTATION IN M50 

EARTH _POLE(3) V98U8462C 99999598 NO FOS 
> COMP OF UNIT VECTOR IN DIRECTION E400 
OF EARTH'S AXIS OF ROTATION IN M50 

ELLIPT v97U5332C 335232980000 NOD F OD 

EARTH'S ELLIPTICITY CONSTANTS 6000 E-02 

GRAV_SEA_LEVEL 
32174049 FI/ FS 

EARTH GRAVITATIONAL ACCELERATION E402 SECHE2 

AUTMI_PER_FT "  y97u5423C 16457884 NMIVFT oF S$ 

N FEET 10 NAUTICAL MILES CONVERSION E-03 

PI aTIO CIRCUMFERENCE TO DIAMETER v98u8725C 3.1415926535897 NO F oD 

RAD/DEG FS 
RAD_PER_DEG V97U0383C 17453293 

DEGREES TO RADIANS CONVERSION €-01 

NGLE BETWEEN BODY X-AXIS AND C.G. . 

40 SE oe ET METER ANTENNA VECTOR 

NB_DIST 
Ss 

RACE LT ANCE FROM THE NAVIGATION BASE 12.915 FT F 

TO THE RADAR ALTIMETER 
7 os 

X_NB WU CE FROM THE NAVIGATION BASE g033°* 

TO THE WHEELS IN THE X STRUCTURAL 
BODY DIRECTION 

e282" fv rs ¢ WH 
2 OTST ANCE FROM THE WHEEL TO THE 

VIGATION BASE IN THE Z 

NERUCTURAL BODY DIRECTION 

29
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68
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Table 4.6.2.7-5. 

Space Transportation 
Systems Division 

RTLS User Parameter 
Processing (4.20) Cross-Reference 

OD fect 

  

FSSR Name Source Name 
  

  

M_EFTOTD_TACAN_SL(1) 

M_EFTOTD_TACAN_SL(2) 

M_EFTOTD_TACAN_SL(3) 

R_TACAN_EF_SL(1) 

R_TACAN_EF_SL(2) 

R_TACAN_EF_SL(3) 

T_CURRENT 

T_IMU 

T_RADALT 

V _IMU_CURRENT 

WBR(1) 

WBR(2) 

WBR(3) 

  
oe

 
m
e
e
 

M_EFTOTD_TACAN_SL1 
M_EFTOTD_TACAN_SL2 
M_EFTOTD_TACAN_SL3 
R_TACAN_EFSL1 
R_TACAN EFSL2 
R_TACAN_EFSL3 
CLOCK 
T_IMUS 
RA_TIME 
SEL_V_M50 
P_ORB 
Q_ORB 
R_ORB     
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‘4.7 ASCENT AREA NAVIGATION PRINCIPAL FUNCTION (4.237) 

The area navigation principal function supports the horizontal situation 
indicators (HSI), which are dedicated display devices located in the Shuttle 
cockpit that provide visual outputs of certain navigation and guidance param- 
eters for the crew. A separate HSI, together with its associated moding and 
selector switches, will be provided for both the commander and the pilot; the 
commander's panel and a larger view of an HSI are shown in Figures 4.7-1 and 
4.7-2 (for reference only). The parameters to be displayed - fundamentally, 
directions, distances, and nominal course and glide path @-. 4 wns to defined 
way points - have been chosen to permit the crew to eleyuateiy nonitor and 
assess the automatic mode of GN&C on the basis of sources of data and computa- 
tional software independent of that being employed in the automatic mode. 
Additionally, the choice of parameters provides the min.m. ‘ecessary G&N 
information from this independent display to allow the crew to control the 
vehicle manually by using the HSI as a flight director. Any of three sets of 
display parameters will be provided (for entry, TAEM, or autoland) and 
selected for either HSI -by its associated three-position mode switch together 
with certain auto switching logic. Other selector switches will provide for 
selection of data types used in navigationally related computations (e.g., 
TACAN/BARO, MSBLS, or NAV STATE) and for selection of a specific string in the 
case of redundant navigation sensors.* The three-position switches are shown 
in Figure 4.7-1 for the commander's HSI. The source selection will be inde- 
pendent of whatever source is currently being used in the automatic naviga- 
tion; the string selection will precede and be independent of the redundancy 
Management function (except in the case of the barometric altitude); and 
finally, the commander's and pilot's HSI switches will function appropriately 
for their HSI and cause computations and displays independent of each other. 
The display mode will be determined based upon either manual or automatic 
switching logic. If the three position mode switch is set to the entry posi- 
tion, then the display mode is automatically switched from entry to TAEM, 
based upon major mode, and from TAEM to autoland, based upon altitude above 
the runway. For the TAEM or approach switch settings, the display mode selec- 
tion is manual and the TAEM or autoland display computations, respectively, 
will be performed. 

The intent of the requirements for the HSI displays is to provide-infor- 
mation derived primarily from raw navigation sensor data (for its navigation 
parameters) and to transform that derived navigation state into guidance 
related target parameters. The source selection, however, will permit use of 
the current navigation state vector. Generally, the targeting to waypoints is 
consistent with the current guidance targeting parameters. Overhead TAEM 
Targeting (OTT) has been implemented as an option (along with straight-in), 
with compatibility between crew displays and controls, guidance moding, user 

  

*The barometric altitude used with the TACAN data will come from the 
redundancy management selection filter and, therefore will be unaffected by 
string selection. 
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parameter processing and the area navigation processing. In most instances, 
the same trajectory characteristics are supported, that is, overhead versus 
straight-in ground tracks, left/right heading alignment circles, and altitude 
versus range profiles. Exceptions are by design and are due to either unique 
functional requirements or trades and balances between compatibility and 
independence. Source/Receiver selections for area nav may produce somewhat 
different outputs compared to the guidance and user parameter processing which 
use only the navigation state vector. Computations based upon present 
positions determined from independent and different sources is a requirement, 
and differences are anticipated. Certain status flags will be displayed on 
the HSI to indicate cues regarding validity of selected source/string data: 
these include an ON/OFF flag, range flags, a bearing flag, course deviation 
flag, and glide slope deviation flag. ‘The status setting of the flags will 
provide some means of rapid, real-time diagnosis of problems by the crew and 
will normally permit a crewman to select a good input source to drive che 
HSI. (That, incidentally, may permit isolation of bad sources, which he may 
inhibit for the automatic GN&C processing.) 

Through the interpretation of the displayed parameters on the HSI, the 
crew will be provided an independent monitor of certain GN&C parameters criti- 
cal to a safe arrival near the touchdown zone and through rollout. The HSI, 

together with other dedicated displays, will provide the primary backup to 
guidance and navigation as well as a flight director function for horizontal 
and vertical guidance for a similar safe arrival by manual control up to a 
region in which transition from the steep glide slope to a shallow glide is 
required. Thereafter, the glide slope deviation is not computed because its 
use as an altitude director in a manual landing is questionable (radar altim- 
eter altitude being preferable). The horizontal flight direction will be 
validly applicable throughout rollout. 

The UPP sequencer principal functions will schedule the area navigation 
principal function to be performed during the appropriate phases of Shuttle 
flight at a repetition rate commensurate with the HSI processing principal 
function. 

Interface parameters, along with I-load, K-Load, constant, and cross- 
reference tables, are presented in Section 4.7.1. 

A. Detailed Requirements. In order for the area navigation to initialize 
with the same trajectory characteristics as the user parameter processing, 
guidance, and displays (that is, overhead versus straight-in, and turns around 
the same, either left or right, heading alignment circle the selected runway), 
it is required that the RTLS UPP principal function execute before the first 
pass through area nav processing and compute these necessary selection indi- 
cators. Area navigation processing tests a “first pass" indicator (FIRST 
PASS), which will be set to "ON" by RTILS UPP after its first execution in 
major mode 602, and also set to "ON" by RTLS UPP or TAEM UPP after any area or 
runway redesignation where new selection indicators are computed. Whenever 
area nav finds the "first pass" indicator set (ON), it copies (saves) the 
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-overhead/straight-in indicator and the left/right heading alignment circle 
indicator for use in subsequent cycles, and resets the "first pass” indicator 
to OFF. 

Provision for change in the overhead/straight-in indicator is provided 
elsewhere in the area nav (then left/right turn indicator is computed by 
A.N.), but only in this "first pass" is the left/right indicator accepted as 
input command. After the left/right heading alignment circle indicator is 
determined, it specifies a “selected HAC" for subsequent ares nav computa- 
tions. HSI computations wil! be based on inputs from either the ‘actica: aie 
navigation (TACAN) system with the air data system (ADS), the micr wave 
scanning beam landing system (MSBLS), or the navigated state from a gereral- 
purpose computer (GPC). An HSI, with its associated switches, will be located 

at each side of the cockpit. Since each may be operated independently, 
computations will be executed independently for the left and right HSI. 
Cockpit switches will permit crew selection of data sources and will provide 
for either automatic or manual control over the display modes. A cockpit 
switch setting will determine which of three data sources is to be used for 
the computation of the HSI parameters. These data sources are (1) TACAN 
(range and azimuth), together with ADS (barometric altitude); (2) MSBLS 
(range, azimuth, and elevation); and (3) navigation solution of Shuttle's 
position and attitude. 

Since the TACAN and MSBLS NAVAID sources are multiredundant, another 

cockpit switch will be used to select which of three subsources is to be used 
(i.e., there will be three TACAN's to choose from or three MSBLS transceivers 
to choose from). However, only one source for the navigated state will be 
used. When the source selection switch is set to the NAV position, the 
receiver selection switch will have no function, since the single source 
driving the HSI will be the user parameter state vector. Regardless of which 
data source is selected, the HSI parameter computation module will first 
transform the data to the coordinate system of the primary runway. 

A third cockpit switch, together with major mode flags and altitude above 
the runway, will determine the display mode (ENTRY, TAEM, or A/L). The param- 
eters computed for display will vary with the display mode selected. The 
parameters .computed and the logic for determining the display mode are 
described in more detail below. 

The HSI display and area navigation computation function will compute and 
output seven dynamic parameters for display on the HSI: primary bearing (PRI_ 
BEAR), primary range (PRI_RANGE), secondary bearing (SEC_BEAR), secondary 
range (SEC RANGE), course deviation (CDI), glide slope deviation (GSI), and 
the heading angle (HEADING). The definitions of these parameters vary 
according to the display mode as indicated briefly in Table 4.7-l. Their 
geometry is shown in Figures 4.7-3 and 4.7-4. 
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In the ENTRY display mode, these parameters are defined as follows: 

PRI_BEAR 

PRI_RANGE 

SEC_BEAR 

SEC_RANGE 

GST 

CDI 

HEADING 

Spherical angle in degrees (measured positive eastward) 
between magnetic north and the great circle direction 
to Way Point 1® (wP-1) for the selected HAC at the 
selected landing runway. 

Great circle surface distance in nautical miles from 
the Shuttle to Way Point 2° (wp-2) on the selected 
landing runway via the selected HAC WP-l. This 
distance includes the distance from the Shuttle to 

WP-1, the arc length around the normal entry heading 
alignment circle (HAC) from WP-1 to the normal entry 
point (NEP), and the distance from the NEP to WP-2. 

Same as PRI_ BEAR. 

Same as PRI_ RANGE. 

Not computed for entry mode. Validity indicator set 
OFF (invalid). 

Valid zero 

Heading of the earth-relative velocity vector with 
respect to magnetic north. 

In the TAEM display mode, these parameters are defined as follows: 

PRI_BEAR 

PRI_RANGE 

SEC_BEAR 

  

Angle in degrees (measured positive eastward) between 

the direction to magnetic north and the direction to 
WP-17 on the selected HAC as viewed from the Shuttle. 

Horizontal distance from the Shuttle to WP-27 via WP-1 
on the selected HAC (see Figure 4.7-3). This distance 

includes the distance from the Shuttle to WP-l1, the arc _ 
length around the selected HAC from WP-1 to the EP and 

the distance from the EP to WP=-2. 

Bearing to center of selected HAC at the selected 

landing runway. 

Syay Point 1 (WP=1) is defined as the tangential target point on the HAC. 
Way Point’2 (WP-2) is defined as the intersection with the runway centerline 
of the shallow glide slope. The runway X-component of WP-2 is a premission- 
determined value that nominally is expected to be on the order of 1,500 feet. 

ESTE I PANTER TERE ERNE OF “AISNE 
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Horizontal distance to center of selected HAC at the 
selected runway. 

The deviation in degrees (measured positive to the 
pilot's left on approach to the runway) of the Shuttle 
from the extended runway centerline. (The apex of this 
angle is located on the runway centerline directly 
opposite the MSBLS AZ/DME antenna.) The CDI display 
full scale is 10 degrees. 

The vertical deviation in feet of the Shuttle from the 
guidance reference altitude (positive when Shuttle is 
above glide path). The GSI display full scale deflec- 
tion is 5,000 feet. 

Heading of the body X-axis with respect to magnetic 
north. 

In the A/L display mode, the parameters are defined as follows: 

PRI_BEAR 

PRI_RANGE 

SEC_BEAR 

SEC_RANGE 

CDI 

GSI 

HEADING 

Angle in degrees (measured positive eastward) between 
the direction to magnetic north and the direction to 
WP-2 as viewed from the Shuttle. 

Horizontal distance from the Shuttle directly to WP-2. 

Same as PRI_BEAR. 

Same as PRI_RANGE. 

Same as CDI in TAEM mode switch setting, with the 
exception that full scale is 2.5 degrees. 

Vertical deviation in feet of the Shuttle from the 
linear segment reference altitude (positive when 
Shuttle is above glide path). Not computed for alti- 
tudes less than a prescribed value. The GSI display 
full scale deflection is 1,000 feet. 

Same as HEADING in TAEM mode switch setting. 

Note: Scale factors in the HSI processing principal function provide conver- 
sion factors so that the least significant range digit corresponds to one 
nautical mile for entry; therefore, AREA NAV provides a decimal point shift 
for TAEM and A/L range values (by multiplying by TEN) so that the display's 
least significant digit indicates tenths of a nmi. 
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In addition to the seven dynamic parameters described above, the HSI 
display and area navigation computation function will compute OFF-ON values 
for four display validity indicator flags that are capable of being displayed 
on the HSI, These four flags are the bearing flag (BRO_FLAG), the course 
deviation flag (CDI_FLAG), the glide slope flag (GSI_FLAG), and the heading 
flag (HDG FLAG). 

The meaning of the flags on the display varies according to flag grouping 
and the setting of the source awitch as described in detail below, 

The BRG and GSI flags presented as OFF: If the source switch is set to TACAN, 
either the TACAN range or azimuth data (or both) have been labeled invalid by 
the TACAN SOP. If the source switch is set to MSBLS, either the MSBLS range 
or azimuth data (or both) have been labeled invalid by the MSBLS SOP. 

Only the GSI flag presented as OFF: If the source ewitch is set to TACAN, the 
barometric altitude data have been labeled invalid by the air data RM and a 
constant average altitude, or one derived from the navigation state, is being 
substituted for barometric altitude to drive the HSI. If the source switch is 
set to MSBLS, the MSBLS elevation data have been labeled invalid by the MSBLS 
SOP and a constant elevation angle is being substituted, Additionally, the 
GSI flag is OFF in the entry display mode and in the A/L display mode below a 
certain design dependent altitude, 

The BRG, CDI, and GSI flags presented as OFF: This indicates to the crew that 
the station location of the beacon to which the selected TACAN receiver is 

tuned could not be found in the TACAN site table. 

The HDG flag: This flag shall always indicate valid data (ON). 

The detailed requirements for the HSI display and area navigation computation 
function may be described by breaking the function into the following nine 
subfunctions: 

HSI_ SEQUENCER 

NAV_STATE_TO_RW 

TAC_BARO_TO_RW 

TAC_BARO_TO_TOPODETIC 

MSBLS_TO_RW 

ENTRY_HSI_COMP 

TAEM_HSI_COMP 
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LAND_HSI_COMP 

RANGE_BEAR TO HAC ENTRY 

The HSI-SEQUENCER subfunction performs a "first pass" test in order to 
initialize and save certain parameter values for subsequent processing: this 
is to insure that area nav computations are initially and following any area 
or runway redesignation based upon the same overhead/strhight-in command and 
the same left/right heading alignment circle as the guidance, UPP, and dis- 
plays. The parameters to be saved are equated to the values provided by the 
previously executed RTLS UPP. That is, if FIRST_PASS = ON; then: 

P = YSGNP 

OVHD_LAST = OVHD 

This “first pass" code is not to be repeated unless a new area or runway is 
selected; hence, 

FIRST_PASS = OFF 

The remainder of the sequencing subfunction (HSI_SEQUENCER) will cycle 
through twice to perform the HSI computation function for both the left HSI 
and the right HSI. 

If the cycle is for the left HSI, the source, mode, and receiver switch 
settings for the left HSI will be obtained from the GN&C switch processor 
principal function and renamed for subsequent processing: 

SOURCE = SOURCE_LEFT 

MODE = MODE_LEFT 

RCVR = RCVR_LEFT 

If the cycle is for the right HSI: 

SOURCE = SOURCE_RIGHT 

MODE = MODE_RIGHT 

RCVR = RCVR_RIGHT 

The data validity flags shall chen be initialized to ON: 

BRG FLAG = ON 

GSI_FLAG = ON 

CDI_FLAG © ON 
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Next, the source, mode, and receiver indicators will be tested to control 
subsequent calculations. If the source indicated is navigation, the NAV STATE 
TO_RW subfunction will be performed to reduce navigation etate data to the ~ 
runway coordinate system. If the source indicated is not navigation, the 
receiver indicator will be tested to determine from which redundant receiver 
source data will be taken; in addition, the integer, N, will be set to the 
desired receiver number (1, 2, or 3) for data indexing purposes. If the 
source indicated is TACAN, all required TACAN data for the appropriate 
receiver will be obtained from the TACAN SOP and barometric data will be 
obtained from the redundancy management selection filter. All these data, 
along with their corresponding comm fault/lock-on or data-good indicators, 
will be used in subsequent processing. The parameters to be used are as 
follows: 

TAC_CHAN VALID SL(N) 

TACBEARO(N) 

TACRANGEO(N) 

TBRG_CMLK(N) 

TRNG_CMLK(N) 

HPC 

ALT_DG 

These data will be utilized in the TAC_BARO TO RW subfunction, where they 
will be transformed to the runway coordinate system. 

If the source indicated is neither navigation nor TACAN, all appropriate 
MSBLS data and comm fault/lock-on indicators for the appropriate receiver will 
be obtained from the MSBLS SOP and used in subsequent processing. Then the 
MSBLS_TO RW subfunction will be performed to reduce these data to the runway 
coordinate system. 

The following parameters will be utilized: 

MSBAZIMO(N) 
MSBELEVO(N) 

MSBRANGEO(N) 

MRNG_CMLK(N) 

MAZM_CMLK(N) 

MELV_CMLK(N) 

4-352 

STS 83-0005B 

  

\D 

an 

 



Space Transportation g Rockwell 
Systems Division International 

At this point, the selected data will have been reduced to the selected 
runway coordinate system, and mode~dependent processing will begin. 

In order to respond to a change in the overhead/straight-in-command, 
(OVHD), it may or may not be required to recompute the left/right heading 
alignment indicator for the selected runway (the parameter P, where +1 sig- 
nifies the right turn HAC and -1 signifies the left turn HAC). For the 
straight-in (OVHD = OFF), P must be computed each left cycle and each right 
cycle because its value depends upon present position derived from source and 
receiver switch positions for that side's display. This computation is not 
necessary in the case of invalid input data (BRG_FLAG = OFF). 

If-OVHD is "ON" but was not "ON" on the previous cycle, this condition 
indicates a command to transition from straight-in back to overhead, in which 
case it is necessary to compute the HAC indicator once and save for subsequent 
cycles (i.e., P corresponding to the HAC on the opposite side of the runway 
centerline from the current source/receiver derived present position). 

However, this one-time computation will not be done until valid input 

data are available, (indicated by BRG_FLAG = ON ANDed with OVHD # OVHD ) LAST); 
once this computation is performed it will not be repeated (due to setting 

OVHD LAST = OVHD) unless there is a subsequent transition from straight in to 
overhead and valid data are available. 

Note that P is established by the first pass logic, and is unchanged as 

long as the initial OVHD indicator is "ON". A transition to OVHD = OFF causes 
P to be recomputed every left side and right side cycle. Then a further 
transition back to OVHD =* ON causes a one=cycle recomputation of P on the 
first valid input data cycle, and this single cycle recomputation establishes 
the value of P as long as this OVHD indicator is "ON". Note also that regard= 
less of OTT mode, the recomputation of P is not necessary if BRG_ FLAG = OFF. 
Suggested logic (tests) and equations follow: 

RECOMPUTED P FOR OVERHEAD 
  

  IF (OVHD = OFF 

OR P = SIGN(R_VEH_RWo) 
OVHD # OVHD_LAST) | OVHD LAST = OVHD 

AND 
-     
  BRG_FLAG = ON     

      

IF OVHD = or P = -P 

RECOMPUTED P 
FOR STRAIGHT_IN 
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\2 It will next be determined whether computations are to be performed for 
the entry display mode, the TAEM display mode or the autoland display mode. 
The “ENTRY” position on the mode switch provides automatic transitions of the 
display modes (ENTRY, TAEM, Approach/LAND). If the mode switch setting is 
entry and if the major mode is GLIDE RTLS 1 (MM CODE 602 = ON) during OPS-6, 
then the ENTRY_HSI_COMP subfunction will be performed to generate display 
output parameters peculiar to the entry display mode. If the mode display is 
not entry, the angular deviation of the vehicle from the extended runway 
centerline (CDI) will be computed and the heading of the body X-axis with 
respect to magnetic north will be obtained from attitude processing and 
converted for output. 

CDI = ARCTAN2(-R_VEH_RW,, 16300 - R_VEH_RW,) DEG_PER_RAD 

HEADING = PSI_HSIMV DEG_PER_RAD 

Next, during OPS-3 two tests are made to determine certain constants 

which are dependent on vehicle mass and wind conditions, which are provided by 
crew interface. Depending on the mass of the vehicle, there are two distinct 
values for the final approach steep glide path angle. If the vehicle mass, M, 
is less than a threshold value, M_GSI, then the glide slope index ICS will be 
set equal to one corresponding to the nominal case; that is, if 

M < M_GSI 

then 
\ é 

Ics = 1 

If the mass of the vehicle is greater or equal to M_GSI, then the glide slope 
index IGS will be set equal to two corresponding to the high mass case; that 

is, if 

M > M GSI 

then 

| Ics = 2 

During OPS-6, only one glide path is available. Therefore, set IGS = 1, with- 
out reference to vehicle mass. 

The glide slope index is used to differentiate the constants employed in 
polynominal expressions relating the reference altitude and range for these 
two steep final approach glide path angles, as well as the cubic-fit higher 
altitude profile. (These coefficients are the same as those used by the 
onboard guidance reference altitude.)   
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Next, certain constants are calculated which are used later to Compute 
the range-to-go and the reference altitude: 

DELX_NEP = -HCO(IGS)/C1(1GS,1) 

DELX_MEP = -HMEP(IGS)/C1(1GS,1) 

DELX_REF = -CO(IGS,1)/C1(1G8,1) 

Since the masses used in the comparison test do not change after AREA NAV 
begins operating, these calculations need be performed only once. In order to 
handle this, a flag (MASS_FLAG) is introduced which should be initialized to 

ON as a first pass flag; after this one time execution, it should be turned to 
the OFF position: 

MASS FLAG = OFF 

A value of ALT LAND, which is employed in the automatic switching logic, is 

initialized at this point to correspond to the desired altitude at the NEP; 
that is, 

ALT_LAND = HCO(IGS) 

Depending on the wind conditions, as defined by crew interface (keyboard 
entries on HSD), there are two distinct values for X_GSI (X_GSI is the dis- 
tance from the glide slope intercept point on the extended runway centerline 

to the runway threshold). If the winds are normal, denoted by HI_WINDS = OFF, 
then the value for this parameter is set equal to its nominal value: 

X_GSI = X_GSI_NOMINAL 

If the winds are determined to be high headwinds, denoted by HI_WINDS = ON, 
then the value for this parameter is set equal to its HI_WIND value: 

X_GSI = X GSI_HI_WIND 

The LAND_HSI_COMP subfunction will be performed to generate output parameters 
peculiar to the Approach/Landing display mode if any one or more of the fol- 
lowing three conditions are true: 

l. The mode switch setting indicates LANDING 

2. The mode switch setting indicates ENTRY (auto-switching) and the 
altitude (H) is less than the altitude at the entry point (ALT_LAND) 

3. The mode switch setting is ENTRY (auto-switching) and the altitude 
(H) is less than 6,000 ft above the entry point (ALT_LAND) and the 
absolute value of course deviation (CDI) is less than 0.044 radian. 
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If none of the conditions are true, additional parameters must be computed to 
support the TAEM display mode. 

Depending on the vehicle's energy, there are two sets of distinct HACs 
which the crew may select via crew interface (HSD); the nominal circle indie 
cated by the term NEP and the low energy circle indicated by the term MEP, If 
guidance determines that the vehicle has low energy, it will send a signal to 
the crew informing them to switch from the NEP to the MEP on the NSD (item 
entry). This switch will be received by AREA NAV as the NEP flag, which 
determines whether the nominal (NEP © ON) or the minimum energy (NEP © OFF) 
heading alignment circles shall be used. That is: 

If NEP ® ON, then 

X_EP = X GSI + DELX_NEP 

Since the value of ALT_LAND depends on the selected HAC, the value associated 
with the nominal circle is computed at this point: 

ALT LAND = HCO(IGS) 

If NEP = OFF, then 

X_EP = X_GSI + DELX_MEP 4 

The value of ALT 1] LAND associated with the low energy circle is computed 
at this point: 

ALT_LAND = HMEP(IGS) 

Next, the TAEM HSI COMP subfunction will be performed to generate display 

outputs peculiar to the TAEM display mode, and the CDI and GSI data will be 
scaled for desired display range. 

CDI = 0.25 CDI 

GSI = 0.2 GSI 

Finally, all outputs generated will be renamed according to which of the HSI‘ 
(left or right) they were destined for, including the WAC indicator for the 
HSD which will be set for the left HSI: 

If left 

PRIBEAR_LEFT = PRI BEAR GSI_ FLAG LEFT = GSI_FLAG 

PRIRANGE_LEFT = PRI_RANGE BRG_FLAG LEFT = BRG_FLAG 

CDI_LEFT = CDI CDI_FLAG LEFT = CDI_FLAG 
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GSI_LEFT = csr SECBEAR_LEFT = SEC_BEAR 

HEADING LEFT = HEADING SECRANGE_LEFT = SEC_RANGE 

LHSI_ P = P HDG_FLAG_LEFT = ON 

If right 

PRIBEAR RIGHT = PRI_BEAR GSI_FLAG RIGHT = GSI_FLAG 

PRIRANGE_RIGHT = PRI_RANGE BRG_FLAG RIGHT = BRG_FLAG 

CDI_RIGHT = CDI CDI_FLAG RIGHT = CDI_FLAG 

GSI_RIGHT = GSI SECBEAR_RIGHT = SEC_BEAR 

HEADING RIGHT = HEADING SECRANGE RIGHT = SEC RANGE 
HDG | FLAG | RIGHT = ON 

The NAV_STATE_ TO_RW subfunction will establish the Shuttle position vec~ 
tor both in earth-fixed coordinates and in coordinates of the primary runway 
whenever the data source is navigation. Both vectors will be obtained from 
user parameter processing principal functions and renamed for HSI processing: 

R_VEH_EF = R EF 

R _VEH_RW = POSITION WRT_RUNWAY 

The altitude of the Shuttle referenced to the runway altitude will be obtained 
from the appropriate UPP principal function and renamed for HSI processing: 

H = ALT WHEELS 

The TAC_BARO_TO RW subfunction, together with the TAC_BARO TO TOPODETIC sub- 
function, will transform TACAN data for the selected receiver into a vehicle 
position vector expressed in primary runway coordinates. To perform the 
required transformations, certain site-dependent parameters will be required 
that relate the TACAN data to the location of the TACAN beacon to which the 
selected (Nth) receiver is tuned. This site-dependent data will be obtained 
from the TACAN site look-up subfunction according to receiver number and will 
include the following parameters: 

ALT TACAN SL(N), RD TAC SL(N), ANGLE_CORR TNTOMAG SL(N), 

R TACAN EF SL(N), DH_TACAN SL(N), TACAN CHAN VALID SL(N), 

M_EFTOTD_TACAN_SL(N) 
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The TAC_BARO_TO RW subfunction will first determine if either the TACAN 
bearing or TACAN range comm fault/lock-on indicator, TBRG_CMLK(N) or TRNG_ 
CMLK(N), indicates invalid data. If so, both the HSI BRG and GSI flags will 
be set OFF accordingly: 

BRG_FLAG = OFF 

GSI_FLAG = OFF 

and no further computations within this subfunction shall be performed. 

Otherwise, the channel validity indicator, TACAN CHAN VALID SL(N) will be 
tested by the HSI software; if it indicates that the beacon's location is not 
available, the HSI BRG, GSI, and CDI flags will be sec to OFF. Thus, the crew 
will be notified of the situation, and all subsequent calculations ‘utilizing 
beacon locations will be bypassed. 

If the beacon's location is available, the TAC_BARO TO TOPODETIC subfunc- 

tion will be performed to reduce the data to a topodetic “coordinate system 
located at the TACAN beacon. The TAC_BARO_TO_TOPODETIC subfunction will com- 
pute the Shuttle position vector with respect | to the TACAN site, R VEH TD_ 

TAC, and will also establish the condition of the flag, GSI_FLAG, “that indi- 

cates the validity of the barometric altitude data. 

Finally, the position of the Shuttle will be established in both earth- | q 
fixed and runway coordinates: 

R_VEH_EF = M_EFTOTD_TACAN SL(N)! R VEH_TD TAC + R TACAN EF SL(N) 

R _VEH_RW = M_EFTORW (R VEH_EF - R LS EF) 

The TAC_BARO TO TOPODETIC subfunction will convert TACAN range and azimuth for 

the selected (Nth) receiver, together with altitude data, to a vehicle posi- 
tion vector expressed in a topodetic system located at the TACAN beacon. 

Barometric altitude data will be used for this purpose unless it is indi- 
cated to be invalid, in which case its value will be replaced with a corre- 
sponding, premission-determined, average value whenever the display mode is 
ENTRY. If the display mode is TAEM or approach/lLanding, an estimate of baro- 
metric altitude will be made on the basis of navigation-derived altitude above 
the runway. Also, the CSI _FLAG will be turned to OFF: 

if ALT_DG = OFF, then GSI_FLAG = OFF 

and if in ENTRY mode: if MM_CODE_602 = ON or MM CODE 304 = ON, then 
H_BARO = 85000 

Otherwise 

H_BARO = ALT WHEELS + ALT RW - DELH MSL ELLIPSOID RW | 
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Whenever the barometric altitude data are indicated to be valid, barometric 
altitude, HPC, will be renamed for processing: 

H_BARO = HPC 

Finally, all data will be reduced to the topodetic coordinate. system as 
follows: 

R_TAC = RD TAC_SL(N) + ALT _TACAN_SL(N) = DH_TACAN SL(N) 

R_VEH = RD TAC_SL(N) + H_BARO 

A'’= TACBEARO(N) + ANGLE CORR _TNTOMAG SL(N) + PI 

R_TAC* + TACRANGEO(N)? = R_VEH" 
cosB = —— (F3) 

2 R_TAC TACRANGEO(N) 
  

I£ COSB < = 1, then COSB 2 -1 

D = TACRANGEO(N) (1 - cosB2)!/2 

R_VEH_TD_TAC, = D COS(A) (F9) 

R_VEH_TD_TAC, = D SIN(A) (F9) 

R_VEH_TD_TAC, = TACRANGEO(N) COSB 

Whatever the source for H_BARO, this value of the altitude will be transformed 
into an altitude referenced to the runway altitude and renamed for HSI 
processing: 

H = H BARO - ALT RW + DELH MSL ELLIPSOID RW 

The MSBLS_TO_RW subfunction will first determine if either the MLS range or 
MLS azimuth comm fault/lock-on indicator for the selected receiver (MRNG_ 
CMLK(N) or MAZM_CMLK(N)) indicates invalid data. If so, both the HSI bearing 
(BRG) and glide slope (GSI) flags will be set accordingly to OFF: 

BRG_FLAG = OFF 

GSI_FLAG = OFF 

and no further computations within this subfunction will be performed. 

  

rathis equation shall be protected against division by zero (Section 3.5). 
This equation shall be protected againgt return value of sine or cosine 
with magnitude greater than unity (Section 3.5). 

4-359 

STS 83-0005B



  

wpm ON Ett. 

ov 
Otherwise, the MSBLS elevation comm fault/lock-on indicator, MELV | CALK(), 
will be tested. If invalid data are indicated, the elevation angle will be 
set to one of two assumed values and the HSI GSI flag will be set OFF (CSI_ 
FLAG = OFF) to indicate to the crew that invalid MSBLS elevation is being 
replaced with an assumed value - a change resulting in degraded performance of 
the HSI. The choice between the two assumed values for MSBLS elevation will 
depend upon the altitude relative to a predecermined reference value H_CSI_ 
SHALLOW; that is, 

if H > H_GSI_SHALLOW, then EL_MSBLS ® 0.33281 

otherwise EL MSBLS = 0.0 

Whenever the MSBLS elevation data are indicated to be valid, the elevation 
angle for the selected receiver, MSBELEVO(N), will be renamed for subsequent 
processing? 

EL_MSBLS = MSBELEVO(N) 

Finally, the MSBLS data will be reduced to the runway coordinate system 
according to the following equations: 

TAZ = TAN(MSBAZIMO(N)) 

TEL = TAN(EL_MSBLS) 4 

TEL2 = TEL? 

A=] + TEL2 + Taz? 

B = 2 (X_EL_RW - X_DMEAX_RW) TEL2 

C = (X_EL_RW = X_DMEAZ RW)? TEL2 - MSBRANGEO(N)2 

B - Vv B = 6AC 
X_VEH_DMEAZ = ————3-———— (Fa) 

B_VEH_RW, = X_DMEAZ_RW + X_VEH_DMEAZ 

R_VEH_RW, = (X_DMEAZ RW - R_VEH RW) TAZ + Y_DMEAZ RW 

R_VEH_RW, = (R_VEH RW, - X_EL BW) TEL 

Farnis equation shall be protected against square roots of a negative number AY 
(Section 3.5). 
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The negative of the third component of the position vector R VEH RW will be 
renamed for HSI processing: 

H ae R_VEH RW, 

The ENTRY_HSI_COMP subfunction will compute the heading of the relative veloc- 
ity vector with respect to magnetic north by utilizing the vehicle position 
vector and relative velocity in earth-fixed coordinates obtained from appro- 
priate user parameter processing principal functions. 

First, a vector, V NORM, which is normal to the plane containing the position 
vector and the relative velocity is determined: 

V _NORM = R EF x V RHO EF 

Then, the heading follows from 

PSI = ARTCAN2(V_NORM, R _VEH MAG UPP, (V_NORM, 8 EF. - 
V_NORM, R-EF,)) 

HEADING = (PSI - ANGLE CORR TNTOMAG RW) DEG PER_RAD 

If HEADING < 0, then 

HEADING = HEADING + 360 

Then, the magnitude of the position vector from the selected source is 
calculated: 

R_VEH_MAG = |[R _VEH_EF| 

The RANGE_BEAR_TO HAC_ENTRY subfunction will be performed with input 
parameters determined by the value of P. If P is positive, then the input 
parameters are 

R _CC_R PRI 

R _CC_RMAG PRI 

If P is negative, then the input parameters are 

R _CC_L PRI 

R _CC_LMAG PRI 
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Regardless of the value of P, the following quantities are also required by 
thie subfunction: 

OVED 
P 

R _VEH_EF 

R_VEH_MAG 

AZIMUTH_RW 

ANGLE_CORR_TNTOMAG_RW 

This action results in the calculation of the primary range (PRI_RANGE) and 
primary bearing (PRI_BEAR). 

The secondary range (SEC_RANGE) and the secondary bearing (SEC_BEAR) are 
subsequently set equal to their corresponding values: 

SEC_RANGE = PRI_RANGE 

SEC_BEAR = PRI_BEAR 

Finally, CDI and GSI are set to zero and the HSI glide slope valid flag is set 
to OFF. 

cDI = 0 

csI = 0 

GSI_FLAG = OFF 

The RANGE BEAR_TO HAC_ENTRY subfunction will accept as inputs the overhead/ 
straight-in indicator (OVHD), the left/right HAC indicator (P), the position 
vector of the center of the HAC in EF coordinates, the magnitude of this 
vector, a parameter which is indicative of the position of the Shuttle with 
respect to the runway centerline, the position vector of the Shuttle in EF 
coordinates, the magnitude of chis vector, the azimuth of the runway and the 
true north to magnetic north correction angle. It will then compute a range 
and bearing for the entry mode display. 

The vector, V NORM, normal to the great circle plane containing the Shuttle 
and HAC center will be determined: 

V_NORM = R VEH EF x R CC_EF 
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The bearing of this great circle plane with reepect to true north at the 
Shuttle position and at the circle center will be computed! 

