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Page Change Record

This document is a complete re-issue of MSC Internal Note No.

70~-FS-2, "Programmed Guidance Equations for LUMINARY 1C Manned

IM Earth Orbital and Lunar Program," dated March 1970, updated

to reflect the information in the LUMINARY 1D program to be flown

on the Apollo H3 mission. The coding changes between LUMINARY 1C and 1D
are indicated by a vertical line to the left of the affected area.

This document supersedes all previous issues and changed pages will
be based on this issue in the future.




Abstract

The information presented in this document on the LUMINARY 1D
guidance program was produced with the intention that it be used
together with a symbolic tabulation of the program. The information
is divided into a series of separate sections, each of which describes
a basic area of guidance computation and contains a list of def-
initions of variables and constants used in that area of the program.
In order to assist the user in finding the computations in which he
is interested, summaries of each section have been included, and all
routine tags used in this document (generally identical to but a subset
of those in the program listing) are indexed at the end of the doc-
ument along with a list of references to each routine listed. A list
of references to flagwords and channels has been included as well, as
a supplement to the list of references to variables and constants
supplied in the program listing itself.

The program from which this document was prepared is identified
LUMINARY Revision 173 and was released on June 15, 1970 for
fabrication of the IM Guidance Computer memory ropes for the Apollo

H3 Mission.

Because of the purposes for which the information in this
document was originally prepared, and the methods used in its
production, this material should not be used as definitive infor-
mation on the LUMINARY 1D program but as an aid in the reading and
understanding of the program listing. If definitive information
is required, the G&N contractor is the proper source for it.
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Introduction

Under the egis of the Program Development Group, Apollo Guidance
Program Section, Flight Software Branch of MSC, in order to facilitate
the reading of the detailed symbolic listing, a "Programmed Guidance
Equations Document" has been prepared for the "LUMINARY" program. A
major purpose of this document has been to provide more effective
identification and analysis of various program performance features
and to permit more effective review of published computer program

documentation.

During reviews of previous programs written for the Apollo Gui-
dance Computers, it was found desirable to assemble a set of working-
paper information on the equations actually programmed for these
flights. This material has proven to be useful to the various groups
associated with these flights, in that it can be used to bridge the
gap between the extreme detail of the program listing and the occasional
lack of detail available elsewhere on the guidance equations. Conse-
quently, the material on the following pages has been assembled in a
fashion similar to that used for previous programs and follows the same

general format.

Certain aspects of the program are quite complex, and this programmed
guidance equation material should not be considered as a substitute for
actual study of the program symbolic listing itself. No complete set of
equation information was available from the G&N contractor against which
the programmed equations could be validated, and in the interest of
timely publication, the review of the assembled document against the

program assembly has not been as detailed as would be desired.

The program assembly listing which was used to prepare this pro-

grammed equation information bears the heading print:
GAP: ASSEMBLE REVISION 173 OF AGC PROGRAM LUMINARY BY NASA 2021112-141

and is dated June 15, 1970. The function of virtually all the program



steps of interest to the flight is described either on the following pages, or,

for general computer system control, in TRW Working Paper 3420.5-27 (revision 2).

Recipients of this document are cautioned against misusing it as a definitive
description of the "LUMINARY" guidance equations. Instead, it might be used to
achieve a better understanding of the program assembly listing, since it is intended
as an aid in review of the listing, not as a substitute for it. Definitive guidance
equation information can be provided only by the G&N contractor through the appro-

priate MSC channels.

A great deal of credit goes to TRW Systems MICP Tasks A-90 and A-201 (Support
of Apollo Guidance Program and Cuidance Document Review) personnel, in particular
Mr. William C. Koelsch, who conducted a similar review of the "SUNDANCE" program.
This document has drawn heavily upon the results of that review and could not be

published at this time without the earlier work done by TRW Systems.



Summary of Individual Sections
The contents of this description of the "LUMINARY" guidance and

control equations are divided into twenty-five semi-independent
sections, each of which is assigned a four letter code. Pages are
numbered consecutively within each section and the sections them-
selves are arranged in alphabetical order by code. Familiarity with
the information in "Notation and Terminology" is helpful in under-
standing the somewhat specialized type of notation used in describing
the program, but each section includes a list of "Quantities in
Computations" which is intended to describe all variables and constants

in the section that are not described in the list of "Major Variables".

Alignment of the Inertial Subsystem (ALIN)

Programs used to align the ISS to any of several specified align-
ments and to compute the "reference to stable-member" transforma-
tion matrix, based on measurements of the positions of celestial
bodies with respect to the spacecraft.

Ascent Guidanc ASCT

Programs used to initiate, control, and terminate the LM ascent
from the lunar surface (P12) and aborts from powered descent
(P70 and P71) ,

Attitude Maneuver Routines (ATTM)

Computations performed to determine the axis about which space-
craft rotation should take place and the magnitude of the
rotation to go from present vehicle attitude to final attitude,
including logic controlling the maneuver rates and DAP interface.

Burn Control Routines (BURN

Programs used to initiate, control, and terminate all three types
of IM burns (RCS, APS, and DPS).



Conic Subroutines (CONC)

Subroutines used by navigation and targeting routines to compute
various conic parameters.

Coordinate Transformations (COOR)

Subroutines defining the transformations between the several
coordinate systems used by the LGC, including routines for
determination of lunar and solar position and selenographic
latitude and longitude.

Digital Autopilot Control Routines (DAPA)

P-axis and Q,R-axis RCS control for free or powered flight;
Q,R-axis Gimbal Trim System. (Includes jet fail monitor.)

Digital Autopilot Phase Plane Logic (DAPB)

Equations used to compute jet accelerations, jet firing times
and disturbing accelerations; deadband selection and astronaut
interface routines.

Data Input/Output Routines (DATA)

Logic used to control display and loading of various LGC
registers under control of the DSKY or internal programs,
including noun definitions.

Deseent Guidance (DESC)

Programs used to initiate, control, and terminate the LM
powered descent maneuvers (P60's).

Display Interface Routines (DINT)

Routines governing program use of the DSKY and the priority of
displays.



Display and Keyboard Interface Logic (DSKY)

Routines defining the mechanics of interpreting inputs from the
DSKY keyboard or uplink and for changing the status of numerical
character lights on the display.

Extended Verbs (EXVB)

Definition of the functions of the extended verbs (40-99)
including those controlling block updates of LGC E-memory, AGS
initialization, calculation of TFF and rendezvous displays.

IMU Computations (IMUC)

Computations associated with the Inertial Measurement Unit,
including those for controlling CDU pulse outputs, for checking
and setting IMU modes and switching between them, for accelerometer
and gyro compensation, and for gyro torquing.

Program Interrupts (INTR)

Short description of all eleven program interrupts; the routines
associated with program interrupt No. 4.

Mathematical Functions, Executive, Waitlist (MATX)

Various built-in trigonometric, logarithm and root extraction
functions used by the programs, and some of the logic associated
with the operations, such as "Establish," or "Call."

Orbital Integration (ORBI)

The equations used for precision integration of the state vector,
and logic to switch between powered flight and coasting flight
navigation.

Program Service Routines (PGSR)

Routines used for initialization of the LGC, re-initialization in
case of restart, and for change of program (major mode). Also
includes alarm routines.



Radar Control Routines §RADR2

Routines controlling the positioning and reduction of data from
the Landing Radar and the Rendezvous Radar.

Rendezvous Navigation (RNAV)

Programs using the rendezvous radar to update both state vectors
maintained in the LGC and to update the "error transition matrix"
based on tracking of the CSM.

Servicer (SERV)

Average-G navigation routines and other routines used for burn
control and monitoring.

Up and Down Telemetry (TELE)

Uplink character processing and computations performed for
periodic downlink transmission, including a brief summary of the
information on the downlink.

Testing Routines (TEST

Computer self-test routines and externally initiated tests.

Targeting - Lambert (TRGL

Burn targeting using the Lambert computation of wvelocity-to-be-
gained.

Targeting - External Delta-V (TRGX)

Burn targeting for constant attitude burns.



Notation and Terminology

Because of some of the special design features of the Apollo
Guidance Computer, a set of special notation and terminology has been
found useful in describing the equations programmed for this computer.
In most cases, this notation and terminology follows that which seems
to be employed by the G&N contractor, and also follows that which was

used in documents previously prepared on Block 1 and Block 2 programs.

The following document may be found useful for supplemental infor-
mation on the symbolic listing, and for a more detailed discussion of
the computer hardware and general computer system control:

3420,5-27, "Apollo Guidance Program Symbolic Listing Information

for Block 2," Revision 2, dated 20 November 1969,
prepared under MICP Task A- 201.
Copies of that document, together with revision information as it is

published, may be obtained from the Flight Software Branch of MSC.

Numbers

A, General

The guidance computer is designed with a memory word length of
15 bits (plus a sixteenth bit, not sensed by the program, used to achieve
"odd parity'", i.e., an odd number of binary ones in the total 16-bit
word). It is also designed as a fractional machine, so that all numbers
in the computer are less than one: "equation values" greater than 1.0
are accommodated by suitable scaling, as described below. Arithmetic
is all one's complement except in special instances where two's complement
is required for hardware interface information. There is no hardware
floating point capability in the computer, although a facsimile to
floating point computations is sometimes used (and identified as '"quasi-
floating point") in the program, particularly when the quantities involved

can have a large dynamic range.



The 15-bit word is divided into a sign bit and 14 magnitude bits,
with the bits numbered from the sign (#15) to the least significant
magnitude bit (#1) as shown:

1 ,-2 2-3 -4 _-5

- -6 ,-7 ,-8 ,-9 _-10 ,- -12 ,-13 _-14
Value: Sign 2 = 2 2 2 2 6 2 y 2 & 2 2 2 L L k

27t 27 27 2
Number: 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1

Once the stored value of a number in the computer register (evaluated using
the bit weights shown) has been determined, its equation value may be
determined by multiplying the stored value by some power of two which is

called the '"scale factor":

The scale factor of a quantity is the power of two by which
the number in the computer (considered as a fraction in the
range between -1 and +1) must be multiplied to obtain its
equation value. For convenience, the scale factor is shown
as "Bxx", where "xx" is some positive or negative integer.

For example, if a word has a scale factor Bl4, this means that the indi-
vidual bits have a weight 214 (or 16384) times the values shown in the
above table. A counter in the program with this scale factor, therefore,
would have its least significant magnitude bit (or least increment)

-14 14

equal to 1 (2 x 27 =1)., See Appendix A of 3420.5-27 (Revision 2) for more

details.

In many instances, the word length of 15 bits, permitting a number
to be expressed to 1:*16384 (1 part in *16384), is insufficient to give
the required precision in the computations. In these instances, a double
precision number (stored in two consecutive memory cells) is used.

Scale factor information for double precision numbers has the same inter-
pretation as for single precision numbers, and the less significant half
of the word has weights that are 2-14 times the weights shown above. A
quantity that is double precision with a scale factor of B28, for example,
28 _ 1),

or 268,435,455, In a few cases (usually involving time information),

would have a least significant bit of 1 and a maximum value of (2

triple precision quantities are required, which follow similar rules.



In cases where it is not reasonably self-evident, the single, double, or
triple precision nature of the quantity is specified (by subscripts sp,
dp, and tp, respectively).

In addition to the scale factor information, it is necessary to
know the units in which the quantities are expressed. Times are usually
expressed in units of "centiseconds" (0.0l seconds). The navigation
equations give a position output in units of meters and a velocity output
in units of meters per centisecond. Angles are usually expressed in units
of revolutions (of 360°). Where not reasonably obvious, units on the

quantities are given,

Unless otherwise specified, numbers with explicit values are quoted
in decimal. A notation such as "1lE-5" means 10-5. Octal numbers are
indicated by a subscript of 8 (such as 348 for octal 34); binary numbers
have a subscript 2 (such as 111002 for 348 expressed in binary). The

quantity +0 is 0000055 -0 is 777774 (in some cases, the distinction

8;
is important, since a computer instruction can distinguish between them).

B. Constants

Fixed scalar constants are denoted by K:xxx, where xxx is a symbol
of arbitrary type and length, selected generally for similarity with the
program notation (capital letters) or for mnemonic usefulness (small
letters). A subscript can be used to indicate one of several constants

stored in a table.

Constants stored in erasable memory (so they can be changed with-
out hardware implications) are not distinguished from variables. Some
are set by the fresh start or restart routines; some are loaded as part

of the erasable load.

In a few cases, vector or matrix constants are employed. They are
so designated by an underline or brackets as are vector and matrix

variables.



C. Variables

Variables are generally designated by several upper case capital
letters, sometimes with subscripts (the symbol K: is reserved for constants).
Lower case letters sometimes appear with the symbol for a variable, and
have the following special meanings:

d: A division indication appears as part of the symbol in
the program (1dANET appears in the listing as 1/ANET).

i: A suitable number or capital letter is substituted as
defined in the related equation information for "i"
(VACiUSE = VAC3USE if i = 3, etc.)

m: A minus sign appears as part of the symbol in the program
(mTPER appears in the listing as -TPER).

p: A plus sign appears as part of the symbol in the program
(pMGA appears in the listing as +MGA).

An underline of the first character of a symbol means a quantity
with several components, frequently a vector but sometimes a quantity
having vector-type properties, such as gyro compensation about different
axes, Individual components of a vector are identified by a subacript
using the same symbol as for the vector, but without the underline:

TSx, for example, would be the X component of the vector TS,

Matrices are designated by enclosing their identification mnemonics

in brackets: [REFSMMAT] for instance. Interpretive language operations

in the guidance computer (see TRW Working Paper 3420.5-27 (Revision 2)) permit conven-

ient manipulations of 3x3 matrices whose elements are stored double
precision. Therefore, larger matrices are handled nine elenents at a time.
Both pre-multiplication and post-multiplication of a vector by a matrix
are incorporated (post-multiplication is equivalent to pre-multiplication
by the transpose). Elements of a 3x3 matrix are stored "first row, then

second row, then third."

10



D. Addresses

The value of an address is designated by the symbol used in the
program, enclosed in quotation marks: without the quotation marks, the
contents of the cell with that address would be indicated. In order to
improve presentation clarity, many of the program-step symbols are
omitted from the equations, and others may not precisely correspond to the
program divisions actually Jlocated by the symbol in question. It is
sometimes necessary to refer to a computer address as actually packed
into a 15-bit word: for this, the term "CADR" (see 3420.5-27 (Revision 2))
is employed (erasable and fixed memory CADR formats differ).

A number of subroutines are used within the program, each of which
require information on the "main" program to which program control must
be transferred at the end of the subroutine. For clarity in showing the
computation flow performed, the retention of the necessary return address
information is shown explicitly in a few places. The "return address"
is the address to which control is to be transferred after completion of
the subroutine; the '"calling address" is the address from which transfer
to the subroutine was made. In many cases, the return address is one
greater than the calling address, but in some instances, such as trans-
fers to the "ALARM" routine, the cell following fhe calling address con-
tains information pertinent to the subroutine (such as the alarm pattern),
and therefore the return address may be several address locations after
the calling address. To save program steps, in some cases the complement
of the address may actually be used by the program for storage purposes;
but this fact, since it has no effect on the computation flow, is not

indicated in the equations.

11



E. Subscripts

Subscripts are used for relative addressing or for informational

purposes.
constants
indicates
DSPTEMll.

arbitrary

As relative addresses, they index one of several variables or
stored in a table with only one explicit address. DSPTEMI1
the cell after DSPTEM1, and DSPTEMl, indicates the cell after

2

Sometimes the subscript contains the complete address and any

erasable memory is selected by the notation E where the

ADR

address of the cell desired is stored in ADR. When used for informational

purposes, the subscript does not change the address of the cell but merely

indicates its nature. The following subscripts are frequently used:

sp: Single precision
dp: Double precision
tp: Triple precision

ms, ls: More and less significant halves of a double
precision number

, Vv, z: First, second and third components of a three-
dimensional vector

X

2 (with a number): Binary
8 (with a number): Octal
(Numbers without a subscript are quoted in decimal)

11, 12, 13, 14, 15, ....: Elements of the first row of a

matrix

21, 22, 23, 24, 25, ....: Elements of the second row of
a matrix

31, 32, 33, 34, 35, ....: Elements of the third row of
a matrix

41, 42, 43, 44 45, ,,..: Elements of the fourth row of
a matrix

etc.

Program Control

Three types of program sub-units occur within the complete program:

a) A subroutine, which performs a certain function and then

returns control to the program sub-unit which called it
(subroutines, of course, may have other subroutines within
them).

12



b) A task, which is a short sequence of computations performed
based on a time criterion, or upon some external signal.

c¢) A job, which is a program entity (such as targeting compu-
tations, steering computations, processing of a
keyboard character, etc.) of long duration which must be
done in a definite sequence. (Accelerometer data, for
example, must be corrected for biases before navigation
computations are performed, and navigation before steering
commands, so they all form part of the same job.)

Time-dependent tasks are implemented by a "waitlist" system (see
section VIIA of 3420.5-27(Rev. 2)), for which the programmer merely specifies
the time delay (from "now") when he wants a computation done, and the
starting address of that computation. The time delay has a least incre-
ment of 10 milliseconds. Unless interrupts are inhibited, a program
interrupt (which can be caused by a signal from the telemetry system, the
uplink, the "waitlist" hardware, separate ("T4RUPT") waitlist-type
hardware, a keyboard input,etc.) causes suspension of a job and performance
of the task. Tasks, however, are not subject to interruption by other
tasks, but continue to completion., There is also a hardware monitoring
function which can cause a "program/hardware restart" which, if necessary,
could interrupt a task: in general, however, these should not be

encountered.

Jobs are sequenced with the aid of a priority system (see section VIIB of
3420.5-27(Rev. 2)) and are performed only if no tasks must be performed.
If no "productive' computations are required, then a "dummy job" is
performed, which checks periodically for the availability of a job to be
performed, and of course is subject to interruption for a task. A job
can be "established" (put into a list to be selected when its priority
is sufficiently high) by another job or by a task. A job can be "put to
sleep" to wait for some external event (such as an uplink input), the
occurrence of which will "awaken" the job. Jobs can optionally be assigned
a set of "working storage' erasable memory cells, called a '"VAC area'

(see Section VID of 3420.5-27 (Revision 2)).
A program '"step" is a step in the computation sequence shown on the
page, and should not be confused with a line of the program assembly

listing.
13



The following program-control terms are employed:

a.

Awaken a job: Cause a job (if any) with the indicated
starting address to be restored to its original priority
after a period of being "asleep", during which the per-
formance of the job was suspended by making its priority
negative.

Call "XXX" in yy seconds: Cause a task with starting
address of "XXX" to be performed in yy seconds from the
present time (yy has a least increment of 10 milliseconds).

Delay yy seconds: Cause the present string of computations
to be suspended for yy seconds, and then restart at next
line. Delays to a Waitlist Task are implemented by a
waitlist call to the following step, and then an end task;
delays for a job are achieved by using the "DELAYJOB"
routine.

End job: Terminate performance of the job, and transfer
control to an executive routine to initiate performance

of the job which has the highest priority of those remain-
ing. The "dummy job" is the only one which is not ended in
this fashion.

End task: Terminate performance of the waitlist-initiated
task, and transfer control to a routine which checks for
other waitlist tasks, causing resumption of previous compu-
tations if there are no such tasks.

Establish "XXXX": Enter the job with starting address
"XXXX" in the priority list to be performed when appropri-
ate (each job has a priority associated with it, not
necessarily shown in the equations). A job can optionally
be established with or without a working storage (VAC) area
(not generally shown in the equations).

If: Carry out the indicated manipulations provided the
indicated conditions are satisfied. The "indicated manipula-
tions" are "indicated" by being indented, if the "If"
statement is followed by a colon, or by being on the same
line as an "If" statement followed by a comma. Should the
conditions not be satisfied or after performing "indicated
manipulations" that do not end with a "Proceed to...",
continue on in sequence at the next non-indented line.

Perform "XXXX": Cause a subroutine with starting address
"XXXX" to be entered. The specific memory cell to which the



subroutine returns control depends in some cases on the
purpose of the routine, but generally is the step after
the "Perform" instruction.

i. Proceed to "XXXX": Cause the program step with address
"XXXX" to be the next one to be performed, and continue
the performance of the program from that point.

j+ Proceed to XXXX: Cause the program step whose address is
stored in cell XXXX to be the next one performed, and
continue the performanee of the program from that point.

k. Put to sleep: Cause the present job's computations to be
suspended (by making its priority negative) until some
event takes place causing the job to be "awakened."
Differs from End job and Establishing a job in that the
VAC area and Job Register Set are retained. When a job
is put to sleep, a starting address identification is
provided for use in awakening the job (and also to specify
the starting point for the job when it is performed).

1. Resume: Resume computations which were interrupted to
perform the task (used for tasks not initiated through
waitlist means, cf. End task).

m. Return (or "Return via XXX" where the return address has
been stored in XXX): Return to the subroutine's calling
program (which in some cases could have been either a
task or a job).

n. When no transfer instruction occurs at the end of a
routine, computations continue down the page through
subsequent routine or routines.

In addition to the above terms, a special notation is used with

display interface routines:

Proceed to "GOFLASH"
(If terminate, ...; if proceed, ...; if other response,

or

Perform "GOFLASHR"
(If terminate, ...; if proceed, ...; if other response,

ee oo e

15



X=1
End job

In the first case, control is transferred to the display interface
routine and the program is terminated until the astronaut responds.

In the second case, a display interface routine is established and

the subsequent steps (X = Y) are executed before the astronaut
responds to the display (usually). The four possible astronaut
responses that are recognized are: "Terminate" via verb 34; "Proceed"
via verb 33 or the proceed button; "Resequence" via verb 32; and
"Enter" by pushing the enter button in response to a "please perform"
type verb or after loading data via one of the load verbs. The last

two types of response will initiate the "if other response" branch.

A capability also exists to "kill" a task that has been inserted
in the "waitlist" but has not yet been executed. It is simply removed

from the waitlist.

15a



Operations

Several mathematical manipulations are available to the programmer
and are indicated either by special characters or by lower case symbols.
The trigonometric, logarithm and square root functions are described
in the MATX section.

1) Standard Arithmetic Operations
+ : plus
: minus
: (blank) multiply; scalar by scalar, vector by scalar, etc.
/ :+ divide; scalar by scalar; vector by scalar
|[A]: Magnitude of scalar (absolute value)
|Al: Magnitude of vector (length)

2) Special scalar operations (see MATX section)

vE : square root
arccosA : double precision arc cosine of A
arcsinA : double precision arc sine of A

arcsinspA : single precision arc sine of A

cosA : double precision cosine of A
cosspA : single precision cosine of A
sinA : double precision sine of A
sinspA : single precision sine of A
1nA : natural logarithm of A

3) Vector operations

# (A * B) : vector cross product
* (A *° B) : vector dot product
A : square of length of A

[A]Bor B [A]T: premultiply the vector B by the matrix
[A](3x3; interpretive instruction MXV).
The X component of the answer is equal
to the dot product of the first row
of [A] with B, etc.

16



4)

5)

6)

7)

8)

B [A] or [A]T B : post multiply the vector B by the matrix (a]

(3 x 3, interpretive instruction VXM). The
X component of the answer is equal to the
dot product of the first column of [A] with
B, etc.

Bit operations

Switch bit a of B to 1 or 0: Set or reset bit a of erasable memory

register B.

Set bit a of A = bit b of B: Set or reset bit a of erasable memory

register A according to whether
bit b of B is set or reset.

Invert bit a of As Set bit a of A = the complement of

bit a of A.

A (A ANB): Bit by bit logical product. If a given bit in both

~'(ES:

cycle:

limit:

modulo:

A and B is a binary 1, then the result is a binary 1;
otherwise, the result is a binary O,

Bit by bit complement of B.

Shift in a cyclic fashion, with bits "spilling out" of
one end of the register appearing at the other end.

For example, bit 14 cycled left 2 places, since the
word length of the computer is 15 bits for data, becomes
bit 1, as does the same bit cycled right 13 places (or,
in this case, shifted right 13 places).

Cause the maximum value (usually K:posmax) to be stored

if the quantity or its computed value exceeds that maximum,
(Unless otherwise specified, the magnitude is limited,

with sign information preserved; frequently done by

means of a check for overflow.)

Form a quantity, for A modulo B, equivalent to the
value of B times the remainder from (A/B), For
example, 380° modulo one revolution is 20 .

overflow: Exceed the capacity of the computer register (i.e.

the maximm value of the number allowed by its
scaling). The interpretive language (section VI of
3420.5-27 (Revision 2)) has a special cell which is
set if such an overflow is encountered, and which
may be sensed to cause program branching. The divide
instruction in the interpretive language, if the
numerator exceeds the denominator (using the numbers
in the computer register), sets the answer to the
maximum capacity of the computer register with the
proper sign.
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9) quasi-floating point: Carry out a computation (usually

10)

11)

12)

13)

14)

15)

16)

17)

involving a division) by, in general,
normalizing both numerator and denominator
before performing the division (with
suitable provisions to avoid division
overflow), and then shifting the result
the appropriate number of places. Norma-
lization involves shifting a number so

that there are no leading magnitude zeroes,
and counting the number of shifts required.

set A =B and B = A: Exchange the contents of "A" and "B".

signA: Complement the accumulator if A is negative; otherwise,
leave the accumulator alone. Unless otherwise specified,
if A = 0 the accumulator is also left alone, i.e. O is a
"positive'" number.

shift: Shift in a non-cyclic fashion, with exclusion of the
sign bit: bits "spilling out'" of the least significant
end of the register (for shifting right) are lost.
Cf. '"cycle". Vacated bits are set to sign bit.

sign agreement: Force the signs of the various parts of a
multiple-precision word to be the same.

unit(A + B): Form or use a unit vector from the vector infor-
mation specified. The scale factor of the unit
vector when formed is Bl. The magnitude of the
vector is left in push-down list address 36D and
its square in 34D. Operation "overflows" if
magnitude of vector (before forming unit) is
less than 2-21 as stored in computer register:
if a cross product of 2 unit vectors involved,
this would be a "true value" of 2-19, or about

0.002 mr.
A= (al, a,, a3): Form a vector with x, y, and z components =
a,, a, and as.
B = (bl’ bz): Form a double precision number B with more

significant half = bl’ less significant half = b2’

The difference between two angles expressed in two's complement
form can be performed by a special instruction to produce a
result in one's complement form.
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Major Variables

(and constants)

The following quantities are used at several points in the program;
a general knowledge of their significance will be valuable in any
effort to understand the program.

CADRFLSH, (i=0,1,2), CADRSTOR, DSPLIST: Single precision address
storage registers in the display interface routines. Three
internally generated displays can be handled by the display
interface routines at any one time, one "priority" display, one
"mark/extended verb'" display and one "normal" display. The
addresses of the routines requesting these displays are stored in
CADRFLSH ,, CADRFLSH, and CADRFLSH, respectively. If the active
display ®inds that the astronaut %s using the DSKY (Display and
Keyboard Assembly), it is put to sleep and its address stored in
DSPLIST until the astronaut releases the DSKY. If the active
display requires astronaut response, it is put to sleep and its
address stored in CADRSTOR until the response is received.

CDU (CDU_, CDU_, CDU ): LGC input counters incremented directly from
the C%upling’DatazUnit to maintain IGC knowledge of the position
of the outer, inner and middle gimbal angles of the Inertial
Measurement Unit. These counters are coupled directly to the
"Read Counters' in the three ICDU channels of the CDU, and the
two counters associated with each gimbal angle are incremented
similtaneously. In order to synchronize the LGC counters with
the Read Counters, the LGC counters must be set to zero while
the ICDU Read Counters are maintained at zero by setting bit 5
of channel 12. The gimbal angle data thus maintained is scaled
B-1 i? units of revolutions (one least increment is equivalent
to 2715 revolution) and is in two's complement form.

The manipulation of two's complement numbers in the LGC maintains

a periodic regularity by propagating an overflow bit into the

sign bit. In the case of angles scaled B-1 in units of revolutions,
the overflow bit represents one-half of a revolution (180 degrees),
and angular sums over one half of a revolution in magnitude are
"automatically'" adjusted to lie within the range -3 < angle < 3.
For example: 0.35 + 0.42 = -0.23 (126.0° + 151.2° = -82.89).

CDUS, CDUt: IGC input counters incremented directly from the
Coupling Data Unit to maintain LGC knowledge of the Rendezvous
Radar shaft and trunnion angles. These counters are coupled to
the Read Counters in the two RRCDU channels of the CDU and are
exactly like the CDU-linked counters described above. The RRCDU
Read Counters are zeroed by bit 1 of channel 12.
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CDUD: Single precision vector containing the latest specification
of desired IMU gimbal angles for the Digital Autopilot, scaled
B-1 in units of revolutions and stored in two's complement form.
See the description of LGC two's complement included with the
definition of CDU.

Channels: Fifteen bit interface registers for input and output of
discrete information. See TRW Working Paper 3420.5-27 (Revision 2) for more
precise and complete information. Channels 5,6,11-16 ,30-33 and 77
are described in the section entitled '"Channels, Flagwords and
Other Discrete Information Registers."

1,2: Identical to L and Q registers; see MATX section.

3,4: Standby Clock; continues to count when the LGC is put into
standby mode (see "PO6").

7: Bits 15-8 and 4-1 have no function; bits 7-5 are the fixed-
memory address extension bits (SUPERBNK); see MATX section.

10: Channel used by "TLRUPT" to set the relays in the DSKY;
bits 15-12 contain the relay address; bits 11-1 contain the
desired setting. Called OUTO in the programs; see INTR section.

34,35: Two channels loaded with information to be telemetered
by the downlink; see TELE section.

DELCDU: Single precision vector subtracted from CDUD every 100
milliseconds to control the rate during an automatic attitude
maneuver, scaled B-1 in units of revolutions and stored in
two's complement form. See the description of LGC two's com-
plement included with the definition of CDU.

DELV: Double precision sensed-change-in-velocity vector, scaled
Bl4 in units of centimeters per second and expressed in stable
member (IMU) coordinates. (One pulse from the accelerometer
is equivalent to one centimeter per second; DELV is loaded
directly from the accelerometers.)

DISPDEX: Single precision index controlling the periodic and other-
wise independent display (by "CLOKTASK") of burn parameters.
See BURN section.

DNLSTCOD: Single precision index (range 0-5) indicating which of the
downlists is to be telemetered, scaled Bl14 and unitless. Loaded
by various programs to select the proper downlist. See K:DNTABLE
in TELE section.
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DSPTAB. (i=0-10): Computer storage for the DSKY illumination relay
set%ings, complemented when they are changed to signal to the
"TLRUPT" routine that the relays are to be re-set as soon as
possible. A numerical record of what is displayed via DSPTAB 0,9,8
is maintained in MODREG, VERBREG and NOUNREG. The contents o% 20
XREG, YREG and ZREG do not necessarily reflect what is currently
being displayed via DSPTABv_O. See DSKY and DATA sections.

DSPTAB 1 Single precision flagword whose bits designate relays
to %e set to illuminate lamps on the DSKY. Bit 9 lights the
"program alarm" (PROG) lamp when set; bit 8 lights the "tracker
fail" (TRACKER) lamp when set; bit 6 lights the 'gimbal lock
warning" (GIMBAL LOCK) lamp when set; bit 5 lights the "LR altitude
fail" lamp when set; bit 4 lights the "no attitude™ (NC ATT)
lamp when set {(via "T4RUPT"); bit 3 lights the "LR velocity fail
lamp when set.
EADR: Notation used to denote any cell in erasable memory whose
address is stored in the quantity used as the subscript (here
denoted by ADR). If access is required to an E-memory cell in
a switched bank other than that in which the program is oper-

ating, the EBANK register must be re-set first.

FLAGWRDO-11: Single precision registers whose bits are used indi-
vidually for storage of on-off/yes-no type information. The
flagwords are described in the section entitled 'Channels,
Flagwords and Other Discrete Information Registers'" and
references to the flagwords are listed in the section entitled
"List of References to Flagwords and Channels."

i, j, k, n, p, s, t, v: Letters used to denote various temporary
storage cells in the programs, usually indexes scaled Bl4 and
unitless.

K:dvtoacc: Constant implicit in the 2 second navigation cycle,
scaled B-~1 in units of seconds to the minus one power. Equation
value: 2. If the navigation cycle is changed to something
other than 2 seconds, this constant will have to be changed to
an explicit one wherever it appears.

K:posmaxsp, K:posmaxdp: Notation for the maximum positive value
that can be stored in a single or double precision LGC register.
The stored value of the constants is 37777, and 37777, 37777
respectively. The equation value of each Is determinéd by the
scale factor of the variable involved. If B is the scale factor,
the equation values are:

2B (1 - 2714
28

K:posmaxsp

K: posmaxdp " (1 -2
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K:VxxNxx: Single precision constant verb-noun code. The two-digit
decimal noun number is stored in bits 1-7 of the constant; the
two-digit decimal verb number is stored in bits 8-14.

MPAC, (i=0-7): Multiple precision accumulator and storage used
by jobs coded in interpretive language (via the interpretive
decoder) and sometimes by jobs coded in basic language. A
set of eight single precision cells associated with each job
and used exclusively by that job. When a job is put to sleep
or is interrupted by a job of higher priority, MPACO-MPAC are
saved as part of the "job core" reserved for that job, anz they
are re-set exactly as they were when the interrupted job is re-
established.

MUDEX, PBODY: Single precision indexes used to differentiate between
constants and program branches that differ according to whether
the center of attraction is the earth (0) or the moon (& and 2
respectively). See CONC section and ORBI sectlon respectively.

PRIOTIME: Single precision time when a priority display is activated,
used to enforce the two second delay before the response to a
priority display is accepted (to avoid the problem of a response
to a Jjust interrupted normal display being interpreted as the
response to the priority display.) See DINT section.

RATT, VATT, TAT: State vector output from orbital integration
with constant scaling (B29, B7, B28) or variable scaling (RATT1,
VATT1, TAT) in units of meters, meters per centisecond, and
centiseconds.

RCVCSM, RCVLEM: The permanent state vectors for the CSM and LM
contain six double precision vectors and three double precision
scalars. They are listed below along with the name of the
equivalent variable used in the precision integration of each.

M CSM Integration
RCVLEM RCVCSM RCV

VCVLEM VCVCSM VCv

TCLEM TCCSM TC
DELTALEM DELTACSM TDELTAV
NUVLEM NUVCSM TNUV
TETLEM TETCSM TET
RRECTLEM RRECTCSM RRECT
VRECTLEM VRECTCSM VRECT
XKEPLEM XKEPCSM XPREV



EREFSMMAi]: Double precision, 3x3 transformation matrix, scaled Bl
and unitless. Defined such that Asm = [REFSWIAT] Arf where A is
a vector expressed in stable member and reference coordinates
respectively. (Other transformation matrices are not continuously
maintained but only generated when needed. )

RN, VN, PIPTIME, R-OTHER, V-OTHER, TETCSM: Double precision vectors
describing the navigation state of the IM and CSM respectively,
scaled nominally (B29, B7, B28).

TDEC1: Double precision time input to orbital integration routines
(GET) specifying the endpoint of the integration, scaled B28 in
units of centiseconds. (Only input necessary if the permanent
state vector is used as the origin.)

TEPHEM: Triple precision elapsed time from the beginning of the near-

est Besselian year to the time when the LGC clock (TIMENOW) is zeroed,

for use in the calculation of ephemerides; scaled B42 in units of
centiseconds and included in the pre-launch erasable load.

THETAD: Single precision vector containing the final desired gimbal
angles that define a desired orientation of the spacecraft with
respect to the Inertial Measurement Unit (IMU) for large attitude
maneuvers or IMU alignment; scaled B-1 in units of revolutions
and stored in two's complement form. See the description of LGC
two's complement included with the definition of CDU.

TIG: Double precision time of ignition (or predicted cutoff time,
once the engine has been ignited) input to the burn programs
from the targeting programs. The parameters required of the
targeting programs by the burn programs (in addition to the
IM state and mass estimate, which are assumed always available)

are:
External Delta-V Lambert Targetted
(XDELVFLG = 1) (XDELVFLIG = 0)
TIG TIG
RTIG RTARG
VTIG TPASSL
DELVSIN NORMSW (FL7, bit 10)
DELVSAB

TIME3, TIME,, TIME5, TIME6: LGC clocks in addition to TIMENOW which
are used to control interrupts of one kind or another. See
INTR section.

TIMENOW: Double precision computer clock, incremented every centi-

second (one hundredth of a second) by the LGC oscillator; scaled
B28 in units of centiseconds.
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TS (and various transmutations such as TS1, TSnoun TS TSvec):
Real or dummy temporary storage cells used for con%enience in
describing the performance of the equations. When used as a
communication cell between routines, TS generally represents
what the program transfers via the accumulator.

VGPREV: Double precision previous value of velocity-to-be-gained

vector, program notation also '"VGTIG,'" scaled B7 in units of
meters per centisecond.

UPSVFLAG: Single precision flag loaded with a state vector update
(address of UPSVFLAG is just before that of gﬁECT) to indicate
whether the update is for the IM or CSM state and whether it

is in moon-centered or earth-centered reference coordinates.
See ORBI section.

XSC, XSM, XSCD, etc.: Double precision unit vectors in the directions
of the X spacecraft axis, the X stable member axis, the desired
X spacecraft axis, etc. Such unit vectors are always scaled Bl
and unitless, but they may be expressed in various coordinate
systems. An effort has been made to indicate the coordinate
system in cases where it was not immediately obvious by adding
small letters (sc, sm, rf) to the tag; the notations YSCsm,
YSCsc, and YSC all represent the same cell - the indication
of coordinate system is purely explanatory.



Erasable Memory Initialization

The quantities listed below constitute the "erasable memory load"
which supplements the initialization performed by verb 36 (fresh start
routine "SLAP1") in order to prepare the LGC erasable memory for the
beginning of the mission. The list shows the absolute address of each
quantity in the list (single, double or triple precision) in ECADR form
(EBANK in bits 11-9; address = 1400, t+ bits 8—1); the tag assigned to
that address by this document; the %ag assigned to that address by the
LUMINARY program if it differs from that used in this document; the
scale factor and the units which the program assumes when handling each
quantity; and the section of this document in which the quantity is
defined.

Following this alphabetical list are the erasable memory quantities
listed in order of increasing ECADR.

ECADR Tag (alternate tag) Scale Units Section
02477 .

02500 2LATEL66 B28 centiseconds DESC
02522

thru  ABSCO B18 meters SERV
B8 e

02565, ABTRDOT B7 meters/centisecond ASCT
01463 ADIAX B-6 gyro pulses/cm per sec IMUC
01464 ADIAY B-6 gyro pulses/cm per sec IMUC
01465 ADIAZ B-6 gyro pulses/cm per sec IMUC
01466 ADSRAX B-6 gyro pulses/cm per sec IMUC
01467 ADSRAY B-6 gyro pulses/cm per sec IMUC
01470 ADSRAZ B-6 gyro pulses/cm per sec IMUC

(Because one gyro pulse is equivalent to 2_21 revolutions,
the above six quantities could also be assumed to be scaled
B-26 in units of revolutions.)

03371

03372 AGSK B 28 centiseconds EXVB
02476 AHZLIM B-/, n/ca® DESC
03404  AOTAZ, (AOTAZ) B-1 revolutions (2's comp) ALIN
03405 AOTAZ, (AOTAZ+1) B-1 revolutions (2's comp) ALIN
03406 AOTAZ3 (AOTAZ+2) B-1 revolutions (2's comp) ALIN
03407 AOTAZA (AOTAZ+3) B-1 revolutions (2's comp) ALIN
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ECADR
03410
03411
03412
03413
03414
03415
03416
03417

03400
03401

03373

02565
02566

02567
02570

01327

02503
02504

03425

02460
02461

02462
02463

02456
02457

02470
02471

Tag (alternate tag)
AOTAZ4 (AOTAZ+4)

AOTAZ¢ (AOTAZ+5)
AOTEL; (AOTEL)

AOTEL, (AOTEL+1)
AOTEL3 (AOTEL+2)
AOTEL,, (AOTEL+3)
AOTEL5 (AOTEL+4)

AJTEL¢ (AOTEL+5)

(2's comp indicates that these quantities are stored in

B-1

Units

revolutions
revolutions
revolutions
revolutions
revolutions
revolutions
revolutions

revolutions

(2's
(2's
(2's

(2's

comp)
comp)
comp)
comp)
comp)
comp)
comp)

comp)

Section
ALIN
ALIN
ALIN
ALIN
ALIN
ALIN
ALIN

ALIN

two's complement form, not the usual one's complement form)

ATIGINC
AZBIAS

COSTHET1

COSTHET2
CSMMASS
DELQFIX
DELTTFAP

DESIGNRX (RIGNX)

DESIGNRZ (RIGNZ)

DESIGNV (VIGN)

DESKIGNV (KIGNV/B4)

B28

B-1

B2

B2

B16

B24

B17

B2/

B24

B10

B18

26

sentiseconds

revolutions

unitless

unitless
kilograms

meters

centiseconds

meters

meters

meters/centisecond

centiseconds

TRGL

DESC

ASCT

ASCT

DAPB

DESC

DESC



ECADR Tag (alternate tag) Scale Units

0266k ppogioNx (KIGNK/BL) — BA unitless

02465

8222? DESKIGNY (KIGNY/BE)  B-16  meters

03011 DKDB B15 revolutions™

03005 DKKAOSN Bl4 unitless

03004 DKOMEGAN Bl4 unitless

03003 DKTRAP B-3 revolutions/second
02631

thru  DLAND B24 meters

02636

03113 DOWNTORK, (POSTORKP)  BS5 seconds

03114 DOWNTORK; (NEGTORKP)  B5 seconds

03115 DOWNTORK, (POSTORKU)  B5 seconds

03116 DOWNTORK (NEGTORKU) B5 seconds

03117 DOWNTORK, (POSTORKV)  B5 seconds

03120 DOWNTORK, (NEGTORKV)  B5 seconds

01350 E32C31RM B8O metersé/centisecondz
01347 E3J22R2M B58 meterss/centisecond2
01353 ELBIAS B-1 revolutions

83223 GAIN, (GAINBRAK) BO unitless

8;222 GAIN, (GAINAPPR) BO unitless

01477 GCOMPSW B14 unitless

03000 HIASCENT B16 kilograms

02473 HIGHCRIT B14 DPS throttle pulses
03012 IGNAOSQ B-2 revolutions/second”
03013 IGNAOSR B-2 revolutions/second”

27

Section

DESC

DESC

DAPB *
DAPA *
DAPA *

DAPA *

DESC

DAPA
DAPA
DAPA
DAPA
DAPA
DAPA
ORBI
ORBI

DESC

DESC

DESC

IMUC
DAPB *
DESC
BURN

BURN



ECADR Tag (alternate tag) Scale Units Section

Saay?  JLPARM * B2, meters ASCT
0323p J2PARM * B2, meters ASCT
822?3 K1PARM ¥ B24 meters/revolution ASCT
85222 K2PARM * B24 meters/revolution ASCT
* See note on page ASCT-14.

8222;’ LAGATAU (LAG/TAU) BO unitless DESC
03426 LEADTIME B17 centiseconds DESC
01326 LEMMASS B16 kilograms DAPB
02012

thru  LM504 (5041M) BO radians COOR
02017

03010 IMKAOSN Bl4 unitless DAPA *
03007 LMOMEGAN Bl4 unitless DAPA *
03006 LMTRAP B-3 revolutions/second DAPA *
02472 LOWCRIT Bl4 DPS throttle pulses DESC
03420 LRHMAX Bl meters SERV
02512 LRVF B7 meters/centisecond SERV
02511 LRVMAX B7 meters/centisecond SERV
03421 LRWH BO unitless SERV
03756 LERWHL BO unitless DESC
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ECADR Tag (alternate tag) Scale Units

02513 LRWV, (LRWVZ) BO unitless

02514 LRWVl (LRWVY) BO unitless

02515 LRWV2 (LRWVX) BO unitless

02516 LRWVFO (LRWVFZ) BO unitless

02517 LRWVFl (LRWVFY) BO unitless

02520 LRWVF2 (LRWVFX) BO unitless

02521 LRWVFF BO unitless

o1ays MASS B16 kilogranms

8;222 MAXFORCE B12 kg meters/centisecond2
8222% MINFORCE B12 kg meters/centisecond2
01460 NBDX B-5 gyro pulses/centisecond
01461 NBDY B-5 gyro pulses/centisecond
01462 NBDZ B-5 gyro pulses/centisecond

01452
01454
01456
01453
01455
01457
03002

(B-5 gyro pulses/cs equivalent to B-26 revolutions/cs)

PIPABIAS (PBIASX)
PIPABIASY (PBIASY)
PIPABIAS ~(PBIASZ)
PIPASCF_ (PIPASCFX)
PIPASCFy (PIPASCFY)
PIPASCF, (PIPASCFZ)

PITTIME

B-3
B-3

B-3

29

PIPA counts/centisecond
PIPA counts/centisecond
PIPA counts/centisecond
unitless
unitless
unitless

centiseconds

Section

SERV
SERV
SERV
SERV
SERV

SERV

SERV

SERV
DAPB

DESC

DESC

IMUC
IMUC

IMUC

IMUC
IMUC
IMUC
IMUC
IMUC
IMUC

DAPB



Tag (alternate tag)

PTIGINC
QHZ

RAMIN

RANGEVAR

RATEVAR

[REFSMMAT)

RLS

RMAX
RODSCALE
ROLLTIME
RPCRTIME
RPCRT QSW
RVARMIN
SHAFTVAR

SLOPEO,
i

TARGADG (ADG, ABRFG)

TARGADG,, (AAPFG)

*See note on page DESC-29

B24

B-12

B-12

B27

B19
B-7
Bls
B17
Bl
B12
B-12

B6

30

Units
centiseconds
unitless

meters

unitless

unitless

unitless

meters

meters
meters/centisecond
centiseconds
centiseconds
unitless
meters2

2

radians

radians

meters/centisecond2

meters/cen’cisecond2

Section

TRGL

DESC

ASCT

RNAV

RNAV

COOR

CONC

RNAV
DESC
DAPB
SERV
SERV
RNAV
RNAV

SERV

DESC

DESC



ECADR

Tag (alternate tag)

02402
thru
02407

02404
thru

02411
02412
thru

02417
02414

thru
02421

02474

02535
02536

02452
02454
02453
02455
03423
03424
01706
01707
01710

01570
01571

01642
01643

02555
02556

* See note on page DESC-29.

TARGRDG , (RDG,RBRFG)

TARGRDG,, (RAPFG)

2

TARGVDG,,

TARGVDG 5 (VAPFG)

TAUHZ
TAUROD

TCGFO (TCGFBRAK)

TCGF, (TCGFAPPR)

2 (
TCGIO (TCGIBRAK)

TCGI, (TCGIAPPR)

5 (
TENDO (TENDBRAK)

TENDl (TENDAPPR)

TEPHEM

TETCSM
TETLEM

THETCRIT

(VDG ,VBRFG)

Scale Units

3*
B2 meters

3
B2 meters

3*
B10 meters/centisecond

3*
B10O meters/centisecond
Bll centiseconds
B9 centiseconds
B17 centiseconds
B17 centiseconds
B17 centiseconds
B17 centiseconds
B17 centiseconds
B17 centiseconds
B4R centiseconds
B28 centiseconds
B28 centiseconds
BO revolutions

2L

Section

DESC

DESC

DESC

DESC

DESC
DESC

DESC
DESC
DESC
DESC
DESC

DESC

COOR

ORBI

ORBI

ASCT



ECADR

02026
02027

03431
03432

01354

02011

02436
02437

02440
02441

02442
02443

02444,
02445

02432
02433

02434
02435

01711
01712

01713
01714

02400
02401

02005
01773
02000
02001
02002

02006

Tag Salternate tag2

TLAND

TNEWA

TOOFEW
TRUNVAR

TTFADGZ

0 (ABRFG* and

ADG2TTF+0)

(AAPFG* and
ADG2TTF+2 )

TTFADGZ2

TTFIDGZ. (JBRFG* and

0 " 7D 2rTF+0)

TTFJDGZ

5 (JAPFG* and

JDGRTTF+2 )

TTFVDGZ

0 (VBRFG* and

VDGRITF+0)

(VAPFG* and
VDGRITF+2 )

TTFVDGZ2

UNIwa (-AYO)

UNITWy (AX0)

VELBIAS

VMAX
VVARMIN
WRENDPOS
WRENDVEL
WSHAFT

WSURFPOS

B14

B-12

B-4

B4,

B-21

Bl3

Bl3

BO

B6

B7

B-12

Units

centiseconds
centiseconds

unitless
radians2

meters/centisecond2
meters/centisecond2

meters/centisecond3

3

meters/centisecond

meters/centisecond
meters/centisecond

unitless

" unitless

meters/centisecond

meters/centisecond

metersz/centisecond2

meters
meters/centisecond
radians

meters

Section

DESC

BURN

DESC
RNAV

DESC

DESC

DESC

DESC

DESC

DESC

COOR

COOR

SERV

RNAV
RNAV
RNAV
RNAV
RNAV

RNAV



ECADR Tag (alternate tag) Scale Units Section

02007 WSURFVEL BO meters/centisecond RNAV
02003 WTRUN B-5 radians RNAV
01700

thru X789 * radians RNAV
01705 (*Scaling is B5 for earth and B3 for moon)

02561

02562 YLIM B24 meters ASCT
03422 Z0OOMT IME Bl4 centiseconds BURN

* These quantities are also loaded by the fresh start routine entered *
from verb 36.

In addition to the quantities listed on the previous pages, the
indicated bits of the following flagwords must be padloaded as they are
not initialized by the fresh start ("SLAP1") routine.

FLAGWRD3 bit 11 (NODOPO7 )
bit 13 (REFSMFLG)
FLAGWRD8 bit 8 (SURFFLAG)
bit 11 (LMOONFLG )
bit 12 (CMOONFLG)
FLGWRD10 bit 13 ( APSFLAG)
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The following pad loaded variables are listed by ascending
The tag name is that given by this document.

ECADR.

ECADR
00077
00104
00106
01243-4
01326
01327
01347
01350
01353
01354
01452
01453
01454
01455
01456
01457
01460
01461
01462
01463
01464
01465
01466
01467

01470

Tag
FLAGWRD3
FLAGWRDS
FLGWRD10
MASS
LEMMASS
CSMMASS
E3J22RM
E32C31RM
ELBIAS
TOOFEW
PIPABIAS

X
PIPASCF
X
PIPABIAS
y
PIPASCF
y
PIPABIAS
PIPASCF
NBDX
NBDY
NBDZ
ADIAX
ADIAY
ADIAZ
ADSRAX
ADSRAY

ADSRAZ

ECADR

| 01477

01570-1
01642-3
01700-5
01706-10
01711-2
01713-4
01731-52
01766-7
01770-1
01772
01773
02000
02001
02002
02003
02004
02005
02006
02007
02010
02011
02012-7
02020-5

02026-7

Tag
GCOMPSW
TETCSM
TETLEM
X789
TEPHEM
UNITW

X
UNITW

y
REFSMMAT
RANGEVAR
RATEVAR
RVARMIN
VVARMIN
WRENDPOS
WRENDVEL
WSHAFT
WTRUN
RMAX
VMAX
WSURFPOS
WSURFVEL
SHAFTVAR
TRUNVAR
M504
RLS

TLAND



ECADR
02400-1

*
02402-17

¥*
02404-11

#
02412-7

3*

02414-21

*
02422-7
02424—31*
02432-3
02434-5
02436-7
0244,0-1
02442-3
02444~5
02446-7
02450-1
02452
02453
02454
02455
024567
02460-1

02462-3

02464-5
02466-7

* See note on page DESC-29

Tag
VELBIAS

TARGRDG,

TARGRDG,,

TARGVDG,

TARGVDG,,

TARGADG

TARGADG ,

T’I‘FVDGZO

-
T,FVDGZ2

TTFADGZO

TI‘FADGZ2

TTFJDGZO

TTFJDGZ2

GAINO

GAIN2

TCGFO

TCGIO

T(JGF2

TLGI2
DESIGNV
DESIGNRX

DESIGNRZ

DESKIGNX

DESKIGNY

ECADR
02470-1

02472

02473
02474
02475
02476
02477-500
02503-4
02511
02512
02513
02514
02515
02516
02517
02520
02521
02522-6
02527-33
02534
02535-6
02537-40

02541-2

02543-4

Tag
DESK IGNV

LOWCRIT

HIGHCRIT
TAUHZ
QHZ
AHZLIM
2LATE466
DELQFIX

LRVMAX

LRVF

LRWVO

LRWV1

LRWV2
LRWVFO
LRWVF1

L.RWVF2
LRWVFF
ABSCO
SLOPEO
RODSCALE
TAUROD

LAGATAU

MINFORCE

MAXFORCE



02545-6
02547-50
02551-2
02553-4
02555-6
02557-60
02561-2
02563-4
02565-6
02567-70
02631-6
03000
03001
03002
03003
03004
03005
03006
03007
03010
03011
03012
03013
03113-20

03371-2

Tag
J1PARM
K1PARM
J2PARM
K2PARM
THETCRIT
RAMIN
YLIM
ARTRDOT
COSTHET1
COSTHET2
DLAND
HIASCENT
ROLLTIME
PITTIME
DKTRAP
DKOMEG AN
DKKAOSN
IMTRAP
ILMOMEG AN
LMKAOSN
DKDB
IGNAOSQ
IGNAOSR
DOWNTORK

AGSK

03373
03400-1
03402-3
03404-11
03412-7
03420
03421
03422
03423
03424
03425
03426
03427
03430
03431-2
03756

Tag
AZBIAS
ATIGING
PTIGING
AOTAZ,
ROTEL,
LRHMAX
LRWH
ZOOMTIME
TEND),
TEND

1
DELTTFAP
LEADTIME
RPCRTIME
RPCRTQSW
TNEWA

LRWH1



Channels, Flagwords and Other Discrete Information Registers

Channels 1-4, 7, 10, 34, and 35 are discussed in the list of Major
Variables

Channel 3

Bits 15-9 have no significance; bits 8-1 are set to command RCS jet
firings and reset to terminate the firing.

Bit Code Jet Number System Rotation Translation
Effect Effect
8 1D 14 B +U +X
7 10 13 A -U -X
6 2D 10 A +v +X
5 _2U 9 B -V -X
A 3D 6 B -U +X
3 3U 5 A U -X
2 4D 2 A -V +X
1 40 1 B aa'l -X
Channel 6

Bits 15-9 have no signifiecance; bits 8-1 are set to command RCS
jet firings and reset to terminate the firing.

Bit Code Jet Number System Rotation Translation
Effect Effect
8 1S 16 B -P +¥
i 4S A A P -Y
6 33 8 A -P -Y
5 2S 12 B +P L 4
L 2F 11 A -P +Z
3 1F 1 A +P -2
2 LF 3 B -P -2
1 3F 7 B TP +Z
Channel 11

Bits 15, 12, 11, and 8 are spare.
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Bits 14 (engine off) and 13 (engine on) are assigned to the main
engine on/off function. The normal engine-off command configuration
is 102; the normal engine-on command configuration is Olp. The
following information concerns the performance of the LM when either
of the two other possible binary states (002 or 112) occurs (as in
a hardware restart - "GOPROG").

"All Block 2 computers have the engine-on and engine off discretes
in bits 13 and 14 respectively of channel 11, If the LEM Descent
engine sees a 1,1 condition (both output transistors conducting)
or a 0,0 condition (both output transistors non-conducting), it
will ignore the signal and remain in the state it was previously
in., This allows the computer to zero all the output bits during
a restart and not shut the engine off., There is no time limit
as to how long an improper state (1,1) or (0,0) can last with
the descent engine.

"The LEM ascent engine will be turned on by an erroneous 1,1
condition which lasts longer than 1 millisecond. Therefore the
LGC must be programed to set the bits to the proper state within
0.5 millisecond following recovery from a restart."

It is assumed that the ascent engine will remain off if staging occurs
with the bits in the configuration 002.

A fresh start sets bit 14 to 1 and sets remaining bits to O.

- Meaning when set and reset (channel 11 is an output or command
channel)

10 1 - Caution Reset signal: resets the flip-flop holding the Restart
lamp in the energized state.
0 - Allow the Restart lamp to light

9 1 - Test connector discrete used in bench tests
0 =

7 1 - Light the "Operator Error" lamp (automatic flash)
0 - Extinguish the "Operator Error" lamp

- Start flash of verb and noun registers on the DSKY
- Stop the verb-noun flash

o
o+

5 1 - Light the "Key Release" lamp (automatic flash) to request key
release
0 - Extinguish the "Key Release" lamp

38



4 1 - Light the "Temperature Caution" lamp
0 - Extinguish the "Temperature Caution" lamp

- Light the "Uplink Activity" lamp
- Extinguish the "Uplink Activity" lamp

o+

2 1 - Light the "Computer Activity" lamp
0 - Extinguish the "Computer Activity" lamp

- Light the "ISS Warning" lamp
- Extinguish the "ISS Warning" lamp

o+

Channel 12
Bit and initial value (fresh start)
Meaning (channel 12 is an output or command channel)

15 0 Bit energizes a latching relay that signals that the ISS
turn-on delay is complete, removing the signal from bit 14
of channel 30 and switching the ISS into the normal operate
mode. Reset after remaining set for about ten and one fourth
seconds,

14 0 1 - Enable RR lock-on and automatic tracking.
O - Disable Rendezvous Radar lock-on and automatic tracking.

13 0 Command provided via a DSKY relay to change landing radar
from position #1 to position #2. (Returned to position #1
by a spacecraft switch.)

12 O Bit set to cause rotation of the DPS bell around the tZ LM
?xi§ to produce a negative angular jerk around the tZ axis
R).

] 0 Bit set to cause rotation of the DPS bell around the -Z LM

axis to produce a positive angular jerk around the *+Z axis
(+R) e

10 O Bit set to cause rotation of the DPS bell around the +Y LM
axis to produce a negative angular jerk around the tY axis

(Q).

9 0 Bit set to cause rotation of the DPS bell around the -Y LM
axis to produce a positive angular jerk around the +Y axis (+Q).

8 0 Bit set to display inertial data.
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7 O spare
6 0 1 - Enable ICDU Error Counters - coarse align, or display on FDAI.
0 - Disable ICDU Error Counters (3).

5 0 1 - Zero the ICDU Read Counters; force the ICDU gimbal angle
follower counters to zero.
0 - Allow the ICDU Read Counters to follow the IMU gimbal
angles, incrementing the CDU counters in the LGC as they do.

4 0 1 - Enable coarse align of the IMU; connect the ICDU Read
Counters with the ICDU Error Counters so that the latter may
be decremented as the IMU is coarse aligned.

O - Disable coarse align of the IMU.,

3 0 Bit not set in LUMINARY program.

2 0 1 - Enable Rendezvous Radar CDU Error Counters.
0 - Disable RRCDU Error Counters (2).

1 0 1 - Zero the RRCDU Read Counters. (Like bit 5)
O - Allow the RRCDU Read Counters to follow the RR position
angles.

Channel 13
Bit and initial value (fresh start)

Meaning (channel 13 is an output or command channel)

15 0 Bit set to 1 to permit cell 00031lg (TIME6) to be decremented
by 1 each 0.000625 second. When cell has been reduced to -0,
the next decrement resets bit to O and causes program interrupt

#1.
14 O Bit set to 1 to permit the RCS jet fail switches or the DPS

gimbal fail switch to cause interrupt #10; always O in
LUMINARY.

13 O Bit set to 1 to permit signals from the translational hand
controller to cause interrupt #10; always O in LUMINARY,

12 O Bit set to 1 to permit signals from the rotational hand
controller to cause interrupt #10.

11 O Bit set to 1 to cause the PRO key on the DSKY to be inter-
preted as a "standby" key and put the LGC into standby mode.
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10

3-1

Channel 13 (Continued)

Bit set to 1 to test the DSKY lights and relays not otherwise
accessible to the software: energizes the Restart, Standby
and Computer Warning lamps (the latter through a "warning
filter").

1 - Initiate readout of analog-to-digital converters associated
with the displacement of the rotational hand controller into
cells RHCP, RHCQ, and RHCR (428-448).

0 - Stop readout of RHC analog-to-digital converters

1 - Enable input to RHCP, RHCQ, and RHCR from rotational hand
controller analog-to-digital converter
O - Disable input to RHCP, RHCQ, and RHCR

Bit used as the "word order code" bit (first bit in the 40-bit
downlink sequence sent from the LGC containing digital data)
for telemetry.

Bits used to block all inputs to INLINK; not set in LUMINARY,
Not used in LUMINARY.

Bit set to 1 to initiate transmission of radar information
to the LGC. Bit is reset to O when program interrupt #9
is generated after the end of the pulse train from the radar

to cell 46g (RNRAD).

Bits set to determine the routing of radar information into
RNRAD when bit 4 is set. Information into RNRAD is: RR

range information if bits 3-1 are 00lp; RR range rate if 0102;
LR X-velocity if 100p; LR Y-velocity if 10lp; LR Z-velocity if
1102; and LR altitude information if bits 3-1 are 1112, Bits
are initially 00O0.

Channel 14

Bit and initial value (fresh start)

15

Meaning (channel 14 is an output or command channel)

Bit set to 1 to cause output pulses (at a 3200 pps rate) to

be generated from CDUXCMD, cell 00050g. When cell is counted
down to zero, the bit is reset, stopping the pulses. The ICDU
Error Counter is loaded by these pulses if bit 6 of channel 12
is 1.
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13

12

10

Channel 14 (Continued)

Bit set to 1 to cause output pulses to be generated from
CDUYCMD, cell 00051g. Like bit 15.

Bit set to 1 to cause output pulses to be generated from
CDUZCMD, cell 00052g. Like bit 15.