BEAR_VEH = ARCTAN2(V_NORM, R_VEH_MAG, (V_NORM, B_VEH_EF. 
= V_NORM, R_VEA EF, ))~ (87) 

BEAR_CC = ARCTAN2(V_NORM, R_CC_MAG, (V_NORM, R_CC_EF, 
~ V_NORM, R_CC_EF,)) (f7) 

Tf BEAR_CC < 0 then BEAR_CC = BEAR CC + 2 PI. The sine of the central angle 
between the position of the Shuttle and the center of the HAC will then be 
calculated: 

SIN_THET_VEH_CC = |V _NORM|/(R_VEH_MAG R_CC_MAG) 

Then, the great circle surface range from the Shuttle to WPl will be approxi- 
mated by: 

DIST_VEH_WP1 = ARCSIN(SIN _THET_VEH_ CC) R_CC_MAG (FS) 

Next, the angle defined by the intersection of the two great circle planes 
(one passing through the Shuttle position and the HAC center, and the other 
through the Shuttle position and WPL) is given by 

A2 = RADIUS _EP/ DIST_VEH_ WPl 

and the bearing from the Shuttle to WPl follows from 

BEAR VEH_WPl = BEAR VEH = P A2 

The arc length around the selected HAC from WP 1 to the entry point will be 
determined next: 

A3 = A2 + P (AZIMUTH_RW - BEAR CC) 

If 

A3 < -0.003, A} = A3 + 2 PL 

If OVHD = ON and A3 < 1/2, then 2m is added to A3 for an additional full turn 
around the heading alignment circle. Then: 

D_ARC = A3 RADIUS EP 

  

Pltnis equation shall be protected against arc tangents with both arguments 
sequal to zero (Section 3.5). 

Fotis equation shall be protected against arc sine of arguments with magni- 

tudes greater than unity (Section 3.5). 
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Finally, the display computations will be performed: 

RANGE = (DIST_VEH_WP1 + D_ARC - X_NEP + X WP2) NAUTMI_PER_FT 

BEARING = (BEAR_VEH_WP1 - ANGLE_CORR_TNTOMAG RW) DEG_PER_RAD 

If 
* 

BEARING < 0, BEARING = BEARING + 360 

The LAND_HSI_COMP subfunction will first compute the bearing to WP 2 according 
to the following: 

D = X_WP2 - R_VEH RW, 

PRI BEAR = (ARCTAN2(= R_VEH_RW,, D) + AZIMUTH_BW (F7) 
- ANGLE _CORRTTNTOMAG RW) DEG_PER_RAD 

If 

PRI_BEAR < 0, then PRI_BEAR * PRI_BEAR + 360 

Otherwise, if PRI_BEAR > 360, then PRI_BEAR = PRI_BEAR - 360. Next, primary 
range will be computed: 

DIST_WP2 = (R_VEH RW, + p2)1/2 

PRI RANGE = (DIST _WP2 NAUTMI_PER_FT)10. 

Secondary range and bearing are then set equal to primary range and bearing: 

SEC_RANGE * PRI_RANGE 

SEC_BEAR * PRI_BEAR 

The multiply by 10. shifts the range decimal point to provide one-tenth nmi 
resolution on the display. 

In order to compute the glide slope deviation for Shuttle altitudes greater 
than a premission-determined value, that is, H > H GSI _SHALLOW, the reference 
altitude HREF must be calculated. The reference altitude is related to the 
distance (BR) from the vehicle ground position to a reference point. 

R = DIST WP2 + X GSI + DELX_REF - X_WP2 

Fl this equation shall be protected against arc tangents with both arguments 
equal to zero (Section 3.5). 
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by the following linear relation 

HREF = CO(IGS,1) + C1(IGS,1) R 

where CO, Cl are premission constants corresponding to guidance altitude coef- 

ficients and depend on the glide slope index. The glide slope deviation fol- 
lows from 

GSI = H - HREF 

where H is the actual vehicle altitude above the runway threshold and HREF is 
the desired vehicle altitude. When the Shuttle altitude is less than the 
premission value, H GSI _SHALLOW, the glide slope deviation is not computed and 
the HSI glide slope flag is set to OFF: 

CSI_FLAG = OFF 

The TAEM_HSI_COMP subfunction will accept as inputs the runway X-component, 
X_EP, of a HAC associated with the crew selected entry point (EP) and the HAC 
tadius, RADIUS EP. This function will compute primary and secondary range, 
primary and secondary bearing, and glide slope deviation for the TAEM mode 
display. The primary bearing is the direction to WPl on the selected heading 
alignment circle; the primary range is the distance to WP2 via the WP1; the 
glide slope deviation is the altitude error as compared to the reference 
altitude which is based on the guidance defined coefficients (a function of 
distance to go via the selected path). The secondary range and bearing are 
computed with respect to the center of the selected HAC. The ranges are 
scaled to represent range in tenths of nautical miles. The detailed require- 
ments for this subfunction are as follows: 

A coordinate system will be established whose origin is located at the Shuttle 
and the X-, Y-position of the center of the selected HAC will be expressed in 
Shuttle-centered coordinates. The distance and bearing to the center of the 
HAC will then be computed: 

Y_CC = RADIUS _EP - P R_VEH RW, 

X_CC = X_EP - R_VEH RW, 

R_cc = (x cc? + ¥ cc2)!/2 

PHI = ARCTAN2(Y_CC, X_CC) 

If PHI < 0, then PHI = PHI + 2 PI (PI = 1) 

Next, two cases will be distinguished: (1) the Shuttle is on or inside the 

HAC, and (2) the Shuttle is outside the HAC. In each of these cases, the 

distance from the Shuttle to WP 1 will be calculated, together with the bear- 

ing relative to the runway and the turn angle remaining around the HAC onto 

the runway centerline. 
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If R_CC < RADIUS _EP, then case 1} otherwise, case 2. 

Case 1? 

DIST_VEH_WP1 = 0 

BEAR_RW = PHI -0.5 PI 

In case 2, the nominal case, the angle THETA will be computed, which corrects 
the bearing from the center of the HAC to the tangent point WP 1. 

Case 2: 

THETA = ARCSIN(RADIUS_EP/R_CC) 

DIST_VEH_WP1 = (R_cc? - raprus _Ep2)!/2 

BEAR_RW © PHI - THETA 

Next, for either Case 1 or 2, BEAR_RW will be tested and corrected if found to 
be negative. Then, the turn angle around the HAC will be determined: 

If BEAR_RW < -.003, then BEAR RW = BEAR RW + 2 PI 

ARC = 2 PI - BEAR RW 

Under certain conditions, it may be necessary to add 2m to ARC; i.e., an addi- 
tional full turn to the are around the heading alignment circle; specifically, 
if OVHD = ON and ARC < 1/2 and H > (ALT_LAND + 25386); if all three conditions 
are true, then add 27 to ARC before computing D ARC. (Note: The constant 

value corresponds roughly to the nominal altitude loss in a half turn.) 

D_ARC = ARC RADIUS _EP 

Finally, the parameter, P, will be tested; if it is found to be negative, the 
bearing to WPl and to the center of the HAC will be corrected according to 
BEAR_RW = 2PI - BEAR RW and PHI = 2PI - PHI. Then, the display computations 
will be performed: 

RANGE _FT = DIST VEH WPl + D ARC - X_EP + X WP2 

PRI_RANGE = (RANGE_FT NAUTMI_PER_FT) 10 

PRI_BEAR = (BEAR RW + (AZIMUTH RW - ANGLE_CORR_TNTOMAG_RW)) DEG _PER_RAD 

SEC_BEAR = (PHI + (AZIMUTH_RW - ANGLE _CORR_TNTOMAG_RW)) DEG PER_RAD 

SEC_RANGE = 10 R_CC NAUTMI_PER FT 
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If either of the bearings exceed 360°, they shall be reduced by 360°: 

If PRI_BEAR > 360, PRI_BEAR = PRI_BEAR - 360 

If SEC_BEAR > 360, SEC_BEAR = SEC_BEAR = 360 

In order to compute the glide slope deviation, the reference altitude HREF is 
first calculated. This altitude is related to the ground distance (8) from 
the vehicle position to the reference along the selected path: 

R = RANGE FT + X_GSI + DELX_REF - X_WP2 

Two different polynominal expressions are employed depending on the relative 
distance (DR) from a predetermined distance (CUBRC) from the MEP 

DR = R — CUBRC(IGS) 

If DR < 0, then the expression for HREF is given by a cubic in R& 

 HREF = CO(IGS,1) + C1(IGS,1) R + C2(IGS,i) R2'+ C3(IGS,1) R° 

where CQ, Cl, C2, C3 are premission constants and depend on the glide slope 

index. If DR > 0, then the expression for HREF is given by a cubic in DR 

HREF = CO(IGS, 2) + C1(IGS,2) DR + C2(IGS,2) DR2 + c3(IGS,2) DR? 

where CO, Cl, C2, C3 are premission constants and depend on the glide slope 

index. Subsequently, the glide slope deviation is calculated: 

GSI = H - HREF 

B. Interface Requirements. The input and output variables are listed in 
Tables 4.7-3 and 4.7-4. For OPS-3, the vehicle mass is obtained from the 
DEORB Guidance principal function (4.209), while for OPS-6 it is not 
required. Targeting parameters, which may be mission dependent or design 
dependent, are defined by the appropriate guidance principal function; those 
parameters which are used by AREA NAV are shown in Table 4.7-2 for RTLS 
(OPS-6); this table shows the correspondence between AREA NAV symbols and the 
guidance symbols (FSSR names). 

Interfacing between the submodules of the HSI computation function may 
consist of call/assign lists, name~scoping rules of HAL-structured program- 
Ming, or other available techniques. 
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C. Processing Requirements, The left side (commander's) HSI and its asso- - 
ciated switches will be independent of those on the right side (pilot's); " 
thus, the HSI computations must be performed for each display. Crew interface - 
inputs via spec functions, however, effect both displays. 

It is required that all floating-point computations be in single preci- 
sion to provide adequate computational speed. 

D. Constraints. Computation rates will be dependent on requirements for the 
dedicated instrument drive rates and must be compatible with the independence 
of the right and left HSI requirements. There will be provision in this func~ 
tion to inhibit the processing of data if the sensor range or azimuth comm 
fault/lock-on flags indicate bad data. The HSI flags will provide an indica- 
tion to the crew that the data may not be valid. These flags may be used as a 
cue to the crew that another receiver or source might be advisable. 

Navigation state, TACAN, and MLS sensor measurements must be in appropri- 
ate sequence to ensure HSI input data availability when the GPC operation 
(navigation filter, etc.) is using other sources (e.g., provide TACAN for HSI 
while nav state is using MLS data). 

Prior to activating area navigation, ASC site lookup (Section 4.5.2) is 
required to have been performed for the selected runway as well as for all 
TACAN ground stations currently tuned by the TACAN receivers. 

It is also required that the RTLS UPP must have executed prior to the 
first pass through area nav because the overhead/straight-in indicator and the 
initial left/right HAC indicators for the selected runway are required inputs 
to be used, as well as saved for subsequent cycles. 

E. Supplementary Information. A suggested implementation of the area navi- 
gation computation function may be found in Section 5.4 in the detailed flow 
charts. 

The course deviation (CDI) and glide slope deviation (GSI) outputs from 
area navigation are utilized to drive “fly to" indicators on the HSI. Thus, a 
positive course deviation output will correspond to a “fly right" indication 
to the crew and a positive glide slope deviation output will correspond to a 
“fly down" indication to the crew.     
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Table 4.7-1. HSI Display Parameter/Mode Switch Matrix 
HSI Output Identity 
  

  

                    

Course Glide Slope Compass 
Dieplay Primary Primary Secondary Secondary Deviatica Deviation Card 
Mode Bearing Miles Bearing Miles (cpr) (GSI) (Heading) | 

Spherical Spherical Spherical Spherical A valid Wot ‘computed Magnetic 
bearing to eurface range bearing to surface range Software GSI_FLAG eet heading of 

ENTRY |WP 1 for to WP 2 on WP i for NEP tc WP 2 on sero iavalid vehicle 
NEP ac selected at selected selected run- telative 
selected runway via landing runway jway via WP 1 velocity 
landing WP 1 for MEP for MP vector 
runvay (Ls8 = 1. oi) (LSB © 1. ami) 

Bearing to Horizontal Bearing to Horizontal Deviation Deviation from | Magnetic 
TAEM WP 1 on distance to center of distance to froa TAEM ceference | heading of 

selected HAC| WP 2 on selected HAC center of extended altitude body 
for selected| selected runway| for selected selected runvay | cunvway (Full scale X-axis 
runway via WP 1 for runway centerline (LSB | centerline [25,000 £e) 

(LsB # 1/10 nai) = 210 deg 
# 1/10 nmi) 

Bearing to Horizontal dis-| Bearing to Horizontal dia- | Deviacioa Deviation from | Magnetic 
WP 2 at tance to WP 2 WP 2 at tance to WP 2 from exten= ieteep glide heading of 

a/b selected on selected selected runwayjon selected run-) ded runway jpath; not com | body 
runway runway (LSB (Same as pri- |way (Same as centerline {puted for alci- | X-axis 

= 1/10 omi) mary bearing) | primary niles) (Full scale {tude less than 
(LSB = 22.5 deg) |Preecribed 
= 1/10 omi) value (full 

ecale 
® £1,000 fe) 

| 
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Table 4.7-2. 

Space Transportation 
Systems Division 

Guidance (4.204 and 4.234) Parameters 

an 
Correspondence of Ascent Area Navigation 

Mission Dependent Parameters and GRTLS TAEM A/L 

Rockwell 
International 

  

CR
89
59
6C
 

a
E
 

  

                  

    
  

Area RAV GUID 
MSID Description Syabol Symbol Type | Precision | Range Unite Rate 

Coefficients used in cubic for the | €0(1,J)® | cuscl(1,J) | arr 8 ft 1,04 
reference altitude vereus range 

Coefficienta used in cubic for the | C1(1,3) cusc2(1,J) | are s 1.06 
reference altitude versus range 

Coefficients used in cubic for the | ¢2(1,5) | cusc3(1,J3) | are 8 fe“! 1.06 
reference altitude versue range 

Coefficients used in cubic for the | C3(1,J) cuscs(1,J) | arr 8 fe? 1.04 
reference altitude versus range 

Distance between reference point cusrc(1) | cuBRCc(1) Arr $ fe“? 1,06 
and the transition point for the 
reference altitude versus range 

Reference altitude evaluated at nCO(1) HFTC(1) Arr 8 fc 1.04 
the NEP 

Glide slope intercept point on X_GSI_ xa(2) F 8 ft 1.04 
extended runway centerline for HI_WIND 
high-wind condition 

Glide slope intercept point on X.GSI_ xa(1) F Ss fc 1.04 
extended runway centerline for NOMINAL 
low wind condition 

Discance from threshold to WP2 X_WP2 X_AIM PT |F s ft 1.04 

Altitude (AGL) of the nininus HMEP (1) HMEP(1) F s ft 1.06 
energy point 

a; refers to different range regions. 
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\ 

Table 4.73. Area Navigation Input Parameters 

Input Sanple 
Description Syabol Source Type |Preeision| Range Units Rate 

{ 

Bara data good flag ALT_DG (a) D ON/OFF 1,04 

Altitude above reference ellipsoid ALT_RW (a) r 8 fe 1.04 
of runway ceference point 

Altitude above reference ellipsoid ALT_TACAN_SL(N) | (a) F 8 ft 1,04 
TACAN stataon obtaaned froa erte 
lookup for Nth receaver 

Alticude of Orbiter c.g. (entry) or ALT_WHEELS (a) F 8 fe. 1,06 
reat wheels (TAENM A/L) above 
runway altitude ; 

Angle of magnetic vataation from ANGLE _CORR_ (a) F 8 rad it) 1.04 
true north at runway TNTOMAG_RW | 

| 
Varration of magnetic north from ANGLE_CORR (a) F 8 rad, 1.04 
trae north at TACAN site obtained TNTOMAG_SL(N) ' 
from site lookup for N*th receaver ' 

Bearing from true north of runvay AZIMUTH_RW (a) F $ | rad 1,04 
Soordinate system w*X-axr_s 

| 
Distance used for reference altatude | CUBRC(1) (b) Arr S ft 1,06 
versus range ' 

Conversion factor from radians to DEG_PER_RAD (b) F s deg’ 1,04 
Jegrees | rad 

Altitude of mean sea level above DELH_MSL_ (a) F Ss ft 1,04 
reference ellipsoid at runway ELLIPSOID _RW ' 

Altitude of mean sea level above DH_TACAN_SL(N) (a) F Ss fe | 1.04 
taference ellipsoid at TACAN FIRST_PASS 
station obtained from site lookup 

for N'th receiver ' 

Reference altitude evaiuated at the HCO (1) (b) Arr s , ft 1,04 
nEP 

Altitude for terminating calculation H_GSI_ SHALLOW (b) F s fe | 1.04 
of glide slope deviation 

Flag denotating high or low winds at HI_WINDS | (a) D ON/OFF | | 1.04 

runway 

' { 
Bar> altitude obtained from the air HPC \ (a) F s ft + 1,04 

data SOP | 

Earch-fixed to prime Rd trans- M_EFTORW | (a) M Ss | | 1.04 
formation matrix | 

i ' 
Transforaation matrix from earth- M_EFTOTD TACAN_ | (a) M S ‘ 1,04 
fixed to topodetic coordinates at SL(N) |! \ 
TACAN site obtained from site 

loonup for N’th receiver | 

Indicates setting of dasplay mode =MODE_LEFT (a) CHAR | 1.04 
switch (entry, TAEM, or land) for | 
lefroside HS{ | | 

*See ascent area aavigation principal function input parameter table. 

See ascent area navigation principal function I-load, K-load, and conscant tables.     

4-371 

STS 83-0005B 

|



eee 
OO , 

  

  

Space Transportation g Rockwell 
Systems Division international 

oe 

Table 4.7-3. Area Navigation Input Parameters (Cont) 

tnput Sample 
Description Symbol Source Type |Preeision] Range Units Rate 

Indicates setting of display mode MODE_RIGHT (a) Cher 1,04 
ewatch (entry, TAEM, or land) for 
taghteside HSI 

MSBLS azimuth commfault/lock-on MAZM_CMLK(N) (a) Char 1.06 
flag for selected receiver, N= 1,3 . 

MSBLS azimuth for the selected MSBAZ IMO(N) (a) F 8 rad 1.04 
ceceiver, N # 1,3 

MSBLS elevation commfault/lock-on MELV_CMLK(N) (a) | D ON/OFF b 1.06 
flag for selected receiver, N = 1,3 

Major Mode 602 flag MM_CODE_602 (a) i) ON/OFF 1.04 

MSBLS elevation for the selected MSBELEVO(N) (a) F s rad 1.04 
receiver, N 21,3 | 

MSBLS range comnfault/lock-on flag MRNG CMLK(N) (a) a) ON/OFF 1.06 
for the selected receiver, N = 1,3 | 

MSBLS range for the selected MSBRANGEO(N) (a) i F s £c 1.06 
receiver, N #= 1,3 ' i 

' 

Flag denoting switch from NEP to NEP (a) | D OFF /ON 1 1,046 
MEP circl2 ‘ . 

i 
Vehicle position vector wrt runway POSITION _WRT_ (a) ' Vv s ft 1,04 

reference point (R LS EF) RUNWAY 

Angle between mag north and Shuttle PSI_HSIMV (a) F Ss rad 1.04 
X-axis \ ' 

Indicates setting of string selection| RCVR_LEFT (a) I S ' 1,04 

switch (when source in MSBLS or . 
TACAN) on left-side HSI i 

' 
Indicates setting of string selection! RCVR_RIGHT (a) 1 s . 1.06 
switch (when source in MSBLS or 

TACAN) on right-side HSI | 

Position vector of the HAC center on | RCC_L PRI (a) Vv s ft > 1.06 
the left-side (-¥) of the runway ' 
centerline | 

Magnitude of the vector R CC_L PRI R_CC_LMAG PRI (a) F s fe} 1.06 

Position vector of the HAC center on | R_ CC _R PRI (a) v s fc ; 1.04 
the right side (*¥) of the runway ' 
centerline 

i 
‘dagnitude of the vector R CC_R PRI R_CC_RMAG PRI (a) F s ft 1 1.04 

t 

Radius of che heading alignment RADIUS_EP (b) F s fe 1,04 

| 
Geodetic radius of mean sea level RD_RAC_SL(N) (a) F s ft 1.04 
at TACAN site co which the N'th 

TACAN ceceiver is tuned 

Shuctle position vector in earth- BR _EF (a) v DP ft 1.04 
fixed coordinates 

    

    See ascent area navigation principal function input parameter table. 

    
See ascent area navigation principal function K-load cable. 
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Table 4.7-3. Area Navigation Input Parameters (Cont) 

Taput Senple 
Description Syebol Source Type | Precision | Range Unite Rate 

Position vector of runway ia a LS EF (a) v oP fe 1.06 
earth-fixed coordinates 

TACAN station earth=fixed position BR _TACAN_EF (a) v DP fe 1.06 
vector obtained from site lookup 8L(n) 
for N‘th receiver 

Magnitude of the Shuttle position R_VEH_MAG_UPP (a) F DP fe 1.06 
vector fros UPP 

Indicates which data source (MSBLS, SOURCE_LEFT (a) CHAR 1.0% 
TACAN, or NAV) switch is on for 
lefcside HSL 

Indicates which data source (MSBLS, SOURCE_RIGHT (a) CHAR 1.06 
TACAN, or NAV) switch ie on for 
tightside HSI 

TACAN bearing data obtained fron TACBEARO(T) (a) ¥ s rad 1.06 
the SOP for each receiver, I = 1,3 

TACAN azimuth comm fault/lock-on flag | TBRG_CMLK(I) (a) Dd ON/OFF 1.06 
for the [-ch receiver, I = 1,3 

Switch indicating (ON) a valid TACAN | TAC_CHAN VALID_ | (a) D ON/OFF 1.04 
channel has been selected (site SL(T) 
lookup output) 

TACAN range comm fault/lock-on flag TRNG_CMLK(I) (a) D | ON/OFF 4.04 
for the lech receiver, [I 2 1,3 

TACAN range daca obtained from the TACRANGEO(I) (a) F s ft 1.06 
SOP for each receiver, I = 1,3 ! 

Vehicle relative velocity vector in NV RHO EF (2) v s ft/s 1.04 
earth-Fixed coordinates 

X component of range/azimuth antenna | X_DMEAZ_RW (a) F s ft 1.06 
in runway coordinates 

X component of elevation ancenna—— X_EL_RW (a) F s | fe 1.04 
RW coordinates 

Glide slope intercept point on X_GSI_HI_WIND (b) F | s ft 1.04 
extended runway centerline for 
high wind condition 

i 
Glide slope incercept point on X_GS{_NOMINAL (b) F | s ft 1.04 
extended runway centerline for low 
wind condition 

X-distance from RW threshold to HAC, | X_NEP (b) F s ft 1.06 
used in ENTRY display mode 

Runvay X-component of WP2 X_WP2 (b) Fr sp ft 1.04 

Y component of range/aziauth antenna | Y_DMEAZ_RW (a) F S fe 1,04 
in runway coordinates 

Tartial L/R HAC indicator-primary YSGNP (a) t s sl NA 1.04 
runway 

Overhead/straight indicator OVHD (a) D _ ON/OFF NA _ 1.06 

    “See ascent area navigation principal function input parameter table, 
See ascent area navigation principal function I-load table. 
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Taput Semple 
Description Syabol Source Type | Precision | Range Unice Rate 

Altitude (AGL) of the sininun WMEP (1) (b) v 8 ft 1.06 
energy point 

} 
t 

i 

i 

1 

! 

| 
‘ t 
! i 

bo | 
, 1 

i 

\ : 

| 
l a 

{ 

Dsee ascent area navigation principal function K-load table. 
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Table 4.7-4, 
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Area Navigation Output Parameters 

Rockwell 
International 

  

  

Output Conp 
Description Byadel Deat ination Type Preeialen Range Unite Rate 

MSI data validity flag BRG_FLAG LEFT (a) 8 on /Or? 1.06 

HSE deta validity flag BRG_PLAG_RIGUT (a) e ou/or? |, 1.06 

WSt data validity flag COL_FLAG LEFt (a) ® ou/orr . 1.06 

USI data validicy Flag CDL_FLAG_ RIGHT (a) ® ou/orr 1.06 

Course deviation from the CDI_LEFT ta) t a dag 1.06 
extended runway centerline 

Course deviation from the COL_Rrcut (a) r a deg 1.04 
extended runway centerline 

HSE data velidity flag GSt_FLAG LEFT (a) o on/OFF 1.04 

USI data validicy flag GST_PLAG_RIGHT (a) e ON/OFF 1.06 

Glide slope deviation for primary GSt_LEFt (a) r 8 fc 1.06 
ruaway ' 

‘ 

Glide slope deviation for primary GSt_Rricut ta) t 8 fe 1,06 
runway 

Heading of relative velocicy HEADING LEFT (a) f $s deg 1,04 
vector (entry) or of body X-axis 
(TAEM or A/L) 

Heading of relative velocity HEADING RIGHT (a) F Ss deg 1,04 
vector (entry) or of body X-axis ' 
(TAEM or A/L) 

Primary bearing (to WPl_ENTRY and PRIBEAR_LEFT {a) Fr s deg 1.06 
TAEM, to WP2_LAND) 

Primary bearing (to WP1 ENTRY and PRIBEAR_RIGHT (a) t s deg + 1.06 
TAEM, to WP2_LAND) . 

Primary range to WP2 (via WPL PRIRANGE LEFT (a) t s agi 1.04 
ENTRY and TAEM, DIRECT LAND) 

Primary range to WP2 (via WPL PRIRANGE RIGHT (a) F s | nai 1.04 
ENTRY and TAEM, DIRECT_LAND) 

Bearing from Shuttle to WPl for SECBEAR_LEFT (a) F Ss | deg 1,04 
secondary RUNWAY_ENTRY, bearing 

from Shuttle to center of selec- 

ted HAC for primary RUNWAY_TAEM 

Bearing from Shuttle to WPI for SECBEAR_RIGUT (a) t s deg 1.04 
secondary RUNWAY _ENTRY, bearing 
from Shuttle to center of selec- $ 
ted HAC for primary RUNWAY_TAEM 

Secondary range to WP2 via WPl_ SECRANGE LEFT (a) F s nai 1.04 
ENTRY and DIRECT LAND, horizontal 

distance to center of selected 
HAC for primary RUNWAY_TAEM 

Secondary range to WP2 via WPl_ SECRANGE RIGHT (a) F S nmi 1.06 
ENTRY and DIRECT LAND, horizoncal 
distance to center of selected 
HAC for primary RUNWAY_TAEM   

  

      
  

  

  

  
    ¥ 

Ssee ascent area navigation principal function output parameter table. 
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Table 4.7-4. Area Navigation Output Parameters 

Output Comp 
Description Syabol Destination Type Precision Range Unite Rate 

HSI data validity flag BRG FLAG LEFT (a) D on/OFF 1.06 

HSI deta validicy flag BRG_FLAG_RIGUT (a) D OU/OFF |, 1.04 

HSI data validity flag CDI_FLAG LEFT (a) Dd ou /OF? 1.06. 

HSI daca validity flag CDI_FLAG_RIGHT (a) o Ou/OFF 1.06 

Course deviation frow the CDI_LEFT (a) r 8 deg 1.0% 
extended runway centerline 

Course deviation from the CDI_RIGUT (a) F 3 deg 1.04 
extended runway centerline 

HSI data validity flag GSI_FLAG_LEFT (a) D ON/OFF 1.06 

HSI data validity flag GST_FLAG_ RIGHT (a) D ON/OFF 1 1.06 

| 
Glide slope deviation for primary GSI_LEFT (a) F s fe 2 3.06 
runway ' 

Glide slope deviation for primary GSt_RIGHT (a) F $s fe 1.06 
runway 

Heading of relative velocity HEADING LEFT (a) F Ss deg 1.04 
vector (entry) or of body X-axis 
(TAEM or A/L) 

Heading of relative velocity HEADING RIGHT (a) F Ss deg 1,04 
veccor (entry) or of body X-axis 
(TAEM or A/L) 

Primary bearing (to WPL ENTRY and PRIBEAR_LEFT (a) F s deg 1.04 
TAEM, to WP2_LAND) 

Primary bearing (to WPL_ENTRY and PRIBEAR_RIGHT (a) F Ss deg + 1.04 

TAEM, to WP2_LAND) , 

Primary range to WP2 (via WPI PRIRANGE_LEFT (2) F Ss nai 1.04 
ENTRY and TAEM, DIRECT LAND) 

Primary range Co WP2 (via WPL_ PRIRANGE RIGHT (a) F Ss nai 1.04 
ENTRY and TA&M, DIRECT_LAND) 

Bearing from Shucctle to WPL for SECBEAR_LEFT ‘(a) F $s deg 1.04 
secondary RUNWAY _ENTRY, bearing 
from Shuctle to center of selec- 
ted HAC for primary RUNWAY _TAEM 

Bearing from Shuttle to WPL for SECBEAR_RIGHT (a) F s deg ! 
secondary RUNWAY ENTRY, bearing 

from Shuttle to center of selec- ' 
ted WAC for primary RUNWAY _TAEM 

Secondary range to WP2 via WP1_ SECRANGE_LEFT (a) F $s nm. 1 
ENTRY and DIRECT LAND, horizontal 

distance Co center of selected 

HAC for primary KUNWAY_TAEM 

Secondary range to WP2 via WPL SECRANGE_RIGHT (a) F $s nei 1.04 
ENTRY and DIRELT LAND, horizoncal 

dtstance to center of selected 
HAC for primary RUNWAY TAEM   

  

        
  

  

  

  
      ™ 

*See eecent ares navigation principal function output parameter table. 
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9 Table 4.7-4. Area Navigation Output Parameters (Cont) 

  

  

Output Coup 
Bescripcion Syabol Destination Type Precision Range Units ate 

booting walid flag for left-side WDG_FLAG LEFT (a) D ON/OFF 1.04 2. 2! 

Weeding valid flag for right-side | mDG FLAG RIGHT (a) D ou /oFF 1.06 ESI Fae NaN 

Curreat L/R HAC indicator Lasi_P (a) t 8 “+t - 1.04                 
“see ascent. ares navigation principal function output parameter table.   
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Figure 4.7-2. HSI Display 
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Tables. The een Area Navigation Processing (4.237) Principal Function 
parameters Tecent area Navigation principal function input and output 

» Siong with the I-Lloads, K-loads, constants, and cross-references, 
are presented in Tables 4.7.1-1 through 4.7.1-5. 

The values for th I- . 
document (Jsc-19350), e I-loads are contained in the I-loads requirements 
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Table 4.7.1-1l. 

OBEN Drpoes- D PN: VPT7e S7PeOL JULY 17, 1989 OleD REVS PAG 
INPUT FUNCTIONAL PARANET OR ASCENT AREA NAVIGATION PROCESSING ASC AREA NAV . 0 e. 319 

R 
DATA E 

FSSE RANE M/S ID NOMENCLATURE SOURCE UNITS TVPE C 

acs_vs VOSxN3112" ADS MACH JUMP FLAG ADTA SOP Bo 
aT BS VOSK3L11K PRESSURE ALTITUDE DATA GOOD FLAG ADTA SOP BD 
ALT_ VOCH1IS18CB ALTITUDE OF RW WRT REF ELLIPSOID ASC SITE LOOKUP FT 
ALT_ ican SLEL) V98H18G6CB ALTITUDE OF TACAN 1 STATION SC SITE LOOKUP FT ° 
ALT_TaCam Sa 2) V9OHI8G7CB ALTITUDE OF TACAN 2 STATION ASC SITE LOOKUP FT 2 
ALT_TaCam Sk 3) VSGHIBG8CB ALTITUDE OF TACAN 3 STATION ASC SITE LOOKUP FT & 
ALT WrEELS W9SHO165CA ALT TO REAR WHEELS/NAV BASE(ENTRY) RILS UPP FT is 
amGCE_COA@_TMTOMAG_EW V90H1826CB MAGNETIC VARIATION OF RW ASC SITE LooKUP RAD o 
AMGLE_CO#R_TMTOMAG_51 V9QH18G3CB MAGNETIC VARIATION AT TACAN 1 SITE ASC SITE LOOKUP RAD on 
AMGLE_COR@R_TNTOMAG_S2 V90H1844CB HAGHETIC VARIATION AT TACAN 2 SITE ASC SITE LOOKUP RAD 
AMGLE gone TINTOMAG_S3 V90H1845CB WHAGHETIC VARIATION AT TACAN 3 SITE ASC SITE LOOKUP RAD 
azimuTu V90H1817CB AZIMUTH OF RW FROM TRUE NORTH ASC SITE LOOKUP RAD 
DELH Ma ELLIPSOID. aw V90H1819C8 ALT OF HSL ABOVE REF ELLIP AT RW ASC SITE LOOKUP fT 
DH_TKCAM_SLO1) V90H1849C8 ALT OF HSL ABV REF ELLIP AT TAC ASC SITE LOOKUP FT 
DU-TACANTSLE2} V90H18SOCB ALT OF HSL ABV REF ELLIP AT TAC 2 ASC SITE LOOKUP FT 
DH_TACAN SLO¢3) V90H1851C8 ALT OF HSL ABV REF ELLIP AT TAC 3 ASC SITE LOOKUP FT 
NT_PT_SQ/NEP V93X4466X ENTRY POINT SWITCH CHD 6.21 Bo 

FIRST_PaSS V95K0184XC AREA NAV HAC INIT fas RTLS UPP 
GI_CHANGE V93X4476X HEAD WIND HI/LO 6.21 80 
Hee V95H3001C ADS CORRECTED | PRESSURE ALTITUD UDE ADTA SOP fT SPL 
M_EFTORW(1-1) v90u1805CB8 EF TO 4 XFO RX ELE 1-1 ASC SITE LOOKUP 
M_EFTORW(1-2) V90U1806CB EF TO PRINE iw XEORH HT RX ELE 1-2 ASC SITE LOOKUP 
M_EFTORW(1-3) v90U1807CB EF TO PRIHE RW XFORM HTRX ELE 1-3 ASC SITE LOOKUP 
M_EFTORW(2-1) V90U1608CB EF TO PRIHE RW XFORM HIRX ELE 2-1 ASC SITE LOOKUP 
M_EFTORW(2-2) V90U1809CB EF TO PRIHE RW XFORM HIRKX ELE 2-2 ASC SITE LOOKUP 
H_EFTORW( 2-3) V90U1810CB EF TO PRIME RW XFORH MTRX ELE 2-3 ASC SITE LOOKUP 
M_EFTORW(3-1) V90U1811ICB EF TO PRIHE RW XFORM MTRX ELE 3-1 ASC SITE LOOKUP 
M_EFTORW(3-2) V90U1812CB  €£F TO PRIHE RW XFORM MTRX ELE 3-2 ASC SITE LOOKUP 
H_EFTORW(3-3) V90U1813CB EF TO PRIME RW XFORH MTRX ELE 3-3 ASC SITE LOOKUP 
M_EFTOTD_TACAN_SL1(1-2) V90U1775CB EF TO TOPO COORD AT TA SITE 1/1-12 ASC SITE LooKkue 
H_EFTOTD_TACAN_SL1(1-2) V90U1776CB EF TO TOPO COORD AT TA SITE 1/1-2 ASC SITE Lookup 
M_EFTOTD_TACAN_SL1(1-3) V90U1777CB €F TO TOPO COORD AT TA SITE 1/1-3 ASC SITE LOOKUP 
M_EFTOTD_TACAM_SL1(2-1) v90U1778CB  =EF TO TOPO COORD AT TA SITE 1/2-1 ASC SITE LooKuUP 
M_EFTOTD_TACAN_SL1(2-2) V90U1779CB EF TO TOPO COORD AT TA SITE 1/2-2 ASC SITE LookuP 
H_EFTOTD_TACAN_SL1(2-3) v90U1780CB EF TO TOPO COORD AT TA SITE 1/2-3 ASC SITE LOOKUP 
H_EFTOTD_TACAN_SL1(3-1) V90U1781C8 EF TO TOPO COORD AT TA SITE 1/3-1 ASC SITE LOQkuUP 
M_EFTOTD_TACAN_5SL1(3-2) V90U17862CB EF TO TOPO COORD AT TA SITE 1/3-2 ASC SITE LOOKUP 
M_EFTOTD_TACAN_SL1(3-3) V90U1783CB EF TO TOPO COORD AT TA SITE 1/3-3 ASC SITE Lookup 
M EFTOTD_TACAM_SL2(1-1) V90U17846CB  €F TO TOPO COORD AT TA SITE 2/1-1 ASC SITE LooKxuP 
M_EFTOTD_TACAN_SL2(1-2) V90U1785CB  £€F TO TOPO COORD AT TA SITE 2/1-2 ASC SITE LOOKUP 
M_EFTOTD_TACAM_SL2(1-3) ¥V90U1786CB €F TO TOPO COORD AT TA SITE 2/1-3 ASC SITE LOOKUP 
M EFTOTD_TACAM_SL2(2-1) V90U1787CB EF TO TOPO COORD AT TA SITE 2/2-1 ASC SITE LOcKUP 
HM EFTOTD TACAM $L2(2-2) v90U1768CB EF TO TOPO COORD AT TA SITE 2/2-2 ASC Site Lookue 
M EFTOTD TACAM_SL12(2-3) ¥90U1789CB EF TO TOPO COORD AT TA SITE 2/2-3 ASC SITE LOOKUP 
KW EFTOTD TACAM BL at} 1) ¥90U1790CB EF TO TOPO COORD AT TA SITE 2/3-1 ASC SITE Lookur 
WEFTOTD TACAM_SL2¢ ’ ¥90U1791CB f yo TOPO COORD AT TA SIT aeg ASC SITE LookuP 
” EFTOTD_TACAM $4 (3 3) ¥90U1792CB8 EF TO TOPO COORD AT JA SITE 3/ ASC SITe LooKuP 
wWoEFTOTD TACAM AL (ped) v90u1793C8 # 70 TOFO COORD AT TA SITE 5/ AS Té Lookue 
WEFTOTO TACAW_SLSUE-2) ¥99U1794C8 € TO TOPO COORD AT TA SITE 57 AS TE Lookue 