Bit set to 1 to cause output pulses (at a 3200 pps rate) to
be generated from CDUTCMD, cell 00053g. When cell is counted
down to O, the bit is reset, stopping the pulses. The RRCDU
Error Counter is loaded by these pulses if bit 2 of channel
12 is 1. \

Bit set to 1 to cause output pulses to be generated from
CDUSCMD, cell 00054g. Like bit 12.

Bit set to 1 to specify "gyro activity": it causes the
pulse train whose magnitude is in cell 00047g, GYROCMD, to
be sent with polarity and destination specified by bits 9-7
of this channel, if bit 6 of this channel is 1. Bit reset
after the pulses are sent.

1 - Gyro torquing pulses from GYROCMD specify a negative
torque.

0 - Gyro torquing pulses from GYROCMD specify a positive
torque. (Other pulse-type outputs from the computer have the
polarity indicated by the polarity of the information in the
counter cell itself.

Bits used to specify the axis for gyro compensation infor-
mation from GYROCMD, Conventional output sequence is inner
(¥), middle (Z), and outer (X). The settings of bits 8 and
7 are: 002 for no output; 0l2 for X-axis gyro; 10 for Y-
axis gyro; 112 for Z-axis gyro. Bits are initially 00.

Bit set to 1 to enable the power supply that produces the
torquing pulses used to torque the gyros. Generally remains
set after the first gyro torquing operation.

Not used in LUMINARY.
Bit set to 1 to cause output pulses to be generated from

cell 000558 (THRUST) for use in controlling the position
of the descent engine throttle.



Channel 1/ (Continued)

Bit set to 1 to initiate shifting of data from cell 00060g
(ALTM) to spacecraft indicator for altitude or altitude
rate information. (See bit 2 of this word.) Bit reset

to O just after start of data shift.

Bit set to 1 to indicate that altitude rate information is
being shifted from cell 00060g; if bit is O altitude in-
formation is being shifted from cell 00060g.

Not used in LUMINARY.

43



Channel 15
Bits 15-6 have no function.

Bits 5-1 contain the five-bit binary keycode generated by the
depression of one of the keys on the DSKY (Display and Keyboard
Assembly). The depression of any key causes program interrupt

#5 which reads the keycode immediately, while the key is depressed.
The release of the key resets channel 15 and resets an interrupt
trap (#15) to re-enable the interrupt.

Channel 16
Bits 15-8, 2 and 1 have no function.

Bit 7 is set to 1 if an increase in the rate of descent is desired
by the crew (i.e. a lower thrust). Generated by moving a rate-of-
descent switch in the -X direction (towards the engine%.

Bit 6 is set to 1 if a decrease in the rate of descent is desired
by the crew (i.e. a higher thrust). Generated by moving a rate-
of -descent switch in the *X direction.

Bits 5-3 are set by depression of the mark reject, Y mark, and X
mark buttons. The depression of any of these buttons causes program
interrupt #6 which reads the information on channel 16 immediately
while the button is depressed. The release of the button resets
channel 16 and resets interrupt trap #16A to re-enable interrupt #6.
Bits 5-3 are processed by the "MARKRUPT" routine.

A special capability is programmed into the restart routine to enable
the astronaut to extricate the LGC from a multiple-restart loop. The
restart program exits to the fresh start program if it senses that
the mark reject button and the error reset key (channel 15 code 228)
are depressed simultaneously.

Channel 30
Bit Meaning (channel 30 is an input or information channel)
15 1l - Stable Member temperature outside design limits.

0 - Stable Member temperature within design limits.
(Connected directly to lamp controlled by bit 4 of channel 11)

14 1 - IMU power-on switch off; or, IMU power-on switch on and
IMU in normal operate mode ("turn-on delay complete" discrete
sent from the LGC)(bit 15 of channel 12).



Bit

14

13

12

11

10

Channel 30 (Continued)

Meaning (Channel 30 is an input or information channel)

O

IMU power-on switch on and IMU caged, waiting for

"turn-on delay complete" discrete from the LGC. (The
discrete from the LGC sets a relay which switches the

IMU

M e
0 =

to normal operate mode.)

IMU good.
IMU fail due to excessive servo errors or degradation

of 3200 pps or 800 pps supply . (See IMUMON routine.)

1 -
0 -

ICDU good.
ICDU fail (due to excessive errors or low voltage).

(See IMUMON routine.)

1 - IMU not caged by crew switch setting.

0 - IMU caged by setting of crew switch. (See IMUMON routine.)
1 - SCS control of spacecraft. (Panel switch)

O - PGNCS control of spacecraft.

1 - IMU power-on switch switched to off (panel 100).

0 - IMU power-on switch switched to on.

spare

1 - RRCDU good.

0 - RRCDU fail (due e.g. to excessive errors or low voltage).

(See RRCDUCHK routine.)

1 =

Display of inertial data from the computer is not desired

by the crew.

0 -
the

Display of inertial data from the computer is desired by
crew., When the appropriate information has been loaded

by the program, bit & of channel 12 is set to 1.

Al
0 -

Bit

1
0

1

o
|

L3C DPS throttle commands disabled.
LGC DPS throttle commands enabled.

sensed 0 is "ABORT STAGE" command.

Engine not armed.
Engine armed.

Ascent configuration. ( not examined in Luminary)
Ascent and descent configuration.
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Bit

Bit

15

14

13

12

10

Channel 30 (Continued)

Meaning (channel 30 is an input or information channel)

Bit sensed O is "ABORT" command.

Channel 31

Meaning (channel 31 is an input or information channel)

(Rotational hand controller) is in detent.

is displaced from detent.

( Control switch is not set to "Auto".
PGNS Mode eontrol pwitch is set to "AUTO", indiecating that
has complete authority for control of the spacecraft.

PGNS Mode Control switch is not set to "Attitude Hold".
PGNS Mode Control switch is set to "Attitude Hold",
indicating that LGC Digital Autopilot authority is limited

1l - RHC

0 - RHC

1 - The PGNS Mode

0 - The

the LGC

1 = The

O - The

to rate damping,

1l - -Z translation
Hand Controller).

0 - =Z translation
1 - tZ translation
0 - +Z translation
1l - =Y translation
0 - =Y translation
1l - +Y translation
0 - +Y translation
1l - =X translation
0 - =X translation
1 - +X translation
0 - +X translation

not commanded
commanded via

not commanded
commanded via

not commanded
commanded via

not commanded
commanded via

not commanded
commanded via

not commanded
commanded via

via

the

via
the

via
the

via
the

via
the

via
the

the THC (Translational
THC.

the THC,
THC:

the THC.
THC

the THC.
THC4

the THC.
THC.

the THC.
THC.



Channel 31 (Continued)

Bits 6-1 carry discrete information about the displacement of the
Rotational Hand Controller (RHC - also denoted by ACA). The bits
are normally 1 and are set to O by the RHC to indicate the following
directions of desired rotation:

Bit 6 5 4 3 2 1

Desired Rotation -R 1R -P +P Q +Q

Channel 32
Bits 15, 13, 12, and 11 of channel 32 are spares.

Bit 14 is activated by the "Proceed" key on the DSKY (formerly the
"Standby" key and still functional as such when program 6 has enabled
standby). It is normally set (1) and is reset to O only while the
proceed key is depressed. It is examined every 120 milliseconds by
the "TLRUPT" program and functions like a verb 33 except when program
6 has enabled standby. Proceed is rejected if V21, V22 or V23 on DSKY.

Bit 10. Bit state of O indicates that the descent engine gimbal
failure monitor detects an apparent gimbal fail in the pitch or
roll gimbal trim system. Not used by the LUMINARY program.

Bit 9 is sensed as O if action is taken by the crew to turn off the
descent engine gimbal system. This prevents bits 12-9 of channel 12
from having any effect on the flight and causes the software to
avoid using the gimbal.

Bits 8-1 are normally set (1). They are reset by astronaut panel
switches that disable RCS jets (indicate that they are not functional).
Each switch disables two jets, one with thrust around the P axis and
one with thrust around the Q or R axis. The bits disable the following
jets (see "RCSMONIT" routine):

Bit Jet Numbers Action (rotation) Quad System Code

8 10 +V 2 A 2D
11 -P 2 A 2F
) 9 -V 2 B U
12 +P 2 B 2S
6 13 -U 1 A 1U
15 TP 1 A 1F
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Channel 32 (Continued)

Bit Jet Numbers Action (rotation) Quad System Code

5 14 +U 1 B 1D
16 -P 1 B 1S

4 6 -U 3 B 3D
7/ +P 3 B 3F

3 1 v 4 B 4U
3 -P A B LF

2 5 +U 3 A 3U
8 -P 3 A 3S

1 2 i 4 A LD
4 +P 4 A 4S

Channel 33

Bit Meaning (channel 33 is an input or information channel)

15 1l - Computer oscillator operating; reset to 1 by channel load
instruction.
0 - Computer oscillator failure; flip-flop that can be set:
by a power transient momentarily interrupting the oscillator.
Not sensed by the LUMINARY program.

14 Flip-flop sensed as 0 if a "computer warning" indication has
been produced (e.g. multiple restarts, counter fail, voltage
fail in standby, or alarm test by bit 10 of channel 13).
Reset to 1 by channel load instruction. Not sensed by
LUMINARY program,

13 Flip-flop input sensed as O if a PIPA fail indication generated
by the PIPA (accelerometer) electronics. Reset to 1 by channel
load instruction.

12 Flip-flop input sensed as O if a telemetry end pulse occurs
too soon after the previous pulse (faster than 100 pps).
Reset to 1 by channel load instruction.

11 Flip-flop input sensed as O if an input bit to cell 000458
(INLINK) is rejected due to an excessive bit rate (faster than
6400 pps). Reset to 1 by channel load instruction.

10 Not examined by the LUMINARY program.

9 1 - Landing radar high scale.
O - Landing radar low scale.



Channel 33 (Continued)
Bit Meaning (channel 33 is an input or information channel)

8 1 - At least one of the three LR velocity trackers not locked
on.
O - Landing radar velocity data good.

7 1 - Landing radar not in position 2.
O - Landing radar in position 2.
6 1 - Landing radar not in position 1.
0 - Landing radar in position 1.
5 1 - LR range tracker or rear velocity-beam tracker (2) not

locked on.,
0 - Landing radar range (altitude) data good.

4 1 - RR range tracker and frequency tracker not both locked on.
0 - RR range and range rate data good.

3 1 - Rendezvous radar range high scale.
0 - Rendezvous radar range low scale.

2 1 - RR power off or RR mode switch not in the "LGC" position.
0 - RR on and under LGC control; can be positioned via cells
538-54g.

1 spare

Channel 77

Channel 77 is a new I/O channel which has been added to the hardware in
order to determine the source of hardware restarts. The individual bit
assignments are as follows.

Bit Restart (and/or AGC warning) Cause

15-10 Spare

Scalar double freq.
Scalar fail

Counter fail

Voltage fail
Nightwatchman

Ruptlock

TC Trap

E-memory parity fail

E or F-memory parity fail

DWW ONT 00

49



FLAGWRDO

Bit and initial value (fresh start)

15 (0)

1L (0)
13 (0)
12 (0)
11 (0)
10 (0)
9 (0
g (0)
7 (0)
6 (0)
5 (0)
4 (0)
3 (0)
2 (0)

Mnemonic

NEED2FLG

JSWITCH

MIDFIAG

MOONFLAG

P21FLAG

FSPASFLG

P25FLAG

IMUSE

RNDVZFLG

RRNBSW

LOKONSW

NEEDLFLG

FREEFLAG

R10FLAG

Meaning when 1 and 0O

1 - Error needles driven with LGC DAP computed
body rates
0 - Error needles driven with asttitude errors

1 - Integration of W-matrix
0 - Integration of state vector

1 - Integration with secondary body and solar
perturbations (should remain zero in LUMINARY )
O - Integration without solar perturbations

1 - In the sphere of influence of the moon
O - In the sphere of influence of the earth

1 - Use base vectors already calculated
0 - 1st pass -- calculate base vectors
1 - Allow alarm 526/1st pass R21 repositioning

0 - Do not allow alarm 526/ not 1st pass repositioning

1 - P25 in operation (preferred tracking attitude)
0 - P25 not in operation

1 - IMU in use (being switched, torqued or aligned)
O - IMU not in use

1 - P20 or P22 has been enabled

0 - P20 or P22 has not been enabled

1 - RRTARGET in navigation base coordinates
O - RRTARGET in stable member coordinates

1 - Radar lock-on desired
0 - Radar lock-on not desired

1l - Display total attitude error
O - DAP following error displayed

A temporary flag used for utility purposes in
many routines by P51 and P52; by lunar and solar
ephemerides.

1 - R10 outputs data to altitude and altitude rate
meters only

0 - Output of 1 condition plus forward and lateral
velocity on cross pointers
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FLAGWRDO (Continued)

Bit and initial value (fresh start)

Mnemonic Meaning when 1 and O

1 (0) P6APROFL 1 - No PROCEED while in P66 has been done

0 - A PROCEED while in P66 has been done (continue
P66 horizontal velocity nulling)
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FLAGWRD1

Bit and initial value (fresh start)

15

13

12

11

10

(0)

(0)

(0)

(0)

(0)
(0)

(0)
(0)

(0)

(0)

(0)

(0)
(0)

(0)

Mnemonic Meaning when 1 and O
NJETSFIG 1 - Two jet RCS burn
O - Four jet RCS burn
DIDFLAG 1 - Inertial data is available
0 - Perform data display initialization functions
ERADFIAG 1 - Compute earth radius for Fischer ellipsoid;
use stored moon radius (never set in LUMINARY )
O - Compute moon radius; use stored earth radius
(pad radius) (in latitude-longitude routines)
RODFLAG 1- If in P66, normal operation continues. Restart
clears flag
0 - If in P66, reinitialization is performed and
flag is set
1 - IR terrain model inhibited
M 0 - IR terrain model permitted
R61FLAG 1 - R61 (preferred tracking attitude routine) LEM
to be operated
0 - R65 (fine preferred tracking attitude routine)
LEM to be operated
spare
VEHUPFLG 1 - Update CSM state vector
O - Update LM state vector
UPDATFLG 1 - State vector updates from tracking allowed
0 - Updates from tracking not allowed
NOUPFLAG 1 - Neither CSM nor LEM state vector may be updated
O - Either CSM or LEM state vector may be updated
TRACKFLG 1 - Tracking allowed
0 - Tracking not allowed
spare
SLOPESW 1l - Iteration with bias method
0 - Iteration with Regula Falsi method
GUESSW 1 - No sterting value for iteration
0 - Starting value for iteration exists
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FLAGWRD1 (Continued)

Bit and initial value (fresh start)

Mnemonic Meaning when 1 and O

1 (0) Spare
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FLAGWRD2

Bit and initial value (fresh start)

15

14

13

12

i1

10

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

Mnemonic

DRIFTFLG

SRCHOPTN

ACMODFLG

LOSCMFLG

STEERSW

gpare

IMPULSW

XDELVFLG

ETPIFLAG

FINALFLG

AVFLAG

PFRATFLG

Meaning when 1 and O

1 - T3RUPT calls gyro compensation
0 - T3RUPT does no gyro compensation

1 - Radar in automatic search option (R24)
O - Radar not in automatic search option
1l - Manual acquisition by rendezvous radar
0 - Auto acquisition by rendezvous radar
1 - Line-of-sight is being computed (R21)
0 - Line-of-sight not being computed

1 - Powered flight steering enabled (sufficient
thrust)

O - Powered flight steering off (insufficient
thrust)

1 - Minimum impulse burn (cut-off time specified)
0 - Steering burn (no cut-off time yet available)

1 - External delta-V VG computation
0 - Lambert (aimpoint) VG computation

1 - Elevation angle supplied for P34, P74
O - TPI time supplied for P34, P74 to compute
elevation angle

1 - Last pass through rendezvous program computations
O - Interim pass through rendezvous program compu-
tations

- LEM is active vehicle
CSM is active vehicle

Preferred attitude computed
Preferred attitude not computed

o+ o+
|

54



FLAGWRD2 (Continued)

Bit and initial value (fresh start)

Mnemonic

3 (0) CALCMAN3

2 (0) CALCMAN2

1 (0) NODOFLAG

Meaning when 1 and O

1l - No final roll
O - Final roll is necessary

1 - Perform maneuver starting procedure
0 - Bypass starting procedure
1 - V37 not permitted (do not allow a major

mode change)
0 - V37 permitted (major mode change enabled)
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Bit and initial value

15 (0)

14 (0)

13

12

s B

10

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

Mnemonic

POOHFLAG

GLOKFAIL

REFSMFLG

LUNAFLAG

NODOPO7

VFLAG

RO4LFLAG

PRECIFLG

CULTFLAG

ORBWFLAG

STATEFLG

INTYPFLG

FLAGWRD3
fresh start

Meaning when 1 and O

1 - POO integration 10 minute checks are running
0 - POO integration 10 minute checks disabled

1 - Calculated middle gimbal angle exceeds 60°
O - Checked and reset in IMU performance tests, also
resgt in ROO.

1 - Reference to stable member matrix valid
(protected from fresh start)
0 - Transformation matrix not wvalid

1 - Lunar latitude-longitude conversion
0>~ Earth latitude-longitude conversion

1 - LGC configured for post-lift-off (protected
from fresh start)
0 - LGC configured for pre-lift-off

1 - No star pair found during R56.
0 - Star pair found during R56

1 - RO has been requested
0 - RO4 not requested

Normal integration in P0OO
- Engages /-time step (POO) logic in integration

o
|

- Star occulted
- Star not occulted

et in LUMINARY)

1
0
1 - W matrix valid for orbital navigation (never
]
O - W matrix invalid for orbital navigation

1 - Result of integration stored in permanent state
O - Result of integration not to be stored in per-
manent state

1 - Conic integration
0 - Encke integration (precision)
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FLAGWRD3 (Continued)

Bit and initial value (fresh start)

Mnemonic Meaning when 1 and O

3 (0) VINTFLAG 1 - CSM state vector integration
0 - LM state vector integration

2 (0) D6ORIFLG 1 - W matrix considered 9-dimensional for integration
0 - W matrix considered 6-dimensional for integration

1 (0) DIMOFLAG 1 - W matrix is to be used
0 - W matrix is not to be used
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Bit

15

13

12

11

10

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

initi

Mnemonic
MRKIDFLG

PRIODFLG

NRMIDFLG

PDSPFLAG

MWAITFLG

NWAITFLG

MRKNVFLG

NRMNVFLG

PRONVFLG

PINBRFLG

MRUPTFLG

NRUPTFLG

FLAGWRDZ

value (fresh start

Meaning when 1 and O

1 - Mark display awaiting astronaut response
O - Mark display not awaiting astronaut response

- Priority display awaiting astronaut response
- Priority display not awaiting astronaut response

o+

1 - Normal display awaiting astronaut response
O - Normal display not awaiting astronaut response

1 - Make normal display priority (set by P20
for R60 display)
O - Do not make normal display priority

1 - Higher priority display operating when mark
display initiated; it's asleep and waiting

O - Mark display not asleep because it's waiting
for higher priority display to be completed

1 - Higher priority display operating when normal
display initiated

0 - If normal display is asleep, it's not because
another display was operating when it started

1 - Mark display awaiting key release
O - Mark display not awaiting key release

1l - Normal display awaiting key release

O - Normal display not awaiting key release

1 - Priority display awaiting key release

0 - Priority display not awaiting key release

1 - Astronaut has interferred with existing display
O - Astronaut has not interferred with display

1 - Mark display interrupted by priority display

0 - Mark display not interrupted by priority display
1 - Normal display interrupted

0 - Normal display not interrupted
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FLAGWRDZ (Continued)

Bit and initial value (fresh start)

3 (0)

Mnemonic

MKOVFLAG

spare

XDSPFLAG

Meaning when 1 and O

1 - Mark display interrupting normal
0 - Priority display interrupting mark or normal

1 - Mark (extended verb) display not to be
interrupted
O - Mark display may be interrupted
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FLAGWRD5

Bit and initial value (fresh start)

15

14
13

12

10

6

(0)

(0)
(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

5 (0)

-4 (0)

3

(0)

Mnemonic

DSKYFLAG

spare

SNUFFER

NOTHROTL

R77FLAG

RNGSCFLG

DMENFLG

ZOOMFLAG

ENGONFLG

3AXISFLG

AORBSFLG

NORRMON

SOLNSW

Meaning when 1 and O
1 - Displays sent to DSKY

O - No displays to DSKY

1 - U, V jets disabled during DPS burns (V65)
0 - U, V jets enabled during DPS burns (V75)
1l - Inhibit full throttle

O - Permit full throttle

1 - R77 is operating, suppress all radar alarms and
tracker fails
0 - R77 is not operating

1 - Scale change has occurred during RR reading
O - Scale was the same before the reading and after

1l - Measurement incorporation using 9x9 W-matrix
0 - Measurement incorporation using 6x6 W-matrix

1 - P63 throttle-up has occurred

0 - P63 throttle-up has not occurred
1 - Engine turned on (commanded on)
0 - Engine turned off (APS or DPS)

1 - Maneuver specified by three axes
0 - Maneuver specified by one axis; R60 calls
"YVECPOINT"

1 - Jets 7,15,8, and 16 used for P-axis control
0 - Jets 4,12,3, and 11 used for P-axis control

1 - Bypass RR gimbal monitor
O - Perform RR gimbal monitor

1 - Lambert does not converge; Time-radius routine

cannot solve because of near-circular orbit
O - Lambert or Time-radius problem soluble
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FLAGWRD5 (Continued)

Bit and initial value (fresh start)

2

1

Meaning when 1 and O

Mnemonic
(0) MGLVFLAG
(0) RENDWFLG

1 - Local vertical coordinates computed
0O - Middle gimbal angle computed

1l - W-matrix valid for rendezvous navigation
O - W-matrix not valid for rendezvous navigation
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FLAGWRD6

Bit and initial value (fresh start)

15

14

13
12
11

10

(0)

(0)

(0)
(0)
(0)
(0)

(0)
(0)

(0)
(0)

(0)
(0)
(0)

(0)

Mnemonic

S32.1F1

S32.1F2

S32.1F3A
S32.1F3B
spare

GMBDRVSW

spare

MUNFIAG

spare

REDFIAG

spare
spare

NTARGFLG

AUXFLAG

Meaning when 1 and O

1 - DELVEET1 exceeds the maximum allowable
- DELVEET1 within maximum bound

First pass of CSI iteration
Reiteration

0
B
0

See TRGX section

See TRGX section.

1 - Initial positioning of DPS pitch or roll gimbal
complete,

0 - Init itionin £ DPS t 2
not compig%e?os on=ig o pitch or roll gimbal

1 - Lunar Landing Average-g navigation(P12, 63, 64,
P66, 70 and 71)
0 -'Orbital Average-g navigation (P40, 41, 42 and 47)

1 - Landing site redesignation permitted
O - Landing site redesignation not permitted

1 - Astronaut did overwrite delta (See “534/35.5")
0 - Astronaut did not overwrite delta

1l - Providing IDIEFLAG is not set, SERVICER will
exercise DVMON on its next pass

O - SERVICER will skip DVMON on its next pass, even
if the IDIEFILAG i1s not set. It will then set
AUXFLAG
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FLAGWRD6 (Continued)

Bit and initial value (fresh start)

Mnemonic Meaning when 1 and O
1 (0) ATTFLAG 1 - LM attitude exists in moon-fixed coordinates
0 - No LM attitude available in moon-fixed
coordinates
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FLAGWRD7

Bit and initial value (fresh start)

L5

14

13

12

3y

10

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(0)

(1)

(0)

(0)

(0)

(0)
(0)

Mnemonic

ITSWICH

spare

IGNFLAG

ASTNFLAG

SWANDISP

NORMSW

RVSW

VO6TFLAG

IDLEFLAG

V37FLAG

AVEGFLAG

UPLOCKFL

VERIFLAG

V82EMFLG

Meaning when 1 and O

1
0

Test Lambert answer against limits
Accept next Lambert TPI search solution

1 - Ignition time has arrived

O - Ignition time has not yet arrived
1 - Astronaut has okayed ignition

O - Astronaut has not okayed ignition
1 - Landing analog displays enabled

0 - Landing analog displays suppressed

1 - Unit normal input to Lambert
O - Lambert computes its own unit normal

1 - Do not compute final state vector in Time-
Theta
O - Compute final state vector in Time-Theta

1 - Astronaut changing W-matrix initialization
values
O - Astronaut not changing values

Disable Delta-V monitor
Enable Delta-V monitor

Servicer running
Servicer not running

Average-G desired
Average-G not desired

or o+ o+
|

K, K-bar, K fail
- No KKK fail since last error reset

(=il
I

Inverted whenever P27 is ended with a verb 33

1 - Moon vicinity
0 - Earth vicinity
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FLAGWRD7 (Continued)

Bit and initial value (fresh start)

Mnemonic Meaning when 1 and O

1 (0) TFFSW 1 - Calculate time to perigee
0 - Calculate TFF
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FLAGWRD8

Bit and initial value (fresh start)

15

14
13

12

10

(0)

(0)
(0)

(0)

(0)

(0)

(0)

(0)

(0)

Mnemonic

RPQFLAG

spare

NEWIFLG

CMOONFLG

LMOONFLG

FLUNDISP

spare

SURFFLAG

INFINFLG

ORDERSW

APSESW

COGAFLAG

Meaning when 1 and 0O

1 - Position vector of secondary body not
calculated
O - Position vector of secondary body calculated

1l - First pass through integration
0 - Succeeding iteration of integration

1 - Permanent CSM state in lunar sphere of influence
0 - Permanent CSM state in earth's sphere (protected
from fresh start)

1l - Permanent LM state in lunar sphere of influence
O - Permanent LM state in earth's sphere (protected
from fresh start)

1 - Current guidance displays inhibited
O - Current guidance displays permitted

1l - LM on lunar surface
O - LM not on lunar surface (protected from fresh
start)

1 - Closure through infinity required in conic
solution
0 - Closure through infinity not required

1 - Iterator uses second order minimum mode (not set in

0 - Iterator uses first order standard mode Luminary)

1 - Orbit does not intersect RDESIRED (Time-Radius)
0 - Orbit does intersect REDESIRED

1 - No conic solution; close to rectilinear

0 - Orbit is not too close to rectilinear

for solution



FLAGWRD8 (Continued)

Bit and initial value (fresh start)

Mnemonic Meaning when 1 and O
3 (0) spare

2 (0) INITALGN 1 - Initial pass through P57
O - Second pass through P57

—
|

1 (0) 360SW Transfer angle near 360 degrees

Transfer angle not near 360 degrees

(@]
I
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FLAGW

Bit and initial value (fresh stg;t)

Mnemonic
15 (0) spare
14 (0) FLVR

13 (0) P7071FLG

12 (0)

11 (o)

10 (0)

9 (0)

g8 (0)

7 (0)

6 (0)

5 (0)

3 (0)

FLPC

FLPI

FLRCS

LETABORT

FLAP

ABTTGFLG

ROTFLAG

QUITFLAG

spare

MID1FIAG

MIDAVFLG

AVEMIDSW

Meaning when 1 and O

Vertical rise (ascent guidance)

O =
] |

Non-vertical rise

-t
1

P70 or P71 using ascent guidance

0 - P12 using ascent guldance

1 - No position control (ascent guidance)
0 - Position control

1 - Pre-ignition phase (ascent guidance)
0 - Regular guidance

1 - RCS injection mode (ascent guidance)
0 - Main engine mode

1 - Abort programs are enabled

0 - Abort programs are not enabled

1 - APS continued abort after DPS staging (ascent

guidance)
0 - APS abort is not a continuation

1 - Abort targeting to use J2,K;
0 - Abort targeting to use J1,K1

1 - P70 and P71 will force vehicle rotation in
the preferred direction

0 - P70 and P71 will not force vehicle rotation
in the preferred direction

1 - Discontinue orbital integration

O - Continue integration

1 - Integrate to TDEC
O - Integrate to TIMENOW

1 - Integration entered from one of the drifting
flight to powered flight handover routines
0 - Integration not entered as above

1 - AVETOMID calling for W-matrix integration;
do not write over RN, VN, PIPTIME

O - AVETOMID without W-matrix integration; allow
set up of RN, VN, PIPTIME
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FLGWRD10

Bit and initial value (fresh start)

15

14

13

12
11

10

o

w o~ W,

(0)

(0)
(0)
(0)
(0)
(0)

(0)
(0)
(0)
(0)
(0)

Mnemonic Meaning when 1 and O
spare
INTFLAG 1 - Integration in progress
0 - Integration not in progress
APSFLAG 1 - Ascent stage (protected from
0 - Descent stage fresh start)
spare
spare
spare
spare
spare

REINTFLG 1 - Integration routine to be restarted
O - Integration routine not to be restarted

spare
spare
spare
spare
spare

spare
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FLGWRD11

Bit and initial value (fresh start)

Meaning when 1 and O
1 - Bypass all landing radar updates

15 (1)
14 (0)
13 (0)
12 (0)
11 (o)
10 (0)
9 (0)
g (0)
7 (0)
6 (0)

5 (0)

4 (0)
3 (0)
2 (0)

Mnemonic

LRBYPASS

VFAILFLG

RFATLFLG

VXINH

PSTHIGAT

NOLRREAD

XORFLG

LRINH

VELDATA

Spare

Spare

RNGEDATA

R12RDFLG

VFLSHFLG

0 - Do not bypass

1

0

4

0

1

X velocity update
O - Update X-axis
1l - Past higate

0 - Prehigate

1 - Landing radar
0 - Landing radar
%

0

1 - Landing radar
0 - Landing radar
1 - Landing radar
0 - Landing radar
1 - Landing radar
0 - Landing radar

- IR VEL reasonability test failed
- IR VEL reasonability test okay
- LR ALT reasonability test failed
- LR ALT reasonability test okay

- If Z velocity data unreasonable, bypass

on next pass
velocity

reposition; bypass update
not repositioning

- Below limit inhibit X-axis override
- Above 1limit do not inhibit

updates permitted by astronaut
updates inhibited by astronaut

velocity measurement made
velocity measurement not made

altitude measurement made
altitude measurement not made

1 - Wait until all velocity reads done before R12

processing

0 - Allow R12 processing of velocity data

1 - Landing radar
flashing

O - Landing radar
be flashing

70

velocity fail lamp should be

velocity fail lamp should not



FLGWRD11l (Continued)

Bit and initial value (fresh start)

Mnemonic Meaning when 1 and O

1 (0) HFLSHFLG 1 - Landing radar altitude fail lamp should be

flashing
0 - Landing radar altitude fail lamp should not

be flashing

7



DAPBOJLS

Bit and initial value (fresh start)

15 (0)
1 (1)
13 (0)
12 (0)
11 (o)
10 (1)
9 (0)

g8 (1)

5 (1)
4 (0)

3 (o)

2 (1)
1 (o)

Mnemonic
PULSES

USEQRJTS

CSMDOCKD

OURRCBIT

ACC40RX

AORBT RAN

XOVINHIB

DRIFTBIT

RHCSCALE

ULLAGER

DBSLECT2
DBSELECT

N46 Digit

"D" Load

W HO

ACCSOKAY

AUTRATEZ2
AUTRATE1

Meaning when 1 and O

1 - Minimum impulse command mode
0 - Not minimum impulse

1l - Use of gimbal not allowed
0 - Gimbal may be used

- CSM attached to LM
CSM not attached

o
|

1l - Still in rate command mode
0 - Not in rate command mode

- 4~jet P-axis translation
- 2-jet P-axis translation

o+

X translation B system
- X translation A system

o+
|

LPD phase; X-axis override disabled
- Not in Landing Point Designation Phase

(=8 o
|

- Assume that offset acceleration is zero
- Offset acceleration likely

- Normal RHC scaling
Fine RHC scaling

- Internal ullage request
~ No program ullage request

o+ OFr ow
i

DAP 4
Deadband BIT 5 BIT 4
+0,3° 0 0
+1.0° 0 2
15.0° 1 0
+5.00 1 1

1 - Computed accelerations probably correct
0 - Computed accelerations probably incorrect

Used together to determine index (RATEINDX)
which is used to select attitude maneuver rate
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DAPBIOLS (Continued

Mnemonic Meaning when 1 and O

005, 0.2 degrees/second
01, 0.5 degrees/second
2.0 degrees/second
0.0

10,
degrees/second

115 1
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RADMODES
Bit and initial value (fresh start)
Mnemonic Meaning when 1 and O

15 (0) CDESFLAG 1 - ILGC sends continuous designate commands to RR
0 - LGC checks for lock-on when designating

1 (0) REMODFLG 1 - Remode of RR antenna is required
0 - No remode of RR antenna
13 (0) RCDUOFLG 1 - RR CDU's are being zeroed
O - RR CDU's are not being zeroed
12 (0) ANTENFIG 1 - RR antenna is in mode 2
O - RR antenna is in mode 1
11 (0) REPOSMON 1 - RR antenna reposition taking place
O - No RR antenna reposition taking place

10 (0) DESIGFLG 1 - RR antenna dssignation taking place
O - No RR antenna designation taking place

9 (0) ALTSCALE 1 - LR altitude reading on high scale
O - LR altitude reading on low scale

8 (0) LRVELFLG 1 - LR velocity data fail
O - LR velocity data good

7 (1) RCDUFAIL 1 - RR CDU fail has not occurred
0O - RR CDU fail has occurred

6 *  LRPOSFLG 1 - LR antenna command to position #2
0 - LR antenna in position #1
* - State of B6 CH33

5 (0) LRALTFLG 1 - LR altitude data fail
O - LR altitude data good

4 (0) RRDATAFL 1 - RR data fail
O - RR data good

3 (0) RRRSFLAG 1 - RR range data on high scale
O - RR range data on low scale

2 (1) AUTOMODE 1 - RR not in automatic mode
O - RR is in automatic mode

1 (0) TURNONFL 1 - RR turn-on sequence in progress
0 - No RR turn-on sequence in progress

4



List of References to Flagwords and Channels

The following is a listing of some of the routines in which the
majority of the discrete bits of information are set, reset, and
tested. Input channels can only be tested (though some flip-flops
are automatically reset when tested, they will be set again imme-
diately if the relevant hardware signal is still present). Output
channels are usually just set and reset, but they can also be tested
to assure that they are configured as required. Flagwords are set,
reset, and tested by the programs. References refer to this document,
not to the listing.

This 1list tries to include all references to each bit, but since
flagwords and channels can be addressed in many different ways in
the LGC program, there is no way to assure that all references are
included here. (In some cases references are deliberately left out
becauie the bit does not affect the material presented in this docu-
ment.

Channel 5

Bit Routines

8 1 - WRITEU
O - DOFSTRT1 WRITEU MOREIDLE
test - TRYGTS

7 1 - WRITEU
0 - DOFSTRT1 WRITEU MOREIDLE
test - TRYGTS

6 1 - WRITEV
0 - DOFSTRT1 WRITEV MOREIDLE
test - TRYGTS

5 1 - WRITEV
0 - DOFSTRT1 WRITEV MOREIDLE
test - TRYGTS

4 1 - WRITEU
0 - DOFSTRT1 WRITEU MOREIDLE
test - TRYGTS

3 1 - WRITEU

0 - DOFSTRT1 WRITEU MOREIDLE
test - TRYGTS
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Bit Routines

2 1 - WRITEV
0 - DOFSTRT1 WRITEV MOREIDLE
test - TRYGTS

1 1 - WRITEV
O - DOFSTRT1 WRITEV MOREIDLE
test - TRYGTS

Channel 6

8 1 - WRITEP
0 - WRITEP MOREIDLE DOFSTRT1
test

7 1 - WRITEP
O - DOFSTRT1 MOREIDLE WRITEP
test

6 1 - WRITEP
0 - DOFSTRT1 MOREIDLE WRITEP
test

5 1 - WRITEP
0 - DOFSTRT1 MOREIDLE WRITEP
test

4 1 - WRITEP
0 - DOFSTRT1 MOREIDLE WRITEP
test

3 1 - WRITEP
0 - DOFSTRT1 MOREIDLE WRITEP
test

2 1 - WRITEP
0 - DOFSTRT1 MOREIDLE WRITEP
test
1 1 - WRITEP
0 - DOFSTRT1 MOREIDLE WRITEP
test
Channel 11

14 1 - DOFSTART IMUMON ENGINOF3 GOPROG
O - IGNITION ABRTJASK
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Bit

13

10

15

14

13

Routines

IGNITION GOPROG ABRTJASK
IMUMON ENGINOF3 DOFSTART

ERROR
STARTSB2 DOFSTART

READACCS
STARTSB2 AVGEND DOFSTART

V37 VBTSTLTS DSPALARM ALMCYCLE CHARALRM UPERROUT UPEND70
P20LEMB7 ALM/END V73UPDAT UPEND73 ABORTALM
STARTSB2 ERROR TSTLTS3 DOFSTART

FLASHSUB TESTNN VBTSTLTS REQDATZ REQMM
NV50DSP STARTSB2 TSTLTS3 BLANKDSP ENTER GOLOADLV VBRESEQ DOFSTART

1 CHARIN NV50DSP MONDO VBTSTLTS
0 STARTSB2 WITCHONE RELDSP RELDSP1 DOFSTART
1 IMUMON VBTSTLTS
0 TMUMON STARTSB2 TSTLTS3 DOFSTART
1 UPRUPT VBTSTLTS
0 STARTSB2 TSTLTS3 V73UPDAT UPOUTZ ERROR VBRELDSP DOFSTART
1 ADVAN
0 STARTSB2 DUMMYJB2 DOFSTART
1 SETISSW VBTSTLTS
0 - SETISSW TSTLTS3 DOFSTART
test - ENDIMU
Channel 12
1 - ENDTNON

0 - STARTSB2 UNZZ2 CAGESUB DOFSTRT1
test - IMUMON

1 - R23LEM LRS24.1 RO4X DODES
O - R21LEM TRMTRACK RRGIMON STDESIG ROLEND P63LM

DOFSTRT1

test - R22LEM

1 - LRPOS2
0 - STARTSB2 LRPOSCAN DOFSTRT1
test -
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Bit

12

11-9

15

14

13

12

Routines

1 - ACDT+C12 TRIMGIMB
0 - ACDT+C12 TRIMGIMB SUPERJOB MOREIDLE DOFSTRT1 NEGUSUM
test - SPSCONT

same as bit 12, bit 10 reset to O
by PITCHOFF

1 - LANDISP
O - STARTSB2 IMUMON DISPRSET DOFSTRT1

1 - NEEDLER COARS IMUATTCK GOPROG CA+ECE DOFSTRT1
0 - NEEDLER IMUMON CAGESUB SETCOARS IMUZERO DOFSTRT1
test - NEEDLER

1 - IMUZERO ISSZERO CAGESUB
0 - IMUMON UNZZ2 IMUZEROZ IMUFINE DOFSTRT1
test - IMUATTCK

1 - SETCOARS CAGESUB GOPROG DOFSTRT1

O - IMUMON UNZZ2 IMUZERO IMUFINE DOFSTRT1

test - TNONTEST GLOCKMON IFAILOK IMUATTCK SETCOARS 8192AUG
TSTLTS3

1 - SETRRECR INTLZE
0 - STARTSB2 RRAUTCHK RRGIMON DORREPOS TRMTRACK STDESIG RESET22
IMUMON R2AEND R2ALEM3 RRDESDUN RRDESEND POOH RR1AX2 RRDESNB
DOFSTRT1 PROG20A R21IEM9 DISPRSET VBCOARK
test - SETRRECR SPEEDRUN

1 - RRZEROSB NORRGMON
O - STARTSB2 RRZEROSB DOFSTRT1

Channel 13
1 - JTLST T6JOBCHK
0 - STARTSB1 DOFSTRT1
1 - none
0 - DOFSTRT1
1 - none
0 - DOFSTRT1

1 - REDESMON STARTP64 STARTSB2
0 - DOFSTRT1
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Bit

10k

10

15

14

13

12

Routines

1 - PO6
0 - POSTAND STARTSBZ2 DOFSTRT1

1 - VBTSTLTS
0 - ERROR TSTLTS3 STARTSB2 DOFSTRT1

1 - ZEROENBL
0 - STARTSB2 DOFSTRT1

1 - ZEROENBL
0 - STARTSB2 DOFSTRT1

1 - DODOWNTM

0 - DOFSTRT1 WOZERO
test - DODOWNTM

not set in LUMINARY

1 - RADSTART

0 - PRERADAR STARTSB2 DOFSTRT1

test - C13STALL .

1 - RADSTART

0 - PRERADAR STARTSB2 DOFSTRT1 READVEL
test - RADAREAD

1 - RADSTART
0 - PRERADAR STARTSB2 DOFSTRT1 READVEL
test - RADAREAD

1 - RADSTART
0 - PRERADAR STARTSB2 DOFSTRT1 READVEL
test - RADAREAD

Channel 14
1 - COARS2 ATTCK2 NEEDLES
0 - pOFSTRT1 IMUMON STARTSB2
1 - COARS2 ATTCK2 NEEDLES
0 - DOFSTRT1 IMUMON STARTSB2
1 - COARS2 ATTCK2 NEEDLES
0 - DOFSTRT1 IMUMON STARTSB2 -
1 - RROUT SPEEDRUN
0 -

DOFSTRT1 IMUMON STARTSBZ2
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Bit Routines

11 1 - RROUT SPEEDRUN
0 - IMUMON STARTSBZ2 DOFSTRT1

| 10 1 - GYROEXIT TWOPULSE
0 - STRTGYRO IMUMON SETCOARS STARTSB2 DOFSTRT1

1 - STRTGYR2 TWOPULSE
0 - STRTGYRO IMUMON STARTSB2 DOFSTRT1 TWOPULSE

8 1 - STRTGYR2
0 - STRTGYRO IMUMON STARTSB2 DOFSTRT1

7 1 - STRTGYR2
0 - STRTGYRO IMUMON STARTSB2 DOFSTRT1

6 1 - IMUPULSE
0 - IMUMON DOFSTRT1

4L 1 - GOPROG DOIT P40ZOOM THROTUP ENGINOF3
0 - STARTSB2 DOFSTRT1

3 1 - ALTROUT1 ALTOUT1
0 - DOFSTRT1

2 1 - ALTROUT1
0 - ALTOUT1 STARTSB2 DOFSTRT1

Channel 15
Tested in routines KEYRUPT1 and LIGHTSET

Channel 16

7  DESCBITS MARKRUPT

6  MARKRUPT
5  LIGHTSET MARKRUPT

4 MARKRUPT
3 MARKRUPT
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Channel 30
Bit Routines in which bit is tested
Bits 15-11 are tested only in IMUMON

10 P4LOAUTO REDOMANC R61C+L02 FINDCDUW CHEKBITS

9  IMUMON
7  RRCDUCHK
6  SPEEDRUN

5  P4OAUTO RODCOMP

4  R10,R11
3 P6O6HZ
1 R10,R11

Channel 31

Bit Routines in which bit is tested
15 DETENTCK CHEKSTIK

14  PAOAUTO REDOMANC NEWDELHI IMUATTCK FINDCDUW R61C+LO2
CHEKBITS

13 TSNEXTP TSNEXTS IMUATTCK DETENTCK QRAXIS CHEKBITS LUNLAND
REDESMON

12-9 CHKVISFZ

8 RCS

7 RCS

6  TSNEXTS PITFALL REDESMON
5 TSNEXTS PITFALL REDESMON
4 TSNEXTP

3  TSNEXTP

2  TSNEXTS PITFALL REDESMON

1 TSNEXTS PITFALL REDESMON

81



Channel 32

Bit Routines
14 PROCEEDE
9 DVMON

8-1 RCSMONIT

Channel 33
15
14
13 C33TEST
12  C33TEST
11 C33TEST

9  LRHEIGHT RO4Z

o

SCALCHNG PRERADAR DGCHECK

LRPOS2 LRPOSCAN LRPOSOUT R12

o 2

DORSAMP ASTNRET RO4Z LRPOSOUT R12
SCALCHNG PRERADAR DGCHECK
DODES SCALCHNG DATGDCHK R61C+LO1 PRERADAR DGCHECK

RENDRAD LRS22.1 RO4Z

DWW,

RRAUTCHK ROAX R22LEM P20LEMB7

Channel 77
Zeroed in INTWAKEU, SLAP1
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Bit

15

14

13

12

11

10

Mnemonic

NEED2FLG

JSWITCH

MIDFLAG

MOONFLAG

PR1FLAG

FSPASFLG

P25FLAG

IMUSE

RNDVZFLG

RRNBSW

FLAGWRDO

O
Routines
1 - RATEDISP
O - R60OLEM DAPATTER TOTATTER DOFSTRT1
test - ALTDSPLY
1 - ENDSTATE
O - INTGRATE DOFSTRT1
test - NBRANCH DIFEQ+2 NEXTCOL INTGRATE
1 - TESTLOOP
0 - TESTLOOP DOFSTRT1
test - TIMESTEP ACCOMP DOW..
1 - P21CONT INTEGRV ORIGCHNG INTWAKEU INITVEL2 INTINT REV83
P76 USEPIOS ATTACHIT EXGSUB OTHINT
O - P21CONT INTEGRV ORIGCHNG INTWAKEU INITVEL2 INTINT REV83
P76 ATTACHIT DOFSTRT1 OTHINT
test - INTEGRV INTEGRVS RECTOUT TIMESTEP ORIGCHNG ACCOMP
OBLATE ENDSTATE KEPPREP A-PCHK INTWAKEU P76
DOW.. ATTACHIT ORBCHGO
1 - P21VSAVE
0 - GOPROG3 DOFSTRT1 )
test - PROG21
1 - R21LEM4 PROGR0A
0 - 60TIMES DOFSTRT1 P20LEMC5
test - 60TIMES P20LEM2
1 - PROG25
0 - TRMTRACK POOH RESET22 P63LM DOFSTRT1
test - TRMTRACK CANV37 RESET22 P25LEM1 V37RET
1 - IMUCHK RO2BOTH
O - TRMTRACK IMUMON CANV37 POOH P06 ENDTEST1 DOFSTRT1
RESET22 SOMERR2
test - AGSVCALC TNONTEST ENDTNON IMUMON
1 - PROG20A
O - TRMTRACK IMUMON POOH POé RESET22 ' P12LM DOFSTRT1
P63LM PROG25
test - CANV37 RESET22 RRCDUCHK P20LEMC P20LEMCTTRMTRACK
R22LEM CALLDGCH LUNDESCH V37RET RELINUS
1 - RRDESNB
O - RRDESSM DOFSTRT1 CSMINT
test - DODES
L 4
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Bit

Mnemonic

LOKONSW

NEEDLFLG

FREEFLAG

R10OFLAG

P66PROFL

FLAGWRDO (Continued)

Routines

1 - VBCOARK R21LEM!1
0 - VBCOARK DOFSTRT1 R21LEM R21LEM8
test - DODES

1 - TOTATTER R60LEM
O - DAPATTER DOFSTRT1
test - ALTDSPLY

1 - LSPOS CHKSDATA GVDETER
0 - LSPOS CHKSDATA GVDETER DOFSTRT1
test - P51C R51E SURFLINE GVDETER

1 - P12LM ABRTJASK
O - DOFSTRT1
test - DISPRSET SPEEDRUN LANDISP

1 - STARTP66
O - VERTDISP DOFSTRT1
test - P66HZ
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Bit

15

14

13

12

11

10

Mnemonic

NJETSFLG

DIDFLAG

ERADFLAG

RODFLAG

NOTERFLG

RO1FLAG

VEHUPFLG

UPDATFLG

NOUPFLAG

TRACKFLG

SLOPESW

FLAGWRD1

Routines

1 - DPDAT1
O - DPDAT1 DOFSTRT1
test - P41IM

1 - LANDISP
0 - GOPROG3 DISPRSET DOFSTRT1
test - LANDISP

1 - never set
0 - DOFSTRT1 P52LS P57POST P21VSAVE
test - LAT-LONG LALOTORV

1 - STRTP66A
0 - GOPROG3 DOFSTRT1 P66
test - LUNLAND

1 - TEROFF STRTP66A

0 - P63LM DOFSTRT1
test - UPDATCHK

1 - R61LEM
0 - R65LEM DOFSTRT1
test - R61C+L06

1 - ORBCHGO CSMVEC
O - LEMVEC PROGR20 DOFSTRT1
test - UPPSV LSR22.3 RANGEBQ FAZC FAZAB3

1 - RESET22 PROGR0A S34/35.5 P30
P33/P73B P75 P74 P72 P73

0 - TRMTRACK SEUDOPOO P30 CLUPDATE DOFSTRT1

test - R22LEM

1 - UPDATOFF
0 - CSMVEC DOFSTRT1
test - R22LEM

1 - RESET22 PROGR0OA PROG25 P30
P73 P74 P75 P76

O - RNDREFDR TRMTRACK SEUDOPOO DOFSTRT1

test - TRMTRACK

P32/P72C

P2

P20LEMC P20LEMD1 R22LEM P25LEMI1

P20LEMC1 RDRUSECK P20LEMB RELINUS R61C+L02

1 - LAMBERT
0 - ITERATOR DOFSTRT1
test - ITERATOR LAMBLOOP
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2

GUESSW

Bit

15

14

13

12

11

FLAGWRD1 (Continued)

1 - INITVEL
0 - INITVEL2 DOFSTRT1
test - LAMBERT

Mnemonic

DRIFTFLG

SRCHOPTN

ACMODFLG

LOSCMFLG

STEERSW

IMPULSW

XDELVFLG

ETPIFLAG

FINALFLG

FLAGWRD2
Routines

1 - P51B CAL53A UNZ2 AVGEND GYCOARS INITBY
O - RNDREFDR PREREAD GYCOARS DOFSTRT1
test - SVCT3 NBDONLY UNZ2

1 - R24LEM
0 - P20LEMB3 PROG20A DOFSTRT1 TRMTRACK
test - P20LEMB3 LRS24.1 DORROUT

1 - P20LEMB1
O - P20LEMB3 PROG20A DOFSTRT1

1 - RR1LEM10

O - RRDESDUN R21LEM1 PROG20A R24LEM
DOFSTRT1 R21LEM/ RRDESNB

test - DORROUT LPS20.1

1 - DVMON
0 - AVERAGEG DOFSTRT1 VGAIN*
test - VGAIN* STEER?

1 - S40.132 VGAIN*
0 - STEERING S40.13 P42IGN DOFSTRT1
test - P42IGN STEERING

1 - P30 ADVAKNCE
0 - INITVEL7  DOFSTRT1
test - S40.1 UPDATEVG S40.8

1- P74
0 - P74 DOFSTRT1
test - P34/P74C INTLOOP ELCALC

1 - N45PROC P30
0 - SELECTMU DOFSTRT1
test - S34/35.5 P32/P72C P33/P73B VN1645 NA5PROC
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Bit

Mnemonic

AVFLAG

PFRATFLG

CALCMAN3

CALCMANZ2

NODOFLAG

FLAGWRD2 (Continued)
Routines

1 - P42STAGE' S40.9 P34 P35 P32 P33
0 - P74 P75 P72 P73 DOFSTRT1
test - PRECSET,

1 - S40.2,3
0 - R51E GYCOARS REGCOARS DOFSTRT1
test - PROG52

Not really functional: set in KALCMAN3; reset
in DOFSTRT1

1 - WCALC
0 - NEWANGL DOFSTRT1
test - NEWANGL

1 - AGSVCALC STATINT1 P06 P76

O - AGSVCALC STATINT1 POOH POSTAND DOFSTRT1 PQOODQQ P76
test - V37
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Bit

15

14

13

12

11

10

Mnemonic

POOHFLAG

GLOKFAIL

REFSMFLG

LUNAFLAG

NODOPOQ7

VFLAG

ROAFLAG

PRECIFLG

CULTFLAG

ORBWFLAG

STATEFLG

FLAGWRD3

Routines

1 - STATINT1
0 - CANV37 DOFSTRT1
test - TESTLOOP

1 - CALCGA
O - REDO CANV37 DOFSTRT1
test - REDO

1 - P51C GYCOARS REGCOARS SURFDISP
O - RNDREFDR GYCOARS GVDETER

test - AGSINIT RO2BOTH VN1645 PACKOPTN DSPOPTN R59

1 - LANDJUNK P52LS P57POST P21VSAVE
0 - DOFSTRT1 P21VSAVE
test - LAT-LONG LALOTORV

1 - SEUDOPOO

O - changed by ground
test - UPRUPT SYSTEST

1 - R56 PIC3
0 - PIC3 DOFSTRT1
test - PIC3 PICEND

1 - RO4
0 - ROLEND CANV37 PROGR0A DOFSTRT1
test - ROAZ R77

1 - STATINT1 CSMPREC INTEGRVS LEMPREC
0 - STATINT1 INTEXIT DOFSTRT1
test - TESTLOOP

1 - OCCULT
0 - OCCULT DOFSTRT1
test - PIC3

1 - never set
0 - WMATEND INTWAKEU DOFSTRT1
test - AVETOMID

1 - SETIFLGS WMATEND LSR22.3 LSR22.4 .

O - ENDINT TESTLOOP DOFSTRT1 POODOO INTEXIT

test - A-PCHK
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Bit

Mnemonic

INTYPFLG

VINTFLAG

D60RIFLG

DIMOFLAG

FLAGWRD3 (Continued)
Routines

1 - OTHCONIC CSMCONIC LEMCONIC INTINT EXGSUB REVS83
0 - MIDTOAV2 - SETIFLGS CSMPREC LEMPREC
P76 LSR22.3 LSR22.4 INITVELZ2 INTINT ORBCHGO
DOFSTRT1 GETRVN PROG21
test - ALOADED

1 - STATINT1 CSMPREC CSMCONIC AVETOMID UPPSV LSR22.3
LSR22.4 ORBCHGO PROGZ1

0 - STATINT1 LEMPREC LEMCONIC AVETOMID MIDTOAV2
UPPSV LSR22.3 LSR22.4 DOFSTRT1 ORBCHGO PROGZ1

test - INTEGRV ENDSTATE A-PCHK

1 - STATINT1 AVETOMID UPPSV LSR22.3 ORBCHGO
O - ORBCHGO SETIFLGS LSR22.4 - DOFSTRT1
test - ENDSTATE

1 - STATINT1 AVETOMID UPPSV LSR22,3 LSR22.4 ORBCHGO
0 - SETIFLGS CSMPREC LEMPREC CSMCONIC LEMCONIC INTEGRVS
WMATEND MIDTOAV2 LSR22.3 ORBCHGO
: DOFSTRT1 PROG21 P21CONT
test - ACCOMP ENDSTATE
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Bit

15

14

13

12

11

10

Mnemonic

MRKIDFLG

PRIODFLG

NRMIDFLG

PDSPFLAG

MWAITFLG

NWAITFLG

MREKNVFLG

NRMNVFLG

PRONVFLG

PINBRFLG

MRUPTFLG

FLAGWRD4

Routines

1 - FLASHSUB
0 - JOBXCHS ENDRET STARTSB2 DOFSTRT1
test - OKTOPLAY MAKEPRIO FLASHSUB TERMATE PINBRNCH

1 - FLASHSUB

O - ENDRET STARTSB2 DOFSTRT1

test ~ NORMBNCH MAKEMARK MAKEPRIO PINBRNCH ENDEXT OKTOPLAY
TESTXACT TERMATE

1 - FLASHSUB

O - JOBXCHS ENDRET STARTSB2 DOFSTRT1

test - MAKEPLAY MAKEMARK MAKEPRIO PINBRNCH ENDEXT

1 - R61C+LO2 RELINUS
0 - STARTSB2 R61C+L0O2 DOFSTRT1
test - OKTOPLAY MAKEMARK CHKLINUS TESTXACT R61TEST

1 - MAKEMARK
0 - MARKWAKE STARTSB2 DOFSTRT1
test - OKTOPLAY MAKEMARK NORMRET

1 - OKTOPLAY
O - NORMWAKE STARTSB2 DOFSTRT1
test - MAKEPLAY NORMRET

1 - NV50DSP
0 - JOBXCHS NV50DSP STARTSB2 DOFSTRT1
test - OKTOPLAY MAKEMARK MAKEPRIO WITCHONE

1 - NV50DSP
0 - JOBXCHS NV50DSP STARTSB2 DOFSTRT1
test - MAKEPLAY MAKEMARK MAKEPRIO WITCHONE

1 - NV50DSP
0 - NV50DSP STARTSB2 DOFSTRT1
test - OKTOPLAY MAKEMARK MAKEPRIO WITCHONE TESTXACT

1 - NORMBNCH
0 - ENDRET STARTSB2 DOFSTRT1
test - FLASHSUB

1 - JOBXCHS

0 - MARKWAKE STARTSB2 DOFSTRT1
test - OKTOPLAY MAKEMARK NORMRET
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Bit

Mnemonic

NRUPTFLG

MKOVFLAG

XOSPFLAG

FLAGWRD, (Continued)
Routines

1 - JOBXCHS
O - NORMWAKE STARTSB2 DOFSTRT1
test - MAKEPLAY NORMRET

1 - MAKEMARK
O - MARKPLAY MARKRET STARTSB2 DOFSTRT1
test - JOBXCHS

1 - AGSVCALC MARKPLAY

0 - ENDEXT STARTSB2 DOFSTRT1 GOTOPOOCH
test - OKTOPLAY
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FLAGWRDS

Bit Mnemonic Routines

15 DSKYFLAG 1 - KEYRUPT1
0 - DOFSTRT1
test - TARUPT

13  SNUFFER 1 - SNUFFOUT

O - OUTSNUFF DOFSTRT1
test - AFTERTJ

12  NOTHROTL 1 - S40.13 S40.13D
0 - P4OIM S40.13D P63LM DOFSTRT1
test - PLOIGN

11  R77FLAG 1l - R77
O - R77END DOFSTRT1 STARTSB2
test - DORSAMP RDRUSECK RADAREAD

10  RNGSCFLG 1 - SCALCHNG
0 - LRS22.1 DOFSTRT1
test - READRDOT

9 DMENFLG 1 - LSR22.3
0 - LSR22.4 DOFSTRT1
test - INCORP1 INCORP2 FAZAB3 INCOR2-3

8 ZOOMFLAG 1 - P63Z00M
0 - TIG-5 DOFSTRT1
test - LUNLAND

7  ENGONFLG 1 - IGNITION ABRTJASK
0 - ENGINOF3 IMUMON DOFSTRT1
test - GOPROG DCMCL

6  3AXISFLG 1 - R62DISP
0 - R52 ENDMANU1 V89RECL PAOIN P41IM CANV37
DOFSTRT1 R61C+L0O2
test - R60LEM REDOMANC

5 AORBSFLG 1 - PURGENCY PJETSLEC
0 - PURGENCY PJETSLEC DOFSTRT1
test - TSNEXTP PEGI PURGENCY
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Bit Mnemonic

4  NORRMON
3  SOLNSW
2  MGLVFLAG
1  RENDWFLG

FLAGWRD5 (Continued)
Routines

1 - VBCOARK R23LEM R21LEM8
O - RRDESEND STARTSB2 PROG20A R23LEM R23LEM2 DOFSTRT1 R21LEM1
test - RRGIMON

1 - TIMERAD SUFFCHEK LAMBERT
0 - TIMERAD DOFSTRT1 LAMBERT
test - none (telemetry)

1 - GET.LVC
0 - GET+MGA DOFSTRT1
test - none (telemetry)

1 - WLINIT
0 - WMATRING WMATEND INTWAKEU V67CALL DOFSTRT1 ATMAG
test - STATINT1 AVETOMID UPPSV ORBCHGO LSR22.3
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Bit

15

14

13

12

10

Mnemonic

S$32.1F1

532.1F2

S532.1F3A

S32.1F3B

GMBDRVSW

MUNFLAG

REDFLAG

NTARGFLG

FLAGWRD6
Routines

1 - CSI/B2
0 - CSI/A SCNDSOL DOFSTRT1
test - CSI/B2

1 - CSI/A SCNDSOL
0 - FRSTPAS DOFSTRT1
test - CIRCL

1 - CIRCL FIFTYFPS
0 - CSI/A SCNDSOL DOFSTRT1
test - CSI/B2 CIRCL SCNDSOL

1 - CSI/A FIFTYFPS
0 - CIRCL SCNDSOL DOFSTRT1
test - CSI/B2 CIRCL SCNDSOL

1 - PITCHOFF
0 - TRIMGIMB DOFSTRT1
test - PITCHOFF

1 - P63LM P12IM

O - AVGEND DOFSTRT1 CANV37

test - NORMLIZE READACCS AVERAGEG RRGIMON P41SPOT SERVIDLE
V83CALL GETRVN

1 - P64DISPS
0 - P6ADISPS STARTP64 P63LM DOFSTRT1
test - P64DISPS REDESIG

1 - NTARGCHK
0 - 834/35.5 DOFSTRT1

test - Not shown in document

94,



FLAGWRDé (Continued)
Bit Mnemonic Routines
2 AUXFLAG 1 - AVERAGEG
0 - AVERAGEG DOFSTRT1
test - AVERAGEG
1 ATTFLAG 1 - REFMF

0 - DOFSTRT1
test - PACKOPTN DSPOPTN ATTCHK
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Bit Mnemonic

15

13

12

11

10

ITSWICH

IGNFLAG

ASTNFLAG

SWANDISP

NORMSW

RVSW

V6T7FLAG

IDLEFLAG

V37FLAG

AVEGFLAG

FLAGWRD?7
Routines

1 - P34/P74C P33/P73B
0 - PBA/?7AC INTLOOP DOFSTRT1
test - INTLOOP ELCALC

1 - TIG-0
0 - TIG-5 P42IGN DOFSTRT1
test - *PROCEED

1 - *PROCEED
0 - TIG-5 P42IGN DOFSTRT1
test - TIG-0

1 - P63IGN ABRTIGN
0 - DOFSTRT1 AVGEND
test - LANDISP

1 - INITVEL2
O - PARAM DOFSTRT1 HAVEGUES

test - S40.1B S40.9 GEOM UPDATEVG RASTEER1

1 - INTLOOP CSI/B2 VNO611
0 - CDHMVR DOFSTRT1 ORBCHGOQ
test - COMMNOUT

1 - V67CALL
0 - DOFSTRT1 V67CALL
test - V67CALL

1 - STEERING ENGINOF1
SERVIDLE

0 - PA2IGN GOABORT COMFAILJ

test - STEERING AVERAGE G MAINENG

1 - PREREAD
0 - DOFSTRT1 AVGEND

COMFAIL DOFSTRT1 MAINENG

test - V37 POODOO RDRUSECK VQOPERF

1 - PREREAD

0 - V37 DOFSTRT1

test - VB2CALL READACCS REVE3
V83CALL LRPOS2K
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Bit Mnemonic