EFTOTO TACAMTSL (1-3) voeu 7osce ee O TOPO COORD AY TA 3 1@ 3/7 as TE Lookup 
M_EFTOTD TACAM_SL3¢ ) ¥9001796C € ¥O TOPO COORD AT TA SITE $/2- AS TE Lookur 
“EFTOTD TACAW_SL35¢2 2) voeu a35cB EF TO TOPO COOKD AT TA SITE 3, ASC SITE LOOKUP 

* 

Ascent Area Navigation Processing (4.237) Input/Output 
Functional Parameters 
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Table 4.7.1-1. Ascent Area Navigation Processing (4.237) Input/Output 
Functional Parameters (Cont) 

DBFN: D3B008-D PN: VP707100037P00L JULY 1989 OI8D REVO PAGE 320 INPUT FUNCTIONAL PARAMETERS FOR ASCENT AREA NAVIGATION PHOCESSENG ASC AREA NAV 64.237 BOOK: 5 
R 

DATA E FSSR NAME M/S ID NOMENCLATURE SOURCE UNITS TYPE C 

M_EFTOTD_TACAN_SL3(2-3) V90U1798CB_~=s« EF TO TOPO COORD AT TA SITE 3/2-3 ASC SITE LOOKUP H_EFTOTD_TACAN-SL3( 3-2) V90U1799CB EF TO TOPO COORD AT TA SITE 3/3-1 ASC SITE LOOKUP M~EFTOTD~TACAN_SL3( 3-2) V90U1800CB EF TO TOPO COORD AT TA SITE 3/3-2 ASC SITE LOOKUP H~EFTOTDTACAN_SL3(3-3) V90U1801CB EF TO TOPO COORD AT TA SITE 3/3-3 ASC SITE LOOKUP HAZH_CHLRO1) V95X6058X MSBLS 1 AZ COMFAULT/LOCKON FLAG HSBLS SOP HAZH_CHLK (2) V95X6064X  MSBLS 2 AZ COMFAULT/LOCKON FLAG MSBLS SOP MAZH~CHLK (3) V95X6069X  MSBLS 3 AZ COHFAULT/LOCKON FLAG HSBLS SOP 
MELV~CHLK (1) V95X6057X  - HSBLS 1 EL COMFAULT/LOCKON FLAG HSBL$ SOP 
MELV~CHLK(2) V95X6063X  -HSBLS 2 EL COMFAULT/LOCKON FLAG HSBLS SOP 
HELV ~CHLK(3) V95X6068X% MSBLS 3 EL COHFAULT/LOCKON FLAG HSBLS SOP HM_CODE_304/MM_304 V90X8161X MAJOR MODE 304 FLAG HSC I 

H”~ 602 — V90X8174X HAJOR HODE 602 FLAG HSC 
HRNG_CHLK(1) V95X6056X  MSBLS 1 RANGE COMFAULT/LOCKON FLAG HSBLS SOP 
MRNG_CHLK (2) V95X6062K  HSBLS 2 RANGE COMFAULT/LOCKON FLAG MSBLS SOP 
MRNG~CHLK (3) V95X6067X  HSBLS 3 RANGE COMFAULT/LOCKON FLAG HSBLS SOP eaD 
MSBAZTHO(1) V95H6122C = MSBLS 1 AZIMUTH OUT HSBLS SOP RAD 
MSBAZTHO(2) V95H6222C = HSBLS 2 AZIMUTH OUT HSBLS SOP RAD 
MSBAZIMO(3) V95H6322C  -HSBLS 3 AZIMUTH OUT HSBLS SOP RAD 
HBELE VOLS) Vecteoese «= HeBES. 2 ELEVATION OUT HSBES SOP RAD 
pe teuo uasicrase eet f Ruguavagh oor ate st fe 
HSBRANGEO(2) V95He202C © —-HSBLS 2 RANGE OUT HSBLS SOP a 
HSBRANGEO( 3) V95H6302C_ = HSBLS 3 RANGE OUT HSBLS, SO 

Vaeieisscc | OUHD/STRT IND Fast nT-nyt yen Waeteseeeh VERLCAE odetawce wer my, = HEE F 
POSN RE RW CLI ZX V95HOZ2ICA CROSSRANGE DISTANCE WRT RW Riera RILS UPP FT 
PST_ ASIN v90H2212C HEADING RELATIVE TO HAG NORTH ACE ATT PROC RA 
R_CC_t_PRI(L) Moot ee CBOE eee UCT HAE LET SIDE RW ASC SITE LOOKUP FT R7CC_L~PRI(2) Meese TEONP POS VCT FT SIDE RW ASC SITE LOOKUP FY 
R-CC"L~PRI(3) V90H1927CB 2-COHP POS VCT HAC Let SIDE Ru ASE SITE LOOKUP FY 
R-CC"LRAG_ PRI V90H1931CB MAG OF POS VCT HAC LET SIDE RW ASC SITE LOOKUP FY 

R"CC"R_PRY(1) V90H1928CB = X-COHP POS UCT HAE SIDE RW ASC SITE LOOKUP FT 
R_CC"R~PRI(2) V90H1929CB = Y-COHP POS VCT HAE RUT STE Ri ASC SITE LOOKUP FT 
R_CC"R-PRI(2) V9OH1930CB = Z-COHP POS VET HAE SIDE RW ASC SITE LOOKUP FT ReCRRAG Pa Ugauieseee Rag Gr Fos Ver AE HT Sit ASE SUE i er ~EFT1) EF (TOD) RTLS UPP FT ORBITER Y POSITION bet 
REF LS) VecHoLeseR ORBITER Z POSITION EF(TOD) | RILS UPP up FT 
R-US_EF(1) V9OH1900CB = X-COMP LDG SITE Ee Oe TEE COORD ASC SITE LOOKUP FT R-LSTEF(2) VoeitoorcR  Y-COHP tbe ne POS VCT-EF COORD ASC SITE Lookup a 
R-TACAN-EFSLI(1) V9OH1834CB  X- CONE EE eee TEE TOR OF TACAN I ASC SITE LOOKUP FT Hen Vaonissece Vege Er fas Ueeioe OF Hea? ee ST tamer 
~TACAN-EFSLIE(3 “COMP EF POS VECTOR OF TACAN R_TACANEFSL2(1) VoOHIe37CR eo CON POS VECTOR OF TACAN 2 ASC SITE LOOKUP FT 

R-TACAN-EFSL2(2) yao e eee COMP EF POS VECTOR OF TACAN 2 ASC SITE LOOKUP FT 
R_TACAN_EFSL2(3) V90H1839CB = Z-COHE EF CTOR OF TACAN 3 ASC SITE LOOKUP FT _ = 0H1840CB X-COMP EF POS VE FT 

R-TAeAN Erste 3) uaoniacice "tone Er fos VECTOR Gr HAGAN § ASE SHE ESO 
ROVER Nae bee VoSHOIe7CA MAG SHUTTLE POS VECTOR RTLS UPP 
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Table 4.7,1-1. Ascent Area Navigation Processing (4.237) Input/Output 
Functional Parameters (Cont) 

Bere B3308S-D Pes VETHTIOOESTPOOL JULY 1989 OI8D Rk 
IaPuT FUNCTIONAL PARAMETERS FOR ASCENT AREA NAVIGATION PROCESSING ASC AREA NAV Eve 64.237 pooks's 521 

DATA E 
FSS® MANE w/s ID NONENCLATURE SOURCE UNITS TVPE C 

eCVR_LEFT V96I21 05 UH HST RECEIVER SELECT GN&C SW RM 
RCVR_RIGHT ¥96J2205C RH MSI RECEIVER SELECT GN&C SW RM 
RO_TAC_SLI1) V90H1861CB GEODETIC RADIUS AT TACAN SITE ASC SITE LOOKUP FT 
BD_TAC_SLI2) V90H1862CB GEODETIC RADIUS AT TACAN SITE 2 ASC SITE LOOKUP FT 
RO TAC_SLU3) V90HI863CB GEODETIC RADIUS AT TACAN SITE 3 ASC SITE LOOKUP FT 
SOURCE_LEFT V96K2111x LH HSI SOURCE SELECT GN&C SW RM - 

SOURCE_RIGHT V96X2211K RH HSI SOURCE SELECT GNEC SW RH 
T_HPC V95W3400C ADS CORRECTED PRESS ALT TIME _TAG ADTA_ SOP $s DPL 
TACAN_CHAM_VALIDO_SLY V90X1858XB  TACAN CHANNEL VALIDITY FLAG(TAC 1) ASC ACTTE LooKuP 
TACAN_CHAN_VALID_SL2 V9OX1859XB  TACAN CHANNEL VALIDITY FLAG(TAC 2) Asc SITE LOOKUP 
TACAN CHAN _VALID_SLS V9OX1860XB  TACAN CHANNEL VALIDITY FLAG(TAC 3) ASC site, LOOKUP 
TACBEARO(ID V9OS5H5122CA TACAN NO 1 BEARING OUT TACAN S$ RAD 
TACBEARO(2) V9SHS5S222CA TACAN NO 2 BEARING OUT TACAN SOP RAD 

TACBEAROLS) V9OSH5322CA TACAN NO 3 BEARING OUT TACAN SOP RAD 
TACRAWGEO(1) V95H51602CA TACAN NO 1 RANGE OUT TACAN SOP FT 

TACRANGEO(2) V95H5202CA =TACAN NO 2 RANGE out TACAN SOP FT 

TACRANGEO(3) V95HS5302CA TACAN NO 3 RANGE O TACAN SOP FT 

S TBRG_CHMLK 1) V95K51G1xXA  TACAN 1 BEAR CONF AULT/LOCKON FLAG TACAN SOP 
‘ TBPG_CHLE 2) V9O5SK5241KA TACAN 2 BEAR COHFAULT/LOCKON FLAG TACAN SOP 

us TBRG_CMLK 3) V95K5341XA  TACAN 3 BEAR COHFAULT/LOCKON FLAG TACAN SOP 

mm Tews _CMLK 1) V95N51G0KA TACAN 1 RANGE COHFAULT/LOCKON FLAG TACAN SOP 

yo TPNE_CMHK 2 ¥95N52G0X4  TACAN 2 RANGE COHFAULT/LOCKON FLAG TACAN SOP 
TPwG Coe 5 V95NX53G0XA TACAM 3 RANGE COHFAULT/LOCKON FLAG TACAN SOP 

V_ra3_EF 1 V95L3886CB KK VELOCITY VECTOR EF{(TOD) RTLS UPP FT/S a 

V_PHO_LEF 2 V95L3885CB YY VELOCITY VECTOR EF(TOD) RTLS UPP FT/S 

¥_¥ EF 3 V95L 385608 Z VELOCITY VECTOR EF(TOD) RTLS_UPP FT/S . 3 

x Dek T7_Pe V9OH1815CBR -COMP RNG/AZ ANTENNA IN RW COORD ASC SITE LOOKUP FT #e 

KLE ee ¥90H1916CB M-COHP OF ELEV ANTENNA IN RW COORD ASC SITE LOOKUP FT eo - 

5_ we al PS VSEH1816CBR Y-COMP RNG/AZ ANTENNA IN RW COORD ASC SITE LOOKUP FT z 

tire. 2 WVORHZ296CA RH ADI SEL EULER ANG YAW COSINE Ave ATT PROC 2 

tower 1h V95J0153CC ®/L CONE IND RW TLS UPP a 

VOGF2Z101KN LH HSI MODE SELECT _ GNE&C SW RM 9 

VIOAZZ61K AH HSI MODE SELECT GNEC SH RH i 
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Table 4.7.1-1. 

On: VPT7O 
OUTPUT FUNCTIONAL PARAMET 

FSSR WARE 

BRG_FLAG LEFT 
BRG F AG RIGHT 
COI_LF AG EFT 
CDI + AG RIGHT 
CLI EFT 
CLI F1GKnT 
GLY_F aS EFT 

© F wG F GKT 
as tFT 
£10 OF 6GHT 
MUS Fo aL FFT 
HUL Ff ath GHT 
wool we Tes 
tHe al LoHT 

“ 
PT pin ttt 

Ht Bin OF tee 
¥} 2 Air 7” 

batt) tt” 
* YF st °° 

LAs awd 2 wT 

7 
E 

1 
R 

Ascent Area Navigation Processing (4.237) Input/Output 
Functional Parameters (Cont) 

  

@0037P00L JULY 17, 1989 
S FROM ASCENT AREA NAVIGATION PROCESSING ASC AREA WAV 

“/S ID NOMENCLATURE DESTINATION 

V9OX097OXB LH BEARING DATA - VALID FLAG HS 
VOOKOOTIXB RH BEARING DATA - VALID FLAG #51 PROC 
V90X0906XB LH CO! RSE DEVIATION ~ VALID FLAG HSI PROC 
V9OXO9G7F7BR RH CO PSE DEVIATION - VALID FLAG HSI PROC 
VSUHOSSECB LH COUPLE DEVIATION WEI PROC 

VOONO9SSC™B RM COUFLE DEVIATION KSI PROC 
VOOxX09 ZFB HG IVES OPE DEV DATA VALID FLAG HSI PROE 
VOLFOS TFB FH G IUES UFE Div LATA WALID FLAG HS oC 
VSUnNOSOO'B LUG IDEL OFE DFYITATI OM KOT PROC 
YoUnEss TR YA G IDIL UE BEvIsTion WAI PROC 
VOLIL Set FE HOE AL AD LITA - WALID F AS 125 PROC 

VOLILSOVre FH AF Lins Leth - YILIB F OS HOE PROC 

YoRNLE ULE MONS MEL Ne OF FE YE VECTOR OG Pro 

youn 4. ob FH wane EAL ee OF ET WE VECTOR «6 Gd PROC 

VE soe LB wll se de TOT TATOO PRT e 

eRe of FF oO BE bE LO tt OC 
Mee Fe ee care bd Ms Wet peoc 
yee OF cart iene Ket peor 

a6 RE MH PO Car bance HO] PROC 
Pepeityer® + Sewer BESET OR HOT pee 
POVeg SE Me GET Vea RESP TN ie 44 
Panag 7k ot SEC OTT BINGE WoT Pe 
PO1056 LE 0M SECOMDAMY RANGE uot PR 
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Table 4,7.1-2, Ascent Ares Navigation Processing (4.237) I-Loads O68 MISSIONS 
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fSS8 MAME enecnnnnceneee MSID ENG UNIT DT PRBS PR ECTN CAT 
Cusciti,1) 

Ve7Uu0087C FT F & HC 64.206 ZFU2 
64.237 Cv8C141,2) V97U008B8C FT FS NEC 64.204) «~6nl2 , 
64/237 €uee242,1) V97U0091C ND F 8 NC 64.204) xS31 
64.237 

41,2) 97U009 F 3 MC 66.20 3 eTi2 

Cus 241, V97U 2C ND 64.337 

CusC3t2,2) 9 9 w= F &$ NC 64.206 eT12 
a V97UQ095C FT 1 64.237 

- C.204 GT 12 
Cust3(1,2) V9O7U0096C =FTun-} F Sune 647557 

Cusce(2,1) V97U0099C  FTun-2 F Bae 2-338 6T1i2 

Cu8l4{1,2) V97U0100C = FIuN-2 F SHE €4-334 6ti2 

co. 6Ti2 
Cusrecii) V97U0107C FT F S$ ue £47337 

64.9 Z¥U2 
HFTCOL) V97U0291C FT fF $$ pe 64.204 6 FFuS 

64.220 
C4.237 

8 C 64.9 ZFu2 
HHEP (1) V96UB636C FT f $s c Ceizeq | SFU 

64.226 
64.237 

F S$ BX 64.220 zFVv2 
RADIUS_EP V9N6873C FT 64.257 

C 64.184 Gt 
M_AIN_PT V97UNG4EC FY Le St. ot 3 

64.16 
64. 34 

$0359 
64. 

‘ $8@ 
MEP V98U9627C FT F 8 oc 83: 333 sie 

DBM 10464 DATE 1607/29/66 
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Table 4.7.1-2. Ascent Ares Navigation Processing (4,237) I-Loads (Cont) 

PFS ILOAOS UPDATE B/L 
TABLE 

  

  

oT ? neste asetat AREA NAVIGAT ~ ON Pp - of” 

rive PE*ORY COW IGRATIONS 61 I ROCESSING 4.7.12 

FSR ne MSID ENG UNIT DT PROS PR FCTIN CAT 

<a VO7UDESSO OFT F S MX G4.9 xS31 
64.204 
64.220 
64.237 

4.9 xS31 tien YOPU0GS7C OFT fF S$ HX 9, 

64.220 
64.237 
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Table 4.7.1-3. 

Navigation Processing 

Ascent Area Navigation (64.237) K-Loads Ascent Area 

  

FSS MAME MSID OAD V, 
DESCRIPTION MC KLOAD VALUE ENG UNIT DT PR S PR FCTN LAST CR EQTN MSID 

M_GST_SHALLOM ¥970902 2c 41.5000 E403 FT Fsc 2-328 59960 

DSFN: 0534 DATE :07/14/88 
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Table 4.7.,1-4. 

NROKRHH .FSSR2. DATA(K09 BOOKS 
PFS CONSTANTS UPDATE B/L 

FSSR 
DESCRIPTION 

DEG_PER R 
RADIANS To DEGREES CONVERSION 
FACTOR 

EARTH_RATE 
EARTH'S ROTATIONAL RATE 

ELLIPT 
EARTH'S ELLIPTICITY CONSTANT 

NAUTHI_PER FT 
Fee ne NAUTICAL MILES CONVERSION 

PI 
RATIO CIRCUMFERENCE TO DIAMETER 

v97uU0112C 

V97U4379C 

V97U5332C 

V97U5423C 

v9eu8725C 

57.2957795131 

. 729211514646 
0000 E-05 

. 335232980000 
0000 E-02 

- 16457864 
E-03 

3.1415926535897 

DEG/RAD 

RAD/SEC 

NMI/FT 

Ascent Area Navigation Processing (4.237) Constants 

DT PR S_ PF REF LAST CR EQTNM HSID 

F s 

F D 

F D 

F s 

F D 
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Space Transportation gt Rockwell 
Systems Division international 

Table 4.7.1-5. Ascent Area Navigation (4.237) (4 
Cross-Reference 

FSSR Name Source Name 

co CUBC1 

cl CUBC2 

C2 CUBC3 

C3 CUBC4 

HCO HFTC 

M_EFTOTD_TACAN SL(1) M_EFTOTD_TACAN_SL1 

M_EFTOTD_TACAN SL(2) M_EFTOTD_TACAN_SL2 

M_EFTOTD_TACAN_SL(3) M_EFTOTD_TACAN_SL3 

R_TACAN_EF_SL(1) R_TACAN_EFSL1 

R_TACAN_EF_SL(2) R_TACAN_EFSL2 

R_TACAN_EF_SL(3) R_TACAN EFSL3 
TAC_CHAN VALID SL TACAN_CHAN VALID_SL 

X_GSI_HI_WINDS XA(2) 

X_GSI_NOMINAL XA(1) 

X_WP2 X_AIM PT 

4=390 

STS 83-00058 i 

ter  



T tion ¢g Rockwell 
Space tere Division \ International 

4.8 SPECIALIST FUNCTIONS NAVIGATION SUPPORT FORMULATIONS 

This section describes noncyclic navigation processing and data transfer 

required for the navigation system to respond to crew controls and data 
entered at the display keyboard, via a specialist function, and to provide the 

software support associated with that specialist function, Output from these 
formulations is not uniquely generated for the navigation system. Specialist 
functions navigation support formulations consist of the formulations required 
for keyboard entry of a delta state update. 

4-391 

STS 83-0005B



  

Rockwell 
international 

Space Transportation él 
Systems Division 

  

&.8.1 Keyboard Delta State Update 

The capability for keyboard entry of a delta state update shall be pro- 
vided vie the horizontal situation display (HSD) specialist function. © 

A. Detailed Requirements. The HSD keyboard support software shall inter- 
pret the keyboard entries and set the appropriate elements of the delta 

vectors needed by the cyclic navigation functions to the input values. This 
software shall also set flag, DO DELTA_UPDATE, indicating to the navigation 
that a command to perform the delta state update has been entered via the 
keyboard. The navigation function will return this flag to the “OFF” position 
to preclude aultiple updates. 

B. Interface Requirements. Input and output parameters for this subforma- 
tion are shown in Tables 4.8.1-1 and 4.8.1-2, respectively. 

C. Processing Requirements. The keyboard delta state update data and 
execution command shall be provided only via keyboard entry. 

D. Constraints. It is the responsibility of the crew to input the data 
(delta vectors) before commanding that a delta state update be performed. No 
method for testing the values of input data for errors is provided. 

E. Supplemental Information. An example implementation of these require- 
ments is shown in Section 5.5, ASCENT_KEYBOARD PROCESSOR. 

&-392 

STS 83-0005B 

  

  

  

  

\ 
Cc

¢e
go

 
e
«
«
 

~
~
 

 



Table 4.8.11, 

  

Space Transportation 
Systems Division an 

Keyboard Delta State Update Input Parameters 

Rockwell 
international 

  

  

                  

  

  

              

  

  

  
  

Description Input Semple P Symbol Source Type | Precision! Range }/ Units Rete 

Keyboard entry for each component be wey OF ponent of | DR _Bw Keyboard | v 8 fe As needed 

Keyboard entry for each component ov. Rat y ponent of | DV aw Keyboard | ¥ 8 fc/ | As needed 
= — sec 

Keyboard entry to initiate delta bO_DELTA Keyboard D ON/OFF as ded 
update processing UPDATE ~ nee 

Table 4.8.1-2. Keyboard Delta State Update Output Parameters 

. oe Output Comp 
Description Syabol Destination| Type] Precision] Range | Units Rate 

Position delta vector for delts DR_aW ASCENT NAV,| V s ft As needed 
state update RTLS NAV : 

Velocity delta vector for delta DV_RwW ASCENT NAV,| V s ft/ As ceeded 

stace update RTLS NAV sec 

Command to perform delta state DO_DELTA_ ASCENT NAV,| D _ ON/OFF As needed 
update UPDATE RTLS NAV 

' 

| 
| 
i 
1 

| 

t 

| 
{ 
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4.9 DOWNLIST REQUIREMENTS 

_  Downlist requirements for the ascent/RTLS operations computer load are 
discussed in the Computer Program Development Specification, Volume I, Book 4, 
(SS-P-0002-140), Downlist/Uplink Software Requirements. 

4-394 

STS 83-0005B 

eu ETUITTTTEITETETTUrIRIRERuname creer   

r
n
 

 



  

Space Transportation g Rockwell 
Systems Division International 

4.9 DOWNLIST REQUIREMENTS 

Downlist requirements for the ascent/RILS operations computer load are 

discussed in the Computer Program Development Specification, Volume I, Book 4, 
(SS-P-0002-140), Downlist/Uplink Software Requirements. 
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4.10 UPLINK REQUIREMENTS 

This section is included to discuss the navigation-related uplink 
capabilities, data, and any special processing requirements needed to enable 
proper action by the appropriate navigation function. This discussion is not 
intended to supplant the requirements imposed by the UPLINK/DOWNLIST CPDS 
(SS-P-0002-140) but rather to clarify the action necessary to provide the 
proper interfaces between the navigation function and other onboard software 
which interprets and decodes the uplinked data for applications processing. 
The term special processing requirement is used to identify computation, flag 
settings, or other actions performed by onboard software external to the navi- 
gation functions to provide or establish values for inputs needed by the navi- 
gation function. 

This discussion is Limited to the formatted uplink capabilities defined 
in the UPLINK/DOWNLIST CPDS. The formated uplink capabilities are: 

1. DELTA STATE VECTOR UPDATE 

2. ORBITER STATE VECTOR UPDATE 
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4.10.1 Delta State Vector Update 

When a delta state vector update is received via command uplink (recog- 
nized by OP_CODE = 0100000) the following computations must be performed by 
the uplink processing software external to the navigation function for proper 
performance of the update to occur. The delta vectors DR_RW UP and DV RW UP 
must be set to the uplinked values and the flag DO ) DELTA_| UPDATE _| UP must be set 
to the ON position. The setting of the flag must follow the setting of 
DR_RW_UP and DV RW UP to the uplinked values. In addition, OP_CODE must be 
set to zero (OP_ CODE = 0000000) to prevent repeated acquisition of the 
uplinked data.   Upon sensing DO DELTA _UPDATE_UP to be in the ON position, the navigation 

function will perform the update to the navigat.on sie’@ vector and return the 
flag DO _DELTA_UPDATE_UP to the OFF position which wiil automatically inhibit 
multiple processing of the same uplinked data. The performance of the delta 
state update by the navigation function is described in Sections 4.2.5, 
4.3.1.1, 4.3.1.3, 4.3.2.1, and 4.3.2.4.2. 

An example of these special processing requirements is presented in the 
form of a flow chart (ASCENT_UPLINK_PROCESSING) in Section 5.5. 

(i) 
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4.10.2 Orbiter State Vector Update 

When an orbiter state vector update is received via command uplink 
(recognized by OP_CODE = 0001001) the following accions must be taken by the 
uplink processing software external to the navigation function. The vectors 
R _GND and V _GND and the time tag T_GND must be set to the uplinked values. 
The OP_CODE must be set to zero (OP_CODE = 0000000) to prevent repeated acqui- 
sition of the uplinked data. Following the setting of R GND, V GND, and 
T_GND to the uplinked values, execution of the ascent st tate vector prediction 
task (Section 4.3.1.4) shall be initialized. 

The completion of the orbiter state vector update will then be performed 
by the navigation function as described in Sections 4.3.1.1 and 4.3.1.4. 

An example of these special processing requirements is presented in the 
form of a flow chart (ASCENT_UPLINK_PROCESSING) in Section 5.5. 
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@&.7.1-4. Ascent Area Nevigation Processing (4.237) Constants 
4 

MeLB \FSSP? BATA XBO WOOKS A ° mS ANTS UPDATE 6/1 
Fsse 

DESCRIPTION D MC VALUE UNITS DT PR S” PF REF TCR  EQTN MSID 

DEG PER RA 112¢ 57.2957795131 DEG/RAD F a 
RIOIARS TQ DEGREES CONVERSION 7 
FacTOR 

EARTH _MATE v97U9379C .729211519646  RAD/SEC vr do . 
EARTH S ROTATIONAL RATE 6000 E- 3 

ELLIPT V97US33 335232980000 = ND S 
EAATM S ELLIPUICITY CONSTANT 6000 E-02 a 

PER v97US423C 164578846 NHI/FT 2 
FEET 10 RAUTICAL MILES CONVERSION E-03 
FacTOR 

RATED CIRCUFEREOCE TO BIAMETER v9eus725C 3.1415926535897 NO 
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3.0 SUPPLEMENTAL MATERIAL 

The material in this section is provided for information. It is divided 
by wajor functions as follows: 

Section 5.1 and 5.2 
Section 5.3 
Section 5.4 
Seetion 5.5 
Section 5.6 

Basic Ascent/RTLS Navigation 
Coordinate System 
Area Navigation 
Specialise Functions 
User Parameter Processing 

STS 83-0005B



  

$.1 WNAVIGATION SEQUENCER PRINCIPAL FUNCTIONS AND NAVIGATION PRINCIPAL 
FUNCTIONS VARIABLES NAMES AND DESCRIPTIONS 

Provided in Table S.l-1 is a list of the total navigation variables for 

Ascent/RTLS excluding user processing and specialist functions. Listed below 

are definitions which will aid in interpreting Table S.l-1. Mote that this 
variable List is directly correlated to the flow charts in Section 5.2. 

DEFINITIONS 

Code used for variable data type 

F floating point scalar 

S3 scalar 

V3 vector 

M: square matrix 

INT: integer 

BIT: bit 

B(M): M digit bit string q)! { 

CHAR: character 

STR: structure 

ARR? array 

Coordinate frame code and definition 

Body: xt parallel to the Longitudinal axis (positive aft) 
(structural) 

y: completes right-hand system 

2’ perpendicular to the x-axis, positive upward 

EF: Earth-fixed coordinate system 

M503 Mean of 50 reference coordinate system 

RW: x: down runway centerline in direction of Landing 
(runway 
coordinates) yt completes right-hand system 

zt down, normal to ellipsoid oer 
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SCAN: x: scanner boresight axis 
(MLS scanner 
coordinates) y: completes right-hand system 

Z: up, normal to ellipsoid 

TD: x: north | 
(topodetic 
coordinates) y: east 

z: down, normal to ellipsoid 

UV Quasi-inertial, right-handed Cartesian coordinate system 

STs 83-0005B



Table 5.1l-l. 

Rockwell T tion Space Transporta int onal 
Systems Division On 

Variable List - Basic Ascent/RTLS Navigation 

  

  

Data] Initial | Coord 
Variable Name Type | Value | Frame Variable Description 

A ARR | 0 - Artay for temporary storage of 
Legendre polynomials Pine's 
formulation 

ACC_SENSED Ss 0 -_ Magnitude of non-gravitational 
acceleration computed by navigation 

ACC_DRAG s 0 = Vehicle c.g. drag acceleration 

ACC_DRAG MIN Ss Pad - Minimum acceleration magnitude 

required for processing drag data 

ACCEL V 0 M50 |Modeled acceleration vector 

ACC_PROP_MIN ) 0 -- Minimum magnitude of non- 
gravitational acceleration required 
for employment of data in state 
propagation 

ADS_MJ BIT | Off - Flag indicating (ON) that the orbiter 
is in the Mach jump region 

ACC_PROP_MIN_ Ss Pad -- Reference value for anitiaaligang 
REF ACC_PROP_MIN 

ALP S 0 - Angle of attack for computing drag 
coefficient (expressed an radians) 

ALPHA S 0 - Angle of attack used an state 
propagation (radians) 

ALPHAIN Ss 0 -- Snapped copy of angle of attack 
(degrees) 

ALT Ss 0 - Current orbiter altitude above 
reference ellipsoid 

ALT_NAV_EVLT V Pad _ Altitude regions for nav event lamp 
processing 

ALT_BARO_CUTOFF* s I-load | -- Baro processing cutoff altitude             *Initiel I-Load value is the processing cutoff altitude if MSBLS Data 
Processing is terminated at high altitude.     
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Table 5. l-l. 

  

Rockwell Space Transportation in i 
Systems Division a 

Variable List - Basic Ascent/RTLS Navigation (Cont) 

  

  

      
    

. Data | Initial] Coord 
Variable Name Type | Value | Frame Variable Description 

ALT_BARO CUTOFF_ Ss I-load | — Baro processing cutoff altitude if 
HIGH MSBLS data processed at low vehicle 

altitudes 

ALT_RW s ) _ Altitude of runway reference point 
above reference ellipsoid 

ALT_WHEELS Ss 0 — Altitude of Orbiter c.g. (entry) or 
rear wheels (TAEM A/L) above the 
runway altitude 

ALT _ZONE_ CHANGE Ss Pad _ Altitude where model for atmospheric 
density is changed 

ANGLE_CORR_ S 0 —  |Copy of ANGLE_CORR_TNTOMAG SL for 
TNTOMAG navigation processing 

ANGLE CORR s Pad _ Variation of magnetic north froa 
TNTOMAG SL true north at TACAN site obtained 

from site lookup 

ASCENT_INIT_ BIT | Of€f _ Signal to MSC indicating completion 
COMPLETE of ascent nav initialization 

A SENSED Vv 0 M50 |Sensed acceleration for use by the 
“— UPP propagator 

AUXILIARY S 0 _ Intermediate variable in the Pine's 
formulation 

B v(6) | 0 _ Measurement first partials with 
- ' Irespect to Filter state 

- metric altimeter sensor selection 

BARO AIF RCVD CHAR | Auto _ Copy of baro AIF to be used by HSD 

BARO DATA GOOD sIT | Off _ Copy of current data-good discrete 
-_ _ reserved for measurement processing 

BARO EDIT BIT | Off _ Switch used to force incorporation of 
— _ barometric data regardless of 

OVERRIDE . . 
residual edit test 
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Systems Division 
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Variable List - Basic Ascent/RTLS Navigation (Cont) 

  

  

              

Data | Initial] Coord 
Variable Name Type | Value | Frame Variable Description 

-| BARO MARK NUM INT | 0 _ Counter indicating the number of 
times that barometric measurement was 
selected for filter processing 

BARO STAT BIT | Off -_ Flag indicating stat-flag setting for 
barometric measurements 

BASE DEN vV(4) | Pad - Vector of base densities for each 
layer to model drag , 

BETA s 0 _ Sideslip angle used in ACCEL function 

BETAIN s 0 _ Copy of sideslip angle snapped 
(degree) 

BIAS AZMLS s Pad -_ MLS azimuth antenna measurement bias 

BIAS BARO S Pad _ Barometric altimeter measurement 
bias 

BIAS DRAG S$ 0 -- Drag measurement bias 

BIAS DRAG vV(4) | Pad -- Vector of deterministic drag biases 
LAYER ~ for each layer 

BIAS ELMLS Ss Pad ~~ MLS elevation antenna measurement 
~ bias 

BIAS MLSRANGE s Pad -— MLS range antenna measurement bias 

BIE B S$ 0 - Variable used to store the 
calculation of B*E*B TRANSPOSE 

c v(9) | Pad - Tesseral harmonic coefficients in 
gravity model 

CD s - -— Shuttle's drag coefficient 

CDA Ss Pad - Constant used to model drag coeffi- 
client (additional corrective term) 

CDF S Pad _ Constant used to model drag coeffi- 
cient (frontal area) 
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Table 5.1l-1l. 

Rockwell Space Transportation International 
Systems Division 

  

O 
Variable List - Basic Ascent/RTLS Navigation (Cont) 

  

  

              

Data | Initial] Coord 
Variable Name Type {| Value | Frame Variable Description 

CDN s Pad -— Constant used to model drag 
coefficient (top area correctioa) 

C_DRAG Ss 0 = Drag coefficient 

C_DRAG ONE s Pad -— Polynomial term for computing drag 

coefficient as function of angle of 
attack 

C_ DRAG Iwo Ss Pad - Polynomial term for computing drag 
coefficient as function of angle of 
attack 

C_DRAG ZERO Ss Pad -- Polynomial term for computing drag 
coefficient as function of angle of 
attack 

CDS S Pad -- Constant used to model drag 

coefficient (side area correction) 

COLUMN INT | 0 -- Local variable subscript used by 
MEAS PROCESSING STATISTICS RTLS 

COR v(7) UW |Generalized correlation coefficients 

CORR_COEFF_RTLS V(7) | Pad UVWW {Correlation coefficients to anitial- 
ize covariance matrix for RILS 

CORR_COEFF_ V(7) | Pad UW | Correlation coefficients to rnitial- 
UPDATE ize covariance matrix for manual 

update 

D V 0 M50 | Drag acceleration vector 

DELH_MSL_ s Pad -- Altitude of mean sea level above 
ELLIPSOID RW reference ellipsoid at runwav 

DELQ S 0 -- General term for measurement residual 

DEL TIME STEP S Pad -- Step size for prediction whole vector 
update 

DENSE v(6) | Pad -_- Coefficients used to model 
~ atmospheric density in ACCEL 
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Table 5.1l-1. 