4 UPLOCKFL
3  VERIFLAG
2  V82EMFLG
1 TFFSW

FLAGWRD7 (Continued)

Routines

1 - UPRUPT
0 - UPRUPT DOFSTRT1
test - UPRUPT

1 - UPSTORE
0 - UPSTORE DOFSTRT1
test - none (for telemetry)

1 - V82GOFF1 V82GON1
0 - V82GOFF1 V82GON1 DOFSTRT1
test - SR30.1

1 - CALCTPER

0 - CALCTFF DOFSTRT1
test - CALCTFF
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Bit Mnemonic

15

13

12

11

10

RPQFLAG

NEWIFLG

CMOONFLG

IMOONFLG

FLUNDISP

SURFFLAG

INFINFLG

ORDERSW

APSESW

FLAGWRDS
Routines

1 - INTEGRV INTEGRVS GOBAQUE
0 - ACCOMP DOFSTRT1
test - TIMESTEP LUNSPH

1 - INTEGRV INTEGRVS
0 - TESTLOOP DOFSTRT1
test - TESTLOOP

1 - ENDSTATE A-PCHK INTWAKEU P76 ATTACHIT ORBCHGO

O - ENDSTATE A-PCHK INTWAKEU P76 ATTACHIT ORBCHGO
test - INTEGRV SELECTMU INTINT CSI/B2 P76

1 - ENDSTATE A-PCHK INTWAKEU

0 - ENDSTATE A-PCHK INTWAKEU

test - V82GON1 AVETOMID INTEGRV FAZC ATTACHIT REVE3
OTHINT

1 - COMFAIL
O - GOABORT IGNITION GOCUTOFF COMFAIL/ DOFSTRT1
test - DISPEXIT ASCTERM1

1 - LANDJUNK

0 - ATMAG

test - CHANGEVB YMKRUPT RRDESSM ATTACHIT NBDONLY WLINIT
V67CALL P20LEMA STATINT1 LSR22.3 R21LEM RANGEBQ
R22LEM R24LEM3 SERVICER LUNDESCH LPS20.1 P20LEMB7
PROG20 AVESTAR VACSTOR SURFAGAN MARKRUPT UPPSV
R22IEM/2 INTEGRV LASTBIAS REV83 P21VSAVE UPPSV.
V83CALL P2OLEM2 R21LEM1 ATTAGHED

1 - INFINITY

0 - POLYCOEF DOFSTRT1

test - COMMNOUT LAMBLOOP

1 - none
0 - DOFSTRT1
test - ITERATOR

1 - TIMERAD

0 - TIMERAD DOFSTRT1
test - none (telemetry)
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Bit

Mnemonic

COGAFLAG

INITALGN

360SW

FLAGWRD8 (Continued)
Routines

1 - TIMERAD TIMETHET
0 - COMMNOUT PARAM DOFSTRT1
test - none (telemetry)

1 - BYLMATT
0 - DOFSTRT1 ATTCHK
test - SURFDISP INITBY SURFLINE

1 - GETX WLOOP

0 - GETX DOFSTRT1
test - POLYCOEF
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Bit Mnemonic

14

13

12

11

10

FLVR

P7071FLG

FLPC

FLPI

FLRCS

LETABORT

FLAP

ABTTGFLG

ROTFLAG

QUITFLAG

MID1FLAG

MIDAVFLG

AVEMIDSW

FLAGWRD9
Routines

1 - P12LM INJTARG
0 - CMPONENT DOFSTRT1
test - CMPONENT

1 - GOABORT

O - DOFSTRT1

test - ASCENT CMPONENT
1 - MATINENG

0 - DOFSTRT1

test - MAINENG

1 - P12LM
O - P12RET DOFSTRT1
test - CMPONENT

1 - CUTOFF
O - GOABORT DOFSTRT1

test - ASCTERM1 ASCTERM ASCENT ATMAG

1 - P63IGN

0 - LANDJUNK TERMASC GOABORT DOFSTRT1

test - P70 P71 R10,Rl11

1 - UPTHROT
O - DOFSTRT1
test - GOABORT P12INIT

1 - INJTARG
0 - CANV37 DOFSTRT1

test -

1 - INJTARG
0 - DOFSTRT1 CMPONENT
test - CMPONENT

1 - VER396
O - STATINT1 DOFSTRT1
test - STATINT1 TESTLOOP

1 - MIDTOAV1
0 - MIDTOAV1 MIDTOAV2 CXMID2 DOFSTRT1
test - CKMID2
1 - MIDTOAV?2

0 - MIDTOAVZ2 DOFSTRT1
test - ENDSTATE

1 - AVETOMID

0 - INTEXIT DOFSTRT1
test - SVDWN2

100

for telemetry only



FLGWRD10
Bit Mnemonic Routines

14  INTFLAG 1 - INTSTALL
0 - INTWAKE1 GOPROG GOPROG2A DOFSTRT1
test - INTSTALL

13  APSFLAG 1 - LANDJUNK DPDAT1 ABRTJASK WANTAPS
0 - DPDAT1
test - P4OIM P42IM S40.13 RCS 1/ACCS DAPDATA1
DAPDATA2 SERVICER PLOAUTO DVMON AFTERTJ S40.13D

7  REINTFLG 1 - ENDSTATE A-PCHK P76 UPJOB INCORP2

0 - GOPROGRA INTWAKE1l DOFSTRT1 POODOO
test - INTSTALL INTWAKE
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Bit

15

14

13

12

11

10

| 4

3

Mnemonic

LRBYPASS

VFAILFLG

HFAILFLG

VXINH

PSTHIGAT

NOLRREAD

XORFLG

LRINH

VELDATA

RNGEDATA

R12RDFLG

FLGWRD11

Routines

1 - SERVIDLE ABRTJASK CANV37 DOFSTRT1
0 - P63IM
test - MUNRETRN RDRUSECK LRPOS2K STARTSB1 READACCS

1 - VMEASCHK

O - VMEASCHK DOFSTRT1 CANV37 SERVIDLE ABRTJASK
test - telemetry

1 - TERSKIP

O - TERSKIP DOFSTRT1 CANV37 SERVIDLE ABRTJASK
test - telemetry

1 - VMEASCHK
0 - ABRTJASK DOFSTRT1 VMEASCHK CANV37 SERVIDLE
test - VMEASCHK

1 - VALTCHK
O - ABRTJASK DOFSTRT1 CANV37 SERVIDLE
test -VALTCHK TERSKIP

1 - VALTCHK
0 - ABRTJASK DOFSTRT1 CANV37 SERVIDLE HIGATJOB

test - R12 R12READ

1 - MUNRETRN
0 - ABRTJASK DOFSTRT1 CANV37 SERVIDLE
test - MUNRETRN

1 - SET57
0 - ABRTJASK LROFF DOFSTRT1 CANV37 SERVIDLE RESET57 MUNRETRN

test - NOREASON VMEASCHK

1 - RI1RZEXIT
O - ABRTJASK CONTSERV DOFSTRT1 CANV37 SERVIDLE
test - VMEASCHK

1 - R12EXIT
O - CONTSERV ABRTJASK DOFSTRT1 CANV37 SERVIDLE
test - UPDATCHK

1 - RI12READ

0 - DOFSTRT1 CANV37 R12DL DOFSTRT1 CANV37 SERVIDLE ABRTJASK
test - VMEASCHK
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FLGWRD11 (Continued)
Bit Mnemonic Routines

2  VFLSHFLG 1 - VMEASCHK
0 - ABRTJASK VMEASCHK ONLITES DOFSTRT1 CANV37 SERVIDLE
test - R10,R11 RADLITES

1 HFLSHFLG 1 - TERSKIP
0 - ABRTJASK ONLITES DOFSTRT1 CANV37 SERVIDLE
TERSKTIP

test - R10,R11 RADLITES
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. Bit

15

14

13

12

11

10

Mnemonic

CDESFLAG

REMODFLG

RCDUOFLG

ANTENFLG

REPOSMON

DESIGFLG

ATUTSCALE

LRVELFLG

RCDUFAIL

LRPOSFLG

RADMODES
Routines

1 - VBCOARK LRS24.1 RR1LEM8
0 - VBCOARK TRMTRACK ITURNON2 STARTSUB POOH RRAUTCHK
R24END R24LEM3 RRDESNB RESET22 PROGR0A R21LEM9 RRDESEND

test - RRDESEND STDESIG DODES

1 - RRDESSM RRDESNB
0 - ITURNON2 STARTSUB STARTSB2 RRAUTCHK REMODE
test - RRGIMON RR1AX2 BEGDES LRS24.1 RRDESEND

1 - RRAUTCHK RRZERO
0 - ITURNONZ STARTSUB STARTSB2 RRZEROSB RRAUTCHK
test - RRGIMON SETTRKF P20LEMB3 R22LEM RRCDUCHK

1 - RRZEROSB RMODINV

O - ITURNONZ2 STARTSUB RRZEROSB RMODINV

test - DORREPOS RRLIMCHK RRANGLES RMODINV REMNDE DODES
RRLIMNB R21LEM

1 - RRGIMON

O - ITURNON2 STARTSUB STARTSB2 RRAUTCHK DORREPOS RR1AX2

test - RRGIMON RR1AX2 STARTDES STDESIG PORROUT RRZERO
RENDRAD

1 - STARTDES
0 - VBCOARK TRMTRACK ITURNON2 STARTSUB POOH

STDESIG RRDESEND RRDESDUN R2LEND R2ALEM3 RRDESNB

RESET?22 PROGR0A R21LEM9

test - DORREPOS RR1AX2 STDESIG REMODE
1 - SCALCHNG RO4 Z
0 - ITURNON2 STARTSUB SCALCHNG RO4Z
test - LRHEIGHT

1 - BADRAD
0 - ERROR ITURNON2 STARTSUB TSTLTS3 PRERADAR
test - RADLITES R1ZEXIT

1 - ERROR ITURNON2 STARTSUB RRCDUCHK TSTLTS3
0 - RRCDUCHK
test - RRCDUCHK SETTRKF ENDRADAR RENDRAD

1 - STARTSUB LRP0S2 ROAZ

O - ITURNON2 STARTSUB RO4Z
test - DORSAMP
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Bit Mnemonic

5

LRALTFLG

RRDATAFL

RRRSFLAG

AUT OMODE

TURNONFL

RADMODES (Continued)
Routines

1 - BADRAD
0 - ERROR ITURNON2 STARTSUB TSTLTS3 PRERADAR
test - RADLITES R1QEXIT

1 - BADRAD
O - ERROR ITURNONZ2 STARTSUB TSTLTS3 PRERADAR
test - SETTRKF

1 - SCALCHNG LRS22.1 RO4Z
O - ITURNONZ2 STARTSUB SCALCHNG LRS22.1 RO4Z
test - RENDRAD RRANGOUT

1 - ITURNON2 STARTSUB RRAUTCHK

O - RRAUTCHK

test - RRAUTCHK RRCDUCHK RRGIMON SETTRKF RR1AX2 RRZERO
NORRGMON

1 - RRAUTCHK

0 - ITURNONZ2 STARTSUB STARTSB2 RRTURNON RRAUTCHK
test - RRZERO
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Bit Mnemonic

45

14

13

12

11

10

PULSES

USEQRJTS

CSMDOCKD

OURRCBIT

ACC4OR2X

AORBTRAN

XOVINHIB

DRIFTBIT

RHCSCALE

ULLAGER

DAPBOOLS
Routines

1 - MINIMP LANDJUNK
0 - NOMINIMP DOFSTRT1 IGNITION ABRTJASK TIGTASK
test - TSNEXTP TSNEXTS

1 - ENGINOF3 AVERAGEG DVMON DOFSTRT1
O - DVMON
test - TJLAW4 TRYGTS SPSCONT

1 - DPDAT1

0 - DPDAT1 DOFSTRT1

test - PURGENCY TJLAW, 1/ACCS DAPDATA2 DAPDATA1 DPDAT1
BACKP STIKLOAD FINDCDUW P4LOILM MINRTN

1 - DETENTCK
0 - DETENTCK DOFSTRT1
test - DETENTCK CHEKSTIK QRAXIS

1 - DPDAT1 GOABORT P12LM
O - DPDAT1 DOFSTRT1
test - DPDAT1 DAPDATA1 +XORULGE

1 - COMFAIL2 DPDAT1 DOFSTRT1
0 - COMFAIL2 DPDAT1
test - MINRTN DAPDATAL +XORULGE

1 - CMPONENT MUNRETRN

0 - DOFSTRT1 CMPONENT ABRTJASK CANV37 GOTOPOOH
STRTP66A

test - TSNEXTP FINDCDUW

1 - ALLCOAST COMFAILZ pOFSTRT1
0 - PL2IGN ABRTJASK
test - 1/ACCONT SPSRCS RCS BACKP AFTERTJ

1 - DPDAT1 DOFSTRT1
0 - DPDAT1
test - DAPDATA]1 STIKLOAD

1 - ULLGTASK COMFAIL2

0 - PL2TGN ENGINOF1 GOPOST GOTOPOOH GOCUTOFF ABRTJASK
DOFSTRT1 STOPCLOK

test - RCS
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Bit Mnemonic

5

DBSLECT2

DBSELECT

ACCSOKAY

AUTRATE2

AUTRATE1

DAPBOOLS (Continued)

Routines

1 - DPDAT1 DOFSTRT1
0 - DPDAT1 -
test - RESTORDB DAPDATA1

1 - DPDAT1
0 - DPDAT1 DOFSTRT1
test - RESTORDB DAPDATA1

1 - 1/ACCRET
0 - STARTSB1 DOFSTRT1
test - DAPIDLER

1 - DPDAT1 DOFSTRT1
0 - DPDAT1
test - DAPDATA1

1 - DPDAT1

0 - DPDAT1 DOFSTRT1
test - DAPDATA1
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IMODES30

Bit Routines

15 1 - IMUMON {IMU temp. out of limits)
0 - IMUMON GOPROG TSTLTS3 DOFSTRT1
test - IMUMON

14 1 - IMUMON GOPROG DOFSTRT1 (ISS turn-on delay initiate)
0 - IMUMON
test - IMUMON TNONTEST ENDTNON

13 1 - IMUMON IFAILOK GOPROG TSTLTS3 DOFSTRT1  (IMU good)
0 - IMUMON
test - SETISSW

12 1 - IMUMON GOPROG TSTLTS3 DOFSTRT1  (ICDU good)
0 - IMUMON
test - SETISSW

11 1 - IMUMON GOPROG DOFSTRT1 (IMU not caged)
0 - IMUMON
test - IMUMON

10 1 - ERROR C33TEST PFAILOK GOPROG TSTLTS3 DOFSTRT1 (PIPA good)
0 - C33TEST
test - PIPFREE C33TEST SETISSW

9 1 - IMUMON DOFSTRT1 (IMU not operating)
0 - IMUMON
test - IMUCHK RO2BOTH IMUMON TNONTEST C33TEST IMUZERO

8 1 - TNONTEST (turn-on delay incomplete)
0 - TNONTEST GOPROG DOFSTRT1
test - TNONTEST C33TEST

7 1 - ITURNON2 (turn-on delay just started)
0 - TNONTEST GOPROG DOFSTRT1
test TNONTEST C33TEST

6 1 - CAGESUB2 (IMU caged)
0 - UNZ2 GOPROG DOFSTRT1
test - PIPUSE PFAILOK IMUPULSE STRTGYRO 8192AUG IMUZERO IMUZERO2
IMUCOARS COARS COARS2 IMUFINE IFAILOK V37 IMUFINED SETGLOCK

5 1 - CAGESUB2 (Secondary PIPA fail monitor

0 - PFAILOK DOFSTRT1 disabled)
test - C33TEST
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Bit

IMODES30 (Continued)
Routines

1 - CAGESUB2 IMUZERO SETCOARS DOFSTRT1 (IMU fail monitor inhibit)
0 - UNZ2 IMUZEROZ2 IFAILOK
test - SETISSW

1 - CAGESUB2 IMUZERO
0 - UNZ2 IMUZERO2 DOFSTRT1
test - SETISSW

1 - IMUMON (turn-on sequence failure)
0 - ENDTNON GOPROG DOFSTRT1
test - IMUMON ENDTNON

1 - PIPFREE CAGESUBZ2 DOFSTRT1 (PIPA fail monitor disable)

0 - PIPUSE
test - C33TEST SETISSW
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IMODES33

Bit Routines

14

13

12

1Y

1 - PROCEEDE (proceed button)
0 - PROCEEDE STARTSB2 DOFSTRT1
test - PROCEEDE

1 - ERROR C33TEST PFAILOK STARTSB2 TSTLTS3 DOFSTRT1 (PIPA good)
0 - C33TEST
test - C33TEST

1 - ERROR C33TEST STARTSB2 TSTLTS3 DOFSTRT1 (downlink not too fast)
0 - C33TEST
test - DNTMFAST C33TEST

1 - ERROR C33TEST STARTSB2 TSTLTS3 DOFSTRT1 (uplink not too fast)
0 - C33TEST
test - UPTMFAST C33TEST

1 - INTLZE
0 - DISPRSET STARTSB2 DOFSTRT1
test - DISPRSET

1 - ALTROUT1
O - ALTOUT1 DISPRSET STARTSB2 LANDISP DOFSTRT1
test - LANDISP

1 - IMUMON CAGESUB2 IMUZERO SETCOARS DOFSTRT1 (DAP disable)
0 - UNZ2 IMUZERO2 IMUFINE
test - CHEKBITS

1 - IMUZERO
0 - IMUZERO2 STARTSB2 DOFSTRT1 (zeroing in progress)
test - none (telemetry)

1 - VBTSTLTS

0 - TSTLTS3 STARTSB2 DOFSTRT1 (lamp test)
test - IMUMON SETISSW SETGLOCK SETTRKF
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RCSFLAGS
Bit Routines

15,
14

13 1 - DAPIDLER
0 - STARTSB1 DOFSTRT1
test - DAPIDLER

Not used

12 1 - STARTDAP SKIPPAXS
0 - PJETSLEC DOFSTRT1
test - SUPERJOB

11 1 - QRTIME
O - STARTDAP DETENTCK TOPSEUDO DOFSTRT1
test - DETENTCK RHCACTIV

10 1 - PEGI
O - STARTDAP DETENTCK PEGI DOFSTRT1
test - PETENTCK RATERROR

9 1 - DETENTCK

O - DETENTCK CHEKSTIK DOFSTRT1
test - DETENTCK

Not used

[OaRe ot

5 1 - NEGUSUM
0 - STARTDAP ACDT+C12 DOFSTRT1
test - PAXFILT

4 1 - ALTDSPLY
0 - ALTDSPLY DOFSTRT1
test - ALTDSPLY

3 1 - NEEDLER DOFSTRT1 CHEKBITS
0 - NEEDLER
test - NEEDLER

2 1 - NEEDLER
0 - NEEDLER DOFSTRT1
test - NEEDLER

1 1 - TRYUORV

0 - STARTDAP TRYUORV DOFSTRT1
test - TRYUORV
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Bit

DSPTAB]1

Routines

1 - VBTSTLTS PROGLARM (program check fail lamp)
0 - ERROR TSTLTS3 SLAP1l
test - none

1 - SETTRKF VBTSTLTS (tracker fail lamp)
O - ERROR GOPROG SETTRKF TSTLTS3 SLAP1
test - SETTRKF

1 - SETGLOCK VBTSTLTS (gimbal lock warning lamp)
0 - SETGLOCK TSTLTS3
test - SETGLOCK IMUZERO DOFSTRT1

1 - VBTSTLTS R10,R11 LITIT (LR altitude fail)

0 - R10,R11 ERROR SLAP1 TSTLTS3 GOPROG LITIT

test - LITIT

1 - CAGESUBL SETCOARS VBTSTLTS TSTLTS3 (no-attitude lamp)

O - ISSZERO ENDTNON IMUZERO IMUFINE TSTLTS3
test - IMUZERO GOPROG DOFSTRT1

1 - VBTSTLTS R10,R11 LITIT (LR velocity fail)
0 - R10,R11 ERROR SLAP1 TSTLTS3 GOPROG LITIT
test - LITIT
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Pl

Alignment of the Inertial Sub-System

Perform "IMUCHK" (assure that IMU is on)

Proceed to "GOPERF1" with TS = 00015

(Request that celestial body acquisigion be performed)
(If terminate, proceed to "GOTCPOOH"; if proceed, proceed
to "P51B"; if other response, continue at next step.)

THETAD = O

Perform "GODSPRET" with TS = K:V06N22
(Display THETAD and continue at next step when display is up)

Perform "GODSPRET" with TS = K:V41NOO (Indicate coarse
align in progress; continue at next step when display is up)

Perform "COARSE"
Proceed to second step of "P51"
1dPIPADT = less significant half of TIMENOW
PIPA = -0
GCOMP = 0
Switch FLIAGWRIR bit 15 (DRIFTFIG) to 1
STARIND = O
Perform "AOTMARK"
(return after marks are averaged)

Perform "AOTSTALL"

If AOTGOOD = O, perform '"CURTAINS"

If STARIND = O:

STARSAVL = STARAD,
TSt = TSIGHT
Perform "PLANET"

PIANVEC = TS

STARIND ]
Proceed to "P51C"

TSt = TSIGHT
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COARSE

Perform "PLANET"

TS, = IS

TS, = PLANVEC

STARAD, = STARSAVL
STARAD, = STARSAV2
Perform "CHKSDATA"
If FLAGWRDO bit 3 (FREEFLAG) = O: (error between actual
separation and measured
Proceed to second step of "P51"  separation is not ac-
ceptable)

Perform "AXISGEN"

[REFSMMAT] = [DCMAT]

Switch FLAGWRD3 bit 13 (REFSMFIG) to 1

Proceed to "GOTOPOOH"

If IMUCADR # O: (IMU in use)
Delay 1 second
Proceed to "COARSE"

Perform "IMUCOARS"

Perform "IMUSTALL"

If ISSGOOD = O, perform "CURTAINS"

Perform "IMUFINE"

Perform "IMUSTALL"

If ISSGOOD = O, perform "CURTAINS"

Return
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AOTMARK Inhibit interrupts

If MARKSTAT # 00000 (mark system already busy)
Proceed to "POODOO" with TS = 20105g

If bits 2 and 3 of EXTVBACT are not both O:
TSldp = return address of routine calling "AOTMARK"
Proceed to "BAILOUT1" with TS = 512118

Switch bit 2 of EXTVBACT to 1

Establish a special additional working storage area for

the mark system; store its address in bits 1-9 of

MARKSTAT. It will be denoted hereafter as MARKVAC.

If no storage area is available for MARKVAC:
TSldp = return address of routine calling "AOTMARK "
Proceed to "BAIIOUT1" with TS = 512078

Establish "GETDAT" (pris5)

Release interrupt inhibit

Return

AOT STALL Inhibit interrupts

If OPTCADR >0 or if OPTCADRK -1:
TS1l. = return address of routine calling "AOTSTALL"
Proceed to "BAILOUT1" with TS = 31210g

If OPTCADR = -1: (operation already complete and good)

OPTCADR

]

+0

AOTGOOD

1
Release interrupt inhibit
Return

If OPTCAIR =

0: (operation already complete and bad)
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(If OPTCAIR = -0:)
OPTCAIR = +0

AQTGOOD = O

Release interrupt inhibit
Return
(Otherwise, OPTCAIR = +0)
OPTCADR = return address (to caller of "AOTSTALL")
Put present Jjob to sleep
When awakened, return via IOC
MKREILEAS MARKSTAT = 000008
Release special working storage area MARKVAC
If OPTCADR = +0: ("AOTSTALL" not entered yet)
OPTCADR = -1
End task
IOC = OPTCADR
AOTGOOD = 1

Wake job put to sleep in "AOTSTALL"

OPTCADR = +0
End task
GET DAT Switch bit 12 of MARKSTAT to 1 (to inhibit processing of

marks in "MARKRUPT")
Proceed to "GOXDSPF" with TS = K:VO1NT1 ( AOTCODE)
(If terminate, proceed to "KILLAOT"; if proceed,
continue at next step; if other response, proceed
to "GETDAT")

(AOTCODE should be of the form 000 000 xxx XXX xxxg)
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OPTAXIS

OANB

XYMARK = bits 15-7 of AOTCODE shifted right 6 places to bit
positions 9-1

If XYMARK £ 0, proceed to "GETDAT"
If XYMARK = 00007g: (detent code 7 for COAS)
Proceed to "GOXDSPF" with TS = K:W6N87 (AZ, EL)
(If terminate, proceed to " KILLAOT"; if proceed,
continue at next step; if other response, repeat
this step)
TSazm = AZ
TSelev = EL

TSsrot 0

Proceed to "OPTAXIS"

(Otherwise, XYMARK is between 1 and 6 inclusive)

TSelev = AOTEI’XYMARK

TSazm = AOTAZXYMARK

TSsrot = AOTAZ2 - TSazm

Perform "OANB"

UYP = cosTSsrot UYP' - sinTSsrot UXP'
UXP = cosTSsrot UXP' + sinTSsrot UYP'
STARAD, = 0

Proceed to "GETMKS"
TSelev = TSelev converted to one's complement form
TSazm = TSazm converted to one's complement form

sinTSelev
SCAXIS = (cos’l‘Selev sinTSazm
cosTSelev cosTSazm

UYP' = unit(SCAXIS * K:UNITX) (= (0, cosTSazm, -sinTSazm))
UXP' = unit(UYP' * SCAXIS)
Return
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GETMKS

PASTIT

MARKRUPT

XYMARK = 000008
MARKCNTR = O
Switch bits 15 thru 10 of MARKSTAT to O
TS = K: VB4N71 ("mark X or Y" verb; star code noun)
Proceed to "GOMARKL"
(If terminate, proceed to "KILLAOT"; if proceed,

proceed to "MARKCHEX"; if other response, proceed
to "GETDAT".)

(Entered on program interrupt initiated by the mark or
mark reject buttons or by a commanded change in descent
rate. )

TScdu = CDU

TSt = TIMENOW

If bit 6 or 7 of channel 16 = 1:
(Commanded change in rate of descent)

Proceed to "DESCBITS"

If bit 12 of MARKSTAT = 1, Resume
(Processing of marks inhibited)

If MARKSTAT = 00000g: (mark program not operating)
Perform "ALARM" with TS = 001124
Resume
If bit 5 of channel 16 = 1: (mark reject)
If FLAGWRD8 bit 8 (SURFFLAG) = 1:
If MARKCNTR > O:
MARKCNTR = MARKCNTR - 1
Resume
Perform "ALARM" with TS = 001158

Resume
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(If bit 5 of channel 16 = 1:)
If bits 10 and 11 of MARKSTAT both = 0:  (no marks to reject)
Perform "ALARM" with TS = 001158
Resume
Proceed to "REJECT"
If bit 4 of channel 16 = 1, proceed to "YMKRUPT"
If bit 3 of channel 16 = 1, proceed to "XMKRUPT"
Perform "ALARM" with TS = 001138
Resume

XMKRUPT 1 =0

XYMARK = 01000, (bit 10 = 1)
Skip next two steps

YMKRUPT 1 =1
XYMARK = 02000 (bit 11 = 1)

8
If FLAGWRD8 bit 8 (SURFFLAG) = 1, proceed to "SURFSTOR'"

If bit 14 of MARKSTAT = 1: (mark pair just completed)
If MARKCNTR Z 4:
Perform "ALARM" with TS = 0010'78
If FLAGWRD8 bit 8 (SURFFLAG) = 1
Proceed to "DSPVEN79"
Resume

MARKCNTR = MARKCNTR + 1

Switch bits 14, 11 and 10 of MARKSTAT to O
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SURFSTOR

VACSTOR

(End of indented steps)

If bit which is 1 in XYMARK is also 1 in MARKSTAT:
(wrong mark)

Perform "ALARM" with TS = 001148
Resume

Proceed to "VACSTOR"

i=0

Switch bits 10 and 11 of MARKSTAT to 1
(Show surface mark for "MARKCHEX")

Get address of MARKVAC from low 9 bits of MARKSTAT

TSIGHT = TSt

(x: 0,6,12,18,24)
{y: 1,7,13,19,25)

MKDEX = 1 (store in case of surface mark)

i =1 * 6 MARKCNTR

MARKVAC, = TScduy (inner gimbal angle)

(x: 2,8,14,20,26)
(}': 3)9,15)21,27)

MARKVAC, = TScduz (middle gimbal angle)

1
_ (x: 4,10,16,22,28)
— + ’ ’ ’ ’
L e (y: 5.11.17.23,29)

MARKVAC, = TScdu_ (outer gimbal angle)

i=1i+2

If FLAGWRD8 bit 8 (SURFFLAG) = 1:
Proceed to "REMARK" skipping first step
Switch bit 13 of MARKSTAT to O (enable selective mark
rsject)
MARKSTAT = MARKSTAT + XYMARK
(switching bit 10 or 11 of MARKSTAT to 1)
If bits 10 and 11 of MARKSTAT both = 1:
Switch bit 14 of MARKSTAT to 1 (indicate both marks

taken)
Proceed to "REMARK"
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REJECT

CHANGEVB

MARKCHEX

If bit 13 of MARKSTAT = 0: (reject only latest mark)

If bit 10 of XYMARK = 1:

Switeh bit 10 of MARKSTAT to O
If bit 11 of XYMARK = 1:
Switch bit 11 of MARKSTAT to O
If bit 13 of MARKSTAT = 1: (no mark since last reject)

Switeh bits 10 and 11 of MARKSTAT to O
*

Switch bit 14 of MARKSTAT to O (reject pair)

Switch bit 13 of MARKSTAT to 1 (see above)

MKDEX = bits 11 and 10 of MARKSTAT shifted right 9 places
to bit pesitions 2 and 1 (MEDEX = 0,1,2 or 3)

Establish "CHANGEVB" (pr15)

Resume

If FLAGWRD8 bit 8 (SURFFLAG) = 1, proceed to "DSPV6N7O™

TS = K:V54N71 (request X or Y mark)
If MKDEX = 1, TS = K:V53N71 (request Y mark)
If MKDEX = 2, TS = K:V52N71 (request X mark)

Proceed to "PASTIT™

Switch bit 12 of MARKSTAT to 1 (inhibit processing in
“MARKRUPT" )

Store address of MARKVAC in low 9 bits of XYMARK

MKDEX = O

If bits 10 and 11 of MARKSTAT are not both 1:
(last pair incomplete)

If MARKGNTR = O:
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(If MARKCNTR = 0:)
Perform "ALARM" with TS = 001118
Proceed to "GETMKS"
MARKCNTR = MARKCNTR - 1
AVESTAR MKDEX = MKDEX + 1
i = 6 MARKCNTR
Get address of MARKVAC from XYMARK
If FLAGWRD8 bit 8 (SURFFLAG) = 1, proceed to “SURFSTAR

ANG = (MARKVAC, MARKVAC, , MARKVAC

+ ! 142 )

Perform "CD*TR¥*GS"
Perform "NBTOSM"
s = [NBSMMAT ] UXP
1=1+1

ANG = (MARKVAC MARKVACi , MARKVAC

1+4 g+2 )

Perform "CD*TR*GS"
Perform "NBTOSM"
TS = ( [NBSMMAT | UYP) * TS
TSstar = -unitlS
AVEIT n = MKDEX
STARAD

= 221 g7ARAD, + - TSstar
n = n =

6
STARSAV2 = STARAD

6

6
If MARKCNTR > O:

MARKCNTR = MARKCNTR - 1

Proceed to "AVESTAR"

Call "MKRELEAS" in 0.05 seconds
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DSPV6NT79

SURFEND

SURFAGAN

SURFSTAR

Proceed to "ENDEXT"

Proceed to "GOXDSPF" with TS = K:VO6N79 (CURSOR,SPIRAL,POSCODE)
(If terminate, proceed to "KILLAOT"; if proceed,
proceed to "SURFEND"; if other response, continue
at next step.)