Space Transportation r Rockwell 
Systems Division International 

Variable List - Basic Ascent/RTLS Navigation (Cont) 

  

  

  

Data | Initial} Coord 
Variable Name Type | Value | Frame Variable Description 

DELCD Ss 0 +- Additive CD factor which accounts for 
effects of angle of attack and 
altitude variations 

DENS ITY_LIMIT V(4) | Pad _ Altitudes defining drag atmosphere 
~ model layers 

DIFCD1 Ss Pad _ Constant used in expression for 
computing DIFF_CD 

DIFCD2 s Pad - Constant used in expression for 
computing DIFF_CD 

DIFCD3 Ss Pad _ Constant used in expression for 
computing DIFF CD 

DIFCD4 S Pad —_ Constant used in expression for 
computing DIFF_CD 

DIFF CD s 0 =_ Difference between the coefficients 
~ of drag at 600,000 ft and 300,000 fr 

as a function of angle of attack 

DISP DELQ v(7) | 0 _ Display measurement residual for Ith 
~~ sensor measurement 

DISP EDIT v(7) | Blank _- Display edit history indicator for 
~ Ith sensor measurement 

DISP SIG v(7) | 0 -_ Display residual ratio Ith sensor 
~ measurement 

DNM S 0 - Variable used in Pine's gravity model 
form lation 

DNSA s 0 —_ Variable used in density calculations 

DNSB Ss 0 _ Variable used in density calculations 

DNSC s 0 -_ Variable used in density calculations 

DO_BARO_NAV BIT | Off -— Flag indicating (ON) that barometric         altimeter data are to be processed 
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Table S.l-l. Variable List - Basic Ascent/RTLS Navigation (Cont) 

  

  

  

Data | Initial] Coord . 
Variable Name Type | Value | Frame Variable Description 

DO_DRAG_ NAV BIT | 0ff -- Flag indicating (ON) that drag 
altitude data are to be processed 

DO_DELTA_ BIT | Off —-  |Flag indicating (ON) that a delta 
UPDATE state update is to be performed 

DO_DELTA_ BIT | Off - Flag indicating (ON) that a delta 
UPDATE_UP state update has been received via 

command uplink 

DO_MLS_NAV BIT | off ~- [Flag indicating (ON) that MLS data 
are to be processed 

DO_TACAN NAV BIT Off ~ Flag indicating (ON) that TACAN data 

are to be processed 

DR V 0 M50 {Ground computed position deviation to 
update onboard state vector (rotated 

to mean of 1950 coords) 

DRAG AIF CHAR | Auto -- Autominhibit-force switch used in 
drag data selection 

DRAG AIF RCVD CHAR | Auto -- Copy of drag AIF to be used by HSD 

DRAG CONST S 0 — Drag constant equal to the vehicle 
reference area divided by twice the 
vehicle mass 

DRAG _CONST_RTLS S Pad -- | |Drag constant = Post ET SEP during 
RTLS 

DRAG _EDIT_ BIT | Off -- Flag indicating (ON) that the 
OVERRIDE residual edit test on drag data is 

overridden 

DRAG MARK NUM INT |0 -- Counter indicating the number of 

times that drag measurement was 
selected for filter processing 

DRAG PARAM Ss 0 -- Local variable used in drag 
navigation 

DRAG STAT BIT | Off - Flag indicating stat-flag setting to         be used for drag data 
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Table 5.l-l. 

Rockwell Space T tion 
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Variable List - Basic Ascent/RTLS Navigation (Cont) 

  

  

            
  

Data | Initial| Coord 
Variable Name Type | Value | Frame Variable Description 

DR_RW Vv 0 RW Ground computed position deviations 
to update onboard state vector 

DR_RW_UP V 0 RW Ground computed position deviations 
to update onboard state vector - 
received via command uplink 

DT_ASCENT_NAV Ss Pad _ Sequencing time interval for ascent 
navigation 

DT_FILT s 0 -_ Interval over which to propagate the 

state vector(s) and covariance matrix 

DT_GRTLS NAV. S Pad _ High-rate sequencing time interval 
HIGH for RTLS navigation 

DT_GRTLS_NAV_ Ss Pad _ Low-rate sequencing time interval for 
LOW RTLS navigation 

DT_INTERP s 0 _ State vector interpolation time 
interval 

DT_MAX S 0 _ Maximum time step for ascent precise 
predictor 

DT RTLS s Pad _ Sequencing time interval for ascent 
SECOND STAGE nav during RTLS second stage 

DV FILT V 0 M50 [Difference between accumulated sensed 
~ IMU readings on present cycle and 

previous cycle 

DV RW v 0 RW Ground computed velocity deviations 
“— to update onboard state vector 

DV RW UP Vv 0 RW  |Ground computed velocity deviations 
~~ to update onboard state vector 

received via command uplink 

E M 0 M50 «=jFilter covariance matrix 

EARTH MU 8 Pad _ Gravitational constant of earth 

EARTH POLE Vv Pad M50 |Unit vector in direction of earth's 
~ axis of rotation 
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Table 5.l-l. 
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Boece Transporation International Systeme Division a 

Variable List - Basic Ascent/RTLS Navigation (Cont) 

  

  

          
  

Data! Initial| Coord 
Variable Name Type; Value | Frame Variable Description 

EARTH_RADIUS _ Ss Pad _ Earth equatorial radius 
EQUATOR 

EARTH RADIUS __ s Pad _ Earth radius used for gravity 
GRAV oblateness calculations 

EARTH_RATE ) Pad - Earth rotation rate 

EB_COPY Vv 0 MSO jVariable used to reserve the product 
of the covariance matrix and the 
partials vector B 

EDIT_ARRAY ARR | 0 — Array of one edit flags display 
processing 

EDIT_FLAG BIT | Off _ General variable for edit flags 

ELLIPT Ss Pad _ Earth ellipticity constant 

E_TEMP M 0 _ Temporary matrix for covariance 

initialization 

EPS TAG Ss Pad _ Criterion for difference between mea- 
surement time and state time, above 

. which the filter state will be 
extrapolated for residual 
calculations 

EVENT 14 BIT | Off _ MSC event (T, - 8 sec) 

EVENT A30 BIT | Off _ Crew pro to major mode from MM 102 

EVENT A31 BIT | Off _ Crew pro to major mode 601 from 
~ MM 103 

EVENT A39 BIT | Off - RTLS entry major mode transition 
~ (602) 

EVENT 434 BIT | Off — MSC event (terminate MPS dump and 
- stow SSME's) 

EVENT 45 BIT | Off - MSC event: OMS-2 TIG-15 sec 

EVENT 478 BIT | Of€ _ MSC event indicating RCS backup 
_ translation burn 

5-11 

  
STS 83-0005B



  

CR
BO

S4
AT

A 
o
m
 

  

Space Transportation 
Systems Division 

¢g ® Rockwell 
International 

Table S.l-1. Variable List - Basic Ascent/RTLS Navigation (Cont) 

  

  

              

Data | Initial] Coord 
Variable Name Type | Value | Frame Variable Description 

EVENT_48B BIT | Off _ MSC event (OMS engine purge complete) 

EVENT_60 BIT | Off -_ MSC event (terminate OPS-1 to OPS-2) 

EVENT_50 BIT | Off ~~ {MSC event (terminate OPS-1 to OPS-3) 

NAV_EDIT_IND BIT Off -_ Nav edit flag 

EXP_SHAPE __ Ss Pad _ Exponential shaping factor for drag 
FACTOR coefficient model 

FIFTY M 0 - General transformation matrix from 
EF to M50 coordinates 

FILT_UPDATE BIT | Off ~- Switch indicating (ON) that current 
measurement processing is complete 
for UPP propagator reset 

Fl S 0 _ Auxiliary variable in Pine's gravity 
model formulation 

F2 Ss 0 -- Auxiliary variable in Pine's gravity 
model formulation 

F3 S 0 — Auxiliary variable in Pine's gravity 
model formulation 

F4 s 0 -- Auxiliary variable in Pine's gravity 
model formulation 

G V 0 M50 |Gravity acceleration 

G FINAL v 0 M50 (Modeled acceleration vector at end of 
~ prediction 

GMD s 0 - General term indicating degree of 
modeled acceleration 

GM_DEG s ) _ Integer indicating degree of modeled 
acceleration 

GMD_PRED INT [0 ~— Degree of gravity model for predictor 

GMO Ss 0 -— General term indicating order of 
modeled acceleration 
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International Systems Division oN 

Variable List - Basic Ascent/RILS Navigation (Cont) 

  

  

              

Data | Initial! Coord 

Variable Name Type | Value | Frame Variable Description 

GMO_PRED INT |0 _ Order of gravity model for predictor 

GM_ORD s 0 _ Integer indicating order of modeled 
acceleration 

G _OLD Vv 0 M50 |Gravity acceleration at start of 
Shuttle state integration interval 

GRAV_GRAD NEW M 4) M50 |Gravity gradient at end of transition 
matrix integration interval 

GRAV_GRAD_OLD M 0 M50 |Gravity gradient at stare of transi- 
tion matrix integration interval 

G _RESET Vv 0 M50 /|Total vehicle acceleration vector 
stored for reset of the user param 
eters staff propagator 

H_DRAG_ LOW Ss Pad _ Altitude below which the drag data 
are not processed 

H_INHIB BIT | Off _— Flag used to indicate (ON) that 
attitude data have been deselected 
because of altitude or acceleration 
constraints 

H_S S 0 - Atmospheric scale height for density 
calculation 

I INT j 1 - Integer~subscript or iteration 
counter 

ID_MATRIX_3x3 M Pad — «Identity matrix (3x3) 

IN_CONE_FLAG BIT | Off _ Flag used to indicate that cone of 
confusion condition exists for TACAN 
bearing data 

I 2 V 0 M50 |Unit vector along TACAN, MLS azimuth, 

or elevation scanner coordinate 
Z-axis 

IZ CROSS | V 0 ~ Temporary vector in ANGLE PARTIALS 

RELR 
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Table 5.l-l. 

Rockwell Space Transportation 
International Systems Division 

  

a 
Variable List - Basic Ascent/RILS Navigation (Cont) 

  

  

  

Data] Initial |] Coord 
Variable Name Type| Value | Frame Variable Description 

J INT | l _ Integer - subscript or iteration 
counter 

K INT | 1 -_ Integer used in Pine's formulation 

K_EDIT_BARO s Pad _ Scale factor on filter mean square 
residual used in residual edit test 
for baro measurement ‘ 

K_EDIT_DRAG Ss Pad - Scale factor of filter mean square 
. residual used in residual edit test 

for drag measurement 

K_EDIT_MLSAZ Ss Pad = Scale factor on filter mean square 
residual used in residual edit test 
for MSBLS azimuth measurement 

K_EDIT_MLSEL s Pad -- Scale factor on filter mean square 
residual used in residual edit test 
for MSBLS elevation measurement 

K EDIT MLSR S Pad -_ Scale factor on filter mean square 
7~ residual used in residual edit test 

for MSBLS range measurement 

K EDIT TACBR Ss Pad -_— Scale factor on filter mean square 
~ ~ residual used in residual edit test 

for TACAN bearing measurement 

K EDIT TACR S} Pad - Scale factor on filter mean square 

~ ~ residual used in residual edit test 
for TACAN range measurement 

K MAX Ss Pad - Maximum number of edits allowed a 
measurement before display of edit 
warning 

KN1 S Pad _ Constant used in expression for 
computing logarithm of Knudsen number 
for altitudes less than 400,000 fr 

KN2 S Pad -- Constant used in expression for         computing logarithm of Knudsen number 

for altitudes less than 400,000 ft     
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Table 5.1-l. 

Rockwell Space Transportation 
pe International Systems Division Os 

Variable List ~ Basic Ascent/RTLS Navigation (Cont) 

  

  

  

Data Initial | Coord 
Variable Name Type | Value | Frame Variable Description 

KN3 Ss Pad - Constant used in expression for 
computing logarithm of Knudsen number 
for altitudes less than 400,000 ft 

KN4 Ss Pad - Constant used in expression for 
computing logarithm of Knudsen number 
for altitudes between 400,000 and 

600,000 ft 

KN5 Ss Pad _- Constant used in expression for 
computing logarithm of Knudsen number 
for altitudes between 400,000 and 
600,000 ft 

KN6 Ss Pad -- Constant used in expression for 
computing logarithm of Knudsen number 
for altitudes between 400,000 and 
600,000 ft 

K_RES EDIT S Pad -- Scale factor on filter mean square 
residual used in residual edit test 

K_UND_WGT S Pad -- Scale factor used in measurement 

under weighting equation 

L INT |} 1 -- Integer used in Pine's gravity 
formulation 

LAYER INT | 0 - Integer index used in the drag layer 
model in drag navigation 

LOG_10_KN S 0 - Logarithm of Knudsen number 

M M 0 - General transformation matrix 

MANUAL EDIT_ BIT | Off -- Flag indicating (ON) that the 
OVERRIDE filter's residual edit test is to be 

overridden 

MAX TIME TOL S Pad - Maximum time difference between the         onboard state time tag and an 
uplinked whole vector time tag for 
which the update will be accepted 
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Rockwell Space Transportation 
International Systems Division 

  

Os 
Variable List - Basic Ascent/RTLS Navigation (Cont) 

  

  

  

Data | Initial] Coord 

Variable Name Type | Value | Frame Variable Description 

M_EFTOM50O M 0 _ Earth fixed to M50 coordinate 
” transformation matrix 

M_EFTORAD EL M 0 _ Transformation matrix from earth- 
” fixed to MSBLS elevation radar 

coordinates 

M_EFTORAD_R_AZ M 0 _ Transformation matrix from earth- 
fixed to AZ/range MSBLS radar 
coordinate frame 

M_EFTORW M 0 - Earth-fixed to runway coordinate 
transformation for selected runway 

M_EFTOTD_TACAN M 0 _ Copy of M_EFTOTD_TACAN SL from site 
lookup 

M_EFTOTD_TACAN_ M Pad _~ Transformation matrix from earth- 
SL fixed to topodetic coordinates at 

TACAN site obtained from site lookup 

MSL_AVAIL BIT -_- Flag indicating (ON) the availability 
of MSBLS transmitters at the 
currently selected runway 

MLS_COV_INIT BIT | Off — Switch to initialize portions of the 
covariance matrix to zero when MSBLS 

.{is first acquired 

MLS_MARK_NUM INT |0 —_ Counter indicating the number of 
times that MSBLS measurement was 
selected for filter processing 

MLS_R_AZ_GOOD BIT | Off _ Switch that indicates when a good set 
of MLS range and azimuth data has 
been obtained 

MLSANT_ANG S Pad —_— Angle between navigation base-to-MLS 

antenna vector and positive vehicle 

X_ body axis 

MLSANT_NB_DIST s Pad - Distance from navigation base~to-MLS         antenna     

5-16 

STS 83-0005B 

    

ita



Table 3.11. 

  

Space Transportation 
Systems Division 

¢g ® Rockwell 
International 

Variable Liet = Basic Ascent/RILS Navigation (Cont) 

  

  

        

Data | Initial | Coord 
Variable Name Type | Value | Frame Variable Description 

MLSAZ_DATA_GOOD BIT |off - Copy of current data-good diecrete 
reserved for measurement processing 

MLSEL_DATA_GOOD BIT | Off _ Copy of current data-good discrete 
reserved for measurement processing 

MLS PHASE BIT | Off _ Flag indicating (ON) that high-rate 
navigation has been initiated 

MLSRANGE_ DATA _ BIT |of¢f _ Copy of current data~good discrete 
GooD reserved for measurement processing 

MM_CODE Int |0 —  |Major mode number (set by MSC for use 
by navigation) 

M_M50_TO_ M 0 _ Transformation matrix from M50 to MLS 
SCANNER scanner coordinates 

M_MSOTOTD M 0 _ Transformation matrix M50 to 
topodetic coordinates 

MSBLS_EL_ANGLE _ s Pad _ Angle below which MSBLS elevation 
CUTOFF data not used to update state vector 

MSBLS_EL_ BIT | OFF _ Flag indicating (ON) that MSBLS 
INHIBIT elevation data updates to the state 

vector have been terminated 

MS_DELQ Ss 0 _ Filter estimated mean squared 
measurement residual 

MS_POS_UND_WGT s Pad _ Value of filter mean squared position 
‘lerror below whach no measurement 
underweighting is used 

M_TEMP M 0 —  |Transformation matrix 

TN INT | 1 _- General indexing integer 

Nl INT {1 _ General indexing integer 

NAUTMI_PER_FT Pad - Nautical miles per foot . 

NAVBASE ALT_ s Pad _ Alcitude of vehicle nav base at 
ZERO reference point on pad     
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Space Transportation 
Systems Division 

¢g ® Rockwell 
International 

Table S.l-l. Variable List - Basic Ascent/RTLS Navigation (Cont) 

  

  

          

Data | Initial | Coord 
Variable Name Type | Value | Frame Variable Description 

NAVBASE_LAT__ s Pad _ Longitude of vehicle nav base at 
ZERO reference point on pad 

NAVBASE_LONG s Pad — Longitude of vehicle nav base at 
ZERO reference point on pad 

NAV_ALT FLAG BIT | Off - Nav edit altitude crew alert 

NAV_TAC FLAG BIT | Off -_ Nav edit TACAN crew alert 

NAV_MLS FLAG BIT | Off - Nav edit MSBLS crew alert 

NOISE s 0 - State process noise added to velocity 
diagonals of filter covariance matrix 

NOISE RB Ss 0 - State process noise added to position 
diagonals of filter covariance matrix 

NOISE_RV s 0 - State process noise added to off 
diagonals of position-velocity sub- 
matrix of filter covariance matrix 

N_SEQ ALT INT | 0 _ Sequential counter, nav altitude 

N_SEQ TAC INT 1 _ Sequential counter, nav TACAN 

N_SEQ MLS INT | 0 _ Sequential counter, nav MSBLS 

N_SEQ MAX INT | Pad _ Number of sequential failures of the 
_ nav event lamp test criteria allowed 

before activating the event lamp 

OMEGA V 0 _ Kalman filter gain vector 7 

ONE_BRG_ LOCK BIT | Off —_ TACAN RM one LRU bearing lockon 
requirement flag 

ONE_ RANGE LOCK BIT | Off _ TACAN RM one LRU range lockon 
requirement flag 

PHI M 0 _ Transition matrix for covariance 
: propagation 

PI S Pad _ The constant PI 

PITCH _M s 0 _ Copy of pitch-store reserved for MLS 
elevation processing     
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Table 5S.l-)]. 

  

Rockwell Space Transportation 
International Systems Division O 

Variable List = Baste Ascent/RTLS Navigation (Cont) 

  

  

              

Data | Initial] Coord ‘ 
Variable Name Type | Value | Frame Variable Description 

R_ELMLS V 0 M50 | Position vector of MLS elevation 
scanner in M50 coordinates 

R _ELMLS EF Vv 0 tr Earth-fixed MLS elevation scanner 
position vector 

REL R Vv 0 MSO [Vector from sensor ground station to 
vehicle 

RESID TEST $ Q — General resid test variable 

& _FILT V 0 M50 [Filter current Shuttle position 
vector in M50 coordinates 

R_FILT_INIT Vv 0 MSO |Shuttle position vector: for OPS 2, 3, 
or 8 initialization 

R _FINAL V 0 M50 |Final position vector from ASC_ 
PRECISE PREDICTOR (WHOLE VECTOR_ 

UPDATE) 

R _GND V 0 M50 |Uplinked Shuttle M50 position vector 

RHO Ss 0 _ General range variable also, 
atmospheric density 

RHO_ZERO Ss _ _ Copy of BASE_DEN for the selected 
layer 

R_INIT V 0) M50 Initial position vector for 
prediction 

R_INV S 0 —_ Inverse of the magnitude of the 
position vector 

R __LAUNCH_EF Vv 0 EF Initial navigation base position 
vector in earth-fixed coordinates 

RNG ° Ss _ _ Range from the TACAN station to the 
vehicle 

RNG_VAR_ $ Pad _ Range criterion used to select TACAN 
BEARING | ;_ STEP bearing variance 
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Table 5.1l-l. 

  

Space Transportation 
Systems Division 

¢g Rockwell 
International 

  

Variable List ~ Basic Ascent/RTLS Navigation (Cont) 

  

  

              

° Data | Initial] Coord 
Variable Name Type | Value | Frame Variable Description 

RNG _VAR_RNG s Pad _ Range criterion used to select TACAN 
STEP range variance 

RO_N ) 0 _ Variable used in gravity model 

RO_ZERO $ 0 _ Variable used in gravity model 

R _RESET V 0 M50 |Vehicle position vector after all 
navigation updates reserved for reset 
of guidance integrator position 
vector 

R _RESID Vv 0 M50 |Vehicle position vector used in 
measurement residual calculation 
after interpolation to time of 
measurement 

R_RHO s 0 _ Magnitude of general position vec- 
tor, R 

R_RMLS EF Vv 0 EF Earth-fixed position vector of MLS 
range scanner 

R _SCANNER Vv 0 M50 |General M50 position vector used in 
” range residual calculations 

R SENSOR V 0 M50 |Sensor ground station position vector 

R_TACAN_EF v - EF  |Copy of R_TACAN EF SL for TACAN 
~ station used by navigation filter 

R TACAN V _ EF TACAN station earth-fixed position 
EF SL ~~ vector obtained from site lookup 

R_TO NAV v MSO |Uplinked whole vector predicted to 
current time 

RV_MAG Ss 0 -_ Orbiter relative velocity magnitude 

RV_MAX Ss Pad -_ Maximum relative velocity magnitude 
- for baro processing 

$ V Pad _ Tesseral harmonic coefficients in 
gravity model 
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Table 5. l-l. 

Rockwell Space Transportation 
International Systems Division ol 

Variable List - Basic Ascent/RTLS Navigation (Cont) 

  

  

          
  

Data | Initial} Coord 
Variable Name Type | Value | Frame Variable Description 

Q s 0 _ Measurement estimate 

*Q_AZMLS Ss Pad _ MSBLS azimuth sensor measurement 

Q_BARO Ss 0 - Barometric altimeter sensor 
measurement 

Q_DRAG s 0 -- Pseudodrag altitude generated sensor 
measurement 

Q ELMLS Ss Pad -- MSBLS elevation sensor measurement 

Q_RANGE s ‘| Pad - MSBLS range sensor measurement 

Q_TAC_ BRG Ss 0 - TACAN bearing sensor measurement 

Q TAC R Ss 0 ~-- TACAN range sensor measurement 

R V 0 M50 |General Shuttle position vector 

RAD_PER_DEG Ss Pad -- Conversion constant in degrees to 
radians 

R_AZ_ COUNT INT | 0 -- Running count of number of consecu- 
tive MLS azimuth and range measure- 
ments, failing data-good test 

R_AZ COUNT_ Ss Pad - Prescribed number of consecutive MLS 
MAX azimuth measurement data-good ‘fails’ 

to force inhibit of MLS processing 
and allow TACAN processing 

R__AZMLS V 0 M50 {Position vector of MLS azimuth 
F scanner in M50 coordinates 

R _AZMLS EF V 0 EF Earth-fixed MLS azimuth scanner 

position vector 

R _COV_LAST V 0 M50 |Updated vehicle position vector 
associated with current covariance 
matrix 

R _EF V 0 EF General position vector in earth- 
fixed coordinates 
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Table 5.l-l. 

  

Space Transportation 
Systems Division 

¢ Rockwell 
International 

Variable List - Basic Ascent/RILS Navigation (Cont) 

  

    

  

Data | Initial | Coord 
Variable Name Type | Value | Frame Variable Description 

SA s 0 oo Sine of alpha 

SB s 0 -- Sine of beta 

SCALE_HT V I-load | -- Array of scale heights for each 
layer of the drag model 

SEA_LEVEL _ s K-load | -- Sea level atmosphere density 
DENSITY 

SEL_LRU_ID INT | 0 = Integer indicating which TACAN LRU 
(1, 2, or 3) is selected by BM for 
use by navigation filter for TACAN 
data processing 

SENSOR_DELQ v 0 -- Vector of measurement residuals for 
display purposes 

SENSOR_EDIT V Off -- Edit indicator for measurement cypes 

SENSOR_RESID_ v 0 -= Vector of residual edit test values 
TEST for measurements to be used for 

display 

SIG Vv 0 -- General term for square root of 
~ diagonal elements of covariance 

matrix 

SIG DIAG Vv K-load | UVW {Square root of diagonal elements 
UPDATE — for manual update covariance 

initialization 

SIG DIAG V K-load | UVW {Square root of diagonal elements 
UVW RTLS_ for OPS 6 covariance matrix 

~ initialization 

S2B Ss 0 -- Sine of double the sideslip angle 

STAT_FLAG BIT | Off - Switch indicating (ON) that only         filter statistics are to be 
generated for display with no 
incorporation of measurements into   the filter state 
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Rockwell Space Transportation 
International Systems Division os 

  

  

  

        

Table 5.1-1. Variable List - Basic Ascent/RTLS Navigation (Cont) 

. Data | Initial! Coord 
Variable Name Type | Value | Frame Variable Description 

STATE_VECTOR_ BIT | off _ Flag indicating (ON) that a whole 
UPDATE vector update has been predicted to 

current time and is ready for 
incorporation by navigation 

SUM V 0 = Accumulated sum of post-residual 
edits 

SV_TIME TAG S Pad _ Maximum difference between the 
DIFF current filter state time tag and a 

state vector update time tag for 
which the prediction is considered to 
be complete 

T Ss 0 -— Time tag for Shuttle state vector 

TAC_AIF_ RCVD CHAR | Auto _ Copy of TACAN AIF to be used by HSD 

TACAN_AIF CHAR | Auto - AUTO_INHIBIT_ FORCE switch for TACAN 

sensor selection 

TACAN_BRG_ s Pad -- Expected bearing variance criterion 
CONVERG_° TEST to turn on TACAN RM bearing one-lock 

flag 

TACAN CHAN BIT | Off - Copy of TACAN CHAN VALID SL for TACAN 
VALID 7 station used by navigation filter 

TACAN EDIT BIT | Off -- Switch used to override TACAN 
OVERRIDE ~ residual edit test 

-- -- ID of the TACAN station to be used by 
D(I Ss . 

TACAR_ I (1) filter for LRUI, I #1, 3 

TACAN ID LAST INT | 0 - Previous value of TACAN ID FILTER 

MARK 0 -- Counter indicating the number of 
TACAN _NUM INT times that TACAN measurement was 

selected for filter processing 

Pad -_ Expected range variance criterion to 
aaa ae TEST s turn on TACAN RM range one-lock Flag 

oft - Flag indicating TACAN data processed 
TACAN_STAT BIT only for statistical display 
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Table 5.1-l. 

Space Transportation 
Systems Division 

¢g ® Rockwell 
International 

Variable List - Basic Ascent/RILS Navigation (Cont} 

  

  

  

Data | Initial | Coord 
Variable Name Type | Value | Frame Variable Description 

TAC_BRG_DATA_ BIT | Off -_ Copy of current data-good discrete 
GOOD , reserved for measurement processing 

TAC_CHAN__ BIT | Off -= TACAN channel validity flag obtained 
VALID_SL from site lookup 

TAC_RNG_DATA_ BIT | Off -- Copy of current data-good discrete 
GOOD reserved for measurement processing 

T_BARO s 0 ~- Time tag associated with barometric 
measurement 

T_CURRENT_FILT s 0 -- MTU or clock time when IMU was read 

T_EF AZMLS s 0 -- Time tag of current MSBLS azimuth 
measurement 

T_EF_ELMLS Ss 0 -- Time tag of current MSBLS elevation 
measurement 

T_EF_RMLS s 0 -- Time tag of current MSBLS range 
measurement 

TEMP_RCS_ FLAG BIT | Of£ -- Internal flag used by the ASCENT 
NAV_SEQ 

T_FILT_INIT S | OPS 2 -- Time of current filter state vector 
and covariance matrix for OPS 
reconfiguration 

T_FINAL s 0 -- Time at which state is desired - for 
predictor 

T_GND s 0 = Time tag of uplinked state vector 

THETAIN s 0 -- Snapped pitch angle (degrees) 

TIME_BIAS_BARO s Pad ~- Pad-loaded bias used to correct 
barometric time tag 

TIME_BIAS_ MLS Ss Pad -- Pad~loaded bias used to correct 
MSBLS time tags 

TIME _BIAS_TACAN Ss Pad -- Pad-loaded bias used to correct         TACAN time tag   
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Table 5. l-l ° 

  

Rockwell $ e@ Transportation 
mo international Systems Division Os 

Variable List - Basic Ascent/RTLS Navigation (Cont) 

  

  

            

Data] Initial| Coord 
Variable Name Type | Value | Frame Variable Description 

T_IMU_LAST Ss 0 -- Old value of IMU data time tag 

T_INIT s 0 _- Time tag of state vector at beginning 
of prediction 

Tr Ss Pad - Time of liftoff general time tag 

T_LAST_FILT s 0 -- Time of the filter state vector 

T_RESET Ss 0 - Time associated with reserved reset 
state ' 

T_SENSORS s 0 -- General time tag of sensor data 

T_TACAN Ss -- -- Time at which TACAN was read 

T_TO_ NAV S 0 - Time tag of uplinked-predicted update 
vectors 

UR V 0 M50 |Unit vector of R position vector 

USE_IMU_DATA BIT | Off -- Flag indicating whether IMU data are 
to be used for propagation 

Vv V M50 |General Shuttle velocity vector in 
M50 coordinates 

VAR S Pad -- General sensor variance 

VAR_ACC_QUANT S Pad - Accelerometer quantization error 
. variance 

VAR_AZMLS S Pad -- MSBLS azimuth measurement instrument 
variance 

VAR_DRAG S Pad -- Drag altitude measurement error 

variance 

VAR_ELMLS Ss Pad -- MSBLS elevation instrument variance 

VAR_H1 S Pad -- Barometric altimeter instrument 

variance constant 

VAR_H2 S Pad -- Barometric altimeter instrument 
’ variance constant 
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Table 5.l-l. 

Rockwell Space Transportation 
international Systems Division    rR 

Variable List - Basic Ascent/RTLS Navigation (Cont) 

  

  

              

Data | Initial] Coord 
Variable Nane Type | Value | Frame Variable Description 

VAR_EMLS s Pad - MSBLS range measurement instrument 
variance 

VAR_TAC_BRG_ s Pad -= TACAN bearing instrument variance at 
HIGH kigh range 

VAR_TAC_BRG LOW S Pad _ TACAN bearing instrument variance low 
range 

VAR_TAC_R HIGH Ss Pad _ TACAN range instrument variance at 
high range 

VAR_TAC_R_ LOW S Pad _ TACAN range instrument variance at 
low range 

VAR_UNMOD_ ACC _ s 0 = Variance of unmodeled acceleration 
DT times scale time 

NV _CURRENT_ v 0 M50 |Snap of IMU raw velocity counts 
FILT reserved for measurement processing 

V _FILT V 0 M50 {Shuttle current velocity vector 

V _FILT_INIT V OPS 3 M50 [Shuttle velocity vector for OPS 
reconfiguration 

Vv _FINAL V 0 M50 | Velocity at end of prediction 

V _GND v 0 M50 |Uplinked M50 velocity vector 

NV _IMuU LAST V 0 M50 | Previous snapped IMU velocity 

V _INIT V 0 M50 | Velocity vector at beginning of 
prediction 

Vv _IMU_RESET Vv 0 M50 |Copy of V LAST FILT reserved is 
velocity count at start of 
extrapolation interval when guidance 
integrator is reset 

Vv _LAST FILT V 0 M50 | Previously read selected accumulated 
IMU velocity 

VR V 0 M50 |Vehicle relative velocity vector 
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Table 5.11. 

  

Space Transportation 
Systems Division ON Flockwelt al 

Variable List - Basic Aecent/RTLS Navigation (Cont) 

  

  

              

Data | Initial| Coord 
Variable Name Type | Value | Frame Variable Description 

V _RESET Vv 0 M50 |Vehicle velocity vector after all 
navigation updates reserved for reset 
of guidance integrator velocity 
vector 

Vv _RHO Vv 0 M50 |Vehicle relative velocity vector 

Vv _TO_ NAV Vv 0 M50 |Uplinked-predicted orbiter state 
vector 

ZETA_IMAG Vv 0 --  |Complex vector to account for effect 
of the tesseral harmonics (imaginary 
portion) 

ZETA_REAL V 0 —- .. |Complex vector to account for effect 
of the tesseral harmonics (real 
portion) 

ZONAL Vv Pad -- {Zonal harmonic coefficients 
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$3.2 WAVIGATION SEQUENCER PRINCIPAL FUNCTION AND NAVIGATION PRINCIPAL 
FUNCTION FLOW CHARTS 

The material provided in this section is suggested flow charts (Fig- 
ures 5.2-1 through 5.2-33) for the Navigation Sequencer principal function and 
basic navigation principal function. Excluded is Area Navigation and User 
Parameter Processor. Mote that these flow charts directly correlate to the 
wariable list in Section 5.1. 
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| (NAV INITIATION \_} CALL: ASCENT_INIT | 5-31 
[Te tr- 8.0 SEC) / 
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(CONT) 

Figure 5.2-1. ASCENT NAV SEQ 
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Space Transportation | Rockwell 
Systems Division international 

ASCENTANAVASED (CONTINUED) 

  

[event 60 
OR \ 

| EVENT_59 \ 
| (TRANSITION FROM MAJOR SS CANCEL: NAV_ASCENT 1 5941 
[MODE 106 TO MAJOR 7 ; 
  |MODE 201 OR TRANSITION 7 

IFROM MAJOR MODE 106 TO 7 
IMAJOR MODE 301) 
Ce 

bn
 
a
e
 

  

BR FILTLINIT = R UFILT 
XU FILTLINIT = Y FILT 
TLFILTLINIT 2 TCURRENT_FILT 

  

& SAVED PARAMETERS IN PROTECTED MEMORY LOCATION FOR USE SY OPS-2, 
GR OPS-3 NAVIGATION SEQUENCER PRINCIPAL FUNCTION. 

Oo UNDER NORMAL CONDITIONS THIS SEQUFNCER IS TERMINATED BY COMPUTER 
MEMORY RECONFIGURATION TO THE ONORBIT COMPUTER LOAD (OPS~2) 

o IN THE EVENT OF AN RTLS ABORT, THE ASCENT/RTLS NAV SEQUENCER WILL 
TAKE CONTROL FROM THIS SEQUENCER. 

o IN THE EVENT OF AN AOA ABORT THIS SEQUENCER IS TERMINATED 3Y COMPUTER 
MEMCRY RECONFIGURATION TO THE ENTRY THROUGH LANDING MEMORY LOAD (OPS-3). 

Figure 5.2-1. ASCENT_NAV_SEQ (Cont) 
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Figure 5.2-2. ASCENT_INIT 
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v REL (FUNCTION) (ese, 

‘ 
i LREL (V, R) = y ~EARTH_RATE (EARTH_POLE x R) 
: 

= 

  

Figure 5.2-3, V_REL (FUNCTION) 
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Figure 5.2-4. ACCEL (FUNCTION) 
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Figure 5.2.6. ACCEL_EARTH GRAV CODE 
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Figure 5.2-6, ACCEL EARTH CRAV CODE (Cont) 
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Figure 5.2-9. ACCEL DRAG CODE 
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Figure 5.2-10. UPP_STATE_RESET 

5-40 

STS 83-0005B 

  

ie



  

  

Space Transportation g Rockwell 
Systems Division International 

corr m SNAP IMU (XY UCURRENTUFILT, TLUSuURRENTLFILT 

SNAP ATTITUDE (ALPEAIN, EBETAIN) 

ALPHA z ALPHAIN RAD_PER_DEG 

BETA = BETAIN RADUPER_DEG 

[o
cr
 

ct
 
nc
e 

ne
 
ne
e 

me ee ee re ee ee ee ee ee ee ee ee es ee ee es ee oe a 

i 
nn 

: 3 : 
a i DRURW = DR_AW_UP 

oe ee te we we we oe we oe oe wo = 4 ’ 

| DOLDELTALUPDATE_UP 0 eee} VLBW = DVLAWLUP 
Lo é | DOLDELTALUPDATE = oN 

~ eae —_: 

| DOLDELTALUPDATE_UP = CFF | 

: Lane 3 ! == : 
! 
! . 
! ee —_——— nn ee ee ee en ee oe oe 

' i ' 

- | RUFILT = 2 UTOLMAY 

Pe Eee \. ( J UPILT = 2 _TOLMav 
1 SMA te Ame wen. Neue ee em eee ee 1 

(SPATE LISCCOR J rraTE | TLLASTLFILT = TLTCLIAY 
! , 1 

TT TT | STATELVECTCRLUPDATE = CFF | 

Ip 
| 
i 

t 

CALL: NAVUSTATE_PRCP_ASCENT_AND_ATLS 

' 

t 

1 DO_LSELTA So CALL: ; 
~ - . a= 

1 JPDATZ = ON’ 1 ASCLOSELTA_STATE_JPOATE © 5244 
t ¢ ‘ t 

be me ee ee oe ee oe ee | 

Figure 5.2-11. NAV_ASCENT 

5-41 

STS 83-0005B 

 



  

  

Space Transportation ¢g Rockwell 

Systems Division International 

qn STATE_VECTOR_PRED_TASK_ASC ~ 

R _INIT = R _GND 
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Figure 5.2-12. STATE_VECTOR_PRED TASK_ASC 1 
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Figure 5.2-14. ASC_DELTA_STATE_UPDATE 
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Figure 5.2-15, ASCENT_RILS_NAV_SEQUENCER 
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Figure 5.2-16. GRTLS_INITIALIZE_CODE 
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Figure 5.2-17. COVINIT_RTLS 
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Figure 5.2-18. NAV_GRTILS (Cont) 
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Figure 5.2-18. NAV_GRILS (Cont) 
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Figure 5.2-19, RTLS_SENSOR_SELECT CODE 
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Figure 5.2-19. 
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= BARO STAT) ee oR 

  

AND 
ADS_MJ = OFF 

‘ALT WHEELS < ALT BARO CUTOFF 

  

  DO_BARO_NAV = ON   

  H_INHIB = ON    

    
   

ACC_DRAG < 
ACC_DRAG_MIN 

  

  

      DO_DRAG_NAV = ON i     
DRAG_AITF 

= AUTO 

ALT > 
H_DRAG_LOW    

  
    

  

    

  

   

RV_MAG > RY_MAX 
OR 

ALT_WHEELS 
< ALT_BARO_CUTOFF 

   

  

H_INHIB = ON 

        
DO_DRAG_NAV = ON 

(CONT) 

Figure 5.2-19. RILS_SENSOR_SELECT CODE (Cont) 
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SOVEXTRAR SF asi Dlas, 

GRAV_GRAD_OLD = GRAVITY_GRADIENT(R_COV_LAST ) 5-56 
GRAV_GRAD_NEW = GRAVITY_GRADIENT(R_FILT) 5-56 

PHI; to 3, 1 TO 3 * IDMATRIX_3X3 + (DT_FILT2/2) GRAV_GRAD_OLD 

(DILFILT) ID_MATRIX_3X3 

(DT_FILT/2) (GRAV_GRAD_OLD + GRAV_GRAD_NEW) 
PHT, 10 3, 4 TO 6 

PHI, to 6, 1 TO 3 

ID_MATRIX_3X3 + (DT_fILT¢/2) (GRAV_GRAD_NEW) Pdlu To 6, & TO 6 

  

  

= = PYLE pHIT 
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NOLSE = YAR_ACC_QUANT + (VAR_UNMOD_ACC_DT) DT_FILT 

NOISE_& = NOISE (DT_FILT®) .25 

NOISE_AV = NOISE (DT_FILT) .5 
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GRAVITY_GAADIENT(3) » (EARTHMU/!BR/5)(3 BRT = [Ri2 ID_MATRIX_3x3) 
  

Figure 5.2-21. GRAVITY_GRADIENT (FUNCTION) 
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BT SeDRAGeSAY CODE 

  

'Q = H_ELLIPSOID (R _FILT)! 
i | 5-38 
{By to 3° UNIT(R _FILT) | 
ip 0 i 
124706 "= { 

VAR = VAR_DRAG 
  

i 
i 

V LRHO = ¥ _REL(Y FILT, R FILT) | 5°32 
  

b
w
 

ao
e 

DRAG_PARAM 2 DRAG_CONST DTLFILT Y URHO° VY  RHO/ 
:ONIT(Y, WRHO) -DV_FILT! 

  
‘ 
(] 
' 
1 
  

ALP = ALPHA! 
CUDRAG # CLDRAG_ZERO + ALP (CLORAG_ONE + AL? C_DRAG_TWO) 

  

    

i i \ ' 
OO FORT se 1, § \ uuu: Q>DENSITY.LIMIT; Vu: LAYER af 

i / { / : 
] | / 
| 
i 

  

  

HIS «@ SCALELHT: aren 

RHO_ZEROQ « BASE_DEN: ayer 

  

| 
(CONT) 

Figure 5,2-22. | RTLS_DRAG_NAV CODE 
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QDRAG = H_S ln (C_ORAG RHO_ZERO DRAG_PARAM) 

DELQ = Q_DRAG = Q = BIAS_DRAG 
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MANUAL_EDIT_OVERRIDE = DRAC_EDIT_OVERRIDE 

STATLSLAG 2 DRAG_STAT 

X_RES_EDIT = X_EDIT_ORAG 
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CALL: RTLUS_NAV_FILTER 5°59 ~ 

wo
e 

m
e
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Figure 5.2-22. RTLS_DRAG NAV CODE (Cont) 
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JRTLS NAV FILTER 

  

! i 
i: EPCOPY = EB { 
{ BTIELB = B°(SS_COPY) 
  

4 
t 
t 
1 

    

\ 

, 1 - Ea, 2 > E3, 3)> \\ 

MS_°OS_UND_«wGT / 
4 

/ 

~
 
™
 

~ 

VAR 2 VAR + SLUND MGT BTL£_3 
  

  

  

MS _DELQ = BT_E B + VAR 
RESID TEST = K_RES EDIT MS DELQ 

e
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e
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; EDIT_LFLAG = PROCESSED! 
‘ 

—y 

3 

a
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e
 

    

2 2 \ 
RESID _TeST 2 DELGT OMEGA = EB COPY/MS DELQ OR ——! | 

| MANUAL_SDIT_LOVERRIDE / | E = EB = OMEGA (EB COPY)? | 
; = ON / = == 
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m
e
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m
 ( 

‘ 
' 

| 2 oFILT = Y UFILT + OMEGA, vq gDELQ 
‘ 
  

  

  

Figure 5.2-23. RILS_NAV FILTER 
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MANUAL_EDITLOVERRIDE = OFF 

STAT_FLAG = OFF ! 
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' 
’ 

' MUSRANGE_DATA_GOOD\____} EXECUTE: RTLS_MLS_RANGE_NAV CODE! 5-61 
/ i ' e

d
 

  

  
i MLSAZ_DATA_GOOD\ EXECUTE: RTLS_MLS_AZ_NAV CODE: 5-63 
i / i ' 
  

  

| MLSEL_DATA_GOOD\___| EXECUTE: RTLS_MLS_LEL_NAV CODE: 5-65 
7 rt 
  

Figure 5.2-24. RILS_MLS NAV CODE 
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Rockwell Spece Transportation 

international Systems Division a 
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e 

ANNER = EARTH_FIXED_TO_MSO_COORD(TLEF_LRMLS) R RMLS_EF 5-100 

  
Qs: 

DELQ 2 Q_RANGE ~ Q 

= 
w
n
 

w
e
 
o
e
 

iR RESID = 3 _SCANNER! + BIAS_MLSRANGE} 

  

  

B 672 
"K_RES EDIT = K_EDIT_MLSR 

  

» CALL: ATLS_NAV_FILTER; 5°59 
( 

  

SENSCRLEDITs 2 EDITIFLAG 

SENSCR_RESIDLTEST, = AESID_LTEST 

, SENSCR_DELIs  DELQ 
  

Figure 5.2-25. 

= UNIT(R RESID - R _ SCANNER)! 
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SV_INTERP RATLS 

TN LIST: TOSENSORS 

  

OTLINTERP 2 TLSENSORS ~ TLASTFILT! 

  

  

—! BR RESID « & FILT 

  

e
e
 

r
e
 
w
e
 
w
e
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{ iDTLINTERP) < EF PS_TAG\__ 

  
  

B RESID = R UFILT + DTLINTERP (12 _FILT 
* .§ DTLINTERP (DVUFILT/DT_SFILT 

+ & TOLD)) 

International 

  

Figure 5.2-26. SV_INTERP_RTLS 
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Syvieme Cavigien 

Rete edeeNAY ODE 

CALL? SVLINTERP_RTLS | 5-62 

‘ 

{ Te UrISt: TLEFLAZMLS | 
t | 

i 
' 
: 

5-100 
  » MLEFTOMSO 2 EARTH_FIXED_TO_MSO_COORD( T_EF_AZMLS) 

» RS AZMLS 2 M_EFTOMSO 8 AZMLS_eF 

. WAR = VAR_AZMLS 

MMSO_TO_SCANNER = M_EFTORAD_R_AZ M_EFTOMSOT 

& = M_MSO_TO_SCANNER (R RESID - & _AZMLS) 

Q = ARCTAN(R5/R,) + BIAS_AZMLS 

CELS = QLAZMLS - Q 

  Call: ANGLE_PARTLALS 5-64 

SY LIST: RB LAZMLS, M_MSO_LTOLSCANNERs 1 19 3 

  

  

LES _JZDIT = <_eDITIMLSAZ, 
' 
' 

  

  

CALL aATLSLNAVIFILTER, 3°59 
‘ 

  

  

wo htG A ZS iT, 6 EDTTU7LAG ‘ 

ofNS A LAESID_LTESTs « RESID_TEST! 
{ 

SiN, ALLEL « DELQ i 

  

Figure 5.2 2 RTLS MIA A NAY WWE 
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Spats tome Division él international is 

ANGLE.PARTIALS 

IN LIST: RB W—SENSOR, 2 2 

  

REL_R « R URESID - & SENSOR 

LZ_CRCSS_RELR = 2 2 xX REL_R 

Bt to 3 * LZ-CROSS_RELA/ | 12_CROSS_RELA |@ 

Ba 106 7 9 
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Figure 5.2-28. ANGLE PARTIALS 6N 
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Space Transportation ¢g Rockwell 
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RILS_MLS_EL NAV CODE 
ed 

‘ CALL: SV_INTERP_RTLS | 5-62 
‘IN LIST: TEFEIMIS | 
— nd 

{ 

M_EFTOM50 = EARTH FIXED_TO M50_COORD(T_EF_ELMLS) 5-100 
R_ELMLS = M_EFTOM5O R_ELMLS EF 

VAR = VAR_EIMLS 

M_M50_TO SCANNER = M_EFTORAD_EL M_EFTOMSOT 

R = M_M50_TO SCANNER (R_ RESID = R_ELMLS) 

R_RHO = [R 
Q = ARCTAN(R3/R,) + BIAS_EIMLS 

Q = Q + MLSANT NB DIST SIN(Q + PITCH_M — MLSANT_ANG) /R_RHO 

DELQ = Q_ ELMLS - Q 

    

Q< MSBLS_EL_ANGLE CUTOFF )——— MSBLS_EL INHIBIT = ON 
  

        

8 

CALL: ANGLE PARTIALS 5-64 
a 

IN LIST: R_ELMLS, ~M_M50_TO_SCANNER, | 170 3 

e
e
e
 

e 
a
w
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4 

K_RES EDIT = K_EDIT MLSEL 
STAT FLAG = MSBLS_EL_ INHIBIT 

¥ 

' CALL: RTLS_NAV_FILTER 
4 

w
e
e
e
r
e
a
 a
 

5°59 

  

SENSOR_EDIT, = EDIT FLAG 
SENSOR_RESID_TEST, = RESID_TEST 
SENSOR DELG, = DELQ 
STAT FLAG #* OFF 

Figure 5.2-29. RTLS_MLS EL NAV CODE 
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TACAN_ID_LAST 
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\ 
TAC_CHAN_VALID \_ 
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emer! 

  

RTACAN_EF = R_TACAN_EF Slogr say rp 

MIEFTOTDLTACAN = MUSFTOTDLUTACAN SL cer pipers 
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Figure 5.2-30. TACAN_INIT CODE 
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RTLS A ACAN WAY CODE 

| TAC_CHAN_VALID\__} MUEFTOMSO © EARTH FIXED_TO_MSO_COORD(TLTACAN) | $2100 

y 4 
Y RB USCANNER e M_EFTOMSO 2 _TACAN_EF 
i 
MMSOTOTD =» M_EFTOTD_TACAN M_EFTOMSOT 

  

  

c
o
e
 

o
o
 
a
w
 
o
w
 

  

  

Re ant - B SCANNER 
RNG 
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MANUAL_EDITLOVERRIDE = TACAN_EDIT_OVESRIDE: 

STAT_FLAG = TACAN_STAT 

o
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e
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i 
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{ INICONELFLAG 2 OFF\_ 
i 43 
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Figure 5.2-31. RTLS TACAN NAV CODE 
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1 VAR = VAR_' 
i 

——ees' TACLBRG_, 
i] 

! 

, 

  

CALL: ANGLE_PARTIALS | 
t 
‘ 

IN LIST: BUSCANNER, | 
1 

5-64 

MMSOTOTD3, 1 TO 3 

  

p=
 

==
 

KURES_EDIT = X_EDIT_TACSR ‘ 
i] 

‘ 
I 

  

  

CALL: RILSLNAV_FILTER: 5-59 

  

‘ 
4 

! 
i 
  

SENSORLEDIT, 3 EDITLFLAG 

SENSOR_RESID_TEST, = RESIDUTEST 

SENSOR_DELQ; = DELQ 

  

Le
 

o
e
 

Rockwell 
international 

  

- } ONE BRG LOCK 
  

RESID_TEST < 
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e
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w
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Figure 5.2-31. 
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TACAN_BRG_CONVERG_TEST \i 
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RTLS_TACAN NAV CODE (Cont) 
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CALL: SV_AINTERP.ATLS! 5°62 

INLIST: TOTACAN 
  

  

Qs iRELLR 

RELLR s BR RESID = § USCANNER 

DELQ = QUTACLR = Q 
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‘ 
‘ 
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t 
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' 
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' 

  

i 
i 
i RNG STEP 

| VAR = VARLI 
4 

  

| VAR « YAR_! 
’ 
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i 

  

By ro 3 = UNIT(REL_A) 

Buto 6 "2 
  

(CONT) 

Figure 5 e 2-31 e RTLS_TACAN NAV CODE (Cont) 
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Rockwell 
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' 

SULSATACANANAY CODES (CONTINUED) 

! 
{RRES_EDIT = KEDIT_TACR| 
'   

i 
i 

} CALL: RILS_NAVFILTER 5°59 ; ‘ 

  

b
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a
m
 

  

SENSOR_EDIT, = EDIT_FLAG 

SENSOR_RESID_TEST, = RESID_TEST 

SENSOR_DELQ, = DELQ 
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| ONE_RANGE_LOCK = ON: 
  

RESID_TEST < \ 
TACAN_RNG_CONVERG_TEST \__! 

4 
/ 

  

ONE_RANGE_LOCZ = OFF: 

% >   

Figure 5.2-31. RILS_TACAN_NAV CODE (Cont) 
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{BARO_DATAL \ 
' \! CALL: SVLINTERPLATLS! 5-62 
{ ¢ooD / 4 
Ly] IN LEST: TLBARO 

i 

  

  
be
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e
e
e
 

we
e 
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ee

 

  

Q = H_ELLIPSOID(R _RESID) 5-38 
* BIAS_BARO 

~DELH_MSL_ELLIPSOID_RW 
tDELQ = Q_BARO - Q 
1B. to 3° UNIT(R _FILT) 

:8, 106 = 2 
+VAR = VAR_HT + VAR_H2 (Q-ALT_RW)? 
  

  

MANUAL_EDIT_OVERRIDE s BARO_CDIT_OVERRIDE: 

STAT_LFLAG 2 SARO_STAT ’ 
‘ 

K_RES_EDIT = X_EDIT_SARO 

  

  

CALL: ATLS_NAVLFILTER! 5°59 

m
o
m
 

e
e
 

  

' SENSOR_EDIT; s EDIT_FLAG { 
| 
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MEAS. PROCESSING STATISTICS afTLS CODE 

{ ' 
wwe} DISPLPELQ, = BLAME 
bof : 
{ | DISPLSIG, = BLANK i 

: V4 VN 4 4 ; 
{DO FOR Zs: \__j SENSOREDIT;\__| 
{107 / { = OFF 74 

eee : 

| SENSOR_, \ : DISP_SIG, 3 ABS(SZISCR_EE. cae J , 

, RESID_TEST, \—! 
1 >0 y SEISRUIES Bt, 
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DISP_DELQ; = SENSOR_DELQy 
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—— DISPLESIT. s Hur < 
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: ; 

| SENSOR_EDIT? \ 
; \__ 
| s STAT / ‘ 

i / 

1 
’ DISP_DELQs oN DISP_DELQs 1 \ ewe Jr 2 <r o % 

' BLANK / PER_SOOT | 

i 

(CONT) (CONT? 

NOTE; THE CORRESPONDENCE BETWEEN THE 
SNDEX I AND THE MEASUREMENT TYPES 
IS a3 FOLLOWS: 1” TACAN BEARING, 
2° TACAN RANGE, 3 “ BARO ALTITUDE, 
4" DRAG ALTITUDE, 3 “ MLS AZIMUTH, 
6 “ MLS RANGE, 7 ” MLS ELEVATION. 
THE ARRAYS SENSOR_DELQ AND SENSOR_ 
RESID_LTEST AND AENSORLEDIT ARE 
DIMENS.ONED SEVEN 

Figure 5,2 33. MEAS PROCESSING STATISTICS RTLS CODE 
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Figure 5.2-33. 

  

  

{ EDITLARRAY?, coLumy = ' 
SENSOR_SDITy = ON\Luu! 

_/ i SUM = SUM; + 1 
i 

  
4 

oo! 

EDITLARRAYy | COLUMN * ov 
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—— | DISP_EDIT; = BLANK 
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MEAS PROCESSING STATISTICS RTLS CODE (Cont) 
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MEAS PROCESSING STATIST IC$_RTLS CODE (CONCLUDED) 

ALT < ALT_NAV_EVLT) \— 
  

  

  po MLs NAV = OFF 
    

/- 
  

  
  

SENSOR _EDIT:, = PROCESSED 
3 
OR 

SENSOR_EDIT, = PROCESSED 
R 

H_INHIBIT = OW 

  

  

  
NAV_ALT FLAG = OFF 
NAVTAC_FLAG = OFF, 

    

    
  

(SENSOR_EDITs = PROCESSE 
AND 

SENSOR_EDIT6 = PROCESSED 
AND 

(SENSOR_EDIT7 = PROCESSED 

    
  

(SENSOR_EDIT, = PROCESSED 
. OR 

IN_CONE FLAG © ON) 

—___.- AND 
SENSOR_EDIT2 = PROCESSED 

  

  

  

  

  
MAY_ALT FLAG = OFF 
M_SEQ ALT © MW SEQ MAX - 2 
  

      M_SEQ ALT = W_SEQ ALT + 1     

    

"8 x MAX | 

  

bist pity =F 
on 

‘DISP_EDIT, = “¢" 
  

  

MAV_TAC FLAG = OFF 
  

Wsegrce tT - 
  

      W_SEQ TAC = W_SEQ TAC + 1     

    

  

MAV MLS FLAG = OFF 
  OR 

MSBLS_EL_INHIBIT)) 
UK 

ALT_WHEELS > ALT _NAV_EVLTo 
OR 

MLS_AVAIL = OFF 
      

NAV_ALT FLAG = ON 

NAV TAC FLAG = O8 

NAV_MLS PLAG = OW     

“W_SEQ MLS = M SEQ MAX -2       

mSEQTAC > > M_SEQ Max 

saa 

DIS?_yDIT, = "4"     
      N SEQ MLS = W SEQ MS +1 

    

      

  NAV_EDIT_IND = ON W_SEQ MLS > W_SEQ MAX,     
      NAV_EDIT_IND = OFF       

Figure 5.2-33. MEAS PROCESSING STATISTICS _RTLS 

2 

MAV_ALT_ FLAG] » 
  

    
    
WAV TAC FLAG = OM 
  

  

“NAV_MLS FLAG = OM 
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Space Transportation Rockwell 
Bysteme Division ON international 

  

3.3 GENERAL REQUIREMENTS PRINCIPAL FUNCTIONS AND COORDINATE TRANSFORMATION 
FLOW CHARTS, VARIABLE NAMES, AND DESCRIPTIONS 

The supplemental material provided in this section includes 
(1) definition/explanations of the various coordinate systems used in the nav- 
igation requirements (Figures $.3-1 through 5.3=-13) and (2) the transformation 
and general operations functional flow charte (Figures 5.3-14 through 5.3-26). 
The variable list for the flow charts is provided in Table 5.3-1. 

5-75 

STS 83-0005B 

a
a
a
 

—E————O——— CCC Ss rrr lr



Space Transportation gt Rockwell 
Systems Division International 

   Earth's mean rotational 
axis ef epoch     

Center of Earth 

         

  

™ 

of epech 
Mean vernal equincx \ 

Mean equator 
of epoch 

NAME: Aries sean of 1950, Cartesian, coordinate systes 

ORIGIN: The center of the Earth 

OAIENTATION: The epoch 1s the beginning of Sesselian Year 1990 or 
Julian ephemeris date 2433282.%23357. 

The Lely plane is the sean Earch’s equator of epoch. 

The %y aris is directed toward the mean vernal equinox 
of epoch. 

The Zq axis 19 directed along the Farth's 2ean rotational 
axis of epoch aod is positive norta. 

The Yq axis completes a right-handed systes. 

CHARACTERISTICS: Inertial, right-handed Cartesian system 

Figure 5.3-1. Aries Mean of 1950, Cartesian 
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Space Transportation g 
Systems Division 

Earth's true-of-date 
rotational axis 

Center of Earth 

True-of-date equator 

Prime (Greenwich) 
meridian 

NAME: Earth-fixed (Greenvich true of date) coordinate systes 

ORIGIN: The center of the Earch 

ORIENTATION: The Xg-l¢ plane is the Earth's true of date equator. 

The Z, aris is directed alcng the Earth's true of date 
rotational axis and is positive north. 

The eX, axis is directed toward the prise seridian. 

The %, axis completes a right-handed systes. 

CHARACTERISTICS: Rotating, right-handed Cartesian. ‘Velocity vectors 
expressed in this system are relative to a rotating 
reference frame fixed to the Earch, whose rotation rates 

are expressed relative ta the Aries sean of 1950 systea. 

Figure 5.3-2. Earth-Fixed Greenwich True of Date 
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Systems Division 

  

ON 

  

   

  

Earth's true-of-date 
rotational axis 

    
of date equator 

-*    
   

Zam        
*tr 
True equinox 
of date 

  

—_ 

WAME: Artes true of date, Cartesian, coordinate systes 

ORIGIN: The center of the Earch 

ORZENTATION: The epoch Ls the current tise of interest. 

The Xrg-Yrpg plane is the Earth's true equator of epoch. 

The Ye, axis is directed tovard the true vernal equinoz 
of epoch. 

The Zp, axis {3 directed along the Earth's true rotational 
axis of epoch and is positive norta. 

The Yep axis coapletes the right-handed systes. 

CHARACTEAISTICS: Quasi-inertial, rignt-handed Cartesian 

Figure 5.3~3. Aries True of Date, Cartesian 
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Space Transportation r Rockwell 
Systems Division international 

  Prime (Greenwich) 
meridian 

WANE: Geodetic paraceters 

CAISIN: This systes ccoasists of a set of garameters ratner than 

@ coardinate system; therefore, no origia is specified. 

ORIENTATION: THis systes of parameters is based on an ellissotdal 
@odel of the Earth (the Fisner ellipse of 1960). 
For asy point of interest oe cefine a lise mow as the 
geodetic local vertical wnich 13 perpendicular to the 

elligsotd and woiech contains the point of interest. 

BR, geodetia altitude, is the distance from che soint of 

Latarest to the reference aliicsoid, aeasured along she 
geodetic loeal vertical, and is positive for soints 

outside tne ellissoid. 

\ is the longitude aeasured in the piane of the farch's 
true equator Sroa the Prise (Greenwich) Seridian to the 
local seridian, zeasured positive eastward. 

ep 23 the geodetic Latitude, seasured in the plane af he 
local aeridian Smoe the Sacth'’s true equator to che 
geodetic local vertical, reassured positive aortn froe 

the equator. 

NOTE: A detatied explanation of declination, geodetic 

latitude, and geocentric latitude 1s provided 
io Part B of this figure. 

CHARACTERISTICS: Sotaticeg palar coordinate aarameters. Only position vectors 
are expressed in this coortinate system. Velocity vectors 
should Se expressed in the Aries sean of 1950 or the 

Aries true of data solar for inertial of quasielnertial 

representations, respectively. 

Figure 5.3-4. Basic Definitions--Geodetic Parameters 
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DEF ENITIONS: 

Figure 5-3-5. 

    

AY Ld 
NAME; 

Space Transportation ¢ Rockwell 
Systems Division International 

XeNG 
Plane 

Geodetic jparaseters 

& is the altitude of point P. Measured perpendicular 
from the surface of tne referenced ellissoid. 

ep is the geodetic latitude of point P. 

oc 49 the geocentric latitude of point P. 

@ is the angle Setveen radius vector and equatorial 
glane (decliaation). 

a is the longitude of point P. Angle (+ east) Setween 
plane of tne figure and the alane forsed dy the Greenvich 

serid¢ian. 

Detailed Explanation--Geodetic Parameters 
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Rockwell 
International 

Space Transportation somes Ol 

  

  
NAME: Runway coordinate systes 

ORIGIN: Runway center at approach threshold 

ORZENTATION AND DEFINITIONS: 2%, axis i29 normal to the ellipsoid scdel 
Lhrough the runway centerline at the appreach 
thresheld and positive toward the center of 
the Earch. 

Xup axis ts pergendicular to the &, axis and 
lies in a plane containing the 2. ¢ axis and 
the runway centerline (positive in the 
direction of landing). 

Typ axis completes the right-handed systes. 

Ayp ta the runway aziazuth seasured in the 
plane from true north to the -Xip axis 

(positive clockwise). 

CHARACTERISTICS: Aotating, Eacth-referenced 

Figure 5.3-6. Runway Coordinate System 
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OAIGIN: 

ORIENTATION: 

CHARACTERISTICS: 

  

  

Space Transportati Rockwell 
Systems Division 6) international 

Fischer 
ellipseld 

  
  

Topodetic coordinate systea— 

Orbiter center of aass® 

Zrp is normal to a geodetic local tangent plane and is 
positive toward the Earth's center. 

Xrp is perpendicular to Zp axis and ts positive northward 
along the seridian plane containing the Ocbicer. 

Yop compietes the right-handed orthogonal systea 

Rotating, right-handed Cartesian system. Velocity vectors . 
are eipreasible in this system Cor the Ocbitar, given relauive 
velocity Vrp in this systea. 

tp # sia*' (=) 

Yop 

TD 3 tan?! ——— 

Xtp 

op * gecdetic latitude 

A similar system may be defined for any point of Interest 

Figure 5.3-7. Topodetic Coordinate System 
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NAME: 

ORIGIN: 

ORIENTATION AND DEFINITIONS: 

CHARACTERISTICS: 

  

Space Transportation g 
Systems Division 

MSBLS radar coordinate systes 

MSBLS radar position 

Zaap 15 normal to the ellipsoidal - 
sodel, positive away from the center 
of the Sarcth 

Zpap 139 the local horizontal plane 
of tne radar in the dSoresight direction 
of the radar antenna. ‘The angle Ag ts 

Measured positively clockwise from true 
north to Ingn 

Rotating, Earth-referenced 

Figure 5.3-8. MSBLS Radar Coordinate System 
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NAME. 

ORIGIN: 

QRLENTATICN. 

CSARACTERISTICS: 

Space transportation g ¥ Rockwell 
Systems Division international 

  

wy 

Body coordinate system (structural) 

In the Orbiter plane of sysmetry, 0 tnchea Selow the 
centerline of the payload day and at OrSiter I~station = 6 

The Io axis is in the venicle giane of symmetry, parallel 
to and 400 inches delow the sayised Say centerline. 
Positive sense is from the nove of the vehicle tcvard the 
tail. 

The % axis is in the venicle plane ef syametry, perpen- 
dicular to the X%> axis. Pesitive weard in janding 
attitude. 

The Yo axis completes a rignt handed systee. 

Rotating, right-handed Cartesias 

Figure 5.3-9. Body Coordinate Syatem (Structural) 
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Space Transportation ¢g Rockwell 
Systems Division International 

Twaespeed resolver yro coordinate resolver 

(1x/8x) 
Twoespeed resolver = apiecn 

fol} < / (12/8x 

Ga 8 ” y 

  

5 CR) LIM 9 
ty . P 

(Cx) . Zh ‘ts (cx) 

a\ ¢ 

et - | E&<® wo 5 Ae CO. 

OF te 
A 

8 

SA 8 

Lone, PF 
"0 7   

Two-speed resolver 
Single speed (8x) (1x/8x) 
resolver (redundant roll) t 

eAzimuth 

NAME: Stable member (IMU) 

ORIGIN: The intersection of the {nnersost ginbal axis and the 
weasurement plane of the XY two axis accelercaeter 

OAIENTATION: The Zy axis 1s coincident with the innersost gimbal axis. 

The X; axis ts determined by the pro‘ection of the Xx 
accelerometer input axis (IA) onto a plane orthegonal to 
Zr. Yr completes a right-handed triad. 

Ie a perfect IMU, with all alsalignments zero, these 
relationshissa hold; 

The X acceleraneter and I gyro tAs are parallel to the X; axis. 

The Y accelercacter and f gyro ths are parallel to the Ty axis. 

The Z accelerometer and 2 gyro IAs are paraliel to the Z, axis. 

Figure 5.3-10. Stable Member (IMU) 
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NAME: 

ORIGIN: 

ORIENTATION: 

CHARACTERISTICS: 

Figure 

Rockwell 
international 

Space Transportation g 
Systems Division 

  

78FHS&8:¢ 

North 

Earth's true of date 
rotational ax{s 

  

NWU geographic coordinate systes 

Poitat of interest 

U is positive up along the £arth's astroncaic gr 
plumb=boeb vertical. 

W is positive along the cross product of U and 
the Earth's spin aris. 

NW completes the right-handed orthogonal systen. (N 3 Wx U) 

Rotating, cignt-nanded, Earth-ceferenced 
cocrdinate systes 

5.3-ll. NWU Geographic Coordinate System 
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Tey 

SAME: 

GRIGIN: 

CALENTATION: 

CUABACTEALSTICSs 

ockwell 
olen onion ok rocker al 

  

   

  

Center of 
gravity 

v
u
v
u
r
 

Body axis coordinate systen 

Center of sass 

Ygy axis is parallel to the Orbiter structural body I> 
axis; positive teva the nose. 

Zpy axis is parallel to the Orsicer plane of syametry and 
is perpendicular ta Xoy, positive down with respect to 

the Orbicer fuselage. 

Tuy axis completes the right-handed orthogonal system. 

Rotating, right-handed, Cartesian systes 

L, M, Ns “owenta about Igy, Fay, and Zpy axes, respectively 

Be G Pt Body rates about Xgy, Yay, and Zey axes, respectively 

6, & fs Angular body acceleration about aye Yay» and 
Zgy sues, respectively 

The Euler sequence that 1s commonly associated with this 
systea is a yaw, pitch, rell sequence, where @ 8 yaw, 

@ « piten, and @ © rall of Sank. This attitude sequence 

9 yaw, piten, and roll around the Zay, Upy, and Xgy axes, 
respectively 

Figure 5.3-12. Body Axis 
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Space Transportation ¢g ¥ Rockwell 
Systems Division International 

ee 

Ofrection 
of motion    

    

   
Geocentric radius 
vector of vehicle 

    

    

Vehicle erbital 
plane 

    

NAME: UVd coordinate systea 

ORZGIN: Point of taterest 

ORIENTATION: The U-¥ plane is the instantaneous orbit plane at epoch. 

The U axis Lies along the geocentric radius vector to 
the wehicle and is positive radially outward. 

The W aris Lies along the instantaneous orbital angular 
momentum vector at epoch and is positive in the dimectioa 

of the angular zcatentua vector. 

The V axis completes a right-handed systea. (V2 @ x). 

CB3ARACTERISTICS: Quasi-etnertial, right-handed Cartesian coordinate syotes. 
This systems is quasie-‘nertial in the sense that {it is 
treated a3 an inertial coordinate systea, but it is 
cedefined at each point of interest. 

Figure 5.3-13._ UVW Coordinate System 
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Table 5.3-1. 

Space Transportation g Rockwell 
Systems Division international 

Variable List - General Requirements Principal 
Functions and Coordinate Transformations 

  

  

          
—
 

39
65
68
4)
 

    

Variable Data Initial | Coord 
Name Type Value {| Frame Variable Description 

A M 0 = Transformation matrix body to M50 

ALPHA S 0 _— Angle of attack used in state 
prediction (radians) 

ALPHAIN s 0 ~ Snapped copy of angle of attack 
(degrees) 

ALT S 0 -- Current orbiter altitude above 
reference ellipsoid (EF _TO GEODETIC, 
GEODETIC_TO EF) 

ALT_ABOVE _ v(10) Imload | -- Altitude of the TACAN station above 
ELLIPSOID _ the reference ellipse 
MAXI(I) 

ALT_MLSEL S 0 -- Altitude above reference ellipsoid of 
ALT_MLSEL(K) v(4) I-load MSBLS elevation scanner ° 

ALT_MLS_R_AZ S 0 - Altitude of MSBLS range/azimuth 
ALT_MLS_R_AZ(K) | V(4) I-load scanner above reference ellipsoid 

ALT_RW Ss 0 -- Altitude above reference ellipsoid of 
runway reference point 

ALT_TACAN _ V 0 -- Altitude of TACAN station (each LRU) 
SL(L) output from site lookup, I#1l, 3 

ANGLE CORR_ S TD Angle of magnetic variation from 
TNTOMAG RW true north at selected runway 

ANGLE CORR V 0 TD Variation of magnetic north from 
TNTOMAG SL(L) true north at TACAN site (each LRU) 

Output from site lookup, I#l, 3 

A_0 5 0 - Local parameter in EF TO GEODETIC 

AREA_SEL INT l -- Selected area 

AUTO_CHANNEL _ INT 0 -- Channel/mode identifier for auto- 
{D matically selected Tacan station 
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Table 5.3-l. 