If bit 6 of TSverb = 1, proceed to "SURFAGAN" (V32E)
Proceed to "DSPV6N79"

Switeh bit 14 of MARKSTAT to 1 (show mark end)

Save VAG area for surface marking

MARKVAC = CURSOR

MKDEX+1
MARKVAC = SPIRAL

MKDEX+3
If bit 14 of MARKSTAT = 1, proceed to "MARKCHEX"
If MARKCNTR 2 4:
Perform "ALARM" with TS = 001078
If FLAGWRD8 bit 8 (SURFFLAG) = 1, proceed to "DSPV6N79"
Resume
MARKCNTR = MARKCNTR + 1
Proceed to "GEEMKS" skipping first two steps

i+4’MARKVACi’MARKVACi+2) (Save CDU's at time of

X-mark for use in "CD*TR*GS")
(CURSOR angle converted to one's comp. form)

ANG = (MARKVAC

TSyrot = MARKVAC, .

MARKVAC

TSsrot 143

If TSyrot = O:
If TSsrot = O:
TS = unit(§CAXIS)
Proceed to "JUSTOA"
TS = unit(UYP cosTSyrot - UXP sinTSyrot)

3
w0
n

unit(TS * SCAXIS)
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JUSTOA

FLANET

TSsrot = MARKVAC1+3

TSsep = 1/12 (TSsrot - TSyrot + K:ABOUT1)  (sum modulo one
' revolution)

TS = unit(cosTSsep SCAXIS + sinTSsep TIS)

Perform "CD*TR¥*GS"

Perform "NBTOSM"

TSstar = [NBSMMAT] TS

Proceed to "AVEIT"

TSIGHT = TSt

i = low 6 bits of AOTCODE (0 to 40)
If STARIND = O, BESTI = 6 i

If STARIND = 1, BESTJ = 6 i

If 1 = O: (planet)

Proceed to "GOFLASH" with TS = K:V06N88 (§TARADO)
(If terminate, repeat this step; if proceed,
continue at next step; if other response,
repeat this step.)

IS = unit(K:1dSQR3 STARAD)

Return

If i < 38: (star)
IS = E:CATLOGi

Return

Perform "LOCSAM"

If i = 38, TS = VSUN
If i = 39, TS = VEARTH
If 1 = 40, TS = VMOON
Return

ALIN - 12
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QMIN = return address
TSIGHT = TSt
Perform "LSPOS"
TDEC1 = TSIGHT
Perform "LEMPREC"
If PBODY = O: (earth centered)
VMOON = unit(K:RSUBEM VMOON - RATT)
VEARTH = —unitRATT
CEARTH = cos(arcsin(K:RSUBE / IBATTI) + K:5DEGREES )
CMOON = K:CS85
If PBODY = 2: (moon centered)
VSUN = unit(VSUN - K:ROE YMOON)
YEARTH = - unit(K:RSUBEM YMOON + RATT)
YMOON = - unitRATT
CMOON = cos(arcsin(K:RSUBM / |RATT|) + K:5DEGREES)
CEARTH = K:CSS85
CSUN = K:CSSUN
Return via QMIN
Switch FLAGWRDO bit 3 (FREEFLAG) to 1 (R54)

TSang = arccos(STARAD . * §TARAD6)

0
Switeh FLAGWRDO bit 3 (FREEFLAG) to O
THETA = arccos(IS, 18,,) - TSang
DSPTEM1, = THETA

dp

Switech FLAGWRDO bit 3 (FREEFLAG) to 1
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AXTSGEN

PROG52

Proceed to "GOFLASH" with TS = K:VO6NO5  (DSPTEM1)
(If terminate, proceed to "GOTOPOOH"; if proceed,
skip next step; if other response, continue at
next step.)

Switch FLAGWRDO bit 3 (FREEFLAG) to O

Return

181 = I8,

TS2 = unit(zs6 * 1312)
TS3 = TS1 * TS2

TS1, TS1_ T81
X Yy z

[RFSTMAT] = | TS2_ TS2_ TS2
X Yy z
183, 183, 183,

TS1 = STARAD,
TS2 = unit(§TARADO * §TARA06)
TS3 = TS1 * TS2

TS1. TS1_ TS1
X y z

[sMsTMAT] = |TS2_ TS2_ TS2
X y z
TS3, 183, 1S3,

[ocmar } = [smsmuar]” [ResTMaT)

Unitize each of the three rows of [bCMAi]
(assure that it is orthogonal)

bomar]® k:unNITX

"

STARAD |

STARAD, = [DCMAT]® K:UNITY

6

STARAD , = [DOMAT]" K:UNITZ

Return

Perform "ROZBOTH"

If FLAGWRD2 bit 4 (PFRATFLG) = 1:
OPTIONZ = 1 and skip next step

OPTION2 = 3 (REFSMMAT option)
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P52B

Perform "GOPERFAR" with OPTION1 = 1
(If terminate, proceed to "GOTOPOOH"; if proceed,
skip next step; if other response, repeat this
step.)

End job

If OPTION2 bit 2 = 0 and bit 1 = 1 (OPTION2 = 1,5,9,¢c00.)
Proceed to "P52D" (Preferred)

If OPTION2 bits 2 and 1 both = 1: (OPTION2 = 3,7,11,.¢0...)
Perform "R51" (REFSMMAT)
Proceed to "GOTOPOOH"

If OPTIONZ2 bits 2 and 1 = O: (OPTION2 = 0,4912,c00s) .

TS = TLAND and skip next step (Landing site)

(Otherwise, OPTION2 = 2,6,....) (Nominal)
TS = -0
DSPTEM1 = TS

Proceed to "GOFLASH" with TS = K:VOéN3/ (DSPTEM1)
© (If terminate, proceed to "GOTOPOOH"; if proceed,
continue at next step; if other response, repeat
this step.)
If more significant half of DSPTEM1 < O:
TALIGN = TIMENOW and skip next step
TALIGN = DSPTEM1
If OPTIONR bit 2 = 1: (OPTIONR = 2,6,10,¢00..)
TSt = TALIGN
Perform "S52.3"
Proceed to "P52D"
Switch FLAGWRD1 bit 13 (ERADFLAG) to O (OPTION2 = 0,4,12,....)
Switch FLAGWRbB bit 12 ( LUNAFLAG) %o 1

TS = RIS (landing site vector in MF coordinates)
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TSt = TALIGN
TLAND = TALIGN ",
Perform "MOONMX"
ALPHAV = [MOONMAi]T (TS + LM504 * TS)
TSt = TALIGN
Perform "N89DISP"
XSMDrf = unitALPHAV
Perform "LSORIENT" (compute landing site orientation)
Proceed to "P52D"
N89DISP  TStime = TSt
Perform "LAT-LONG" (calculate and display landing site)

LANDLONG = LONG / 2

LANDALT = ALT
LANDIAT = LAT
Proceed to "GOFLASH" with TS = K:VO6N89 (LANDLAT,LANDLONG,LANDALT) <

(If terminate, proceed to "GOTOPOOH"; if proceed,
continue at next step; if other response, repeat
this step.)

LONG = 2 LANDLONG

ALT = LANDALT
LAT = LANDIAT
TSt = TStime

Perform "LALOTORV"
Return
P52D Perform "S52,2" (compute gimbal angles)
Proceed to "GOFLASH" with TS = K:VO6N22  (THETAD)
(If terminate, proceed to "GOTOPOOH"; if proceed,

continue at next step; if other response, proceed
to "P52D".)
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Proceed to "GOPERF1" with TS = 00013, (perform checklist #13)
(If terminate, proceed to "GOTOPOOH"; if proceed,
proceed to "REGCOARS"; if other response, continue
at next step.)

XDC = unit( [REFSMMAT] XSMDrf) (get desired SM wrt present SM)

¥DC = unit( [REFSMMAT] YSMDrf)

ZDC = unit( [REFSMMAT ] ZSMDrf)

Perform "GYCOARS"

Proceed to "GOTOPOOH"

GYCOARS QMAJ = return address

Perform "CALCGTA"

Switch FLAGWRD2 bit 15 (DRIFTFIG) to O

Switch FLAGWRD3 bit 13 (REFSMFLG) to O

Perform "GODSPR" with TS = K:V16N20 (monitor gimbal angles)

Perform "IMUPULSE" with TS = address of 0GC

Perform "IMUSTALL"

If ISSGOOD = 0, perform "CURTAINS" (bad return)

[REFSMMAT] = [XSMDMAT)

Switch FLAGWRD2 bit 4 (PFRATFLG) to O
Switch FLAGWRD3 bit 13 (REFSMFLG) to 1
1dPIPADT = TIMENOW, _
PIPA = -0

GCOMP = 0

Switch FLAGWRD2 bit 15 (DRIFTFLG) to 1

Proceed to "R51K"
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LSORIENT

QMAJ = return address
Perform "CDUTRIG"
Perform "CALCSMSC"

XNBrf = unit( [REFSMMAT]® XNBsm)

INBrf = unit( |REFSMMAT)® YNBsm)
ZNBrf = unit([REFSMMAT)® ZNBsm)
XSMrf = XSMDrf
ISMrf = YSMDrf

ZSMrf = ZSMDrf
Perform "CALCGA"
Return via QMAJ

QMAJ = return address
TDEC1 = TSt

Perform "LEMCONIC"

XSMDrf = unitRATT
YSMDrf = unit(VATT * RATT)
ZSMDrf = unit(XSMDrf * YSMDrf)

Return via QMAJ

QMAJ = return address

1]

ZSMDrf = unit [(_R_RECTCSM * VRECTCSM) * _X_SMDrf]

YSMDrf = unit(ZSMDrf * XSMDrf)

Raturn via QMAJ

Perform "S52.2"

15 = | cDU - gHETADl (TS, =|CDJ_ - THETAD_|, etc.)
X X b 4

ALIN - 18



If any of the three components of IS is > K:DEGREE1
and < K:DEG359:

Perform "COARSE"
1dPIPADNT = TIMENOUls
PIPA = -0

GCaMP = 0O

Switch FLAGWRD2 bit 15 (DRIFTFLG) to 1

XSMrfx XSMrfy X’SMrfz
[RI!'SIMAT]“ YSM.rfx Y&&rfy ISMrfz
ZSMrf_ZSMrf_ZSMrf
x Yy z
Return
QMAJ = return address
Proceed to "GOPERF1" with TS = 00015 (perform checklist #15)
(If terminate, proceed to "GOTOFOOH"; if proeceed,
continue at next step; if other response, proceed
to "R51E".)
TSt = TIMENOW + K:TSIGHT1
Perform "LOCSAM"
Perform "R56" (select best star pair)

If HAVEPAIR = O:

Perform "ALARM" with TS = 004058
Proceed to "GOFLASH" with TS = K:VO5NO9 (display alarm)
(If terminate, proceed to "GOTOPOOH"; if
proceed, continue at next step; if other
response, proceed to second step of "R51".)
STARIND = 0 (start with star farther from line-of-sight)
Perform "R52" (set AOTCODE and maneuver LM)
Perform "AOTMARK"
Perform "AOTSTALL"

If AOTGOOD = O, perform RCURTAINS" (bad return)
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If STARIND = O:
STARSAV1 = _S__TARAD6
TSt = TSIGHT
Perform "PLANET"
PLANVEC = TS

1

STARIND
Proceed to second step of "R51EM
STARSAVZ = _S_TARAD6
TSt = TSIGHT

Perform "PLANET"

S

unit( [REFSMMAT | TS)
= unit( [REFSMMAT | PLANVEC)

TS, = STARSAV2

12
Perform "CHKSDATA" (R54)
If FLAGWRDO bit 3 (FREEFLAG) = 1:

Perform "AXISGEN"

Perform "R55%

Switch FLAGWRD2 bit 4 (PFRATFLG) to O
Proceed to "GOPERF1" with TS = 0001 (checklist #14)
(If terminate, proceed to "GOTOPOOH"; if proceed,
proceed to second step of "R51"; if other

response, continue at next step.)

Return via QMAJ
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R52

GETAZEL

AOTCODE = 002004 + BESTI / 6 (setting detent code to 2)
If STARIND = 1, AOTCODE = 002008 + BESTJ / 6
Proceed to "GOFLASH" with TS = K:VOIN70 (AOTCOIDE)

(If terminate, proceed to "GOTOPOOH"; if proceed,

continue at next step; if other response, repeat
this step.)

Switch FLAGWRD5 bit 6 (3AXISFIG) to O
IS1 = bits 15-7 of AOTCODE shifted right to bit positions 9-1

If TS1 £ 0, proceed to "GETAZEL" (COAS calibration)

If TS1 = 7, proceed to "GETAZEL" (COAS sighting)

i="T81 (detent position between 1 and 6 inclusive)

TSazm = AOTAZi

TSelev = K:r52el

Proceed to "AZEL"

Proceed to "GOFLASH" with TS = K:VOéN87 (AZ, EL)
(If terminate, proceed to "GOTOPOOH"; if proceed,
continue at next step; if other response, repeat
this step.)

TSazm = AZ

TSelev = EL

Perform "OANB" (get SCAXIS)

TSt = TIMENOW

Perform "PLANET"

POINTVSM = unit([REFSMMAT]| TS)

Perform "R6OLEM" (attitude maneuver)

If bits 15-7 of AOTCODE = O: (COAS calibration)
Proceed to "R52" skipping first two steps

Return
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PIC3

QMIN = return address

Perform "CALCGTA"

Proceed to "GOFLASH" with TS = K:VO6N93 (OGC,IGC,MGC)
(If terminate, proceed to "GOTOPOOH"; if proceed,
continue at next step; if other response, return
via QMIN.)

TS = address of (0GC, IGC, MGC)

Perform "IMUPULSE"

Perform "IMUSTALL"

If ISSGOOD = 0, perform "CURTAINS" (bad return)

Return via QMIN

QMIN = return address

Perform "CDUTRIG"

Perform "CALCSMSC"

Switch FLAGWRD3 bit 10 (VFLAG) to 1

0

BESTI
BESTJ = 0

SAX = unit( [REFSWAT)T (3 DNBsm + 4 ZNBsm))
i=38

i=1i-1

If i = 0, proceed to "PICEND"

If K:CATLOGi° SAX < K:CSS33, proceed to "PIC1"
j=1i

j=3-1

If j = 0, proceed to "PIC1"
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If K:CATLOG,+ SAX < K:CSS33, proceed to "PIC3"

J

i
TSstar = K:CATLOG

If K:CATLOG, * g:CATLOGJ 2 K:CSS40, proceed to "PIC3"

i
Perform "OCCULT® (see if first star is occulted)
If FLAGWRD3 bit 7 (CULTFLAG) = 1, proceed to "PIC1"
TSstar = g:CATLOGj
Perform "OCCULT" (see if second star is occulted)
If FLAGWRD3 bit 7 (CULTFLAG) = 1, proceed to "PIC3"
If FLAGWRD3 bit 10 (VFLAG) = 1:

Switch FLAGWRD3 bit 10 (VFLAG) to O

BESTI = 6 1

BESTJ = 6 j

Proceed to "PIC3"
BESTI = BESTI / 6
BESTJ = BESTJ / 6
TSa = K:CATLOGppqmr* K:CATLOGHpor
BESTI = 6 BESTI
BESTJ = 6 BESTJ
Switch FLAGWRD3 bit 10 (VFLAG) to 1

TSb = K:CATLOG, * K:CATLOG

i 3
Switch FLAGWRD3 bit 10 (VFLAG) to O
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If TSa > TSb: (new pair has better separation)
BESTI = 6 1
BESTJ = 6 j
Proceed to "PIC3"
PICEND  If FLAGWRD3 bit 10 (VFLAG) = 1: (no pairs found)
HAVEPAIR = 0
Return via QMIN

BESTI / 6

I

i
j = BESTJ / 6

If SAX ¢ K:CATLOG, < SAXe K:CATLOG

j i’
BESTI = 6 j (farther)
BESTJ = 6 i (closer)
HAVEPAIR = 1

Return via QMIN
OCCULT VEARTHx VEAR'I‘Hy VEARTHz

[T Smat] =| VSUN VSUN VSUN
X y z

VMOON_ VMOON_ VMOON
X y Z
CEART
TS ={ CSUN = [TSmat.] TSstar
CMOON
Switch FLAGWRD3 bit 7 (CULTFLAG) to O
If TS € 0, or if TS_ or TS < O:
X y z

Switch FLAGWRD3 bit 7 (CULTFLAG) to 1

Return
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P37

P570PT

Perform " IMUCHK" (assure that IMU is on)

OPTION2 = 000034 (REFSMMAT orientation)

Perform "GOPERFAR" with OPTION1 = 000015
(If terminate,proceed to "GOTOPOOH"; if proceed,skip
next step; if other response,repeat this step.)

End job

If OPTIONR bit 2 = 0 and bit 1 = 1: (CPTIONZ = 1,5,95644)
Proceed to "PACKOPTN" (Preferred orientation)

If OPTION2 bit 2 = 1 and bit 1 = 0:  (OPTION2 = 2,6,10,...)

Proceed to "P570PT" (recycle; invalid in P57)
If OPTION2 bits 2 and 1 = 1: (OPTION2 = 3,7,11,...)
|xsMp] = [REFSMMAT] (REFSMMAT orientation)

Proceed to "PACKOPTN"
(Otherwise, OPTION2 = 0,4,8,12,....) (Landing site orientation)
DSPTEM1 = TIG
Perform "GOFLASH" with TS = K:VO6N34  (DSPTEM1)
(If terminate, proceed to "GOTOPOOH"; if proceed,continue
at next step; if other response,repeat this step.)
If DSPTEM1 = O: (key-in time = 0)
TALIGN = TIMENOW
TDEC1 = TIMENOW
Proceed to "P57D"
If TIMENOW 2 DSPTEM1: (key-in time < present time)
TALIGN = DSPTEM1
TDEC1 = DSPTEM1
Proceed to "P57D"
TIG = DSPTEM1 (key-in time > present time)
TALIGN = DSPTEM1

TDEC1 = DSPTEM1
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PACKOPTN

DSPOPTN

GETIMATT

BYIMATT

ATTCHK

Perform "LEMPREC"

XSMDrf = unitRATT

Perform "LSORIENT" (compute desired IMU orientation)
OPTION2 = 000004 (zero alignment option)
OPTION3 = 000004 (zero flag bit configuration)

If FLAGWRD3 bit 13 (REFSMFLG) = 1, OPTION3 = 001008

If FLAGWRDé bit 1 (ATTFIAG) = 1, OPTION3 = OPTION3 + 000108
OPTION1 = OOO‘]O8
Proceed to "GOFLASH" with TS = K:VO5NO6 (OPTION1,0PTION2,0PTION3)

(If terminate,proceed to "GOTOPOOH"; if proceed,continue
at next step; if other response, repeat this step.)
If FLAGWRD3 bit 13 (REFSMFLG) = 1, proceed to "GETLMATT"
If FLAGWRD6 bit 1 (ATTFLAG) = 1, proceed to "BYLMATT"
If OPTION2 bit 2 = 1% (OPTION2 = 2,3,6,75e..)
Proceed to "BYLMATT" (don't have attitude)
Perform "ALARM" with TS = 007018 (option inconsistent with flags)
Proceed to "GOFLASH" with TS = K:VO5N0O9 (display alarm)
(If terminate,proceed to "GOTOPOOH"; if proceed,proceed to
"DSPOPTN"; if other response, proceed to "DSPOPTN'".)
Perform "REFMEF"
Switch FLAGWRDE bit 2 (INITALGN) to 1
If OPTION2 bit 1 = 1: (OPTION2 = 1,3,5,75ee0s)
Proceed to "GVDETER"
If FLAGWRD6 bit 1 (ATTFLAG) = 1, proceed to "P570PTO"
Switch FLAGWRD8 bit 2 (INITALGN) to O
If OPTION2 bits 2 and 1 both = O: (OPTION2 = 0,4,8,400.)

Proceed to "P570PTO"
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SAMETYP

If OPTION2 bit 2 = O and bit 1 = 1: (OPTION2 = 1,5,9,...)

Proceed to "P570PT1"

If OPTION2 bit 2 = 1 and bit 1 = 0: (OPTION2 = 2,6,10,....)
Proceed to "P570PT2"

If OPTION2 bits 2 and 1 both = 1: (OPTION2 = 3,7,11,....)
Proceed to "P570PT3"

VEC1 = YNBSAV

VEC2 = ZNBSAV

Perform "CDUTRIG"

Perform "CALCSMSC"

TS = INBsm

STARSAV1 = TS

STARSAV2 = ZNBsm
Perform "MFREF" (VEC1,2 to reference coordinates)

Proceed to "SURFLINE"

VEC1 = unitRLS

VEC2 = ZNBSAV
Perform "CDUTRIG"
Perform "CALCSMSC"
Perform ®CDUTRIG®
Perform "NBTOSM"
TS = [NBSMMAT | GSAV

Proceed to "SAMETYP"
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SURFLINE

INITBY

Proceed to "2STARS"

VEC1 = unitRLS

VEC2 = unitRLS

Perform "CDUTRIG"

Perform "NBTOSM"

STARSAV1 = [NBSMMAT | GSAV
Perform "MFREF"

Proceed to "1STAR"

STARAD, = unit( [XSMDMAT ] VEC1)

TS, = STARSAV1

STARAD, = unit( [XSMDMAT ] VEC2)

2812 = STARSAV2
If FLAGWRD8 bit 2 (INITALGN) = 1, proceed to "INITBY"
Perform "CHKSDATA" (R54)

If FLAGWRDO bit 3 (FREEFLAG) = O, proceed to "P57POST"
Perform "AXISGEN"

Perform "CALCGTA"

If FLAGWRD8 bit 2 (INITALGN) = 1, skip next step

Proceed to "GOFLASH" with TS = K:VO6N93 (gyro angles)
(If terminate, proceed to "GOTOPOOH"; if proceed,

continue at next step; if other response, proceed
to "P57POST".)

gsogc = (0GC, IGC, MGC)
TS = TS / K:5DEGREES
== ogc

ALIN - 28



If overflow (any component of TS = 1):

XSMrf = [DoMAT)T. K:UNITX

ISMef = [DOMAT)® K:UNITY

2sMrf = [DCMAT)T K:UNITZ

Perform "CDUTRIG"

Perform "CALCSMSC!

Perform "CALCGA"

If FLAGWRDE bit 2 (INITALGN) = O, skip next step

Proceed to "GOFLASH" with TS = K:VO6N22 (THETAD)
(If terminate,proceed to "GOTOPOOH"; if proceed,
continue at next step; if other response,
repeat this step.)

Perform "COARSE"

1dPIPADT = TIMENOW:Ls

PIPA = -0

GCOMP = 0

Switch FLAGWRD2 bit 15 (DRIFTFIG) to 1

ANG = THETAD

Perform "CD*TR*GS"

Perform "NBTOSM"

STARAD, = [NBSMMAT| K:UNITX

0
STARAD, = [NBSMMAT) K:UNITY
Perform "CDUTRIG"

Perform "CALCSMSC"

IS, = XNBsm

2812 = YNBsm

Perform "AXTISGEN"

Perform "CALCGTA"
(End of indented steps)

ALIN - 29



TS = address of (0GC,IGC,MGC)
Perform "IMUPULSE"

Perform "IMUSTALL"

If ISSGOOD = 0, perform "CURTAINS"

SURFDISP Switch FLAGWRD3 bit 13 (REFSMFIG) to 1

]

[reFsmaT] = [XSMDMAT]

If OPTION2 000008, proceed to "P57POST"
If FLAGWRD8 bit 2 (INITALGN) = 1:
Proceed to "ATTCHK" skipping first step
Perform "REFMF"
Proceed to "P57POST"
2STARS  STARIND = O (first star)
Skip next step

STARIND = 1 (second star)

"B

If FLAGWRD3 bit 13 (REFSMFLG) = 0, proceed to "R590UT"

Proceed to "GOFLASH" with TS = K:VOIN70 (detent and star code)
(If terminate, proceed to "GOTOPOOH"; if proceed,
continue at next step; if other response, proceed
to "R59".)

TSt = TIMENOW

Perform "PLANET"
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TS1 = unit( [ REFSMMAT] TS )
Perform "CDUTRIG"

Perform "SMTONB"

STAR = [sMNBMAT] TS1

POSCODE = 1

INCAZ QMIN = AOTAZPOSCODE
TSazm = QMIN
TSelev = K:r52el (elevation = 45 degrees)

Perform "OANB"

"

TS1 = arccos(STAR * SCAXIS)

TS2 = TS1 - K:DEG30
If TS2 2 O: (star not in field of view; try next positien)

POSCODE = POSCODE + 1

If POSCODE 2 7, proceed to "R59AIM"
Proceed to "INCAZ"

TS = TS1 - K:DEG.5

If TS < O:
CURSOR = O
SPIRAL = O
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79DISP

(If TS < 0:)

Proceed to "79DISP" W
TS1 = 12 TS1
182 = unit(§CAXIS * E:UNITX)

TS3 = unit(-TS2 * SCAXIS)

TS, = unit(SCAXIS * STAR)

TS5 = arccos(TS4+ TS2)

TS = I83+ IS4

If TS 2 0, skip next step

TS5 = K:ABOUT1 - TS5

TS5 = TS5 + QMIN (one's complement form, scaled revs)

TS6 = TS5 in two's complement form scaled B-1 in revs

CYJRSOR = TS6

TS = TS5 + TS1 (one's complement form, scaled revs)

TS= TS in two's complement form scaled B-1 in revs

SPIRAL = TS (two's complement form, scaled 4 revs)

Proceed to "GOFLASH" with TS = K:VO6N79 (CURSOR,SPIRAL,POSCODE )
(If terminate, proceed to "GOTOPOOH"; if proceed,
continue at next step; if other response, proceed
to "R59",)

TS = bits 3-1 of POSCODE shifted left to bits 9-7

TS1 = bits 6-1 of AOTCODE

AQOTCODE = TS + TS1 (star code in bits 6-1; detent code
(derived from POSCODE) in bits 9-7)
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R590UT

ASTAR

GVDETER

Perform "AOTMARK"

Perform "AOTSTALL"

If AOTGOOD = O, perform "CURTAINS"

Proceed to "R59RET"

Perform "ALARM" with TS = 004048

Proceed to "GOFLASH" with TS = K:VO5N09 (display alarm)
(If terminate, proceed to "GOTOPOOH"; if proceed,
proceed to "R590UT"; if other response, proceed to
"R59". )

If STARIND = O, proceed to "ASTAR"

TSt = TSIGHT (time of second mark)

Perform "PLANET"

VEC2 = TS

Proceed to "SURFLINE"

STARSAV1 = STARAD, (first star marked)

TSt = TSIGHT (time of first mark)

Perform "PLANET"

VEC1 = TS

Proceed to "1STAR" (get second star sighting)

THETADx = K:42DEG

-K3 42DEG
K: 35DEG

THETAD
J

THETADz
Switch FLAGWRD3 bit 13 (REFSMFLG) to O

Perform "LUNG" (align to THETAD and get gravity vector)
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Perform "NBTOSM"

XNBsm = [NBSMMAT | K:UNITX

ISMsm = 2 STAR_ STAR - K:UNITX

YNBsm = [NBSMMAT | K:UNITY

YSMsm = 2 STAR_ STAR - K:UNITY

ZNBsm = [NBSMMAT | K:UNITZ

ZSMsm = 2 STAR STAR - K:UNITZ
Perform "CALCGA" (get new THETAD)

§TARAD12 = 4 GOUT

Perform "LUNG"

STARSAV1 = unit(4 GOUT + §TARAD12)

DSPTEM1 = arccos(STARSAV1 e+ GSAV)

Switch FLAGWRDO bit 3 (FREEFLAG) to O

Proceed to "GOFLASH" with TS = K:VO6NO4 (DSPTEM1)
(If terminate, proceed to "GOTOPOOH"; if proceed,
continue at next step; if other response,
switch FLAGWRDO bit 3 (FREEFLAG) to 1 and
continue at next step.)

GSAV = STARSAV1

If FLAGWRDO bit 3 (FREEFLAG) = 1, proceed to "GVDETER"

Proceed to "ATTCHK"

return address

1]

QMIN
GACC = 0
Perform "COARSE"
GCTR = =20

1dPIPADT = K:PRIO31
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GREED

GRABGRAV

ADDGRAV

REGCOARS

GCOMPSW = 0
GCOMP = 0

Perform "PIPASR" skipping first step (don't load PIPTIME1)

Call "GRABGRAV" in two seeonds

End job

Perform "PIPASR" skipping first step
Establish "ADDGRAV" (pr13)
End task

Perform "1/PIPA"

GCTR = GCTR + 1

GACC = GACC + K:lungt DELV

If GCTR < 0, proceed to "GREED"

STAR = unitGACC

Perform "CDUTRIG"

Perform "SMTONB"

GOUT = [SMNBMAT ] STAR

Return via QMIN

Perform "CAL53A"

Switch FLAGWRD3 bit 13 (REFSMFLG) to 1
Switch FLAGWRD2 bit 4 (PFRATFLG) to o
Perform "R51"

Proceed to "GOTOPOOH"
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P57POST

KILIAOT

IMUCHK

Proceed to "GOPERF1" with TS = 00014 (checklist # 14)
(If terminate, proceed to "GOTOPOOH"; if proceed,
proceed to "ATTCHK" skipping first step; if other
response, continue at next step.)