Functions and Coordinate Transformations (Cont) 

ta 

Rockwell Space Transportation 

International Systems Division 

  

a 

Variable List - General Requirements Principal 

  

  

              

Variable Data Initial | Coord 
Name Type Value | Frame Variable Description 

AZ s 0 TD Bearing from true north; EF_TO 
RUNWAY, EF TO SCANNER 

AZIMUTH_RW s 0 TD Bearing from true north of runway 
coordinate system +X axis 

BETA s 0 - SIDESLIP angle used in state 
prediction (radians) 

BETAIN s 0 _ Snapped copy of sideslip angle 
(degrees) 

BIAS _MLSRANGE Ss 0 -— MSBLS range measurement bias 
BIAS MLSRANGE(K)| v(4) I-load 

BIAS AZMLS S 0 -- MSBLS azimuth measurement bias 
BIAS _AZMLS(K) v(4) I-load | -- 

BIAS _ELMLS Ss 0 -- MSBLS elevation measurement bias 
BIAS_ELMLS(K) v(4) I-load 

CAZ Ss 0 -- Cosine of AZ 

CLAT S 0 -—- Cosine of LAT_GEOD; EF_TO TOPDET, 

GEODETIC _TO EF 

CLON S 0 - Cosine of LON; EF TO TOPDET 

cos_P Ss 0 ~= Cosine of geocentric elevation angle 

DEL $ 0 _ Delta value for radius calculations 

DEL_LAT Ss 0 _ Correction angle for latitude 

DELH_MSL_ S 0 _ Altitude of mean sea level above 
ELLIPSOID RW Ss 0 reference ellipsoid at runway 

DH_TACAN SL V 0 _ Altitude of mean sea level above 
(1) reference ellipsoid at TACAN station 

(each LRU) output from site lookup, 
I=1, 3 
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Rockwell 
international 

Space Transportation ¢ 
Systems Division 

  

Table 5.3-l1. Variable List - General Requirements Principal 
Functions and Coordinate Transformations (Cont) 

  

  

              

Data | Initial {Coord 
Variable Name Type | Value |Frame Variable Description © 

ao 
w@ 

DT_MAX F = A/E precise predictor step size lz 
(maximum allowable) © 

DUM $ 0 - Dummy variable (EF TO _CEODETIC, 
GEODETIC TO_EF ) 

DUM] s 0 -- Dummy variable (GEODETIC_TO_EF) 

EARTH_RADIUS_ Ss Constant| =" Earth equatorial radius S 
EQUATOR 3 

nm 
o 

EARTH_RATE s Constant; -~ Earth rotation rate 

ELLIPT s Constant| -- Earth ellipticity constant 

EL_SCANNER_ s 0 - Bearing from true north of MLS 
BEARING elevation scanner boresight axis 
EL_SCANNER_ V(4) | I-load - 
BEARING(K) 2 

wa 
or 

FIRST PASS BIT {| ON -- First pass flag used in ascent a 
site Lookup init 

FLATCON -- The eccentricity squared of the 
ellipsoid 

G _FINAL V M50 Total M50 vehicle acceleration 
vector at end of prediction 
interval (at T_FINAL) 

GMD_PRED INT -- | Flag indicating degree of Earth 3 
potential model (for prediction) | #& 

wn 
wo 

GMO_PRED INT -- Flag indicating order of Earth a 
potential model (for prediction) 

G _PREVIOUS Vv -- MSO Local variable (A E precise 
predictor) total acceleration 
vector 

I INT [1 -- Integer-subscript or iteration 
counter 
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Table 5.3-1 e 

  

Space Transportation Rockwell 
Systems Division a 

Variable List - General Requirements Principal 
Functions and Coordinate Transformations (Cont) 

international 

  

  

  

Variable Data | Initial | Coord 
Name Type Value | Frame Variable Description 

J INT 0 _ Local selected runway MSBLS pointer 

K INT 0 _— Local site table index parameter 

L INT 0 -_ Local site table index parameter 

LAM S 0 ~~ Earth rotation angle from epoch 

LAT_GEOD s 0 _ Geodetic latitude of point EF_TO_ 
TOPDET, EF_TO RUNWAY, EF_TO | SCANNER, 

EF_TO ) GEODETIC, GEODETIC _* TO_! EF 

LATITUDE_ V(10) | I-load | — Geodetic latitude of the TACAN 
GEODETIC_ station 
MAXI(T) 

LAT_MLSEL Ss 0 _ Geodetic latitude of the MSBLS 
LAT _MLSEL(R) v(4) I-load elevation antenna 

LAT _MLS_R_AZ s 0 _ Geodetic latitude of MSBLS range/ 
LAT_MLS_R_AZ(K) | V(4) I-load azimuth scanner site 

LAT_TACAN_ V 0 — Geodetic latitude of TACAN site 
SL(1) (each LRU) output from site lookup, 

I#l, 3 

LENGTH_RW INT _ Runway length 

LON Ss 0 _ Geodetic longitude of a point EF TO_ 
TOPDET, EF _TO RUNWAY, EF TO § SCANNER, 

EF TO | GEODETIC, GEODETIC ° TO 1 )_EF 

LONGITUDE _EAST_| V(10) | I-load | — Longitude of the TACAN station 
MAXI(T) 

LONG_MLSEL Ss 0 -~ Geodetic longitude of the MSBLS 
LONG_MLSEL(K) v(4) I-load elevation antenna 

LONG MLS R_AZ s 0 _ Longitude of MSBLS range/azimuth 
LONG | MLS | > R AZ(K) v(4) I-load scanner site 

LONG TACAN_ Vv 0 _ Longitude of TACAN site (each LRU) 
SL(T) output from site lookup, Il, 3             
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Table 5.3-1 ° 

Rockwell Space Transportation 
International Systems Division 

  

eS 

Variable List - General Requirements Principal 

Functions and Coordinate Transformations (Cont) 

  

  

              

Variable Data Initial | Coord 
Name Type Value | Frame Variable Description 

LRU_ID INT 0 -- Index (1 to 3) input to TACAN site 
lookup when LRU is tuned to a ground 
station. Identifies which of three 
sets of output parameters is to be 
changed 

M, matrix, mat | M 0 _ General transformation matrices 

MAGNETIC _ V(10) | I-load | -— Angle between true north and 
VARIATION_ magnetic north at the TACAN station 
MAXI(I) 

M_EFTORAD EL M 0 -- Transformation matrix from Earth- 

fixed to MSBLS elevation radar 
coordinates 

M_EFTORAD R_ AZ M 0 -- Transformation matrix from Earth- 

fixed to AZ/range MSBLS radar 
coordinate frame 

M_EFTORW M I-load | -- Earth-fixed to prime RW transfor- 
mation matrix 

M _EFTOTD_ M 0 -- Transformation matrix from 
TACAN_SL(TI) Earth-fixed to topodetic coordinates 

at TACAN site (each LRU) output from 
site lookup, I#l, 3 

M_MSOTOEF AT_ M I-load | -- Transformation matrix from M50 to 
EPOCH Earth-fixed at T-epoch 

MLS_ AVAIL BIT OFF - Flag indicating (ON) the availability 
of MSBLS at currently selected runway 

MSL_ABOVE__ V(10) | I-load | -- The difference in an altitude above 
ELLIPSOID _ the reference ellipse and that alti 
MAXI(I) tude above mean sea level or geoid 

NEW AREA BIT OFF -- New landing area request flag 

NEW _STATION_ID | I 0 — Current TACAN channel/mode identifier 
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Table 5.3-l. L 

Functions and Coordinate Transformations (Cont) 

Space Transportation g % Rockwell 
international Systems Division 

Variable List - General Requirements Principal 
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6C
 

C
R
I
S
S
9
C
             

Variable Data {Initial | Coord 
Name Type | Value | Frame Variable Description 

NUMBER_STEPS INT |[-- - Number of times DT_MAX fits into 
total prediction interval (T_INIT 
to T_FINAL) local variable 

PHI s 0 -- Geocentric elevation angle to the 
vehicle 

PI s Constant}; <-- The constant PI 

PRIME RUNWAY_ INT |1 -- Indicator of which Landing site 
INDEX choice is desired as prime 

PRI_SEL BIT |OFF -- Primary runway select command 

P2, P3, P4, s 0 -- Local variables used in QUAT_TO_ 
P5, P6 MAT 

Q v(4) |0 MSO General variable for Q _M50_BODY 

Q_FIFTY_BODY v(4) {0 M50 Quaternion representing the 
orientation of the Orbiter body 
with respect to M50 coordinates 

R Ss 0 == Radius magnitude of vehicle 
(geocentric) 

RAD _P Ss 4) ~ Radius of earth at geocentric 
elevation angle, phi 

RAD_PER_DEG s Constant; == Radians per degree 

R _AZMLS_EF V 0 EF Earth fixed MLS azimuth scanner 
position vector 

R AZ SCANNER_ Ss 0 -- Bearing from true north of MSBLS 
BEARING range azimuth scanner site 
R AZ SCANNER_ v(4) -- 
BEARING(K) 

R CC LMAG_PRI S 0 -- Magnitude of R CC_L PRI 
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Table 3 3} 

anh 10 Bpece Transportation lppaer ‘atie tiad 
Systems Division 0 

Yarkable List = General Requirements Princ ps 
Yunctione aud Coordinate Transformations (Cont) 

  

  

  

  

              

Ea a IED enn I 

Variable Data | taitial] Coord 
Name Tyre Value | Frame Variable Descript o4 

ee amma 

R_CCL PRI ¥ Q EF Position vector of HAC center of tha 
L left side of the priasary reawey 

centerline in EF coordinates 

RCC L SEC x Q EF Position vector of HAC center os tt 
left side of the secondary rzavey 
centerline in EF coordinates 

R_CC_RMAG PRI $s 0 _ Magnitude of R CC RB PRI 

R_cc R PRI Vv EF Position vector of HAC center oa the 
tight side of the primary raqwey 
centerline in EF coordinates 

RD TAC MSL_ Vv 0 —_ Geodetic radius of mean sea lewel st 
st) — TACAN site to which the I-th receiver 

is tuned 

R_EF EQUAT s 0 _ Projection of vehicle positiom wecror 
in equatorial plane EF TO GEDSETIC 
GEODETIC TO EF 

R _ELMLS EF v I-load | EF Earth-fixed MSL elevation scaaner 
position vector 

R FINAL v _ M50 Orbiter position vector at end of 
prediction interval (T FINAL 

R HAC RW L v I-load | RW Position vector of Nac veate for the 
left side of the runway 

R_HAC RWR v I-load | RW Position vector of RA vere €s the 
right sida of the ru wav ve ts aae 

R_INIT v 0 450 Position vector at begy wage 
prediction 

R_INV $ 0 - Temporary pacawetey tu A KR. XE 
PREDICTOR 

R_LS EF v I-load | EF Position vectors of ty way tn Barth 

fixed coordinates 

R v MSO Input position ve te iv We “| 
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Table 5.3-1. 

Rockwell Space Transportation 
Pe evete International Systems Division Ol 

Variable List ~ General Requirements Principal 
Functions and Coordinate Transformations (Cont) 

  

  

              

Variable Data | Initial] Coord 
Name Type Value | Frame Variable Description 

R_RMLS EF V I-load | EF Earth-fixed position vector of MLS 
range scanner 

R__TACAN EF_ V 0 EF Earth-fixed position vector of TACAN 
SL(L) station (each LRU) output from site 

lookup, I=#1, 3 

R_TAC EF Vv 0 EF Position vector of TACAN site in 
Earth-fixed coordinates 

RW_ID_UPP INT 0 -_ Local runway index parameter; also 
FIRST PASS FLAG 

R_XY F 0 - Sum of the squares of R_EF, and 

REF) 

RUNWAY_NAME(L) | V(10) | I-load | -- Name of selected landing site 

RUNWAY_ALT(L) V(10) | I~load | -- Geodetic altitude of the selected 
landing site 

RW_AZIMUTH(L) V(10) | I=load | -- Azimuth to true north of the selected 
landing site 

RW_DELH(L) V(10) | I-load | -- Delta height from ellipsoid to MSL 
for the selected landing site 

RW_LAT(L) V(10) ‘| I=load | <= Geodetic latitude of the selected 
landing site 

RW_LON(L) V(10) | I~load | = Longitude of the selected landing 
site 

RW_LENGTH(L) V(10) | I-Load | =~ Runway length for selected landing 
site 

RW_MAG VAR(L) V(10) | I=-load | — Magnetic variation for the selected 

landing site 

RW_MSBLS_ V(10) | I~load | — Runway MSBLS printer index 
INDEX(L) 
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»  $pace Transportation ¢ Rockwell 
Systems Division International 

Table $.3-<l. Variable List - General Requirements Principal 
Functions and Coordinate Transformations (Cont) 

  

  

              

Variable Data | Initial | Coord 
Name Type Value | Frame Variable Description 8 

2 
RW_NAME INT 1 -- Currenct Landing site designation for lz 

display symbol positioning 9 

o 

RW_NAME_PSL CHAR _ - Primary runway name for the selected [3 
area and used for display $ 

RW_NAME_ SSL CHAR == -- Secondary runway name for che 
selected area used for display 

RW_SELECT BIT ON -- Runway selection indicator 

SAZ s 0 -- Sine of AZ 

SEC_SEL BIT OFF =~ Secondary runway select command 

SIN_P s 0 - Sine of geocentric elevation angle 

SLAT S 0 -- Sine of LAT_GEOD EF_TO_TOPDET, 
GEODETIC_TO_EF 

SLON S) ) -- Sine of longitude 

STEP SIZE F -- -- Actual predictor step size 
(constrained to be < DT_MAX) 

T F -- -- Local time variable in A/E precise 
predictor 

T s 0 -- General time variable 

TACAN_ID(T) V 0 -- ID of TACAN channel to which the I-th 
LRU is tuned, I=l, 3 

TACAN_ID_MAXI(I)| V(10) | I-load | -- A three-digit channel/mode 
. designation, unique for each TACAN 

station 

TAC_ID V I-load | -- A three-digit channel/mode designa- 
tion, unique for each TACAN station 

TAC -CHANGE BIT OFF -- Primary/Secondary TACAN Select 
Command 

5-97 STS 83-0005B . 
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Table 5.3<1. 

Rockwell 
international 

Space Transportation 
Systems Division 

  

o) 

Variable List - General Requirements Principal 
Functions and Coordinate Transformations (Cont) 

  

  

  

Variable Data | Initial | Coord 
Name Type Value | Frame Variable Description 

TAC_CHAN OLD(I) | V 0 = Previous value of Channel/Mode 
indicator for each TACAN LRU 
(l=1, 3) 

TAC_CHAN BIT Off -- Switch indicating (ON) a valid TACAN 
VALID _SL(I) channel has been selected (site 

lookup output) for the I-th receiver, 

TAC_SEL INT 0 - Selected TACAN index 

TEMP Ss 0 _ Temporary variable used by QUAT_TO_ 
MAT 

T_EPOCH s I-load | — Time tag for M_M5OTOEF_AT EPOCH, 
Greenwich hour angle, and Earth-pole 

T_FINAL F _ = Final desired prediction time (asso- 
ciated with R_FINAL and V_FINAL) 

TIME S ) -= General time variable 

T_INIT F _ _ Time of initial state vector (R_INIT, 
V_INIT) from which the A/E precise 
predictor is called 

u v ) M50 Unit vector in the direction of the 
orbiter's M50 position vector 

v Vv ) M50 Input velocity vector (UVW_TO_ M50) 

NV _FINAL V _ M50 Orbiter velocity vector at end of 
prediction interval (T_FINAL) 

NV _INIT V 0 M50 Velocity vector at beginning of 
prediction 

Ww Vv 0 M50 Unit vector in direction of orbiter's 
angular momentum vector             
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Table 5.3-l. 

Space Transportation ge Rockwell 
Systems Division international 

Variable List = General Requirements Principal 
Functions and Coordinate Transformations (Cont) 

  

  

              

Variable Data | Initial | Coord 
Name Type Value | Frame Variable Description 

X_DMEAZ_RW 8 0 RW X-component of MSBLS range/azimuth 
X_DMEAZ_RW(K) v(4) I-load scanner in runway coordinates 

X_ EL RW S 0 RW X-component of MSBLS elevation 
X_EL_RW(K) v(4) I-load scanner in runway coordinates 

Y_DMEAZ_RW s 0 RW Y-component of MSBLS range/azimuth 
¥_DMEAZ_RW(K) v(4) I-load scanner in runway coordinates 

Z V 0 MSO [WXU 
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Space Transportation ¢g Rockwell 
Systems Division international 

  
i | 
{ SARTH FIXED_TO_MSO_COORD(TIME) = MMSOTOEF_AT_EPOCHT (mM) 

M_MSOTOEF_AT_EPOCH is the transformation from mean 50 to EARTH 
fixed coordinates at time s T.£POCH. This matrix, TLEPOCH, and 
EARTH_RATE, are pad loads for ascent. 

where: 

M is computed within the function (ZARTH_FIXED_TO_LMSO_COORD) as 

LAM = EARTSLRATE (TIME - T_EPOCH) 

. cos(LAM) -sin(LAM) 0 
Ms sin(LAM) cos(LAM) ) 

Q 0 1 

Figure 5.3-14. EARTH_FIXED_TO_M50_COORD (FUNCTION) 
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Systems Division international 

  

  

i i 
{ ZARTH_FIXED_TO_MSO_COORD(TIME) = MMSOTOEF_AT_EPOCH? (Mm) 
i   

where: M MSOTOEF_AT_LEPOCH is the transformation from mean 50 to EARTH 
fixed coordinates at time s T.EPOCH. This matrix, T.EPOCH, and 
EARTH_RATE, are pad loads for ascent. 

M is computed within the function (ZARTH_FIXED_TO_MSO_COORD) as 

LAM = EARTS_RATE (TIME - T_EPOCH) 

. cos(LAM) -gsin(LAM) ) 
Ms sin(LAM) cos(LAM) 0 

0 0 1 

Figure 5.3-14. EARTH FIXED TO M50 COORD (FUNCTION) 
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i { 
! EF_TO_LTOPDET(LAT_GEOD, LON) # M | 

' 
  

where: M is calculated within the function as 

CLON = cos(LON), SLON # sia(LON) 

CLAT = cos(LAT_GEOD), SLAT @ sia(LAT_GEOD) 

@SLAT CLON @SLAT SLON CLaT 
M z [-SLON CLON 0 

-CLAT CLON @CLAT SLON SLaT 

Figure 5.3-15. EF TO_TOPDET (FUNCTION) 
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Systems Division 

ee 

t 

gt 

EF_TOLRUNWAY(LAT_GECD, LON, AZ) © (M) EF_TO_TOPDET(LAT.GEOD, LON) 
‘7 e 

where: Mis caleoulated within the function as 

CAZ @ COS (AZ), Saz 2 sin (42) 

CAZ SA 9 
Ma [Saaz Caz 0 

Qo 86:9 ’ 

Figure 5.3-16. EF_10 RUNWAY (FUNCTION) 
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Space Transportation ¢g % Rockwell 
Systems Division International 
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EF_LTO_SCANNER(LAT_GEOD, LON, AZ) © (M) EF_TO_RUNWAY(LAT_GEOD, LON, AZ) 5-102 

where: M is calculated within the function as 

1 0 0 
M2f[0 -1 9 

0 0 -1 

Figure 5.3-17. EF_TO_SCANNER (FUNCTION) 
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Space Transportation 
Systems Division 

EE, IaGEODET=C 
IN LIST = B USF 

QUT LIST: LATIGEOD, LON, ALT 

C
N
 

e
e
 
O
e
 

E
e
 
e
e
 
e
e
 

S
O
S
 
B
T
R
 

F
O
S
S
 

O
e
 
w
e
 
w
e
e
 

w
e
 

O
2
8
 
e
e
 

Oe
 

w
e
 

o
e
m
 

  

FLATCON 2 1.0 = (1.0 = ELLIPT)¢ 

£9 2 1.0 = FLATCON 

RX 2 ASPs + REF 

Rs (RY + REF) 1/2 

SINP = R_EF3/R 

cos_p = (R_XY) '/2ypR 

RAD_P = EARTH_RADIUS_EQUATOR/(1.0 + FLATCON SIN_P@/A_0) 1/72 

DEL = (FLATCON SIN_P COS_P)/(1.0 - FLATCON COS_p2) 

DEL_LAT = RAD_P DEL/R 

PUT = ARCTAN(SIN_P/COS_?) 

LAT_GEOD = PHI + DEL_LAT 

LON 2 ARCTAN2(R_EF5, REF ;) 

ALT 2 (R=-RADL?) (1.0 = 0.50 DEL DEL_LAT) 

OD Fecioret a es 
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Figure 5.3-18. EF_10 GEODETIC 
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Rockwell 
International 

Space Transportation ¢g 
Systems Division 

  

  

GEODETIC_TOLEF(LAT_GZOD, LON, ALT) ® B IEF 
  

where: 3 EF is calculated within the FUNCTION as: 

CLAT = cos (LAT_GEOD), SLAT = sin (LAT GEOD) 

DUM = (1 = ELLIPT)2 

DUM1 = SARTH_SADIUS_EQUATOR/ yeouat? + SLAT® DUM 

RUEFLEQUAT = (DUM1 + ALT) CLAT 

BF = (RIEFLEQUAT cos (LON), RUEF_SQUAT sin (LON), (DUM DUM1 + ALT) SLAT) 

0 Figure 5.3-19. GEODETIC_TO EF (FUNCTION) 
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Figure 5.3-20. 

Space Transportation ¢ 
Soosvateme Division 

UVW_TO_MSO (FUNCTION) 
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shOD tao 

IN LIST: QFIFTY_poor 

QUT LIST: 

i 
i 
‘ 

! 

MAT 

  

MATRIX @ QUATUTO_MAT(Q_FIFTY_BODY ) 5-108 

  

mAT3,3 

MATRIX, 4 

MATRIX2 |; 

MATRIX3 4 

“MATRIX; 2 

MATRIX? 2 

-MATRIX3 2 

MATRIX, 3 

MATRIX, 3 

@MATRIX 13 

w
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w
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w
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Space Transportation 

rece a li ha dient Keitel iaaitaiTe oceans TE a come, 

somes Ol 

Figure 5.3-21. SBODY_TO M50 
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QUATITOUMAT(Q) @ A 

  

WHERE A IS CALCULATSS WITHIN THE FUNCTION AS: 

  

A2.2 2 1.0 = P§ = 9§ 
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| Ag 3 © TEMP = 2S 
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[?§ 8 ?2 2 
| 
{ 26 e Pa Q, 
{ 
| Avia ze P§ « 26 

hay a P§ « 9§ 

| PS 2 P22 & 

| 06 e P39 Q, 
| 

Ay,3 2 PS + 36 

Ay.1 © PS = 26 

{PS 2 P2 
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P6 8 Ps Q, 

| Az,3 8 PS = 296 

! A3,2 a P§ PS 

C
O
s
 
t
a
e
 

a
u
 

n
a
 
e
R
e
 

e
e
 

a
o
e
 
w
a
a
e
 

8
8
 

a
a
 

O
8
8
 
o
o
 
a
a
 

m
a
e
 
8
4
 

a
a
n
 
8
4
 
a
a
 
8
8
 

a
 

  

Figure 5.3-22. QUAT TO MAT (FUNCTION) 
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ASC_PRECISE PREDICTOR 

R_FINAL © R_INIT 
V_FINAL = ¥_INIT 

  

    
  

NUMBER_STEPS = MAX (ovo Zfimt = tarezt .1) 
_ DTLMAX 

  srep size = TAFINAL = TINIT 
NUMBER_STEPS 

  

T = TINIT   
  

  
  

  

5-34 
CALL: CENTRAL 
IN LIST: R_FINAL =. 
OUT LIST: 6G PREVIOUS, R_INV 

— 
GMD_PRED = 0 | 

SNAP ATTITUDE: ALPHAIN, BETAIN 
ALPHA = ALPHAIN RAD_PER_DEG 
BETA = BETAIN RAD_PER_DEG 

  

  
  

  

    
  

  
  52°33 

G PREVIOUS = ACCEL 
(GMD_PRED, GMO_PRED, 
R FINAL, V _FINAL, T)   

  

     
   

  

    
   

   

  

    
    

   

  

DO FOR I = 1 TO IF OPS_TRANS_ 
NUMBER_STEPS REQUEST = ON 

    

T = T + STEP SIZE 
R FINAL = R FINAL + STEP_SIZE 
(V FINAL + .5 STEP_SIZE G PREVIOUS) | 

  

(CONT) 

Figure 5.3-23. ASC_PRECISE PREDICTOR 
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Spece T Rockwell 
Pe gysteme Divieion ON international 

> ASC_PRECISE_ PREDICTOR 

R_FINAL = R_INIT 
V_FINAL = V_INIT 

IF OPS_TRANS_ \ 
REQUEST 
= OFF 

  

        

  

       ROUND | T FINAL = TLINIT FINAL - T tntt }.a 

_ OT_MAX     NUMBER_STEPS = MAX 

  

  

     

srep size = FINAL + TINIT 
. NUMBER_STEPS 

T= TLINIT     
  

  

5°34 
CALL: CENTRAL 
IN LIST: R_FINAL 
OUT LIST: G PREVIOUS, R_INV 

a 

| GMD_PRED = 0 

SNAP ATTITUDE: ALPHAIN, BETAIN 
» ALPHA = ALPHAIN RAD_PER_DEG 

BETA = BETAIN RAD_PER_DEG 

  

  
  

  

    

  
  5-33 

    

       

     

     

   
    
    

G _PREVIOUS = ACCEL 
(GHD_PRED, GMO_PRED, 
R_FINAL, V FINAL, T)     

    

  

    

  

00 FOR I = 1 TO 
NUMBER_STEPS 

IF OPS_TRANS_ 
REQUEST = ON 

  

   T = T + STEP SIZE 
R FINAL = R FINAL + STEP_SIZE 
(Y FINAL + .5 STEP_SIZE G PREVIOUS) _ 

(CONT) 

Figure 5.3-23. ASC_PRECISE PREDICTOR 
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Systems Division International 

qn 
ASC_PRECISE_PREDICTOR (CONT) : 

  

CALL: CENTRAL 5-34 

———L | 
i GMDUPRED = 0\___! 
{encom 

{ 
t { 

—! IN LIST: 2 FINAL | 

QUT LIST: G FINAL, R_INV 
  

  

G FINAL = ACCEL(GMD_PRED, GMOLPRED, RB LFINAL,! 5-33 

O
F
 

we
n 

2
 
w
e
 
e
w
 

Lt MU FINAL, 7) 
  

  

\,
}-

--
--

-.
--

--
-.

..
 

INAL = Y UFINAL + .5 (@ UPREVIOUS + G FINAL) STEPLSIZS 

G PREVIOUS = G@ US INAL 

m
a
s
 
r
e
 

a
e
 
e
m
 

m
e
e
 
o
e
 

‘ 
i 

R FINAL 2 2 FINAL + STEP_SIZE? (G _FINAL - G PREVIOUS) /6.1 o) A 
‘ . 

  

Figure 5.3-23. ASC_PRECISE_ PREDICTOR (Cont) 
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Space Transportation g 

ASCENT_SITE_LOOKUP_ INIT Systems Division 

FIRST_PASS 
OR 

TAL_DECLARED_ 
| FIRST_PASS 
  

  

| PRIME RUNWAY_INDEX = 1 

  

  

AREA_SEL = RTLS PRIME AREA | 

  

    FIRST PASS = OFF    

  

Rockwell 
Internationel 

  

   AREA SEL = TAL_ SELECT TAL DECLARED ‘a 
= - AREA_SEL OPS1 = AREA SEL 

FIRST_PASS     
  

  

TAL DECLARED FIRST_PASS = OFF     

  

TAC_SEL = 2 AREA SEL - 1 
AUTO_CHANNEL_ID = TACAN_ID_MAXI(TAC_SEL) 
RW_NAME_PSL = RUNWAY_NAME (2 AREA SEL - 1) 
RW_NAME SSL = RUNWAY_NAME (2 AREA SEL)   
  

| 
  

CALL ASCENT RUNWAY SITE LOOKUP 
    

  

NEW_AREA = ow) 
    

PRIME RUNWAY INDEX = 1 
RW_ID_UPP = 0 
TAC_SEL = 2 AREA SEL - 1 
AUTO_CHANNEL_ID = TACAN_ID MAXI(TAC_SEL) 
RW_NAME PSL = RUNWAY_NAME (2 AREA SEL - 1) 
RW_NAME SSL = RUNWAY_NAME (2 AREA SEL) 
TAC_CHAN OLD, = 0 
TAC_CHAN OLD, = 0 

TAC_CHAN_OLD3 = 0 

NEW_AREA = OFF 
AREA SEL_OPS1 = AREA_SEL     

Le. 
  

CALL ASCENT _RUNWAY_SITE_LOOKUP 
    

    

PRI SEL = oN. }— 
    

PRIME RUNWAY_INDEX = 1 
PRI SEL = OFF     

L 
  

CALL ASCENT_RUNWAY_SITE_LOOKUP 
    

  

SEC_SEL = ON — 
    

PRIME RUNWAY_INDEX = 2 
SEC_SEL = OFF     

l 
  

CALL ASCENT_RUNWAY_SITE_LOOKUP 
            TAC_CHANGE = ON) — 

  

  

TAC SEL = 2 AREA SEL - 1 \ TAC_SEL = 2 AREA SEL 
  / 

  

  

      TAC_SEL = 2 AREA SEL - 1 
        AUTO_CHANNEL_ID = TACAN_ID_MAXI(TAC_SEL) 

TAC_CHANGE = OFF     

Figure 5.3-24, ASC_SITE_LOOKUP_INIT 
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ASCENT_RUNWAY_SITE_LOOKUP 
J = AREA_SEL 
  

    

Space Transportati ¢g Roc Systems Division il interne nal 

  

  

  

    

  

LON = RW_LON(L) 

MLS_AVAIL = OFF 

ALT_RW = RUNWAY_ALT(L) 
AZIMUTH_RW = RW_AZIMUTH(L) 
LENGTH_RW = RW_LENGTH(L) 
DELH_MSL_ELLIPSOID_RW = RW_DELH(L) 
ANGLE_CORR_TNTOMAG_RW = RW_MAG_VAR(L) 
K = RW_MSBLS_INDEX(L) 

  

  

: 
. 

‘PRIME RUNWAY_INDEX © 1 = RW SELECT = ON 

1 enemas ee 
" 

RW_NAME = L I L = 20 

LAT © RW_LAT(L) RW_SELECT = OFF 

    

| 
  

M_EFTORW = EF TO_RUNWAY (LAT, LON, AZIMUTH RW) | 5-102 
R_LS EF = GEQDETIC_TO_EF (LAT, LON, ALT_RW) 5-105 
  

I 
  

R_CC_L_PRI = R_LS EF + M_EFTORW? R_HAC_RW_L 
R_CC_R_PRI = R_LS EF + M_EFTORW! R_HAC_RWR 
R_CC_LMAG PRI = [R CC_L_PRI| 
R_CC_RMAG PRI = |R_CC_R PRI|     

I 
    

K>0   

  

LAT_MSL_R_AZ = LAT_MLS R_AZ(K) ~ 
LONG MLS_R_AZ = LONG MLS R_AZ(K) 
ALT_MLS_R_AZ = ALT_MLS R_AZ(K) 
R_AZ_SCANNER BEARING = R_AZ RADAR BEARING(K) 
LAT_MLSEL = LAT_MLSEL(K) 
LONG MLSEL = LONG MLSEL(K) 
ALT_MLSEL = ALT_MLSEL(K) 
EL_SCANNER BEARING = EL_SCANNER_BEARING(K) 
BIAS _MLS_RANGE “= BIAS MLS_RANGE(K) 
BIAS ELMLS = BIAS ELMLS(K) 
BIAS_AZMLS = BIAS AZMLS(K) 
X_OMEAZ_RW = X_DMEAZ_RW(K) 
X_EL_RW = X_EL RW(K) 
Y_DMEAZ_RW = Y_DMEAZ_RW(K) 
MLS AVAIL = ON 
M_EFTORAD_R_AZ = EF_TO SCANNER (LAT MLS R_AZ 

LONG MLS _R_AZ, R_AZ_SCANNER_BEARING) 
M_EFTORAD EL = EF TO SCANNER(LAT_MLSEL, LONG MLSEL, 

EL_SCANNER BEARING) 
R_RMLS EF = GEODETIC_TO_EF(LAT_MLS RAZ, LONG MLS RAZ, 

ALT_MLS_R_AZ) 
R_AZMLS_EF = R_RMLS EF 
R_ELMLS EF = GEODETIC_TO_EF(LAT_MLSEL, LONG MLSEL, 

ALT_MLSEL)   
Figure 5.3-25. ASC_RUNWAY_SITE_LOOKUP 

5-112 

STS 83-0005B 

5-103 

5°103 

5-105 

$°105 

ae 

  

6) % 

 



Space Transportation ¢g ® Rockwell 
Systems Division International 

 ASCENT_TACAN_SITE_LOOKUP 

  

_ d= AREA SEL 
TAC_CHAN_VALID_SLiRy 1p © OFF 
TACAN IDLRY 1p * NEW_STATION_ID 

  
  

    

  
DO FOR I = 2-1, 2J -— TAC_IDERY Ip * TACAN_ID_MAXI(I) 

LAT_TACAN_SLLRU_Ip = LATITUDE_GEODETIC_MAXI(T) 

LONG_TACAN_SLiRy 1p * LONGITUDE_EAST_MAXI(1) 
ALT_TACAN SLiRU 1p = ALT_ABOVE_ELLIPSOID_MAXI() 

DH_TACAN SLiRu 1D = MSt_ABOVE_ELLIPSOID_MAXI(I) 

ANGLE_CORR_TNTOMAG_SLuRy 1p = MAGNETIC VARIATION MAXI(T) 

RD_TAC_MSL_SLury ip = (1. -ELLIPT)2 EARTH_RADIUS EQUATOR/ 
(1. + SIN2 (LAT_TACAN SLugy 1p) ELLIPT (ELLIPT-2))1/2 
+ DH_TACAN_SLLRU ID 

R_TACAN_EF_SLiRU_ID * GEODETIC_TO_EF (LAT_TACAN_SLiRU_ID, 

LONG _TACAN_SLiRy rp» ALT_TACAN_SLiRy 1p) 

M_EFTOTD_TACAN_SLiRU_ID = EF TO_TOPDET (LAT_TACAN SLipy 1p,LONG_TACAN SLiey 1p) 

  

TAC_CHAN_VALID_SLLRU_ID * ON   
Figure 5.3-26. _ASC_TACAN_SITE_LOOKUP 
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5.4 AREA NAVIGATION FLOW CHARTS, VARIABLE MAMES, AND DESCRIPTIONS 

This section provides supplemental material foe area navigation fa the 

form of functional flow charte (Figuces §,.4-1 through $.4-9). Table 3.41 

provides the variable list which supports this material. The following data 

will aid in interpreting Table 5.4-1. 
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HSI_SEQUENCER 

IF FIRST_PASS | 
= ON 

  
  

    
  
   

LEFT_SIDE = ON 

DO FOR I = 1, 2 
     LEFT SIDE = ON — 

  

Rockwell 
International 

Spece 8 Tenaporation 6) 

      FIRST_PASS = OFF 
P = YSGNP 
OVHD_LAST = OVHD 

  

    

   

  

   
SOURCE = SOURCE_LEFT 
MODE = MODE_LEFT - 
RCVR = RCVR_LEFT 

  

     

  

  

SOURCE = SOURCE RIGHT 
MODE = MODE_RIGHT 
RCVR = RCVR RIGHT 

    

  BRG_FLAG = ON 
GSI_FLAG = ON   
CDI_FLAG = ON 

    

  

    

      
      

SOURCE = NAV )}— DO NAV_STATE_TO_RW cone] 5-121 

RCVR = 1 Nel 

A (CONT) (CONT) 

Figure 5.41. NST SEQUENCER 
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IF (OVHD = OFF 
OR 

OVHD # OVHD_LAST) 
AND 

BRG_FLAG = ON   

Rockwell 
international Space Transportation 6) 

  

RECOMPUTED P FOR OVERHEAD 
  

  
  

© 

= 

P = -SIGN(R_VEH_RW2) 

OVHD_LAST = OVHD 
    

      

[i OVHD = ort }— p = =P | 
      

Figure 5.4-1. 

RECOMPUTED P FOR 
STRAIGHT_IN 

HSI_SEQUENCER (Cont) 
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Rockwell 

  

ne | 
systeme Division il 

RSLLSEQUENCER (CONT) 

  

  

  

  

  

  

i ! : 4 \ { $ 
{ ' {__! RCVR 2 2 d~meene} Ns 2 } 

beeen’ | ee | 

: ' tt ' 
{ } {N23} 
: i ae: 
' : 
: ' 
i iene 

i i \ ' , : 
i i SOURCE = TAC >wenee-! DO TAC_SARO_TO_RW CODE | 5-122 

i Berne! ' i i ' ' ‘ 

i 
: ‘ 
' it ' 
i } DO MSBLS_TO_RW CODE 1 5-124 

' : 

i 
t 
a 

! 
\ 

MODE = ENTRY AND \ ' ' 
\ ; DO ENTRY_HSI_ | 

(M4_CODE_602 = ON Poona} + 5-125 
/ 43 { COMP CODE i 

‘ ' 
$ t OR MM_CODE_304 = ON) / 

/ 

  

CDI = ARCTAN2(=R_VEH_RW2, 16300. - R_VEH_RW,) DEG_PER_RAD 

HEADING = PSI_HSIMV DEG_PER_RAD 

international 

o
P
 

mn 
a
e
 

w
e
 

w
w
e
 

  

@
@
2
 
a
e
 
w
e
 
w
o
 

o
o
 

(CONT) (CONT) 

Figure 5.4-1. HSI_SEQUENCER (Cont) 
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HSILSEQUENCER (CONT) 

' 
| MASS FLAG © ON 
uemumnenenummesnsncmeuesae! 

o
w
e
 

2
2
 

we
e 

S
O
 
e
e
 
8
%
 
w
o
 
O
F
 

w
o
 
8
°
 

w
o
 
F
O
 
a
e
 
O
O
 

wo
e 
O
F
 
w
e
 
e
e
 

eerste 

\ 

Space Transportation ¢ ® Rockwell, 
Systems Division International 

jo
 

>
 
o
e
 
a
e
 

> 
a
w
 

. 

\ \ ' ‘ 

{m16cS 2 2} 

  

DELX_NEP « -HCO(IGS)/C1(IGS,1) 

DELX REF © -CQ(IGS,1)/C1(IGS,1) 

DELX_MEP = -HMEP(IGS)/C1(IGS,1) 

MASS_FLAG = OFF 

ALT_LLAND = HCO(IGS) 

S
e
 
R
P
 
w
e
 
B
e
e
 

& 
O
S
 
O
S
 
f
e
 
G
O
 

B
e
 

a
o
e
 
e
e
 
o
e
 

e
e
t
 
2
1
 
w
w
 
w
e
 
e
e
 
e
e
 
e
w
 

  

\ 

O
e
 
B
e
 
w
e
 
e
e
 
a
e
 

  

MODE = LAND OR 
(MODE = ENTRY AND 
H < ALT_LAND) 

OR 

! 
; 
‘ 
t 
: 
; 
: 
i 
: 
‘ 
: 
: 
i 
i 
i 
t 

i 
: 

t 

‘ 
i 

i 

: 
i 
: 
a 

| (MODE = ENTRY AND 

‘ 
‘ 
;   H < ALT_LAND + 6000 AND 

|cpr|< 0.044 DEc_PER_RAD} 
  

(CONT) 

Figure 5.4-1. 

  

HILWINDS = OFF >-e---} X_GSI = X_GSILNOMINAL 

m
w
 

oo
m 

a
e
 

  

X.GSI = X_GSI_ST_WIND 
  

  

D0 LANDLHSICOMP CODE 

  

    so
e
 

(CONT) 

HSI_SEQUENCER (Cont) 
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on



> BSLLSEQUENCER (CONT) 

m
e
 

S
e
 

w
e
 

¢ 
we 

  

LEFT_SIDE 2 OFF 

  

(CONT) 

Space Transportation g Rockwell 
Systems Division International 

  

——_—1L_. ' 
\ 1X_EP = X_GSI + DELX_NEP! 

NEP s ON de-o| 

  

  

  

  

  

  

  

  

  

Figure 5.4-1, HSI SEQUENCER (Cont) 
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{ 
{ 
' 
' 
i 
' —— =| «J ALTLLAND » HCO(IGS) ' 

{ 1 | { 
{ \ i 
t { | 
i i ; 4 ' 
: i ' 'X_EP s X_GSI + DELX_MEP! 

i 
i ' ‘ALT_LAND sHMEP (IGS) 
{ i ' t 

i : 
14 

: law! DO TAEM_HSI_COMP CODE | 5-130 
‘ ‘ ’ 

7 : 
' ' 

! : GSI 2 0.2 GSI } 
4 i] f 
t i 4 

i { CDI = cDI/4 ss} 
: ' t 
i 
i 

! | PRISEAR_LEFT = PRILBEAR HDG_FLAG_LEFT = ON 
\ | PRIRANGE_LEFT = PRILRANGE BRG_FLAG_LEFT = BRG_FLAG | 

LEFT_SIDE = ON >=--e=-} CDI_LEFT = CDI GSI_FLAG_LEFT = GSI_FLAG } 
—_______/ } | GSILLEFT = GSI CDI_LFLAG_LEFT = CDI_FLAG } 

' ! } HEADING_LEFT = HEADING SECBEAR_LEFT = SEC_BEAR } 
: ! {| LHSI_P =P SECRANGE_LEFT = SEC_RANGE! 
f 4 ! t 

tf 
i i 

: i ot 
' ! | PRISEAR_RIGHT = PRI_BEAR HDG_FLAG_RIGHT = ON 
\ 1 | PRIRANGE_RIGHT = PRI_LRANGE BRG_FLAG_RIGHT = BRG_FLAG 
i it CDI_RIGHT z CDI GSI_FLAG_RIGHT = GSI_FLAG 
t ' GSI_RIGHT z GSI CDILFLAG_RIGHT = CDI_FLAG 
! } HEADING_RIGHT =x HEADING SECBEAR_RIGHT = SEC_BEAR 

i SECRANGE_RIGHT = SEC_RANGE} 
6 A



USI SEQUENCER (CONT) 

  

Figure 5.4-1. HSI_SEQUENCER (Cont) 
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NAVLSTATE_TO_RW_CODE 

  ; RVEH_EF = R EF ~ & AVEH_RW 2 POSITIONWRT_AUNWAY | 
| 

{ 
: 

(eens 

} 
H = ALT_WHEELS | 

{ el 

a
o
 
w
e
 
w
w
 

  

  

ssrammence ON Esco 

Figure 5.4-2. NAV_STATE_TO RW CODE 
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Space Tre srencsess OR Feces! 

TAC_BARO_TO_RW CODE 

    

    

  

  

  

  

i \ t \ 
TBRG_CMLK(N) 3 OFF \ BRG_FLAG s OFF 

t TRNGLCMLK(N) = OFF / i | GSILFLAG = OFF 
a / }. 

! 
: ; 

i ‘ 
' w! DO TAC_LBAROLTOLTCPCDETIC CCDE } 5-193 
' - 

: \ : 
} TACAN_CHAN_VALID_SL(N) = TRUE «oan! 
' / ' 

. ‘ 

BRG_FLAG = OFF 

GSILFLAG = OFF 

COILFLAG = OFF 

  

  

- 

é 

3 VEHRLEF = MLEFTCTOLTACANLSLIN) RB UVEH_LTOLTAC + 3 UTACAN_EFLUSL(N) 

BR VEN_LRW =s MUEFTCRW (3 VEH_EF - 2 USES) 

w
e
 

e
e
 
w
e
 

B
e
 

a
e
 

—
—
e
 
w
e
 

w
e
r
 
e
e
 

w
e
 

  

Figure 5.4-3. TAC_BARO TO RW CODE 
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Tranaportetion Rockwell tomsrarccrten OLN acest 

TAC_BANC_TO_TOPODETIC CODE 

  { A @ TACBEARO(N) + ANGLE_CORRLINTOMAG_SL(N) o PL 

&
 
b
e
 

w
n
 
w
n
 

$ RUTAC s RDLTAC_SL(N) + ALTTACAN_SL(N) @ DH TACAN_SL(M) i 
: ' 

  

  

eee 

$ aLT_OG = OFF\ } GSILFLAG s OFF ; 

i / ; ; 

    

; HUBARC = HPC} 
§ ‘ t 

  
0. 

eee doe 

MM_CODE_304 = ON\ __ ‘ 
t 

OR \ } B_BARC = 

i 

j
w
 
O
e
 
e
e
 

w
e
 
w
e
 

  

  

VES = B_BARO + RDUTAC_SL(N)” 
MM_CCDE_602 = CN / } 

i 
i 
a 

  

f
o
 
w
e
 

an
e 

  

  
  

  

  

  

: { { SLBARG = ALT WAEELS « ALT RW } 
: R_TAC® + TACRANGZO(N)2 ~ RVER2 |} -DELS_MSL_ELLIPSCZD_aW 
i; COSB s ; ot ' 

2 RLTAC TACRANGEO(N) 
' } 

; 
; 

eeeeenenerecende 

} COSE < -1 ~ Uj COSB s -1 | 

: 
! 
  

' D s TACRANGEQ(N) (1 + cosae) 72 

{ S_VEH_TD_TAC, = D COS(A) 

RVEX_TO_TAC> © D SEN(A) 

A_YEA_TO_TAC3 = TACRANGEO(N) COSB 

=
e
 
e
e
 
a
w
 

j 
{ 

Hs H_BARO » ALTLRe + DELZ_MSL_ELLIPSOID_AW | 
| 

=
n
 
m
e
 

Figure 5.4-4, TAC BARO TO TOPODETIC CODE 
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Space Transportation ¢ Rockwell 
Systems Division Internationa! 

MSBLS_TO_RW CODE 

  

\ 
MRNG_CMLK(N) = OFF N i 

OR Sweece} BRG_FLAG = OFF 
MAZM_CMLK(N) s OFF / GSI_LFLAG = OFF 

/ 
{ . ! ' 

—| EL_MSBLS = 0,33281 | 
{ 

  

    S
E
 
O
e
 
B
e
 

S
e
 
e
w
 

  

p
o
m
 
a
n
e
 

      
{ 

\ ' \ i 
MELV_CMLK(N) = OFF >---=} H > H_GSI_SHALLOW >-e--} 

: 
i 

  

‘ i 
—| EL_MSBLS ‘s 0.0 | 

i 

Ji / 
t 

  

EL_MSBLS = MSBELEVO(N) GSILFLAG = OFF } 
i 

  

  

TAZ =. TAN(MSBAZIMO(N)) 
TEL = TAN(EL_MSBLS) 
TEL2 = TEL TEL 

1 + TEL2 + TAZ Ac 

B= 2 (X_EL_Rw - X_DMEAZ_RW) TEL2 

C = (X_EL_RW - X_DMEAZ_Rw)¢ TEL2 - MSBRANGEO(N)® 

Be Be = 4AC 
X_VEK_DMEAZ = :   

- | 2A 

R_VEH_RW, = X_DMEAZ_RW + X_VEH_DMEAZ 

R_VEH_RW. = (X_PMEAZ_RW - R_VEH_RW,) TAZ + Y_DMEAZ_RW 

RVEH_RW3 = (RVEH_RW, - X_EL_RW) TEL 

o
e
 

w
e
 
w
e
 S
L
P
S
 

R
E
 
U
e
 

e
e
 

m
e
 

me
ee

 
m
e
 

ow
en

 
e
e
 

o
m
e
 

a
n
n
 
o
e
 

W
e
 

Oe
 O
O
 

W
E
 
O
O
 

S
O
 
O
S
 
S
O
 
S
E
R
S
 

S
O
 
e
Z
 
O
e
 

B
e
 
w
e
 
B
E
S
S
 

O
e
 
B
O
 
w
e
 
c
e
 
w
e
 

  : 

i 
H = -R_VEH_RW; { 

  

Figure 5.4-5. MSBLS TO RW CODE 
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Space Transportation g 
Systems Division 

ENTRY_HSI_COMP CODE 

Rockwell 
International 

  

  

Vv _NORM = R_EF x V_RHOLEF 
PSI = ARCTAN2(V_NORM3 R_VEH_MAG_UPP, (V_NORM) R_EF2 - 

V_NORM> R_EF})) 
HEADING = (PSI - ANGLE_CORR_TNTOMAG RW) DEG _PER_RAD     

      

  
HEADING < 0 »— HEADING = HEADING + 360 
    

  

  R_VEH_MAG = |R_VEH_EF |         
(CONT) 

Figure 5.4-6. ENTRY_HSI_COMP CODE 
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ENTRY_HSI_CONP CODE (CONT) 

  

  

  

  
  

CALL: 

INUIST: R_CC_R_PRI, R_CC_RMAG PRI, 

OVD, 

Rockwell 
international 

tees Tanspanaton 6) 

    

RANGE_BEAR_TO_HAC_ENTRY 5-127 

P, AZINUTH_RW, 
ANGLE_CORR_TNTOMAG_RW 

OUTLIST: FRILRANGE, PRI_BEAR 
    

  

    
  

CALL: 

INLIST: R_CC_L_PRI, R_CC_LMAG PRI, 
OVHD, 

OUTLIST: FPRI_LRANGE, PRI_BEAR 

RANGE_BEAR_TO_HAC_ENTRY 5-127 

P, AZINUTH_RW, 
AXGLE_CORR_TNTOMAG_RW 

    

  

SEC_RANGE = PRI_RANGE 
SEC_BEAR = PRI_BEAR 
  

    
GSI = 0 
CDI = 0 
GSI_FLAG = OFF       

Figure 5.4-6. EXTRY_HSI_COMP CODE (Cont) 
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Space Transportation ¢g Rockwell 
Systems Division International 

RANGE_BEAR_TO_HAC_ENTRY 

INLIST: B _CC_EF, R_CC_MAG,P,AZIMUTH_RW, 
ANGLE_CORR_TNTOMAG_RW 

OUTLIST: RANGE, BEARING 

  NORM = R _VEH_EF x R CC _EF Py 
: a= 

bh
o 

ay
 
a
e
 

BEAR_VEH = ARCTAN2 (V_NORM3 RUVEH_MAG, : 
: 

VNORM, RIVEHLEF> - VNORM, R_VEH_EF,) 
a 

8 

  

ma
e 

a
e
 

a
e
 

~
—
w
 *
 

BEAR_CC = ARCTAN2(V_NORM; R_CC_MAG, V_NORM, R_CC_EF> 

-V_NORM; R_CC_EF,) 

  

  

BEAR_CC = BEAR_CC + 2 Pl BEAR_CC < 6 \____ 
/ 
  

b
o
 

SIN_UTHET_VEH_CC = {¥ NORM: /(R_VEH_MAG R_CC_MAG) 

P
m
 

w
a
y
 

p
o
 

om
en

 

DIST_VEH_WP1 = ARCSIN(SIN_THET_VEH_CC) R_CC_MAG 
A2 = RADIUS_EP/DIST_VEH_WP 1 
BEAR_VEH_WP1 = BEAR_VEH = P A2 
A3 = A2 + P (AZIMUTH_RW = BEAR_CC) 

e
w
e
 

o
n
 
w
e
 
o
m
 

lo
we

 
ep
ee
 
a
n
a
 

se
em
 
o
e
 

  

  } 
b5

 
O
A
 

oa 
ww

 

A3 z= A3 + 2 PI 

O
E
P
 
B
E
 
w
e
 
a
m
 

b
o
 
a
e
 

a
w
e
d
 | 

    

    
IF A3 < PI/2 AND OVHD = ON SS oss tee 

Figure 5.4-7, RANGE_BEAR TO HAC ENTRY 
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Space Transportation Rockwell 
systems Division él international 

RANGE_BEAR_TO_HACLENTRY (CONT) 

i 
i 
i 

: ' 
D_ARC = A3 RADIUS_EP 

‘ 
: 

\ i 
! RANGE © (DIST_VEH_NP1 + DLARC - X.NEP + X.WP2) NAUTML_PER PT 
‘ 
a 

! BEARING = (BEAR_VEHWP1 ~ ANGLE_CORR_TNTOMAG_RW) DEG_PER_RAD ! 

i 
{ 
i ; 

{ BEARING <0 \ ' BEARING = BEARING + 360 
i / 

Figure 5.4-7. RANGE BEAR TO HAC ENTRY (Cont) 

ae 
a \ 
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—
 

Space Transportation 
Systems Division q 

  

Dos X.WP2 = R_VEH_Fh, 

w
e
 

w
e
 
w
e
 

m
e
 
e
e
 

w
e
 

  

  

  

  

  

  

  

  

  

  

  

Rockwell 
International 

  

  

  

PRILBEAR = (ARCTANZ(*RLVEHLRW,D) + AZIMUTHRW 

- ANGLE _CORR_LINTOMAG_Rw) DEG_PER_RAD 

i 

— i i 
} PRILEEAR < 0 \ | PRILEEAR © PRI_LBEAR + 360 } 

sf 4 ! 
t ! 
i ! 
i \ ' i 
t | IF PRILEEAR > 360 \ | PRILBEAR = PRILBEAR - 360 } 
i ! / i ' 
i i J 
' 
i 
' 

SEC_EEA® = FRI_LEEAF t 
‘ 

2 21/2 
DISTLWPZ = (RLVER_RW: + D ) 

i 
t 

FRI_LRANGE = (DIST_wF2 NAUTMILPEFLFT) 10. | 
SEC_RANGE = FEI_RANGE ! 

i 

| K = DIST_wr2 + X_GSI + DELX_REF - ¥_wr2 
oR SSI_SHALLOW \ | BREF = COCIGS,1) + C1(IGS,1) 8 

/ 1 GSI = KeHREF 

t 
t 

4 
' 

‘ ’ ( 
t ' i} 

j___t GSILFLAG = OFF | 
‘ ' 
' t 

  

Figure 5.4-8, LAND _HSI_COMP CODE 
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CR
89
94
7A
 

  

  

Space Transportation 6 Rockwell 
Systems Division International 

TAEMLESILCOMP CODE 

  

P = SIGN(R_VEH_Rw2) 

Y_CC s RADLUSLEP = P R_VEK_AWS 

2 XEF = RLVEKLAW, 

RCO = (XCCe + y_cce) Ve 

cr
" ©
 

oO
 

  

  

' ' 

1 PRO< 0 \ nn! PED es PHT + 2 FIO 
  

  

t \ ' t CN ORF 
i; RCC ¢ \ | CISTLVER_WP1 = 0 : INSIDE HAC 

RALIUS_=> / , BEAR_RW = PHD = .5 FI j CASE 
' t 
‘ ’ 
  

a
e
 
e
e
 

o
e
 

e
w
 

w
e
 
O
O
 

STLVER_WP1 = (R_CC® - RADIUS_EP2) */2 
A we : 

  

i 
' 
‘ 
1 

t 
' 
‘ 
! 

i 
t 

‘ 
' 
1 
t 

! 
a 

t 
i 

' 
{ 

i 
v1   
  

- \—— BEAR RW < -0.003 / ARLRW = BEAR_RW + 2 PI o
 
1
 

  

a
 
a
 

  

— 

1 
‘ 
‘ 
' 
1 
i 
  

2 2 >
 

on
 

©
 UW 

t
a
 

‘ to
 rm >
 
a
 

mm
 

x 

  

IF ARC < PI/2 AND 
  

  ] 

i] 
i] 

OVHD = ON AND Len 
1 

H > (ALT LAND + 25386)! 

ARC = ARC + 2 PI 

po
 
am

 
ie

 
oe

 

-
_
—
 

  

  

f 
‘ 
i DIARC = 

1 ARC RADIVS_EP 

1 
  

t 

(CONT) TAEM_HSI_COMP CODE 
Figure 5.4-9-. 
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Space portatl Rockwell 
ystems Division gh International 

_ TAEMLHSI_COMP CODE (CONT) 

j 
} 1 : 

ele ! BEARLRW 2 2 pr } 
! FP <0 \uo) & BEAR_RW : 

/ | PHT s 2 PI ~ Pur! ee ' 

  

  
i 
i 
i 

4 . 

RANGE_FT = DIST_VER_WP1 + DLARC = X_EP + X_WP2 j 
! 
i 

PRILRANGE = (RANGE_FT NAUTMILPER_FT) 10. 
PRILBEAR = (BEARLRW + (AZIMUTH_RW = ANGLE_CORR_TNTOMAG_RW)) DEC_PER_RAD 

  

: 
i 
i i i 
B i I_BEAR > 360 \___} PRI_BEAR = PRILBEAR - 360 

/ : } : 
wy

 
=
 

    

SES_BEAR = (PHI + (AZIMUTH_RW =< ANGLE_CORR_TNTOMAG_RW)) DEG_PER_RAD 
SECLRANGE = 10. RCC NAUTMI_PER_FT 

  
i 

SEC_BEAR > 360 \ ees! 
/ | SEC_LBEAR = SEC_BEAR = 360 

’ 
4 

  

  

p
e
 
a
e
 
w
e
 

  

R z RANGE_FT + X_GSI + DELX_REF - X_wP2 
DA = R = CUBRC(IGS) 

  7 

  

  

  

$ a 
8 t 

'DR < 0 \____} HREF 2 CO(IGS,1) + C1(IGS,1) R + C2(IGS,1) R@+ C3(IGS,1) R3 } 
bee! tt ‘ 

i ' 
i i 
' $ 4 
| L{¥OHREF = CO(IGS,2) + C1(IGS,2) DR + C2(IGS,2) DR° + C3(IGS,2) DR3 

‘ | 
t 

GSI = H-HREF } 

  

Figure 5.4-9. TAEM_HSI COMP CODE (Cont) 
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Spece Transportation 
Systems Division 

VARIABLE LIST DEFINITIONS 

Code used for variable data type: 

83 scalar 
V3 vector 
Mz square matrix 
INT: integer 
BIT: bit 
CHAR: character 
STR: structure 
ARR: array 
B(M): binary, M digit bit string 

Coordinate frame code and definition: 

BODY: x? parallel to the longitudinal axis (positive aft) 
(structural ) 

y: completes right-hand system 

zi perpendicular to the x-axis, positive upward 

M50: Mean-of-50 reference coordinate system 

RW: x: down runway centerline in direction of Landing 
(runway 
coordinates) y: completes right-hand system 

z: down, normal to ellipsoid 

SCAN: x: scanner boresight 
(MLS scanner 
coordinates) y: completes right-hand system 

zi up, normal to ellipsoid 

TD: x3 north 
(topodetic 
coordinates) y3 east 

z: down, normal to ellipsoid 

EF: Earth-fixed coordinate system 

57132 
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Table 5.4-1. 

Rockwell Space Transportation 
International Systems Division O 

  

Variable List - Area Navigation 

  

  

            

Variable Data |} Initial | Coord 
Name Type Value | Frame Variable Description 

A s 0 _ Angle at TACAN from true north to 
Shuttle 

A s 0 _— Coefficient in quadratic formula 

A2 Ss 0 _ Angle defined by intersection of two 
great circle planes (one passing 
through the Shuttle position and HAC 
center; the other through the Shuttle 
position and WP1) 

A3 s 0 _ Angle at HAC center from WPl to entry 

point (ENT_RNG BEAR) 

ALT_DG BIT Off _ Barometric data-good flag 

ALT_RW S 0 _ Altitude above reference ellipsoid of 
runway reference point 

ALT_TACAN_ V 0 _ Altitude of TACAN station (each LRU) 
SL(I) output from site lookup, I=1, 3 

ALT_WHEELS Ss 0 _ Altitude of orbiter c.g. (entry) or 
rear wheels (TAEM and A/L) above 
runway altitude 

ANGLE_CORR_ s 0 TD Angle of magnetic variation from 

TNTOMAG RW_SEC true north at selected secondary 

runway 

ANGLE CORR_ V 0 —_ Variation of magnetic north from 

TNTOMAG SL(TI) true north at TACAN site (each LRU) 
output from site lookup, I=1, 3 

ARC S 0 — Angle from NEP to WPl measured WRT 

HAC center 

AZIMUTH_RW Ss 0 —_ Bearing from true north of runway 
coordinate system +X axis 

B S 0) _ Coefficient in quadratic formula 

BEAR_CC s 0 —_ Bearing at HAC center WRT true north 
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Table §.4-1. 

  

Spece Trensporlation 
Systeme Otvision 

6; Forde 

Variable List - Area Navigation (Cone) 

  

  

  

Variable Data Initial | Coord 

Name Type Value | Frame Variable Description 
| 

BEARING s 0 _ Bearing frow Shuttle co Wt ] 

BEAR RW s 0 _ Bearing to WPl (entry/TAZM oe 2UT 
~ (A/L) measured with respecte to ww 

BEAR VEH s 0 - Bearing from Shuttle to HAC cenrar 
- WRT true north 

ALT LAND Ss Pad -— Altitude for sutomatic switch frome 
~ TAEM display mode comps to auca.cant 

display mode comps 

BEAR VEH WPl s 0 —_ Bearing to WPl WRT true sorctin 

BRG FLAG BIT off _ HSI data validity flag an 

BRG FLAG LEFT BIT off _ HSI data validity flag 

BRG_ FLAG RIGHT BIT off —_ HSI data validity flag 

c S 0 Coefficient in quadratic form a 

CDI 3 0 Course deviation from the ex. nae 

Trunway center Lane 

CDI FLAG BIT ort HST data valadiaty flaz 

CDI FLAG LEFT BIT ore UST data validity €leg 

CDI FLAG RIGHT | BIT ore HSI data valadaty faz 

CDL LEFT g 0 Course deviation from t @ ex 

~ Tunway center line 

CDI RIGHT § () Course deviation from the ev 

- runway ceater line 

COSB ‘i Crsine of the angle at ALAN wa 

earth centec to Shut | 

D ul wh Projection of alant rary we RAN       

    to Shuttle onta YX pa   Cx 
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Table 5.4-l. 

Rockwell Space Transportation 
International Systems Division 

  

A 

Variable List - Area Navigation (Cont) 

  

  

  

Variable Data | Initial | Coord 
Name Type Value | Frame Variable Description 

D 8 0 RW X component of vehicle position with 
respect to WP2 

D_ARC s 0 -- Arc length around the HAC from WP1 to 
EP 

DELH MSL_ S 0 - Altitude of mean sea level above 
ELLIPSOID _RW reference ellipsoid at runway 

DH_TACAN SL(I) | V 0 -- Altitude of mean sea level above 
reference ellipsoid at TACAN station 
(each LRU) output from site lookup, 
Izl, 3 

DIST _VEH WP1l s 0 - Surface range from Shuttle to WPl 

DIST_WP2 s 0 - Flat earth range from Shuttle to WP2 

EL_MSBLS s 0 -_ MSBLS elevation angle 

GSI s 0 -- Glideslope deviation for primary 
runway 

GSI_FLAG_LEFT BIT Off -- HSI data validity flag 

GSI_FLAG RIGHT | BIT off -- HSI data validity flag 

GSI LEFT Ss: 0 - Glideslope deviation for primary 
~ runway 

GSI RIGHT S 0 -- Glideslope deviation for primary 
~ runway 

H BARO S 0 - Barometric altitude obtained from 
~ selection filter 

HDG FLAG BIT Of£E -- | General heading validity indicator 

HDG FLAG LEFT BIT Off -- Heading validity indicator for left         HSI 
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Table 5.4-1. Variable List - Area Navigation (Cont) 

Rockwell Space Transportation 
international Systems Division a 

  

  

Variable Data | Initial | Coord 
Name Type Value | Frame Variable Description 

HDG _FLAG_RIGHT | BIT Off —_ Heading validity indicator for right 
HST 

READING Ss 0 TD Heading angle from runway magnetic 
. north (deg) 

HEADING LEFT S 0 - Heading of relative velocity vector 
(entry) or of body X-axis (TAEM or 
A/L) 

HEADING RIGHT Ss 0 _ Heading of relative velocity vector 
(entry) or of body X-axis (TAEM or 
A/L) 

9 

HPC Ss 0 _ Barometric altitude obtained from the 
air data SOP 

I INT _ _ Integer-subscript or iteration 
counter 

LEFT_SIDE BIT Off - - Indicates for which HSI the computa- 
tions are being performed 

M_EFTORW M 0 _ Earth-fixed to prime RW transforma- 
: tion matrix 

M_EFTOTD M 0 ~ Transformation matrix from earth- 
TACAN 1 SL(I) fixed to topodetic coordinates at 

TACAN site (each LRU) output from 
* site lookup, I#1, 3 

MM_CODE_602 BIT 0 _ Major mode 602 flag 

MODE CHAR —_ _ Indicates setting of display mode 
switch (entry, TAEM, or land) 

MODE_LEFT CHAR _ —_ Indicates setting of display mode 
switch (entry, TAEM or land) for left 
side HSI 

MODE_RIGHT CHAR — — Indicates setting of display mode         switch (entry, TAEM or land) for 
right side HSI     
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Table 5.4-1. Variable List = Area Navigation (Cont) 

  

  

          
  

  

Variable Data | Initial | Coord 
Name Type Value | Frame Variable Description 

MSBAZIMO(T) s 0 -- MSBLS asimuth for the I-th receiver, 
Tel, 3 

MAZM_CMLK(TI) BIT Off _- MSBLS agzimuth comm fault/Lock-on flag 
for feth receiver, I#l, 3 

MSBELEVO(I) Ss 0 -- MSBLS elevation for che I-th 
receiver, I#l, 3 

MELV_CMLK(I) BIT Off -- MSBLS elevation comm fault/Lock-on 
flag for I-th receiver, I#1, 3 

MSBRANGEO(I) s 0 = MSBLS range for the I-th receiver, 
T=l, 3 

MRNG_CMLK(I) BIT Off -- MSBLS range comm fault/lock-on flag 
for the Ith receiver, I#l, 3 

N INT -< = Index for site lookup parameters 
(TACAN) and raw data from SOP (TACAN 
or MSBLS) 

P s “1 -- Sign of primary runway L/R HAC 
indicator 

PHI S 0 _ Angle from runway to HAC center 
measured WRT Shuttle 

POSITION V 0 RW Vehicle c.g. position vector WRT 
WRT_RUNWAY measured reference point (R LS EF) 

PRI BEAR S 0 = Primary bearing (to WPl-entry and 
7 TAEM, to WP2-land) 

PRIBEAR LEFT s 0 -- Primary bearing (to WPl-entry and 
~ TAEM, to WP2-Land) 

LHSI P 5 - 7 P computed for left side HSI 

PRIBEAR RICHT $ 0 -- Primary bearing (to WPl-entry and 
~ TAEM, to WP2-land) 
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Table 5.4-1. .Variable List ~ Area Navigation (Cont) 

  

  

            
  

Variable Data | Initial] Coord 
Name Type Value | Frame Variable Description 

MSBAZIMO(T) Ss 0 -- MSBLS azimuth for the [-th receiver, 
Iel, 3 

MAZM_CMLK(I) BIT Off -- MSBLS azimuth comm fault/Lock-on flag 
for I-th receiver, I#1, 3 

MSBELEVO(I) s 0 -- MSBLS elevation for the I-th 
receiver, I#l, 3 

MELV_CMLK(I) BIT Off -- MSBLS elevation comm fault/Lock-on 
flag for I-th receiver, I#l, 3 

MSBRANGEO(I) Ss 0 - MSBLS range for the I-th receiver, 
Izl, 3 

MRNG_CMLK(T) BIT Off -- MSBLS range comm fault/lock-on flag 
for the I-th receiver, I#l, 3 

N INT -- -- Index for site lookup parameters 
in ® (TACAN) and raw data from SOP (TACAN 

or MSBLS) 

P S -1 | == Sign of primary runway L/R HAC 
indicator 

PHI s 0 -- Angle from runway to HAC center 
measured WRT Shuttle 

POSITION_ V 0 RW Vehicle c.g. position vector WRT 
WRT_RUNWAY measured reference point (R LS EF) 

PRI_BEAR Ss 0 -- Primary bearing (to WPl-entry and 
: TAEM, to WP2-Land) 

PRIBEAR_LEFT s 0 -- Primary bearing (to WPl-entry and 
TAEM, to WP2-Land) 

LHSI_P s -~ -~ P computed for left side HSI 

PRIBEAR_RIGHT Ss 0 -- Primary bearing (to WPl-entry and 
TAEM, to WP2-Land) 
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Table 5.4-1. 

Rockwell Space Transportation 
international Systems Division O 

  

Variable List - Area Navigation (Cont) 

  

  

              

Variable Data | Initial | Coord 
Name Type ‘| Value | Frame ‘ Variable Description 

PRI_RANGE s 0 - Primary range to WP2 (via WPl-entry 
and TAEM, direct-land) 

PRIRANGE_LEFT s 0 _- Primary range to WP2 (via wPl-entry 
and TAEM, direct-land) 

PRIRANGE_RIGHT | S 0 _ Primary range to WP2 (via wWPl-entry 
and TAEM, direct-land) 

PSI_HSIMV S 0 _ Angle between true north and Shuttle 
X-axis 

RADIUS_EP s 0 _ Radius of entry point heading 
alinement circle 

RANGE S 0 _ Range from Shuttle to WP2 via WPl 

R_cc S 0 ~ Flat earth surface range from Shuttle 

to the HAC center 

R_CC EF V 0 EF Position vector of HAC center in 
earth-fixed coordinates 

R_CC_MAG s 0 _ Earth radius at HAC center for 
primary runway 

RCVR INT _ _ Indicates setting of string selection 
switch (when source is MSBLS or 
TACAN) 

RCVR_LEFT INT 0 _ Indicates setting of string selection 
switch (when source-in MSBLS or 
TACAN) on left-side HSI 

RCVR_RIGHT INT 0 _ Indicates setting of string selection 
switch (when source-in MSBLS or 
TACAN) on right-side HSI 

RD TAC SL(I) S 0 _ Geodetic radius of mean sea level at 
TACAN site to which the I-th receiver 
is tuned 

R_EF V 0 EF Shuttle position vector in earth- 
fixed coordinates 
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Table 5.4-1. Variable List - Area Navigation (Cont) 

  

  

            

Variable Data | Initial | Coord 
Name Type Value | Frame Variable Description 

R_VEH_MAG UPP Ss 0 -- Magnitude of R_AVGG from LIPP 

R_LS EF Vv 0 EF Position vector of runway in earth- 
fixed coordinates 

R_TAC S 0 -- Magnitude of TACAN position vector 

R_TACAN EF __ V 0 EF Earth-fixed position vector of TACAN 
SL(I) station (each LRU) output from site P 

lookup, I#l, 3 

R_VEH s 0 - Magnitude of Shuttle vector computed 

from HBARO and TACAN position 

R _VEH EF Vv 0 EF Position vector of Shuttle in earth- 
fixed coordinates 

R_VEH_ MAG S 0 -- Magnitude of R_VEH_EF 

R_ VEH MAG UPP S 0 -- Magnitude of R_AVGG from UPP 

R VEH RW V 0 RW Position vector of the Shuttle in 
7~o runway coordinates 

RANGE FT S 0 -— Range to WP2 in feet 

R VEH TD Vv 0 -_ Position vector of Shuttle in TACAN 

Tac topodetic coordinates 

SEC BEAR S 0) -- Bearing from Shuttle to WPl for sec~ 
7 ondary runway-entry, bearing from 

Shuttle to center of selected HAC for 

primary runway-TAEM 

SECBEAR LEFT S 0 -- Bearing from Shuttle to WPl for sec- 
- ondary runway~entry, bearing from 

Shuttle to center of selected HAC for 

primary runway-TAEM 

SECBEAR RIGHT S 0 -- Bearing from Shuttle to WPl for sec- 
_- ondary runway-entry, bearing from 

Shuttle to center of selected HAC for 
primary runway-TAEM 
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Table 5.4-l1. 

Rockwell Space Transportation ; 
International Systems Division a 

Variable List - Area Navigation (Cont) 

  

Variable 
Name 

Data 

Type 
Initial 
Value 

Coord 

Frame Variable Description 
  

  

SEC_RANGE 

SECRANGE_ LEFT 

SECRANGE_RIGHT 

SIN_THET_VEH_ 
cc 

SOURCE 

SOURCE_LEFT 

SOURCE_RIGHT 

TACAN_CHAN 
VALID_SL(I) 

TACBEARO( I) 

TBRG_CMLK(I) 

TRNG_CMLK(L) 

TACRANGEO( I)   

Ss 

CHAR 

CHAR 

CHAR 

BIT 

BIT 

BIT   

0 

Off 

Off 

off     

Secondary range to WP2 via WPl-entry, 
direct-land, horizontal distance to 
center of selected HAC for primary 
runway-TAEM 

Secondary range to WP2 via WPl-entry, 
direct-land, horizontal distance to 
center of selected HAC for primary 
runway-TAEM 

Secondary range to WP2 via WPl-entry, 
direct-land, horizontal distance to 
center of selected HAC for primary 
runway-TAEM 

Sine of range angle from Shuttle to 
center of HAC 

Indicates which data source (MSBLS, 
TACAN, or NAV) switch is on 

Indicates which data source (MSBLS, 
TACAN, or NAV) switch is on for left- 
side HSI 

Indicates which data source (MSBLS, 
TACAN, or NAV) switch is on for 
right-side HSI 

Switch indicating (on) a valid TACAN 
channel has been selected (site 
lookup output) 

TACAN bearing data obtained from the 
SOP for each receiver, I#l, 3 

TACAN azimuth comm fault/lock-on flag 
for the I-th receiver, I#l, 3 

TACAN range comm fault/lock-on flag 
for the I-th receiver, I#l, 3 

TACAN range data obtained from the 
SOP for each receiver, I™1l, 3     
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Table 5.4-1, Variable List = Area Navigation (Cont) 

  

  

Variable Data | Initial| Coord | 
Name Type Value | Frame Variable Description 

TAZ s 0 _ Tangent of MSBLS azimuth angle 

TEL S 0 _ Tangent of MSBLS elevation angle 

TEL2 Ss 0 _ Square of tangent of MSBLS elevatioa 
angle 

THETA Ss 0 _ Angle which corrects Shuttle heading 
from the center of HAC to WPl 

X_NORM V 0 EF Vector normal to the great circle 
plane containing the Shuttle and the 
HAC center 

X_cc s 0 RW X-component of vector from the 
Shuttle to HAC center in runway 
coordinates 

@ X_DMEAZ_ RW S 0 RW X-component of range/azimuth antenna 
in runway coordinates 

X_EL_ RW S 0 RW X-component of elevation antenna in 
~ runway coordinates 

X EP S 0 RW Runway X-component of the RAC center 

X GSI s Pad RW Glideslope intercept point on 
- extended runway center laine 

X NEP S Pad RW Runway X-component of the HAC center 

X VEH DMEAZ 8 0 RW X-component of Shuttle positron WRT 
”- MSBLS antenna 

X WP2 8 Pad RW Runway X=component of WP2 

Y CC 5 0 RW Y~-component of vector froma the 
- Shuttle to HAC center in runway 

coordinates 

Y DMEAZ RW 8 0 RW Y-component of range azimuth antenna 
_ - in runway coordinates               
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Table 5.4-1. 