If OPTIONR # 000028, proceed to "GOTOPOCH"

(OPTION2 = 000028 so calculate landing site)

Perform "CDUTRIG"

Perform "NBTOSM"

TSgref = [REFSMMAT]® [NBSMMAT] GSAV

Switch FLAGWRD3 bit 12 ( LUNAFLAG) to 1

ALPHAV = |RLS| ISgref

Switch FLAGWRD1 bit 13 (ERADFILAG) to O

TSt = TIMENOW

Perform "N89DISP"

RN = ALPHAV (scaled B29)

PIPTIME = TSt

Perform "MOONMX"

RLS = [MoonaT] (RN - ([moomaat]® mM504) * RN)

Proceed to "GOTOPOOH"

Switch EXTVBACT to zero (allow extended verbs)

Proceed to "GOTOPOOH"

If bit 9 of IMODES30 = 1: (IMU off)

Perform "ALARM" with TS = 002108
Proceed to "GOTOPOOH"
Switch FLAGWRDO bit 8 (IMUSE) to 1

Return
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Quantities in Computations

1dPIPADT: See IMUC section.
ALPHAV: See COOR section.

ALT: See COOR section.
ANG: See COOR section.

AOTAZi, AOTEL, (i =1,2,3,4,5,6): Twelve single precision scalars
stored in Units of revolutions, scaled B-1 in two's complement
form. The AOT has six working positions, fixed by detents, defined
by angles of rotation around the -X spacecraft axis, measured
from the +Z spacecraft axis (AOTAZ) and by angles of elevation
above the Y-Z plane (AOTEL). These quantities are stored in
erasable memory because their exact values vary among spacecraft,
but the nominal values are;

A AOTAZ. AQTEL,

4 —

1 (left forward) -60° 45°
2 (forward) 0° 145°
3 (right forward) 60° 45°
4 (right rear) 120° L45°
5 (rear) 180° 45°
6 (left rear) -120° 45°

AOTCODE: A single precision scalar containing the star selection
code in bits 6-1 (an octal number from 1 to 45, for stars,
O for a planet, and 468-508 for sun, earth and moon), and
the AOT detent code in bits 9-7 (1,2,3,4,5 or 6 for AOT detents;
0 for COAS calibration; 7 for COAS position to be specified.)

AOTGOOD: A flag indicating that the AOT marking procedure was
successfully executed. (Implemented as a variable return
address in the listing.)

AZ, EL: Single precision angles of azimuth and elevation of the COAS
stored in units of revolutions, scaled B-1 in two's complement form.

BESTI:  Single precision value, scaled B14, of the index parsameter for
star #1 of the "best" star pair as determined by "R56". It is the
star farthest from the AOT center detent position and will be zero
if no star pairs are found that are satisfactory. In "R59" it is the
value of the index parameter of the first celestial body used for
marking (if two bodies are to be used). It is equal to six times the
decimal equivalent 'of fthe "star selection code": (sée AOTCODE definition
and the Star Table),

BESTJ: See BESTI. In "R56" it is the index parameter for star #2
which is the closest star to the AOT center detent position. In
"R59" it is the index parameter of the second celestial body used
for marking (if two are to be used) or the index parameter of the
single body being used (Technique 3 alignment).
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QDU: See COOR section.

CEARTH, CMOON, CSUN: Three double precision cosines defining the ‘
areas around the esxrth, moon and sun within which an object to
be marked is considered to be occulted; scaled B2 and unitless.

CURSOR: Single precision angle through which the reticle must be

rotated to place the cursor on a star for a given viewing position.
Used only on the lunar surface, scaled B-1 in units of revolutions.

[DCMAT]: Double precision direction cosine matrix, scaled Bl and unitless.
When multiplied by K:UNITX, K:UNITY and K:UNITZ it is equivalent to the
program notation of XDC, YDC and ZDC respectively.

DELV: <See SERV section.
DSPTEM1: See DATA section.

EXTVBACT: See EXVB section.

GACC: Double precision sum of measured gravity vectors, scaled Bl3 in units
of centimeters per second squared and expressed in stable member coordinates.

GCOMP, GCOMPSW: See IMUC section.

GCTR: Single precision counter scaled Bl4 and unitless. Set to =20 in "IUNG"
and incremented by one each two seconds until it becomes zero, thus allowing
4O seconds of PIPA readings for determination of the gravity vector. ]

GOUT: Double precision unit gravity vector, scaled Bl and expressed in navigation
base coordinates.

GSAV: Double precision storage for unit gravity vector determined in previous
pass through "P5T", scaled Bl and expressed in navigation base coordinates.

HAVEPAIR: Single precision flag to indicate whether "R51" was successful in
finding a star pair adequately separated for marking.

IMODES30, IMUCADR, ISSGOOD: See IMUC section.

K:1dSQR3: Double precision constant stored as 2236 116234, scaled BO and unitless.
Equation value: 0.57735021 (Equivalent to 1/V3 ).

K:35DEG: Single precision constant stored as 06211,, scaled B-1 in units of
revolutions. Equation value: 0.09793. (Equiva?ent to 35.255 degrees.)

K:42DEG: Single precision constant stored as 07357 , scaled B-1 in units of
revolutions. Equation value 0.11667 (Equivalent to 42.001 degrees.)

K:5DEGREES: Double precision constant stored as 0.013888889, scaled BO in

units of revolutions. Equation value: 0.013888889. (Equivalent to
5 degrees.)
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K:ABOUT1: Double precision constant, scaled BO in units of
revolutions. Equation value: 0.99999999.

K:CATLOG,: A 1list of thirty-seven unit vectors defining the
position of stars to be used as references against which
star sighting measurements can be compared, scaled B1 and
unitless. See table below.

K:CSS33: Double precision constant stored as 0.16070, scaled
B2 and unitless. Equation value: 0.64280. (Equivalent to
the cosine of 50 degrees)

K:CSS40: Double precision constant stored as 0.16070, scaled B2
and unitless. Equation value: 0.64280. (Equivalent to
the cosine of 50 degrees)

K:CSS5: Double precision constant stored as 0.2490475, scaled
B2 and unitless. Equation value: 0.99619. (Equivalent
to the cosine of 5 degrees)

K:CSSUN: Double precision constant stored as 0.125, scaled B2
and unitless. Equation value: 0.5. (Equivalent to the
cosine of 60 degrees)

K:DEG.5: Double precision constant stored as 0.00138888, scaled
BO in units of revolutions. Equation value: 0.00138888%,

K:DEG30: Double precision constant stored as 0.083333333, scaled
BO in units of revolutions. Equation value: 0.083333333.
(Equivalent to 30 degrees)

K:DEG359: Single precision constant stored as 16338 x 2-14, scaled
BO in units of revolutions. Equation value: 0.99719.
(Equivalent to 359 degrees)

=1
K:DEGREE1: Single precision constant stored as 46 x 2 4,

scaled BO in units of revolutions. Equation value: 0.0028.
(Equivalent to 1 degree)

K:lungt: Implied constant, scaled B-1 in units of seconds_1.
Equation value: %
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K:PRIO31: See SERV section.

K:r52el: Single precision constant stored as 10000,, program
notation "BIT13", scaled B-1 in units of revolutions. Equation
value: 0.125. (Equivalent to 45 degrees)

K:ROE: Double precision constant stored as 0.00257125, scaled BO
and unitless. Equation value: 0.00257125. (Equivalent to the
ratio of the mean Earth to Moon distance to the mean Earth to
Sun distance)

K:RSUBE: Double precision constant stored as 6378166 x 2_29, scaled
B29 in units of meters. Equation value: 6378166. (Equivalent to
6378.166 km; the equatorial radius of the Earth)

K:RSUBEM: Double precision constant stored as 384402000 x 2-29, scaled
B29 in units of meters. Equation value: 384402000. (Equivalent to
384,402.0 km; the mean distance between the Earth and Moon)

K:RSUBM: Double precision constant stored as 1738090 x 2-29, scaled
B29 in units of meters. Equation value: 1738090. (Equivalent
to 1738.09 km; the mean radius of the moon)

K:TSIGHT1: Double precision constant' stored as 36000 x 2-28,
scaled B28 in units of centiseconds. Equation value: 36000.

(Equivalent to 6 minutes)
K:UNITX, K:UNITY, K:UNITZ: See SERV section.
K:VxxlNxx: See Major Variables section.

LANDLONG, LANDLAT, LANDALT: Double precision locations for display
of LONG, LAT and ALT respectively in Noun £9.

LAT, LONG: See COOR section.
IM504: See COOR section.

LOC: Single precision octal storage for starting address of an
awakened job.

MARKCNTR: Single precision counter to keep track of the number
of valid marks made by the astronaut and to limit the number
allowed, scaled B14 and unitless.

MARKSTAT: Single precision address storage and flagword. The
address of the special working storage area assigned to the
mark system is kept in bits 9-1 of MARKSTAT. Bit 15 is
always O. The other bits have the following significance:
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Bit Meaning

14 (1) A set of marks is complete and the next
mark is to be interpreted as part of a
new set.

(0) A pair of marks is in the process of being
executed and redundant marks will not be
accepted.

13 (15 A mark has been made since the last reject
and it alone will be cleared if a reject
is entered.

(0) If a reject is entered, both marks will
be cleared.

12 (1) The processing of marks and mark rejects

in the "MARKRUPT" routine is inhibited

because the parameters needed for inter-
pretation of marks have not yet been
initialized, or the astronaut has indi-
cated that he is finished taking marks.

The processing of marks is allowed.

The Y mark of a pair has been accepted.

The Y mark of a pair has not yet been

accepted.

The X mark of a pair has been accepted.

The X mark of a pair has not yet been

accepted.

43
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MARKVAC: Single precision storage for two's complement values of
gimbal angles from the CDU at the time of each of the X and Y
marks taken, for use in constructing the line-of-sight vector
at each mark and determining the average line-of-sight vector,
scaled B-1 in units of revolutions.

MARKVACMKDEX+1,3: Single precision storage for CURSOR and SPIRAL

angles respectively, indexed such that up to five sets of angles
can be stored for use in determining the average line-of-sight

vector. Storage locations actually used are those normally re-
served for Y-mark CDU information. (Only X-mark information is
used on the lunar surface.) Scaled B-1l in units of revolutions.

MKDEX: Single precision index scaled Bl4 and unitless, or B3 and
unitless.

[MOONMAT] : See COOR section.

n: Single precision integer scaled Bl4.
[BSMMAT] : See COOR section.

GC, IGC, MGC: See COOR gsection.

OPTCADR: Single precision octal storage for address to return to
program that has requested marking and is waiting for the marking

to be completed.
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OPTION1, OPTION2, OPTION3: See DATA section.

PBODY: See ORBI section.

PIPA: See IMUC section.

PIPTIME: See SERV section.

PIANVEC: Double precision unit vector in the direction of the
first celestial body to be used for marking, scaled B1 and
expressed in reference coordinates.

POINTVSM: See ATTM section.

POSCODE: Single precision counter to indicate the position of
the AOT. Changed to the appropriate detent code in "79DISP";

scaled B14 and unitless.

QVAJ, QMIN: Single precision octal return address storage cells.
QMIN is also used as temporary working storage.

RATT: See ORBI section.
[REFSMMAT]: See COOR section.

RFSTMAT?: Double precision, 3x3 matrix such that ést
where A is a vector expressed in "line-of-sight" 8nd reference
coordinates respectively; scaled B1 and unitless.

RLS: See DESC section.
RN: See SERV section.
RRECTCSM: See ORBI section.
SAX: Double precision unit vector in the direction of the
line-of-sight of the AOT center position, scaled B1 and
expressed in reference coordinates.
SCAXIS: See ATTM section.
[sMvBMAT) :  See GOOR section.
[SMSTMAi]: Double precision, 3x3 matrix defined such that
A tar - [SMSTMAT A o Where A is a vector expressed in
"ilne—of-sight" and stable member coordinates respectively;
scaled B1 and unitless.
SPIRAL: Single precision angle through which the reticle must be

rotated to place the spiral on a given star. Used only on
the lunar surface, scaled B-11in units of revolutions.
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STAR: Line-of-sight vector to a star, expressed in navigation
base coordinates. Also temporary storage for GACC in "ADDGRAV".

STARAD., STARAD,: Double precision unit vectors used primarily
for storage of measured position vectors of the two celestial
bodies being marked and expressed in stable member coordinates.
Also used as working storage for other occasions.

§TARAD12: Double precision unit vector used for working storage.
STARIND: Single precision index scaled B14 and unitless.

STARSAV1, STARSAV2: Double precision vectors scaled B1 and unit-
less. Used to store the two "measurement" vectors for
comparison with two "reference" vectors to determine IMU
alignment. Expressed in stable member coordinates.

TALIGN: Double precision time for determination of IMU alignment,
scaled B28 in units of centiseconds.

TDEC1: See ORBI section.
THETA: See COOR section.
THETAD: See IMIC section.
TIG: See BURN section.
TIMENOW: See EXVB section.
TLAND: See DESC section.

TSIGHT: Double precision time of latest sighting, scaled B28
in units of centiseconds.

UXP, UYP: Double precision vectors expressed in navigation base
coordinates, scaled B1 and unitless. Unit vectors perpendicular
to the planes whose images in the AOT eyepiece coincide with
the horizontal (X) and vertical (Y) crosshairs. The inter-
section of these planes determines the line-of-sight vector
to the star being marked.

UXP', UYP': Double precision vectors expressed in navigation
base coordinates, scaled B1 and unitless. Unit vectors
perpendicular to the AOT line-of-sight and to the horizontal
(X) and vertical (Y) crosshairs in the AOT eyepiece reticle.
Each defines one of two planes whose intersection determines
the line-of-sight vector to the image of a star in the AOT
eyepiece. Because of the construction of the AOT (a rotating
shaft above a fixed mirror), the field of view rotates about
the line-of-sight vector as the AOT shaft rotates about the -X
spacecraft axis.
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VATT: See ORBI section.

VEARTH, VMOON, VSUN: Double precision unit vectors in the direction
of the earth, moon and sun with origin at the spacecraft, scaled
B1 and expressed in reference coordinates. (Origin also at
the earth or moon)

VEC1, VECZ2: See COOR section.
VRECTCSM: See ORBI section.

XDC, YDC, ZDC: In "P52D" these are the desired stable member
unit vectors in present stable member coordinates. They are
also the x,y and z components of [DCMAT].

XNBrf, INBrf, ZNBrf, XNBsm, YNBsm, ZNBsm: See COOR section.
XSMrf, YSMrf, ZSMrf: See COOR section.
XSMDrf, YSMDrf, ZSMDrf: See COOR section.

[XSMDMAﬂ or [XSMD] _Double precision, 3x3 matrix defined such that
Asmd = [XSMDMAT] Aref, where A is a vector expressed in desired
stable member coordinates and reference coordinates respectively;
scaled B1 and unitless. The components are XSMDrf, YSMDrf
and ZSMDrf.

XYMARK: Single precision octal storage for bit indicating whether
mark being processed is an X or a Y mark, or working storage
for other occasions.

YNBSAV, ZNBSAV: Double precision unit vectors in the directions of

the Y and Z navigation base axes, scaled Bl and expressed in
moon-fixed coordinates.
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Display

0ol
02
03
Ol
05
06
07
10
11
12
13
14
15
16
17
20
21
22
23
2L
25
26
27
30
31
32
33
34
35
36
3
4O
41
L2
L3
L,
L5

Index

O RO NP W =

Values of K:CATLOG

X Component

0.8748133997
0.9342553544,
L774532337
.14,918000631
.0129982160
. 5449551668
7030586868
4103778920
.3505042402
.2009372589
.1369502971
-0.0615513667
-0.1822546265
-0.4120676148
-0.3613079259
-0.4659729684
-0.7743822014
-0.8609439465
-0.965697016L
-0.9524789319
-0.45224,63508
-0.9169129501
-0.5812126603
-0.689688L361
-0.7860975319
-0.5325711148
-0.3514226152
-0.1144569328
-0.1122343912
0.1218415406
0.2071906196
0.4539032479
0.552220857L
0.3203620343
0.4541602263
0.8140910890
0.8343989109

OO0 0O0O0O00O0

3
Y Component

0.0262841262
0.1737172460
0.1167072881
0.2205989850
0.0078080287
0.5316172328
0.7077417542
0.4989028983
0.8927120666
0.9690787331
0.6814042795
0.6031426337
0.9404481198
0.9064582961,
0.574,6463708
0.4773764969
0.615077,086
0.4634300302
0.0523798707
-0.0595555999
-0.0494719393
-0.3504194263
-0.2910465457
-0.4183842954
-0.5219727016
-0.7161840263
-0.8241537737
-0.3399947346
-0.9695188377
-0.7702450672
-0.8719421540
-0.8778479991
-0.79319522,48
-0.4435303001
-0.5391353124

-0.5555422636
-0.2390600205

(Star Table)

Z Component

0.4837464836
-0.3114309732

0.8708718726
-0.84,22997006
.9998850339
.64,83879887
.069351,8283
.76333861,28
.2832171316
.14,32153163
.7189804058

.0923776901
7343283537
.T449703838
1483643740
.2097811430
.2543336816
.2987256513
.8905199410
.1909891817
.7599235169
.5910029120
.3310516106
.4,510526000
4441539178

2177995974
.6260009387

.4436089799
.1528225504

.8370478121

OO(IDJDO&)OOé)gDOOé)OCl)(BCl)OO&)Oé)Ob&)OC')OOO&)O

.9334362275 A
A Ophiuchi

.256697214L, B

Identification

& Andromedae
B Ceti

Y Cassiopeiae
A Eridani

A Ursae Minoris
©® Eridani

A Ceti

X Persei

A Tauri

B Orionis

X Aurigae

.7952549230 X Carinae
.2869504,922 % Canis Majoris

X Canis Minoris

¥ Velorum

L Ursae Majoris

A« Hydrae

% Leonis

B Leonis

Y Corvi

« Crucis

X Virginis

» Ursae Majoris

@ Centauri

X Bootis

X Coronae Borealis
X Scorpii
Trianguli Australis

X Lyrae

o Sagittarii
X Aquilae
Capricorni
X Pavonis

7092754074 % Cygni
.1691995627 € Pegasi

-0.4,96617321) & Piscis Austrini

The "Display'" column gives the star number that ié displayed by the

program (as an octal quantity).

The "Index" column is the decimal

equivalent of the "Display" column and when multiplied by six is
equal to BESTI (or BESTJ).
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Stars in Star Table

Right
Display Name Catlg. Magnitude Ascension Declination
01 Alpheratz X And 2 0 06 53.0 +28 55 L9
02 Diphda B Cet 2.2 0 42 08.0 -18 08 Ll
03 Navi ¥ Cas Var. 0 54 56.6 +60 33 36
oL Achernar A Eri 0.6 136 38.1 -57 23 02
05 Polaris" X UMi 2.1 2 04, 07.3 +89 07 52
06 Acamar ® Eri 3.4 2 57 09.6 -40 25 13
07 Menkar . KX Cet 2.8 3 00 45.6 + 3 58 37
10 Mirfak X Per 1.9 3 22 14.6 +4L9 L5 34
11 Aldebaran X Tau 1.1 L 34 15.3 +16 27 08
12 . Rigel - R ori 0.3 513 08.6 - 8 1) 02
13 Capella X Aur 0.2 5 14 32.6 +45 58 13
14 Canopus X Car -0.9 6 23 18.5 -52 4O L6
15 Sirius A CMa -1.6 6 43 52.3 -16 4O 30
16 Procyon A CMi 0.5 737 47.1 + 518 01
17 Regor y* Vel 1.9 8 08 38.3 -47 15 02
20 Dnoces Lt UMa 3.1 8 57 13.8 +.48 09 24
21 Alphard X Hya 2.2 9 26 09.7 - 8 31 56
22 Regulus X Leo 1.3 10 06 4L9.7 +12 06 3L
23 Denebola B Leo 2.2 11 47 34.9 +14 4L O3
=i Gienah Y, Crv 2.8 12 14 18.7 -17 22 52
25 Acrux % Cru 1.6 12 24 58.3 -62 56 19
26 Spica X Vir 1.2 13 23 39.7 -11 00 38
27 Alkaid 7 UMa 1.9 13 46 23.9 +49 27 27
30 Menkent & Cen 2.3 14 04 58.1 =36 13 41
31 Arcturus X Boo 0.2 i4 14 20.2 +19 19 57
32 Alphecca A CrB 2.3 15 33 27.5 +26 4,8 LO
33 Antares X Sco 1.2 16 27 37.5 =26 22 09
3L Atria & TrA 1.9 16 45 34.7 -68 58 37
35 Rasalhague % Oph 2.1 17 33 35.2 +12 34 47
36 Vega X Lyr 0.1 18 35 57.3 +38 45 20
37 Nunki & Sgr 2.1 18 53 28.0 -26 20 O4
L0 Altair X Aql 0.9 19 49 22.0 + 8 L7 26
AT Dabih 8 cap 3.2 20 19 22.9 -14 52 27
L2 Peacock A Pay 2.1 20 23 21.7 =56 49 L7
L3 Deneb o Cyg 1.3 20 40 26.5 +45 10 34
Ll Enif € Peg 2.5 21 42 L4L5.6 + 9 L4 29
L5 Fomalhaut X PsA 1.3 22 56 03.0 -29 L6 35

"Display'" gives the star number that is displayed by the program (as an
octal quantity). '"Catlg" refers to the name on pp. 284-294 of "The
American Ephemeris and Nautical Almanac for the Year 1971,'" where the
magnitude and coordinate information were obtained.

Right ascension is given in hours, minutes, and seconds; Declination is
given in degrees, minutes, and seconds. Both are for January 1.010, 1971.

Star 25, has magnitude of 1.6, not 1.0 as in previous Nautical Almanac
publicagions (see note on page viii of 1971 Nautical Almanac).
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Ascent Guidance

Perform "RO2BOTH"

DVTHRUSH = K:THRESHZ

DVCNTIR = 4

Proceed to "GOFLASH" with TS = K:VO6N33 (TIG)
(If terminate, proceed to "GOTOPOOH"; if proceed, continue
with next step; if other response, repeat this step.)

Switch FLAGWRD6 bit 8 (MUNFLAG) to 1

Switch DAPBOOLS bit 11 (ACC4OR2X) to 1

Switch FLAGWRDO bit 2 (R10FLAG) to 1

Switch FLAGWRDO bit 7 (RNDVZFLG) to O

Switch FLAGWRD9 bit 11 (FLPI) to 1

Switch FLAGWRD9 bit 14 (FLVR) to 1

TSt = TIMENOW

Perform "MOONMX"

[MOONMAT]T (K:UNITZ + LM504 x K:UNITZ)

1]

TS

WM = K:MOONRATE [REFSMMAT] TS

LANDMAG = |11.Ls|

Perform "P12INIT" (initialize APS parameters and ascent
targets)

TGO = K:TGOA

TDEC1 = TIG

Perform "ILEMPREC"

v1s = [REFSMMAT| VATT

R = [REFSMMAT| RATT
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P12RET

Perform "MUNGRAV" with TSr = R
UNITR = unitR

Y = RCO (UNITR - QAXIS)

XRANGE = - Y
ZDOTD = K:VINJNOM
RDOTD = K:RDOTDNOM

Proceed to "GOFLASH" with TS = K:VO6N76 (ZDOTD, RDOTD, XRANGE)
(If terminate, proceed to "GOTOPOOH"; if proceed, continue
with next step; if other response, repeat this step.)

WHICH = "P12TABIE"

YCO = XRANGE + Y

V = K:49FPS UNITR + V1S

RDOT = V - UNITR

ZAXIS = unit(UNITR % QAXIS)

Proceed to "ASCENT" (calculate initial guidance quantities)

TS = (ATP)2 + (ATY)2

If TS = 0, skip next step

TS = arcsin(ATY /TS )

YAW = TS

PITCH = - arccos(UNITR + unitUNFC)

Perform "PFLITEDB" with interrupts inhibited _

Switch FLAGWRD9 bit 11 (FLPI) to O

Proceed to "BURNBABY"
(Standard pre-ignition sequence; initializes average-g
navigation at TIG-30 seconds and calls "P12IGN" at time of

ignition which sets AVEGEXIT to "ATMAG" establishing the
two second guidance loop. See BURN section for details.)
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ABRTJASK

If MODREG = MMNUMBER or FLAGWRD9 bit 9 (LETABORT) = O or

FLAGWRD7 bit 5 (AVEGFLAG) = O:
Proceed to "ABORTALM"
IS=0

Proceed to the second step of "P71A"

If MODREG = MMNUMBER or FLAGWRD9 bit 9 (LETABORT) = O or

FLAGWRD7 bit 5 (AVEGFLAG) = O:
Proceed to "ABORTALM"
8 = 2
Inhibit interrupts
Cause the "Resume" instruction to resume operations at "ABRTJASK"

Resume

(The purpose of the above manipulation of the "Resume" instruction
is to cause the instructions beginning at "ABRTJASK" to be
performed immediately. "ABRTJASK" will appear as a task to

all other jobs, i.e. "ABRTJASK" will be performed prior to the
performance of any other job. Note also that "ABRTJASK" is
performed under interrupt inhibit so that no tasks which are
scheduled on program interrupts will be performed until after
"ABRTJASK" is completed.)

TSa = 70
If TS # O:
TSa = 71
Switch FLGWRD10 bit 13 (APSFLAG) to 1 (tell DAP we are
on ascent stage)
MODREG = TSa
DISPDEX = TSa (positive to kill "CLOKTASK")

Switch DAPBOOLS bit 6 (ULLAGER) to O
Switch DAPBOOLS bit & (DRIFTBIT) to O

Switch DAPBOOLS bit 9 (XOVINHIB) to O (allow X-aexis override)
Switch DAPBOOLS bit 15 (PULSES) to O

DB = K:1DEGDB
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GOABORT

Switch FLAGWRD5 bit 7 (ENGONFLG) to 1

Switch bits 14 and 13 of channel 11 to 01, (ensure engine m)
Switch FLGWRD11 to 40000 (bypass LR updates)

Switch FLAGWRDO bit 2 (R10FLAG) to 1

TEVENT = TIMENOW

AVEGEXIT = "SERVEXIT"

Establish "GOABORT" in restart logic with priority 258

Cause "ENEMA" to maintain "SERVICER" and "R10,R11"

Clear all other restart logic

Proceed to "ENEMA"

DVCNTR = 4

WHICH = "ABRTABIE"
Switch FLAGWRD9 bit 10 (FLRCS) to O
Switch FLAGWRDE bit 10 (FLUNDISP) to O
Switch FLAGWRD7 bit 7 (IDIEFIAG) to O
Switch DAPBOOLS bit 11 (ACC4OR2X) to 1
Switch FLAGWRD9 bit 13 (P7071FLG) to 1
Perform "INITCDUW"
If MODREG = 70: (P70)

TGO = TIMENOW - TIG

TBUP = MASS / K:MDOTDPS

DV1 = (MASS / K:DVD) / K:2SEC
DV2 = DV1
DV3 = DV1

AT = K:ATD / DV1
TTO = K:100PCTTO

VE = - K:DPSVEX
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(If MODREG = 70:)
Perform "COMMINIT" (initialize ascent targets)
Proceed to "INJTARG"
Switch FLAGWRD9 bit 9 (LETABORT) to O
DVTHRUSH = K:THRESH2
Perform "P12INIT"
If FLAGWRD9 bit 8 (FLAP) = 1:
TGO1 = 2 TGO
TGO = TGO1
Proceed to the third step of "UPTHROT"
TGO = TIMENOW - TIG
INJTARG RDOTD = ABTRDOT
Y = RCO (UNITR - QAXIS)
TS = | Y| - YLIM
If TS 20, YCO = TS signY
XRANGE = YCO - Y
Switch FLAGWRD9 bit 14 (FLVR) to 1
TS = (unitRCSM % unitR) « WM
TS1 = signTS arccos(unitRCSM - unitR)
If TS1== THETCRIT:
Switch FLAGWRD9 bit 7 (ABTTGFLG) to 1

JPARM = J2PARM

KPARM = K2PARM

RP = THETCRIT (224 meters/revolution) (this step included only
because of coding
If TS1.& THETCRIT: efficiency)
JPARM = J1PARM
KPARM = K1PARM
RP = J2PARM (this step included only because of coding

efficiency)
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UPTHROT

THROTUP

P12INIT

COMMINIT

RP = RCO

Switch FLAGWRD9 bit 6 (ROTFLAG) to 1

Perform "THROTUP"

Switch FLAGWRD9 bit 8 (FLAP) to 1

Perform "PAOAUTO"

Perform "THROTUP"

Change job priority to 17 (pr17)

AVEGEXIT = "ATMAG"

End job

THRUST = K:MAXTHRUST

Switch bit 4 of channel 14 to 1

Return

DV3 =
DV2 =

DVl =

K:DVA

K:DVA

K:DVA

AT = K:ATA

TBUP = K:TBUPA

TTO = - K:ATDECAY

VE = - K:APSVEX

If FLAGWRD9 bit 8 (FLAP) = 1, return

RCO

1]

TXO =
YCO =
YDOTD

QAXTS

Return

K:HINJECT + LANDMAG

0

0

0

unit( [REFSMMAT] (VRECTCSM * RRECTGCSM) )
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ABORTAIM Switch bit 7 of channel 11 to 1 (turn on Operator Error lamp)
Perform "RELDSP"
Proceed to "PINBRNCH"

ATMAG (Entered via AVEGEXIT at the end of each "SERVICER" cycle)

RDOT = HDOTDISP (documentation conveniences RDOT and

- HDOTDISP are the same cells in the
ZAXIS = UHZP computer; as are ZAXIS and UHZP and
QAXTS = UHYP QAXIS and UHYP)

If FLAGWRD9 bit 10 (FLRCS) = 1:
Proceed to "ASCENT"

If ABDVCONV& K:MINABDV:
Perform "STOPRATE" with interrupts inhibited
Proceed to "ASCTERM1"

Switch FLAGWRD8 bit 8 (SURFFIAG) to O

Switch FLAGWRD5 bit 1 (RENDWFLG) to O

DVO = DV1
DV1 = DV2
DV2 = DV3
DV3 = K:ONE / ABDVCONV

TS = (DVO + DV1 + DV2 + DV3) VE K:2SEC9 / 4
TBUP = (TS + TBUP - K:6SEC18) / 2
AT = VE / TBUP

ASCENT ~ RMAG = |R |

ZDOT

]

ZAXTIS . V
LAXIS = ZAXIS x UNITR
YDOT = IAXIS -V

Y = RCO (UNITR . QAXIS)

GEFF = (GDT1 / K:2SEC18) . UNITR + (|UNITR = 1]2 / RMAG)
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MAINENG

If FLAGWRD9 bit 13 (P7071FLG) = 1, perform "ZDOTDCMP*

DZDOT

ZDOTD - ZDOT

DYDOT

YDOTD - YDOT

DRDOT

RDOTD - RDOT

VGVECT

DRDOT UNITR + DYDOT IAXIS + DZDOT ZAXIS

VGVECT = VGVECT - 4 TGO GEFF UNITR

VGBODY = [XNBPIP] VGVECT
If FLAGWRD9 bit 10 (FLRCS) = 1:

TG0 = |1GVECT| / K:ATRCS

H

PCONS = 0O

PRATE = O
Perform “RPCOMP2"

End job

TS1 l\_IGVECTI / VE

TGO = TBUP TS1 (1 - 0.5 TS1) - TTO
TTOGO = - TGO
If FLAGWRD7 bit 7 (IDLEFLAG) = O:
If TGO < K:4SEC17:
TS = - (TIMENOW - PIPTIME + TTOGO)
If TS€0, TS = 1
ENGOFFDT = TS
Call "ENGOFF1" in ENGOFFDT centiseconds
Switch FLAGWRD7 bit 7 (IDLEFLAG) to 1
If TGO < K:T24:
Proceed to "CMPONENT"
TS = (TBUP - TGO) / TBUP

TSa = -~ loge(TS)
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D12 = TBUP - (TGO / TSa)
If FLAGWRD9 bit 12 (FLPC) = 1:
PRATE = 0
YRATE = 0
Proceed to "CONST"
If TGO £ K:T3:
Switch FLAGWRD9 bit 12 (FLPC) to 1
PRATE = 0
YRATE = 0
Proceed to "CONST"
D21 = TGO - D12

TSe = 4 TGO - D21

PRATE = (DRDOT D21 + TGO RDOT + RMAG - RCO) / (TSe TGO)
YRATE = (DYDOT D21 + TGO YDOT + Y - YCO) / (TSe TGO)
If PRATE = O:

PRATE = 0

Proceed to "CONST"
If PRATE / TBUP < K:PRLIMIT:

PRATE = K:PRLIMIT TBUP

CONST PCONS (DRDOT / TSa) - PRATE D12

YCONS = (DYDOT / TSa) - YRATE D12
CMPONENT If FLAGWRD9 bit 13 (P7071FLG) = 1, perform "RPCOMP2"

{(k:100cs PRATE + PCONS) / TBUP} - GEFF

ATR

ATY (K:100CS YRATE + YCONS) / TBUP
AH = ATY LAXIS + ATR UNITR

AMAG = |AH|
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ATPSQ = (AT)? - (AHMAG)?
1r ATPSQ <O0:
AH = (AT / AHMAG) AH
ATP = 0
Skip next step
ATP = V/ATPSQ sign(DZDOT)

UNFC = ATP ZAXIS + AH

1
-—
oo

If FLAGWRD9 bit 11 (FLPI)

Proceed to "P12RET"

If FLAGWRD9 bit 14 (FLVR) = 1:
If RMAG - LANDMAG < K:25KFT:
Switch DAPBOOLS bit 9 (XOVINHIB) to 1

TS = unit(ATY LAXIS + ATP ZAXIS)

If RDOT L K:4OFPS:

UNWC = TS

UNFC = UNITR

Proceed to "ASCTERM"
Switch FLAGWRD9 bit 6 (ROTFLAG) to O
Switch FLAGWRD9 bit 14 (FLVR) to O
If FLAGWRD9 bit 6 (ROTFLAG) = O:
TXO = PIPTIME + K:10SECS
UNWC = - UNITR
If TXO = PIPTIME:

Proceed to "ASCTERM"
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ASCTERM

ASCTERM1

ENGOFF1

If FLAGWRD9 bit 6 (ROTFILAG) = 1:

TS = (unitUNFC . XNBPIP) - COSTHET1

1 18 £ 0:

TS = (XNBPIP « UNITR) - COSTHET2

If TS £.0:
UNFC = UNITR

Proceed to "ASCTERM"

Switch FLAGWRD9 bit 6 (ROTFLAG) to O

Switch DAPBOOLS bit 9 (XOVINHIB) to O

I
-
(1]

If FLAGWRD9 bit 10 (FLRCS)
End job

Perform "FINDCDUW"

1
-t
o

If FLAGWRD9 bit 10 (FLRCS)
End job

If FLAGWRD8 bit 10 (FLUNDISP) = 1:
End job

Proceed to "GODSP" with TS = K:VO6N63

Perform "ENGINOF2"
Establish "CUTOFF"

End task

ASCT - 11

(allow x-axis override)

(ABVEL, HDOTDISP, HCALC1)

(pr17)



CUTOFF

TERMASC

RPCOMP2

ZDOTDCMP

Switch FLAGWRD9 bit 10 (FLRCS) to 1

Proceed to "GOFLASH" with TS = K:V16N63  (ABVEL, HDOTDISP, HCAILC1)
(If terminate, proceed to "TERMASC"; if proceed, continue
with next step; if other response, repeat this step.)

Inhibit interrupts

Perform "ZATTEROR"

Perform "SETMINDB"

Release interrupt inhibit

Proceed to "GOFLASH" with TS = K:V16N85 (VGBODY)
(If terminate, proceed to "TERMASC"; if proceed, proceed
to "TERMASC"; if other response, repeat this step.)

Inhibit interrupts

Perform "RESTORDB"

Switch FLAGWRD9 bit 9 (LETABORT) to O

Release interrupt inhibit

Proceed to "GOTOPOOH"

2 3
PCONS TGO PRATE TGO
RP RMAG + RDO GO o
= 4 L 2 TBUP * 6 TBUP

Return

TS = (unitRCSM % unitR) « WM

TS1 = signTS arccos(unitRCSM + unitR)
RA = JPARM + KPARM TS1 - RP

If RA< RAMIN, RA = RAMIN

ZDOTD =\ 2 K:MUMm37 RA / (RA + RP) RP

Return
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Quantities in Computations

ABDVCONV: Double precision magnitude of sensed change in velocity
converted to units of meters per centisecond and scaled B5.

ABRTABIE: see WHICH of the BURN section.

ABTRDO?: Double precision erasable memory constant representing the
radial rate required at insertion for aborts from powered descent
scaled B7 in units of meters per centisecond.

ABVEL: see SERV section.

)

AH: Double precision intermediate computation, scaled B-9 in units
of meters per centisecond squared.

AHMAG: Double precision intermediate computation, scaled B-9 in
units of meters per centisecond squared.

AT: Double precision LM thrust acceleration magnitude, scaled B-9
in units of meters per centisecond squared.

ATP: Double precision intermediate computation, scaled B-9 in units
of meters per centisecond squared.

ATPSQ: Double precision intermediate computation, scaled B-18 in
units of meters squared per centiseconds to the fourth power.

ATR: Double precision required radial acceleration, scaled B-9 in
units of meters per centisecond squared.

ATY: Double precision required crossrange acceleration, scaled B-9
in units of meters per centisecond squared.

AVEGEXIT: see SERV section.

COSTHET1: Double precision erasable memory constant, scaled
B2 and unitless.

COSTHET2: Double precision erasable memory constant, scaled B2 and
unitless.

DAPBOOLS: see DAPA section.

DB: see DAPB section.

DISPDEX: see BURN section.

DRDOT, DYDOT, DZDOT: Double precision velocity-to-be-gained cgmponents
in the radial, crossrange, and downrange directions respectively,
scaled B7 in units of meters per centisecond.

DVCNTR: see SERV section.

DVTHRUSH: see SERV section.
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DVO, DV1, DV2, DV3: Double precision quantities representing the
reciprocal of successive PIPA readings, scaled B7 in units of
centiseconds per meter; program notation 1/DVO, 1/DV1, 1/DV2, 1/DV3.

D12: Double precision intermediate computation, scaled B17 in units
of centiseconds.

D21: Double precision intermediate computation, scaled B17 in units
of centiseconds.

ENGOFFDT: Single precision delta time for engine cutoff, scaled B14
in units of centiseconds.

GDT1: see SERV section.

GEFF: Double precision effective gravity, scaled B-9 in units of
meters per centiseconds squared.

HCAIC1s See DESC section.
HDOTDISP: See SERV section.

JPARM: Double precision parameter used in the calculation of ZDOTD for
aborts from the powered descent, scaled B24 in units of meters (see note
following K2PARM), JPARM contains J1PARM or J2PARM.

J1PARM: Double precision parasmeter used in the calculation of ZDOTD for
aborts where the IM to CSM phase angle is less than THETCRIT, scaled
B2/ in units of meters (see note following K2PARM); part of the
erasable load.

J2PARM: Double precision parameter used in the calculation of ZDOTD for
aborts where the IM to CSM phase angle is greater than or equal to
THETCRIT, scaled B24 in units of meters (see note following K2PARM);
part of the erasable load.

KPARM: Double precision parameter used in the calculation of ZDOTD for
aborts from the powered descent, scaled B24 in units of meters per
revolution (see note following K2PARM). KPARM contains K1PARM or K2PARM.

K1PARM: Double precision parameter used in the calculation of ZDOID for
aborts where the IM to CSM phase angle is less than THETCRIT, scaled
B2, in units of meters per revolution (see note following K2PARM);
part of the erasable load.

K2PARM: Double precision parameter used in the calculation of ZDOTD for
aborts where the IM to CSM phase angle is greater than or equal to
THETCRIT, scaled B2/ in units of meters per revolution (see note below);
part of the erasable load.

Note: JPARM and KPARM are considered in this document to be scaled B24; thus

the erasable parameters J1PARM, J2PARM, K1PARM, K2PARM are expected to
be multiplied by 2 and then scaled B2, (of course this is the same as
scaling by B23) in order to introduce a factor of 2 into the equation

which calculates RA,
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K:APSVEX: Single precision constant stored as - 30.3 X 2—5, scaled
B5 in units of meters per centisecond. Equation value: - 30.3

K:ATA: Double precision constant stored as 3.2883 E-4 X 29, scaled
B-9 in units of meters per centisecond squared; program notation
(AT)A. Equation value: 3.2883 E-4

K:ATD: Double precision constant stored as 0.02, scaled B-2 in units
of reciprocal centiseconds; program notation K(AT). Equation
value: 0,005

K:ATDECAY: Double precision constant stored as - 18. X 2_28, scaled
B28 in units of centiseconds. Equation value: - 18,

K:ATRCS: Double precision constant stored as 0.785 E-4 X 210, scaled
B-10 in units of meters per centisecond squared; program notation
AT/RCS. Equation value: 0.785 E-4

K:DPSVEX: Single precision constant stored as - 29.5588868 X 2—5, scaled
B5 in units of meters per centisecond. Equation value: - 29,5588868.

K:DVA: Double precision constant stored as 15.2 X 2-7, scaled B7 in
units of centiseconds per meter; program notation (1/DV)A.
Equation value: 15,2

K:DVD: Double precision constant stored as 436.7 X 2_9, scaled B9
in units of kilogram-meters per centisecond-second; program
notation K(1/DV), Equation value: 436.7

K:HINJECT: Double precision constant stored as 18288, X 2-24, scaled
B2 in units of meters. Equation value: 18288, (equivalent to
60,000 feet)

K:MAXTHRUST: Single precision constant stored as 10000,, scaled B14
in units of DPS throttle pulses; program notation BIBT13. Equation
value: 4096, (enough to oversaturate the throttle -- see THRUST)

K:MDOTDPS: Double precision constant stored as 0.148 X 2-3, scaled
B3 in units of kilograms per centisecond. Equation value: 0.148
(equivalent to 32.62 pounds mass per second.)

K:MINABDV: Double precision constant stored as 0.0356 X 2_5, scaled
B5 in units of meters per centisecond. Equation value: 0.0356

K:MOONRATE: Double precision constant stored as 0.2661699489 E-7 X 219
scaled B-19 in units of radians per centisecond. Equation value:
0.2661699489 E-7

’

K:MUMn37: Double precision constant stored as 4.902778 E 8 X 272/
scaled B37 in units of meters cubed per centisecond squared;
program notation MUM(-37). Equation value: 4.902778 E 8

s
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K:ONE: Single precision constant stored as 000048, scaled B12 and unitless;
program notation BIT3H. Equation value: 1.0.

K:PRLIMIT: Double precision constant stored as - 0.0639, scaled B-21 in
units of meters per centisecond cubed. Equation value: -0.3048 E-7.

K:RDOTDNOM: Double precision constant stored as 0.059436 X 2-7, scaled
B7 in units of meters per centisecond. Equation value: 0.059436.
(Corresponds to 19.5 feet per second.)

K:TBUPA: Double precision constant stored as 91902, X 2_17, scaled
B17 in units of centiseconds; program notation (TBUP)A. Equation
value: 91902. .

K:TGOA: Double precision constant stored as 3.7 E 4 X 2-17, scaled
B17 in units of centiseconds; program notation (TGO)A. Equation
value: 3.7 E 4

K:THRESH2: Double precision constant stored as 308. X 2_14, scaled
B14 in units of centimeters per second. Equation value: 308,

K:T2A: Double precision constant stored as 200, X 2-17

in units of centiseconds. Equation value: 200.

, scaled B17

K:T3: Double precision constant stored as 1000. X 2-1'7

in units of centiseconds. Equation value: 1000,

, scaled B17

K:UNITZ: Double precision constant vector stored as (0, 0, 0.5),
scaled B1 and unitless. Equation value: (0, O, 1)

K:VINJNOM: Double precision constant stored as 16.7924 x 2-7, scaled
B7 in units of meters per centisecond. Equation value: 16.7924.

(Equivalent to 5509,31758 feet per second.)

K:10SECS: Double precision constant stored as 1000 x 2-28, scaled B28 in
units of centiseconds. Equation value: 1000,

K:100PCTTO: Double precision constant stored as 24 x 2_17, scaled B17 in
units of centiseconds. Equation value: 24.

K:100CS: Double precision constant stored as 200 x 2_18, scaled B17 in
units of centiseconds. Equation value: 100.

K:1DEGPB: Single precision constant stored as 005548, scaled B-3 in units
of revolutions. Equation value: 0.00277. (Equivalent to 1 degree.)

K:2SEC: Implicit program constant equal to two. (2) seconds.

K:2SEC18: Double precision constant stored as 200. X 2°18, scaled
B18 in units of centiseconds; program notation 2SEC(18).
Equation value: 200.

K:2SEC9: Double'precision constant stored as 200, X 2_9, scaled

B9 in units of centiseconds; program notation 2SEC(9).
Equation value: 200. :
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K:25KFT: Double precision constant stored as 7620, X 2-24, scaled
B2/ in units of meters. Equation value: 7620,

K:4SEC17: Double precision constant stored as 400, X 2‘17, scaled B17
in units of centiseconds; program notation 4SEC(17). Equation
value: 400,

K:49FPS: Double precision constant representing the expected LM_§?OT
at the end of the vertical rise phase, stored as 0,149352 X 2 °,
scaled B6 in units of meters per centisecond. Equation value: 0.149352

K:40FPS: Double precision constant stored as 0.12192 X 2_7, scaled B7

in units of meters per centisecond. Equation value: 0,12192
K:6SEC18: Double precision constant stored as 600. X 2_18, scaled B18

in units of centiseconds; program notation 6SEC(18). Equation
value: 600,

LANDMAG: Double precision magnitude of lunar landing (or launch) site
radius, scaled B2/ in units of meters; program notation /LAND/,

LAXIS: Double precision crossrange unit vector, scaled B1, unitless,
and expressed in the Platform Coordinate system.

IM504: Double precision libration vector of the moon, scaled BO in units
of radians and expressed in moon-centered, moon-fixed coordinates.

»MASS: see SERV section,

MMNUMBER: see PGSR section.,

MODREG: see DATA section.

EMOONMAi]: Double precision, 3X3 orthogonal transformation matrix, scaled
B1 and unitless. Defined such that Asg = [MOONMAIH Aref, where A is a

vector expressed in selenographic and reference coordinates respectively.

PCONS: Double precision pitch guidance coefficient, scaled B9 in units of
meters per centisecond .

PIPTIME: see SERV section.

PITCH: Double precision predicted FDAI pitch angle at the end of the
pitch over maneuver, scaled BO in units of revolutions.

PRATE: Double precision pitch rate guidance coefficient, scaled B-8 in
units of meters per centisecond squared.

P12TABLE: see WHICH of the BURN section.

QAXIS: Double precision unit vector, scaled B1, unitless, and expressed in
the Platform Coordinate system.
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R: Double precision present navigated vector position of the LM,
measured from the center of the moon, scaled B2, in units of
meters and expressed in the Platform Coordinate system.

RA: Double precision distance from the center of the moon to the
apogee of the desired insertion orbit, scaled B2, in units of meters.

RAMIN: Double precision parameter which is the minimum value allowed
for RA, scaled B24 in units of meters; part of the erasable load.

RATT, VATT: see ORBI section.

RCO: Double precision desired insertion radius magnitude, scaled B24
in units of meters.

RCSM: see SERV section.

RDOT, YDOT, ZDOT: Double precision velocity components in the radial,
crossrange, and downrange directions respectively, scaled B7 in
units of meters per centisecond.

RDOTD, YDOTD, ZDOTD: Double precision desired velocity components in
the radial, crossrange, and downrange direction respectively, scaled
B7 in units of meters per centisecond.

[REFSMMAT]: see COOR section.

RLS: Double precision lunar landing (or launch) site vector, measured
from the center of the moon, scaled B27 in units of meters and
expressed in moon-fixed coordinates.

RMAG: Double precision magnitude of the IM position vector, scaled
B2/ in units of meters. Program notation (/R/MAG).

RP: Double precision predicted insertion radius magnitude measured
from the center of the moon, scaled B24 in units of meters.

RRECTCSM, VRECTCSM: see ORBI section.

TBUP: Double precision ratio of mass to mass flow rate, 'scaled B17 in
units of centiseconds.

TDEC1: see ORBI section.

TEVENT: Double precision time-of-event for downlink information (as
used in this section time-of-abort) , scaled B28 in units of
centiseconds.

TGO, TGO1: Dauble precision predicted length of burn, scaled B17 in
units of centiseconds.

THETCRIT: Double precision LM to CSM phase angle at which abort targets
are switched, scaled BO in units of revolutions; part of the
erasable load.

ASCT - 18



TIG: Double precision time of engine ignition, scaled B28 in units
of centiseconds.

THRUST: Cell used to provide DPS throttle commands when Bit 4 of channel
14 is set, scaled B14 in units of DPS throttle pulses. One pulse
corresponds to about 2.8 pounds of thrust. The maximum command
recognized by the throttle is 3428 pulses.

TIMENOW: Current time scaled B28 in units of centiseconds, incremented
every centisecond.

TTO: Double precision time delay from the issuance of the engine OFF
signal to actual thrust decay, scaled B17 in units of centiseconds.

TTOGO: Double precision negative of time-to-go for display purposes,
scaled B28 in units of centiseconds.

TXO: Double precision time at which X-axis override is permitted in
ascent guidance, scaled B28 in units of centiseconds.

UHYP, UHZP: see SERV section.

UNITR: Double precision unit vector in the radial direction, scaled B1,
unitless, and expressed in the Platform coordinate system; program
notation UNIT/R/.

C: see BURN section.

UNF
UNWC: see BURN section.

V: Double precision present navigated velocity vector of the LM, scaled
B7 in units of meters per centisecond and expressed in the Platform
coordinate system.

VE: Double precision engine exhaust velocity, scaled B7 in units of
meters per centisecond.

VGBODY: Double precision velocity-to-be-gained vector in body coordinates,
scaled B7 in units of meters per centisecond.

VGVECT: Double precision velocity-to-be-gained vector in Platform
coordinates, scaled B7 in units of meters per centisecond.

V1S: Double precision IM velocity vector at TIG, scaled B7 in units of
meters per centisecond.

WHICH: see BURN section.
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WM: Double precision lunar rotation rate vector, i.e, lunar rotation
rate times the lunar rotation axis vector, scaled B-17 in units of
radians per centisecond.

[?NBPI%]: Double precision matrix with the first row equal to the
components of XNBPIP, the second row equal to the components of
YNBPIP, and the third row equal to the components of ZNBPIP,
where XNBPIP, YNBPIP, ZNBPIP are unit vectors along the X, Y,
and Z spacecraft axes, scaled Bl and expressed in the Platform
coordinate system at PIPTIME.

XRANGE: Double precision magnitude of the crossrange distance to be
removed during the ascent maneuver, scaled B29 in units of meters.

Y: Double precision magnitude of the out-of-CSM-plane position,
scaled B24 in units of meters.

YAW: Double precision predicted FDAY yaw angle at the end of the
vertical rise phase, scaled BO in units of revolutions.,

YCO: Double precision desired crossrange position at orbit insertion,
scaled B24 in units of meters.

YCONS: Double precision yaw guidance coefficient, scaled B9 in units
of meters per centisecond.

YDCT: see RDOT.

YDOTD: see RDOTD.

YLIM: Double precision erasable memory constant representing the
maximum cross-range distance to be removed during an abort from
the powered descent, scaled B2 in units of meters.

YRATE: Double precision yaw rate guidance coefficient, scaled B-8 in
units of meters per centisecond squared.

ZAXIS: Double precision unit vector in the downrange direction, scaled
Bl and unitless; program notation ZAXIS1.

ZDOT: see RDOT.

ZDOTD: see RDOTD.
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R6OLEM

TOBALLA

REDOMANC

GOMANUR

Attitude Maneuver Routines

TEMPR60 = return address

If FLAGWRD5 bit 6 (3AXISFLG) = O:
Perform "VECPOINT"

THETAD = TS

Switch FLAGWRDO bit 4 (NEEDLFLG) to 1

Switch FLAGWRDO bit 15 (NEED2FLG) to O

Perform "BALLANGS"

Perform "GOPERF2R" with TS = K:VO6N18 (display FDAI angles)
(If terminate, proceed to "R61TEST"; if proceed, proceed
to "REDOMANC"; if other response, proceed to "ENDMANU1",)

Perform "CHKLINUS" (make display priority if necessary)

End job

If FLAGWRD5 bit 6 (3AXISFLG) = O:

Perform "VECPOINT"
THETAD = TS
Perform "BALLANGS"

If bit 10 of channel 30 = 1 (not PGNCS control), or if bit 14
of channel 31 = 1 (not AUTO control mode):

Proceed to "TOBALLA" (not AUTO)
Perform "GODSPR" with TS = K:VO6N18 (display FDAI angles)
Perform "CHKLINUS" (make display priority if necessary)
Perform "GOMANUR"
Proceed to "ENDMANUV"
If ATTCADR # O: (single precision check)

TS1dp = calling address +1 in 2CADR format

Proceed to "BAILOUT1" with TS = 312108

ATTCADR = calling address +1, in 2CADR format
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ATTPRIO = bits 14-10 of PRIORITY
Proceed to "KALCMAN3"

ENDMANUV Proceed to "TOBALLA"

ENDMANU1 Switch FLAGWRD5 bit 6 (3AXISFLG) to O
Return via TEMPR60

R61TEST  If MODREG = O, proceed to "ENDMANU1"
If FLAGWRD/ bit 12 (PDSPFLAG) = 1, proceed to "TRMTRACK"
Proceed to "GOTOPOOH"

BALLANGS BALLEXIT = return address
Perform "CD*TR*GS" with ANG = THETAD
TS, = arcsin(-SINOGA COSMGA)

SINTH = SINMGA

COSTH = COSOGA COSMGA

Perform "ARCTAN"
TS = THETA
X

COSTH = COSOGA COSIGA - SINMGA SINOGA SINIGA

SINTH = SINIGA COSOGA + SINMGA SINOGA COSIGA
Perform "ARCTAN"
TS_ = THETA
y
FDAI =TS converted to two's complement form

Return via BALLEXIT
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VECPNT1

VECPOINT

VECQTEMP = return address (input here from "R61C+LO2"
with desired CDU's in TScdu)

Skip next two steps

VECQTEMP = return address

TScdu = CDU

Perform "'CDUTODCM"

[Mzs] = [rsmat]

TSfinal = unit(POINTVSM [MIS])

COF = - unit(TSfinal * SCAXIS)

TSang = arccos(SCAXIS : TSfinal)

If overflow or if |TISfinal * SCAXIS| & 2 1%

If TSfinal + SCAXIS 2 O:

TS = TScdu (specify zero maneuver)
Return via VECQTEMP

¥sM__ = K:UNITY [MTs]

TS = unit(YSM__ * K:UNITX) * SCAXTS

COF = unitTS
2

.
.

If overflow or if |TI8| < 27°

COF = K:UNITX

=

TSang =
Perform "DELCOMP"
[smat] = [szs] [pEnvat]
ISMSC q° K:UNITY [TSmat]
If | ISM_ 4 - K:UNITX|< K:SINGIMLC, proceed to "FINDGIMB'
If lSCAXISx! 2 K:SINVECl, proceed to "FINDGIMB'
(Otherwise, the vector being pointed is something other than

the thrust vector and an effort will be made to avoid gimbal
lock with a preliminary roll.)

[Mis] = [TSmat]
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YSM__ = K:UNITY [ps]
TS = (LSM, signYSMscx) % SCAXIS
COF = - SCAXIS signTS_

If |SCAXIS, | > K:SINVEC2, TSang = K:VECANGL (A0T)

Il

If | SCAXIS | < K:SINVEC2, TSang = K:VECANG2  (Radar, Y or Z)
Perform "DELCOMP"
[rsmat] = [mxs] [DErmar]

FINDGIMB Perform "DCMTOCDU"

TS = TScdud converted to two's complement form

Return via VECQTEMP

KALCMAN3 BCDU = CDU
If | THETAD | > K:LOCKANGL:
Perform "ALARM" with TS = 00401,
Proceed to '"NOGO"
TScdu = BCDU

Perform "CDUTODCM"

[M1s] = [rSmat]
TScdu = THETAD
Perform "CDUTODCM!
[Fs] = ([rsmat]
g - fas]”
(1) = [maos] [ws]

[ne] =[]

COFSKEW, = - (TMF112 - MFIIZ)
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3 13)
- MFIZB )

COFSICEMY = % (MFI1 - TMFI
COFSKEW, = * (TMFI23
CAM = % (MFL,, + MFL,, + MFL,, - 1)

1 22 33
AM = arccosCAM
If AM < K:MINANG: (No need for rate limited maneuver)
CDUD = THETAD
Proceed to '"NOGO"
If AM < K:MAXANG:
COF = unitCOFSKEW (normal path)
Switch FLAGWRD2 bit 3 (CALCMAN3) to 1

Proceed to "WCALC"
00
[wr1srM] - c% J‘;g ([wr1] + [meFr))
00

TS =1 - CAM

If |TS| 2 2, TS = K:posmaxdp signTS

COF, = o 2 (MFISOL; - CAM) / TS
COF, = /2 (WFISYI, - CAM) / T
COF,_ = o/ 2 (MFISYM,; - CAM) / TS

COF = unitCOF (eliminates common factors)

> .
It COFx 2 COFy and GOFx > COFZ. (method 1)
COF‘x = COFx s:i.gnCOF‘SKEWx
COFy = COFy s:LgnCOFSKEWx sigan"‘ISYH:L2
COF_ =

2 COFz sign()OFSKZEWx s:i.gnMFIS‘i’Ml3
Switch FLAGWRD2 bit 3 (CALCMAN3) to 1
Proceed to "WCALC"
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> .
If COFy > COF,_ and COFy 2 COF : (method 2)
COF)c mgnCOFSKEWy 31gnMF'ISYM12

COF_ signCOFSKEW
y 58 y

Il

COF
b d

COF

A
COFz = COFz 51gnCOFSKEw& signMFISYM’23
Switch FLAGWRD2 bit 3 (CALCMAN3) to 1
Proceed to "WCALC"

(Otherwise, COFZ > COFy and COFz > COFx)

COF, = COF, signCOFSKEW, signMFISYM, (method 3)
COF = COF  5ignCOFSKEW, signMFISYM,,
COF_ = COF_ signCOFSKEW

Z Z VA

Switch FLAGWRD2 bit 3 (CALCMAN3) to 1
WCALC Perform "DELCOMP" with TSang = K:ARATE oo
BRATE = K:ARATEp , ror o COF
T = AM K:ANGLTIME / K:ARATE, \ rorae
Switch FLAGWRD2 bit 2 (CALCMAN2) to 1
NEWANGL  [MIs] - [ms] [DErmat)
Perform "DCMIOCDU" with [TSmat] = [MIS]
NCDU = TScdud converted from one's to two's complement form
If FLAGWRD2 bit 2 (CALCMAN2) = 1:
Switch FLAGWRD2 bit 2 (CALCMAN2) to O
T™ = TM + TIMENOW - K:ONESEK
Inhibit interrupts
OMEGARD = BRATE,
DELREROR = |OMEGARD| K:BIASCALE OMEGARD / 1JACCR

OMEGAQD = BRATEy
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(If FLAGWRD2 bit 2 = 1:)
DELQEROR = |OMEGAQD| K:BIASCALE OMEGAQD / 1JACCQ
OMEGAPD = BRATE
DELFEROR = |OMEGAPD| K:BIASCALE OMBEGAPD / 1JACCP

NEXTIME = TIMENOW + K:ONESEK (less significant halves only)

DELCDU = K:DTdTAU (BCDU - NCDU) (two's complement difference )
CDUD = BCDU
BCDU = NCDU

Release interrupt inhibit
TS = TM - TIMENOW
If TS > 0, proceed to 'CONTMANU"
If TS = O:
Call "MANUSTOP" in 1 second
End job
TS = TS + K:ONESEK + 1
IfTS £ 0, IS=1
Call "MANUSTOP" in TS centiseconds
End job
CONTMANU TS = NEXTIME - TIMENOW (less significant halves only)
If TS < 0, TS = 2% 4+ 15
Call "UPDTCALL" in TS centiseconds
NEXTIME = NEXTIME + K:ONESEK (less significant halves only)

End job
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UPDTCALL Establish "NEWDELHI" (pr26)
End task
NEWDELHI If bit 14 of channel 31 = 1 (not AUTO control mode):
Perform "ZATTEROR"
Proceed to ''NOGO"
Proceed to '""NEWANGL"
NOGO Perform "STOPRATE"
Call "GOODMANU" in 0.02 seconds
End job
MANUSTOP DELCDU = O
OMEGARD = O
DELREROR = O
OMEGAQD = O
DELQEROR = O
CDUD = THETAD
OMEGAPD = O
DELPEROR = O
GOODMANU TS = ATTCADR
ATTCADRSP= +0
Establish a job starting at the address specified in TS with
priority equal to that it had before entering 'KALCMAN3"

(saved in ATTPRIO in "GOMANUR") Essentially equivalent
to "returning" to that job.

End task
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CDUTODCM d‘/= TSc<:1ux converted to one's complement form (outer gimbal)

DCMIOCDU V¥ = arcsinTSmat

DELCOMP

0 = TScduy converted to one's complement form (inner gimbal)

¥ = TScdu, converted to one's complement form (middle gimbal)

-
~ : _ :
sing sin¢ sin€cos ¢
cose cos¥ . . .
- cos@cos¢ sin¥ + cosesing¢ sinV¥
[TSmat] = sin¥ cos’¥ cos & - cos¥ sin ¢
. [ c i &
- sine cosV ?sesn.ndl . cos c9s¢ .
+ sing cosd sify - sine sino 51nV’J
Return

oy (limited to within IH
TScos = cos¥

If |TScos| > 1, TScos = (1 - 2’28) signTScos
© = arcsin(- TSmatBl / TScos)

If TSmat,, < O, € =4 signg - &

¢ = arcsin(- TSmat:23 / TScos)

If TSmat,, < O, ¢ =14 signg - ¢

TScdud = (¢ , €,Y)

Return
TSs = sinTSang
TSc = cosTSang

TSd = 1 = cosTSang

If |T<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>