Rockwell 
international 

Space Transportation 
Systems Division 

  

oO 

Variable List ~ Area Navigation (Cont) 

  

  

  

Variable Data | Initial | Coord 
Name Type Value | Frame Variable Description 

V_RHO EF V 0 EF Vehicle relative velocity vector in 
earth-fixed coordinates 

co(1,1), Arr Pad _ Coefficients used in analytical 
c1(1,1), expressions for reference altitude 
c2(1,1), versus range for nominal steep 
c3(1,1), glidepath angle 
co(1,2), 
c1(1,2), 
c2(1,2), 
c3(1,2) 

co(2,1), Arr Pad -- Coefficients used in analytical 
€1(2,1), expressions for reference altitude 
€2(2,1), versus range for high mass steep 
c3(2,1), glidepath angle 
co(2,2), " 
c1(2,2), 
€2(2,2), 
C3(2,2) 

CUBRC(I), Arr Pad - Distance from the MEP to the 
I=1,2 transition point for two analytical 

expressions for reference altitude 
versus range 

DELX_NEP Ss 0 - Distance from glideslope intercept 
point and the NEP 

DELX_MEP S 0 _ Distance from glideslope intercept 
point and the MEP 

DR s 0 -- Distance from vehicle ground posxtroa 
to the transition point for two 

. analytical expressions for reference 
altitude versus range 

H s 0 -- Altitude above runway 

HCO(1) Arr 0 -- Reference altitude evaluated at the 
NEP for nominal steep glidepath angle 

HcO(2) Arr 0 -- Reference altitude evaluated at the 
NEP for high mass steep glidepath 
angle             
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Space ate international Systems Division OS 

Variable List — Area Navigation (Cont) 

  

  

  

            

Variable Data Initial| Coord 
Name Type Value | Frame Variable Description 

HI_WINDS BIT Off —_ Flag denoting high or low winds at 
, runway during landing 

H_GSI_ SHALLOW | S Pad -— Altitude at which final flare begins 
and GSI_FLAG is set to OFF 

HREF s 0 -- Reference altitude used to compute 
the glideslope deviation 

IGS Ss 0 _~ Glideslope index 

M Ss 0 -— Vehicle mass 

MASS FLAG BIT ON = Flag denoting computation of quanti- 
ties pertinent to the NEP and MEP 

M_GSI Ss Pad -- Boundary of high vehicle mass and low 
vehicle mass 

NEP BIT OFF -- Flag denoting switch from NEP to MEP 

circle 

R S 0 -~ Distance from the vehicle ground 

position to the MEP by way of the HAC 

X_GSI_HI_WIND | S Pad RW Glideslope intercept point on 
extended runway centerline for high 

wind condition 

X_GSI_NOMINAL | S Pad RW | Glideslope intercept point on 
extended runway centerline for low 

wind condition 

R_CC_L PRI V 0 EF Position vector of the HAC center on 

the left-side (-Y) of the runway 
centerline 

R_cC R PRI V 0 EF Position vector of the HAC center on 
the right-side (+Y) of the runway 
centerline 

R_CC_LMAG PRI | S 0 -- Magnitude of the vector R_ CC L PRI 
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Table 5.4-1. ‘ Variable List - Area Navigation (Cont) 

  

  

              

Variable Data | Initial] Coord 
Name Type Value | Frame Variable Description 

R_CC_RMAG PRI s 0 —_ Magnitude of the vector R_ CC R PRI 

HMEP Vv Mission| RW Altitude (AGL) of minimum energy 
Depen- entry point 
dent 

YSGNP Ss _ _— Initial L/R HAC indicator <- PRI 

OVHD B = _ Overhead/straight discrete 

OVHD_LAST B _ _ Previous PLSS overhead/straight 
discrete 

FIRST_PASS B ON _ First pass flag: reset to off after 
each execution 

DELX_REF s _ RW Distance from glideslope intercept 
point to the polynomid reference 
point 
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$.3 SPECIALIST FUNCTION NAVIGATION SUPPORT FLOW CHARTS, VARIABLE NAMES, AND DESCRIPTIONS 

This section provides eu pelemental material for Specialists Functions 
Wavigation Support Formulations in the form of functional flow charts (Fig- 
ures $.S-1 and $.3-2). Table 

this material. 
3e5°l provides the variable List which supports 
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Table 5.5-l1. Variable List - Specialist Functions Navigation 
Support Formulations 

Variable Data | Initial] Coord 
Name Type Value | Frame Variable Description 

DO_DELTA_ BIT Off _ Flag indicating (ON) that a delta 
UPDATE state update is to be performed 

DO_DELTA_ BIT Off _ Flag indicating (ON) that a delta 
UPDATE_UP state update has been received via 

command uplink 

DA_RU V 0 RW Ground computed position deviations 
to update onboard state vector 
deviations received via command 
uplink 

DV_RW Vv 0 RW Ground computed velocity deviations 
to update onboard state vector 

DV_RW_UP V 0 RW Ground computed velocity deviations 
received via command uplink 

OP_CODE B 0 _ Command uplink indentification code 

R_GND V 0) M50 Uplinked Shuttle M50 position vector 

T_GND S 0 -— Time tag of uplinked state vector 

Vv _GND V 0 M50 Uplinked Shuttle M50 velocity vector 
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3.6 USER PARAMETER FLOW CHARTS, VARIABLE NAMES, AND DESCRIPTIONS 

This section provides supplemental material for User Parameter Processing 
in the form of functional flowcharts (Figures 5.6-1 through 5.6-9). 
Table 5.6-1 provides the variable list which supports this material. The 
following data will aid in interpreting Table 5.6-l. 
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VARIABLE LIST DEFINITIONS 

Code used for variable data type: 

S3 scalar 
Vs vector 

Ms square matrix 
INT: integer 
BIT: bit 
CHAR: character 

STR: structure 

ARR? array 

Coordinate frame code 

BODY: 

(structural) 

M503: 

RW: 

(runway 
coordinates) 

SCAN: 

(MLS scanner 
coordinates) 

TDs 

(topodetic 
coordinates) 

EF: 

and definition: 

x? parallel to the longitudinal axis (positive aft) 

y: completes right-hand system | 

zs perpendicular to the x-axis, positive upward 

Mean~of-50 reference coordinate system 

x: down runway centerline in direction of Landing 

y: completes right-hand system 

z: down, normal to ellipsoid 

x: scanner boresight 

y: completes right-hand system 

z3up, normal to ellipsoid 

x3 north ' 

ys east 

z3 down, normal to ellipsoid 

Earth-fixed coordinate system 
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Variable | Data{ Initetal Coord 
Name Type} Value Frame Variable Description 

a2 s 0 Angle defined by the factersec- 
tion of the two grest circle 
planes (one passing through 
the Shuttle position and the 
HAC center and the other 
through the Shuttle position 
and WPI) 

a3 8 0 =< Angle at HAC center from wPl 
to entry point 

A3_TOL s Design =< Tolerance for correcting the 
Dependent range of the angle A3 

ACC DRAG s 0 =< Vehicle drag acceleration 

ACC_VERT s 0 -- Vertical component of vehicle 
c.g. acceleration WRT earth 
rotating frame 

ACC_VERT OLD s 0 -_ Previous value of vertical 

acceleration 

ALPHA W s 0 - Navigation derived angle of 
attack 

ALPHA NAVDAD Ss 0 -- Navigation derived angle of 
attack for use in NAVDAD SOP 

ALT s 0 -- Current orbiter altitude above 

reference ellipsoid 

ALT_NAV EVLT v Design - _ Altitude regions for nav event 
~ Dependent lamp processing 

ALT RW S 0 -- Altitude above reference 

~ ellipsoid of runway reference 
point 

ALT Sr Vv Design -- Exponential atmosphere scale 

~ Dependent height for layered atmosphere 
model 
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Variable | Data| Initial Coord 
Name Type Value Frame Variable Description 

ALT_TAB, Vv Design -= Altitudes for layered atmos- 
Dependent phere model 

ALT_WHEELS s 0 -- Altitude of the bottom of the 
reac wheels above the runway 
altitude in MM602 and MM603. 
Altitude of the NAV base above 
the runway altitude for major 
modes other than 602 and 603 

ANGLE_CORR_ V 1) _ Magnetic variation at TACAN 
TNTOMAG_SLy site (each LRU) output from 

site lookup, I = 1,3 

A_O Ss 0 _— One minus earth eccentricity 
squared 

ASCENT_INIT_ BIT | Off -- Navigation initialization 
COMPLETE event flag 

A _SENSED V 0 M50 Ratio of difference of selec- 

ted accelerometer sensed 
velocities to the difference 
of their time tags 

AZIMUTH_RW Ss 0 -- Bearing from true north of 
runway coordinate system 
+X-axis 

BEAR CC s 0 -- Bearing at HAC center WRT true 
north 

BIAS_ELMLS Ss 0 -— MSBLS elevation mesurement 

bias (currently used to define 
slope of runway) 

BIAS _RADALT S K-Load -- Radar altimeter bias 

CNODE s 0 - Cosine of DELTA_NODE 

COSTH Ss 0 -- Cosine of Shuttle's pitch 
Euler angle (TD to body) 

COURSE_WRT_ Ss 0 -- Vehicle velocity direction WRT 
RUNWAY runway centerline 
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Variable | Data | Initial Coord 
Name Type Value Frame Variable Description 

D_ARC s 0 -- Arc length around the HAC from 
WP1l to EP 

DEG_PER_RAD s Constant | >= Conversion factor, radians to 
degrees 

DELTA_ACC_ Ss 0 - Difference between two most 
VERT recent values of ACC VERT, no 

filter update 

DELTA_NODE Ss 0 -- Angle of nodal regression 
between nominal and actual 
launch times 

DELTA_T s NON-ZERO | -- Delta time associated with 
DELTA_ACC_ VERT 

DG_RADALT BIT | Off - Radar altimeter data-good flag 

DIST_VEH WP1 Ss 0 _ Surface range from Shuttle to 
WPl 

DT $s 0 _ State vector 

DT_IMU Ss 0 _ State vector average-G inte- 

gration time step 

DV Vv 0 MSO Velocity change 

DV_S V 0 M50 IMU-sensed velocity change 

EARTH POLE V Constant | M50 Unit vector in direction of 
earth's axis of rotation 

EARTH_RADIUS_ | S Constant | -- Earth equatorial radius 
EQUATOR 

EAS s 0 -- Equivalent airspeed 

EF PLANE SW BIT | Mission -~ Earth~fixed plane constraint 
Dependent switch 

EVENT 19 BIT | Of£ -- SRB ignition command event 

flag 
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Table 5.6-1. 

Space Transportation 

Systems Division 

  

Variable List - User Parameters (Cont) 

| . Rockwell 

International 

  

  

              

Variable | Data] Initial Coord 
Name Type Value Frame Variable Description 

EVENT_28 BIT | Off - SRB separation command event 
flag 

EVENT_31 BIT | Off = Guidance fine countdown 
initiate 

EVENT_32 BIT | Of£ -- MECO command event flag 

EVENT_36 BIT | Off -- Transition to mode 104 

EVENT_45 BIT | Off -— Initiate guidance for OMS-2 

EVENT_A30 BIT | Off -- SRB separation command event 
flag 

EVENT _A31 BIT | Off -_ Mode transition from 103 to 
1 601 event flag 

EVENT _A34A BIT | Off -- MECO monitor event flag 

EVENT_A39 BIT | Off -- Mode transition from 601 to 

602 event flag 

EVENT _A39B BIT | Off -- Mode transition from 104 to 
602 event flag 

FILT_UPDATE Ss 0 -- Switch indicating (ON) that 
the current navigation cycle 
is complete 

FLATCON Ss 0 -- Earth eccentricity squared 

FLT_PATH_ANG s 0 -- Angle between navigation base 
relative velocity vector and 
ellipsoid horizontal 

G _OLD V 0 M50 Copy of G RESET for use in 
user parameter integrator 

G _RESET V M50 Gravitational acceleration 
vector reserved for reset of 

the user parameter integration 
gravity vector 

GRAV_SEA_ S Constant | -- Acceleration of gravity at sea 

LEVEL level 
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Table 5.61. 

Spece Transportation Rockwell 
Systems Division al 

Variable List - User Parameters (Cont) 

International 

  

  

              

Variable | Data] Initial Coord 
Name Type Value Frame Variable Description 

EVENT_28 BIT | Off = SRB separation command event 
flag 

EVENT_31 BIT | Off = Guidance fine countdown 
initiate 

EVENT_32 BIT | Off -- MECO coamand event flag 

EVENT_36 BIT | Off -- Transition to mode 104 

EVENT_45 BIT | Off -- Initiate guidance for OM38=2 

EVENT_A30 BIT | Off -- SRB separation command event 
flag 

EVENT_A31 BIT | Off _ Mode transition from 103 to 
7 601 event flag 

EVENT_A34A BIT | off -- MECO monitor event flag 

EVENT_A39 BIT | Off -- Mode transition from 601 to 
602 event flag 

EVENT_A39B BIT | Off -- Mode transition from 104 to 
602 event flag 

FILT_ UPDATE s 0 -- Switch andacataing (ON) that 
the current navigation cycle 
is complete 

FLATCON S 0 -- Earth eccentricity squared 

FLT_ PATH_ANG s 0 -- Angle between navigation base 
relative velocity vector and 
ellipsoid horizontal 

G OLD V 0 M50 Copy of G RESET for use in 
user parameter integrator 

G RESET Vv M50 Gravitational acceleration 
vector reserved for reset of 
the user parameter integration 
gravity vector 

GRAV SEA S Constant | -- Acceleration of gravity at sea 
LEVEL level 
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Lo
n J Table 5.6-1. 

Space Transportation 

6k international Systems Division 

Variable List ~ User Parameters (Cont) 

  

  

          
  

Variable | Data| Initial Coord 
Name Type Value Frame Variable Description 

H_DOT s 0 -= Radial component of relative 
velocity 

H_DOT_ s 0 -- Estimated topodetic altitude 
ELLIPSOID rate 

H_ DOT LAST s 0 -- Previous value of H_DOT_ 
ELLIPSOID 

HEADING BW s 0 -- Bearing from Shuttle position 
to landing site referenced to 
the desired orbit plane 

HEADING V_I s 0 -- Angle formed by the inertial 
velocity vector and the orbit 
plane 

HEADING V_ REL | S 0 -- Angle formed by the relative 

velocity and the orbit plane 

I _DR V 0 EF Unit vector in plane contain- 
ing the vehicle and the HAC 
and directed downrange 

I_MAX INT | 5 -- Number of altitude regions 

IMU SFC V 0,0,0 -- IMU selection filter control 
~ 7 vector 

IMU SFC PREV V 1,1,1 -- Previous value of IMU selec- 
~ = tion filter control vector 

IPHASE INT | 0 -- ‘Flag denoting various phases 
of TAEM guidance 

1x Vv 0 M50 Unit vector in the orbit plane 
~ directed downrange 

I YD v Design EF/M50 Unit vector normal to desired 

~~ Dependent orbit plane in EF or M50 
coordinates 

I YD M50 Vv 0 M50 Unit vector normal to desired 
- = orbit plane in M50 coordinates 

LOAD TOTAL 8 0 - Total load factor 
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Table 5.6-l. 

Space Transportation 

  

¢g % Rockwell 
International Systems Division 

Variable List - User Parameters (Cont) 

  

  

              

Variable | Data| Initial Coord 
Name Type Value Frame Variable Description 

M_EFTORW M 0 _ Earth-fixed to prime RW trans- 
formation matrix 

M_EFTOTD M 0 = Earth-fixed to topodetic 
coordinate transformation 
matrix 

M_EFTOTD_ M 0 - Transformation matrix from 
TACAN_ SL, -earth~fixed to topodetic 

coordinates at TACAN site 
(each LRU) output from site 
lookup, I 2 1,3 

MLS_ AVAIL BIT | Off -- MLS availability 

M_M5OTOBR M 0 -= M50 to boost reference coor- 
dinate transformation matrix 

MM_CODE 102 BIT | 0 - Major mode 102 flag 

MM_CODE_ 103 BIT | 0 -- Major mode 103 flag 

MM CODE 601 BIT | 0 -- Major mode 601 flag 

MM CODE 602 BIT | 0 -- Major mode 602 flag 

MM_CODE_ 603 BIT | 0 -- Major mode 603 flag 

M_NODE_ADJ M 0 -- Node adjustment matrix 

M_TEMP_TXPOS M 0 - Transpose of earth~fixed to 
-- Mean 50 transformation matrix 

NAUTMI_PER FT | S Constant | -~ Feet to nautical miles 

NAVBASE_LAT_ s Design -- Latitude of vehicle navigation 
ZERO Dependent base at reference point on pad 

NAVBASE LONG | S Design -- Longitude of vehicle naviga 
ZERO Dependent tion base at reference point 

on pad 

NAV_EL FLAG BIT | Off -- Temporary event Lamp flag 

NODE SLOPE s Mission -- Nodal regression slope 

Dependent 
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Table 3.61, 

Space Transportation OLD feces Systems Division 

Vartable Liet ~ User Parameters (Cont) 

  

  

            
  

Variable | Data | Initial Coord 
Name Type Value Frame Variable Description 

N_SEQ MAX INT | Design == Number of sequential failures 
Dependent of the nav event lamp test 

criteria allowed before 
activating the nav event laap 
(event Lamp five) 

N_SEQ RA INT | 1 -- Sequential counter for radar 
altimeter validity indicator 

OHALRT BIT | Off oo Flag denoting TAEM guidance 
request to downmode 

OVED BIT {On _ A flag denoting overhead or 
Straight-in approach 

P s 1 -- Sign of runway Y-component of 
the Shuttle 

PI Ss Constant | -- The constant Pi 

POSITION_ Vv 0 RW Vehicle c.g. position vector 
WRT_RUNWAY WRT runway reference point 

(R _LS EF) 

PSHA Ss Design -- Initial value of HAC turn 

Dependent angle 

PSHARS s Design -- Initial value of HAC turn 
Dependent angle 

Q_BAR_A s 0 -- Vehicle's current dynamic 
pressure 

Q _MSOTOBR v 0 -_ Quaternion, M50 to boost 

reference 

Q_RADALT S 0 -- Radar altimeter measurement 

RA_FLAG BIT | Off - Radar altimeter validity 
indicator 

RAD P S 0 -- Radius of the earth at the 
geocentric angle of the 
Shuttle position vector 
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Table 5.6-l. 

Spece Transportation Rockwell 
Systems Division OS 

Variable List - User Parameters (Cont) 

International 

  

  

            
  

Variable | Data]; Initial Coord 
Name Type Value Frame Variable Description 

RAD PER DEG s Constant | -- Conversion factor, degrees to 
radians 

RADALT_ANG s Hard Code | -- Radar altimeter antenna angle 
with body X-axis 

RADALT_NB_DIST |S Hard Code | -- Navigation base to RA antenna 
distance 

RADIUS NEP s Mission -- Radius of nominal HAC 
Dependent 

RAMP s 0 _ Variable used in Autoland 
phase for transition from 
horizontal to sloping runway 
coordinates 

RAW RA_ BIT | Off -- Radar altimeter processing 
PROC flag 

R _AVGG V 0 M50 Current Shuttle position 
vector 

R _C EF V 0 EF Position vector HAC center in 
earth-fixed coordinates 

R CC _L PRI V 0 -_ Position vector of the HAC 
center on the left-side (-Y) 
of the runway centerline 

R CC LMAG PRI Ss 0 -_ Magnitude of the vector R CC_ 
~ L_PRI 

R_CC_MAG S 0 -- Earth radius at HAC center for 
primary runway 

R cc R PRI V 0 _ Position vector of the HAC 
center on the right-side (+Y) 
of the runway centerline 

R_CC_RMAG PRI |S 0 -_ Magnitude of the vector R CC_ 
R_PRI 

R _EF v 0 EF Shuttle position vector in 
earth-fixed coordinates 
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Table 5.6-1. 

Space Transportation Rockwell 
Systeme Division International \ 

Variable List ~ User Parameters (Cont) 

  

Variable 
Name 

Data 

Type 

Initial 
Value 

Coord 

Frame Variable Description 
  

  

REL_VEL_MAG 

R EST 

R_GO_RAMP 

REO A 

RHO_By 

RI 

R LS EF     

e
e
e
 

e
e
 
S
E
 
u
e
   

Design 
Dependent 

Design 
Dependent 

Design 
Dependent 

0 

  

EF 

EF 

M50 

M50 

M50 

model 

  

Magnitude of vehicle relative 
velocity 

Difference between Shuttle 
position and TACAN site loca- 
tion in earth-fixed coord- 
inates (TACAN range in earth- 
fixed coordinates) 

Horizontal distance of vehicle 
from runway reference point 
below which radar altimeter 
Measurements will be incorpo- 
rated in UPP state 

Local air density computed 
during ascent 

Exponential atmosphere base 
density for Layered atmosphere 

Initial value of spiral radius 

Position vector of runway 
reference point in Earth-fixed 
coordinates 

Position vector of runway in 
M50 coordinates 

M50 Shuttle position vector 
snapped at SRB ignition 
command event (used to 
approximately M50 launch site 
position) 

Surface range from Shuttle to 
RW threshold 

Vehicle position vector after 
all navigation updates 
reserved for reset of user 
parameter integrator position 
vector R AVGG     
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Table 5.6-l. 

Spece Transportation 
Systems Division 

  

OLD Fesevet a 
Variable List - User Parameters (Cont) 

  

  

              

Variable | Data | Initial Coord 
Name Type Value Frame Variable Description 

R _TACAN EF_ | V 0 EF Earth-fixed position vector to 
SL; TACAN station (each LRU) out- 

put from site lookup, I = 1,3 

R _TEMP v 0 TD Position vector to the Shuttle 
from the selected TACAN in 
topodetic coordinates at TACAN 
site 

R_VEH_MAG s 0 -- Magnitude of R _AVGG” 

R_VEH_MAG_ S 0 Magnitude of R _AVCG 
UPP 

R _VEH RW V 0 RW Position vector of the Shuttle 
in runway coordinates 

RW_ID_UPP INT -- Selected runway ID 

RW_NAME INT -- Selected runway ID 

SIGNY INT | 0 Vehicle side of primary runway 
centerline 

SIN_THET_ s 0 -- Sine of range angle from 
VEH_CC Shuttle to center of HAC 

SINTH s 0 -- Sine of Shuttle's pitch Euler 
angle (TD to body) 

SNODE S 0 -- Sine of DELTA_NODE 

START_ s Design -- X-runway position where 
POSITION Dependent conversion from horizontal to 

sloping runway coordinates 
begins 

STOP_ } Design ~- X runway position where 
POSITION Dependent conversion from horizontal to 

sloping runway coordinates is 
completed 

TACAN_CHAN_ BIT | Off ~- Switch indicating (ON) a valid 
VALID_SLy TACAN channel has been selec- 

ted (site lookup output) 
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a 
Variable List - User Parameters (Cont) 

Rockwell Space Transportation 

Internationai Systems Division 

Table 5.6-l. 

  

Variable 

Name 

Data 

Type 
Initial 
Value 

Coord 

Frame Variable Description 
  

TACBEARO, 

TAC_MODE 

TAC_MODE_ 
DISP 

TAC_AZ, 

TACRANGEO, 

TAC_RNG, 

TAL_ABORT_ 
DECLARED 

TCG 

TEMP 

TEST_VNT_DR     

Vv 

BIT 

BIT 

BIT 

BIT   

On 

On 

Of£t 

On     

TACAN bearing data obtained 
from the SOP for each 
receiver, I = 1,3 

Switch indicating "ON" when 
ABS MODE is selected for HSD 
DISP and "OFF" when DELTA_MODE 
is selected 

Switch for the HSD display 
indicating "ON" when ABS MODE 
is selected and "OFF" when 
DELTA_MODE is selected 

TACAN azimuth for display in 
the ABS MODE or delta azimuth 

in the DELTA_MODE 

TACAN range data obtained from 
the SOP for each receiver, 
I = 1,3 

TACAN range for display in the 
ABS MODE or delta range when 

in the DELTA_MODE 

TAL ABORT declared flag 

Total sensed acceleration 

vector 

Internal variable used in con- 
putation of topodetic unit 
vector (ASCENT RTLS COMPS); 
azimuth difference for each 
TACAN (TACAN DISP_COMPS); 
internal variable used in 
transformation from horizontal 
to sloping runway coordinates 

(GUIDECOMP ) 

Internal single pass flag 
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Table 5.6-1. 

Spece Transportation Rockwell 
international ol Systems Division 

Variable List - User Parameters (Cont) 

  

  

              

Variable | Data| Initial Coord 
Name Type Value Frame Variable Description 

TG_END BIT Off - TAEM guidance termination 
flag: OFF = TAEM; 
ON = Autoland 

T_GMTLO_REF Ss Mission -- Nominal Lift-off-time 
Dependent 

THETA s 0 -- Euler angle from TD frame to 
body (pitch) 

TIME BIAS Ss -- Pad loaded bias used to 
RADALT correct radar altimeter time 

tag 

T_CURRENT Ss -- Current time 

T_IMU Ss 0 - Time associated with current 
read IMU velocity counts from 
the IMU detection filter (RM) 

T_IMU_LAST s 0 -- Previous value of T_IMU 

TOGHAC BIT | Off -- Flag denoting crew request to 
change approach type 

(OVHD/STRT) 

T_RADALT Ss 0 -- Time at which radar altimeter 
measurement was read 

T_RESET Ss 0 -- Time associated with reserved 
reset state 

T_STATE s 0 -- Time tag for current user 
parameter state vector 

T_STATE_LAST Ss 0 -- Value of T_STATE at previous 
pass through user parameter 
processing 

T_STATE_OLD Ss 0 -- Previous value of T_STATE 

T_STATE PREV | S Large -- Previous value of T_STATE 
Negative 
Value 
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Table 5.6-1. 

Space Transportation Rockwell 
Systems Division International O 

Variable List - User Parameters (Cont) 

  

Variable 
Name 

Data 
Type 

Initial 
Value 

Coord 

Frame Variable Description 
  

  

UNIT 

UPP_UPDATE 

USE_IMU_DATA 

UX 

Vv _AVGG 

V_GROUNDSPEED 

V_HORIZ_DNRNG 

V_IMU_ 
CURRENT 

V _IMU_OLD 

V _IMU_PREV 

V _IMu_ 
RESET ~ 

BIT 

BIT 

Off 

M50 

M50 

M50 

M50 

M50 

Vector dot product of VNOR and 
EARTH_POLE 

Absolute value of V NORM, the 
vector normal to the | great 
circle plane containing the 
Shuttle and HAC center 

Flag indicating UPP state has 
been updated by navigation 
filter 

Flag used to indicate that IMU 
data will be employed in com- 
puting acceleration 

X-vector component of the +Z 
topodetic unit vector in 
topocentric coordinates 

Shuttle current velocity 
vector 

Vehicle c.g. groundspeed WRT 
runway (A/L), reference 
ellipsoid (TAEM) 

Downrange component of the 
Shuttle's horizontal, Earth- 
relative velocity 

Current selected accumulated 

IMU velocity 

Current accumulated IMU 

velocity 

Previous value of vector 

Vv _IMU_OLD 

Copy of V CURRENT FILT 
reserved as velocity count at 
start of extrapolation 
interval when user parameter 
integrator is reset 
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Table 5.6-l. 

Space Transportation 

  

Rockwell a Systems Division 

Variable List - User Parameters (Cont) 

International 

  

  

              

Variable | Data| Initial Coord 
Name Type Value Frame Variable Description 

V IMU_LAST Vv 0 M50 Previous value of V _IMU_ 
CURRENT 

V_INERTIAL_ s 0 - Magnitude of vehicle inertial 
MAG velocity 

VNOR Vv 0 M50 Unit vector colinear with the 
Shuttle position vector and 
directed in the opposite sense 

VNORM Vv 0 M50 Vector normal to the plane 

containing the Shuttle and the 
landing site 

VNT_DR_SEQ BIT | Off -- Flag which instructs MSC to 
initiate the VENT _DOOR_CNTL_ 
SEQ principal function | 

VNTDR_VEL_ 5 Design -- Threshold value of the rela- 
THRSH SEQ_ Dependent tive velocity below which the 

VNT_DR_INIT flag is set to ON 

V _RESET V 0 M50 Vehicle velocity vector after 

all navigation update reserved 
for reset of user parameter 
integrator velocity V _AVGG 

V _RHO V 0 M50 Vehicle relative velocity 
vector 

V _RHO EF V 0 EF Vehicle relative velocity 
vector in earth-fixed 
coordinates 

VELOCITY_ V 0 RW Vehicle velocity vector WRT 
WRT_RUNWAY runway reference point 

(R LS EF): 

WBR Vv 0 Body Body rate in degrees/second 

X_NB_CG s K-load RW X_STRUCT | BODY distance from 
navigation base to c.g. 

X_NEP Ss Mission -- Runway X-component of the HAC 
Dependent center 

5-164 

STS 83-0005B 

Cy



Ss
 

  

—_——s 

Space Transportation ¢g Rockwell 
Systems Division international 

Table 5.6-1. Variable List - User Parameters (Cont) 

  

  

              

Variable | Data! Initial Coord 
Name Type Value - Frame Variable Descriptio 

X_NB _WH s Hard Code | -- . X_STRUCT_BODY distance from 
rear wheels to navigation base 

YSGNP INT .| 0 -- Commanded HAC side of primary 
runway centerline 

z_NB_CG Ss K~Load -_ Z_STRUCT_BODY distance from 

c.g. to navigation base | 

Z_NB_WH Ss Hard Code | -- Z_STRUCT_BODY distance from 
° rear wheels to Navigation base 
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ASCENT _UPP_SEQ 

  

  

  

  

  

: \ 
t ASCENTUINIT_ COMPLETE \ 
a 
a 

i (NAVIGATION 
i INSTIALIZATION) . / 
a ' / 

i 
: 
' 

\ 
EVENT_19 \ 

(SKB IGNITION 
COMMAND EVENT) / 

_/ 
‘ 
i 
: 
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' 
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(CONT) 

ransportation Rockwell 
eee alone Division 6 Internationa! Cc 

. ' 

  

4 a 

SCHEDULE: USER_PARAM_PROPAGATOR_ASCENT_AND_RILS: 5-168 

  

  

  

  

  

  

/ i REPEAT EVERY 0.16 SECONDS (6.25 Hz) : 
, 

8 a 

: i 
\eeen! CALL: ASCENT_UPP_INIT | 5-170 
/ t i 

' 
: 

: : 
{ SCHEDULE: ASCENT_ATLS_CCMPS , 5°171 
i i 
{| REPEAT EVERY 9.96 SECONDS (1.08 Bz) 3 

' 4 
4 ‘ 

{ SCHEDULE: PW_ESI_COMPS ; 5-174 e) 
t 4 
4 ‘ 

\ REPEAT EVERY 9.96 SECONDS (1.04 He) } 
' a 
i a 

\ 
| CANCEL: USER_PARAM_PROPAGATCR_ASCENT_ANS_UTLS , $168 

\ ' \ 
/ ‘SCHEDULE: USER_PARAM_PROPAGATCR_ASCENT_AND_RTLS, $=168 

\ 

REPEAT EVERY 0.48 SECONDS (2.08 Hz) 

r
e
 

ew
w 

e
m
 

e
w
a
n
 

  

Figure 5.61, ASCENT_UPP_SEQ 
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Space Transportation ¢g Rockwell 
Systems Division International 

  

  

  

  
  

  

  

    

  

  

    

  

: \ i ' 
| SVENT31 \ CANCEL: USER_PARAM_PROPAGATOR_ASCENT_AND_ATLS | 5-168 
A \ee r 

‘ 

1 (GUIDANCE FINE / ‘SCHEDULE: USER_PARAM_PROPACATOR TLS! 8- ee SDONN INETTATE) | PRM PREM ISGNT AND RTS: 5-168 
__ / ' REPSAT EVERY 0.16 SECONDS (6.25 Hz) ' 

: ; 
5 

' \ ' ' 
| EVENT_32 \ } CANCEL: USER_PARAM_PRCPAGATOR_ASCENT_AND_A7LS , 5-168 
i —__! t 

1 (MECG COMMAND EVENT) / ‘SCHEDULE: USER_PARAM_PRCPAGATOR_ASCENT_AND_®TLS} 5-168 
i / ' : 
i / i REPEAT EVERY 0.96 SECONDS (1.04 Hz) ; 

4 ‘ , 

i 

: \ ‘ ; 
1 SVENT_26 \ , 
; \__! 
| (TRANSITION TO / ' CANCEL: PW HSI COMPS 50176 
! MODE 104) / ~ 

_/ ' \ 

! ! ! 
! ! CANCEL: ASCENT_RTLS COMPS S171 

' ‘ 

' 
' 

\ 7 ' 
| SVENT_4&5 \ | CANCEL: USER_PARAM_PROPAGATCR_ASCENT_AND_RTLS ;*5-168 

\__} ~ y 
' (INITIATE GUIDANCE / ‘SCHEDULE: USER_PARAM_PROPAGATOR_ASCENT_AND_RTLS! 5=168 
| EVENT FOR OMS-z) / \ 

s, ' REPEAT EVERY 0.96 SECONDS (1.04 Hz) ' 

  

*THE PURPOSE OF THIS CANCEL AND RESCHEDULE iS TO SYNCHRONIZE 
THESE MODULES WITH THE EXECUTIONS Cr THE GUIDANCE PROGRAM. 

Figure 5.6-l1. ASCENT_UPP_SEQ (Cont) 
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Space Transportation ¢ % Rockwell 
Pyaleme Division International 

  

x 

USER_PARAM_PROPAGATOR_ASCENT_AND_RILS 

SNAP_IMU(V_IMU_CURRENT, T_IMU) 

DT_IMU = T_IMU = TIM LAST 

  

  

  DV $= ¥ IMU CURRENT - V_IMU LAST 

IF A SENSED = DV_S/DT_IMU 

DT_IMu > 0 T IMU LAST = T_IMU 

V IMU LAST = V_IMU_ CURRENT     Queen waned 

  

G_OLD = G RESET 

R_AVGG = R_ RESET   V_AVGG = V_RESET 
  

IF V_IMU_OLD = V_IMU_RESET 

FILT UPDATE = ON T_STATE = T_RESET 

    V_RHO = V_REL(V_AVGG, R_AVGG) 

FILT_UPDATE = OFF 

UPP_UPDATE = ON 

(CONT)       

Figira 5.6-2. USER_PARAM_PROPAGATOR_ASCENT_AND_RTLS 
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Space T; | Rockwell 
“thy Systems Division gh International 

L é . USER_PARAM_PROPAGATOR_ASCENT_AND RTLS (Cont) 

L
o
o
n
 

o
e
 

  

READ CURRENT TIME (T_CURRENT) 

OT 2 TLCURRENT ~ TLSTATE 

DV = DT (A SENSED + & _0LD) 

BR AVGS © 2 LAVGS + DT (Y LAVGG + 0.5 OY) 

Loaves s 2 AVG + 

ZY IMULCLD 2 ¥ _IMU_CLD + DT A LSENSZD 

V_INE2TIAL MAG 3 aBVAL(Y _AVGS) 

XZ oR8O 2 Y UREO + DV 

REL_VEL_MAG = ABVAL(Y _REO) 
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Figure 5.6-2. USER_PARAM PROPAGATOR_ASCENT_AND_RTLS (Cont) 
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Space Transportation ¢ Rockwell 
Systems Division K International 

Ci 
ASC_UPP_INIT 

  

    

MLEFTOTD © EF_TO_TOPDET(NAVBASE_LAT_ZERO, §-101 

WAVBASE_LONG_ZERQ) 

R _MSO_AT_LIFTOFF © R _AVGG 

M_TEMP_TXPOS © EARTH_FIXED_TO_M50_COORD(T_STATE) 5-100 

    M_MSOTOBR © NLEFTOTD M_TEMP_TXPOS 
  

    
CALL: MAT_TO_QUAT(M_NSOTOBR) 

ASSIGN (Q_NSOTOBR) 

EF_PLANE.SW  } 1 _YD_M50 = M_TEMP_TXPOST I _YD 

    

  

        

  

DELTA_NODE = NODE_SLOPE (T_STATE - T_GMTLO_REF) 

CNODE = COS (DELTA_NODE) 

SNODE = SIN (DELTA_NODE) 

M_NODE_ADJ = (CNODE, SNODE, 0, -SNODE, 
CNODE, 0, 0, 0, 1) 

I _YD_M50 = M_NODE_ADJ I _YD 

    
      

* MAT_TO_QUAT IS A MATRIX TO QUATERNION CONVERSION ROUTINE WHICH 
TS DOCUMENTED IN THE FLIGHT CONTROL FSSR - ATTITUDE SECTION. 

Figure 5.6°3. ASCENT_UPP_INIT 
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Space Transportation g ® Rockwell 
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(CONT) 

Figure 5.6-4. ASCENT_RTLS_COMPS 
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Figure 5.6-4. ASCENT RTLS COMPS (Cont) Ce ahs Ww 
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Figure 5.6-4. ASCENT RTLS COMPS (Cont) 
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(CONT) 

Figure 5.6-6. RILS_UPP_SEQ 
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(CONT) 

Figure 5.6-6. RILS_UPP SEQ (Cont) 7 

5-176 

STS 83-0005B



_sopnandnemprinesnnnacnanasestiaiindinaasieatia nies A. a 

cee 

. 
Spece Tra . Systeme Ore Division ON pe: meee 

7 LS_UPPASEQ (CONT) 

  

  

  

  

  

\ . 

— \ 1 1 gVENT_A41 ‘ | CANCEL: curp 4 | (TRANSITION FROM = 7) sscueputE, GUIDECONP be | $180 | wopg 602 TO 603) 4” REPEAT EVERY 0.16 eeme® 1 5-180 y | 16 SECONDS (6, 25Hz) 5 
a 

4 

{ 
' 
t 

' \ 

|‘ TG_END > : 1 - Le 1 CANCEL: —ASCENT_RTLS_comps 5-170 

! 
  

Figure 5.6-6. RILS_UPP SEQ (Cont) 

aw 

5-177 
STS 83-0005B  



huece Trenaportation oe Rockwell 
Bystems Division international se 

RILS_SECOND_STAGE_COMPS 

[alae 

; \ 
MTEMPLTXPOS  EARTHUFIXEDTOLNSQCOCCRM(ESTATE)T | 52100 

+ BEF eo MTEMP_TXPOS & LAYGO 

SX RHQLEP o MTEMPLTXPCS XY RHO 
— 

RIVE We 2 MLEFTORW2 9 To 3 * (3 xr e asm) | 

. YSGNP = -SIGN(R_VEH_RW2) 

  

—
 
e
w
 
e
a
r
 

a
o
e
 

  

a
 
a
 
a
 

  

o
m
 
a
e
 

  
  

  

  

  

ooo 
_ TOGHAG = ON Yond YSGNP = =YscuP | 
8 eeeeeeenenenenepeamemneees 4 ‘ 

——, {RCCL a B LCOR PRL 6 

YSGNP > 0 Yaeenenn!} R_CCMAG 2 RCCLAMACPRE | 
a : \ 
  

  

‘ 

i AR WCoLEF = 2 USC PRI 

RUCOLMAG = RL COLUULMAGLORI 

  

io
n 

-
 

-
 

w
e
e
 

o
e
 

-»
 

  

U NORM s RSF XB CC_LEF aw? Man * 

CHIT = ABVAL(Y NORM) 

  

a
e
 

o
e
 
O
w
 

  

2ZAR_CC s ARCTAN2(V_NORM3 R_CC_MAG, V_NORM, R_CC_LEF2 

* VINORM2 R_CC_EF;) 

w
o
e
 
e
e
 
e
e
 

(CONT) 

Figure 5.6-7. RTLS_SECOND STAGE_COMPS 
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(CONT) 

Figure 5.6-7. .RTLS_SECOND_STAGE_COMPS (Cont) 
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Figure 5.6-8. GUIDECOMP_RTLS (Cont) 
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(CONT) 

Figure 5.6-8. GUIDECOMP_RTLS (Cont) 
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