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FOREWORD

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

Level A CPDS - System-evel constraints and capabilities
Level B CPDS— Functional requirements
Level C FSSR — Detailedeve requirements

The Level A CPDS specifies system-evel constraints and capabilities that are not oriented toward any
particular program end item.The Level B CPDS specifies system-evel requirements for guidance,
navigation, and control (GN& C) and detailed requirements for systems management (SM) and vehicle
utility (VU). The Level C FSSR’s specify the detailed requirements for GN& C and display/controls. The
Leve C reconfigurable requirements are specified in the systems management and payload documents.The
Leved A, Level B, and Level C requirements documents are listed in Section 2, Applicable Documents.
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DOCUMENT CHANGE RECORD

The following tabulation summarizes the change activity associated with this document.

DOCUMENT CHANGE RECORD

Issue and Date

Change Summar y/Effectivity

0Ol-34 Release
December 14, 2007

This basdline release for effectivity Ol-34 and subs includes:
SCR

93017G
93160B
93167A
93175

93181A
93194A
93201

93203B

Ol
33
32
33
32
32
34
33
33

Title
Basdline RSS99D0100 with Expanded Downlist
Y ear End Roll Over (YERO) Reset
Bearing Displays Documentation Clean-up
Expand Effectivity of SCR 93160B
Altitude Initialization
BFSHUD Additions
BFS GPS Auto Update Frequency
Landing Sites and Alternate Sites Update on Bearing Displays
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CHANGE REQUEST SUMMARY

The following tabulation lists the paragraphs, tables (T), and figures (F) that have been changed as
aresult of approved change requests for this release.Changes incorporated prior to thisrelease are

listed in Appendix R.Changes from approved software change requests (SCRs) to this document

areindicated by achange bar in the outer margin of the changed page.

CHANGE REQUEST SUMMARY

Paragraph SCR No. | Ol SCR Title
N/A 93175 32 | Expand Effectivity of SCR 93160B
1.3-1.(T) 93017G 33 | Basdine RSS99D0100 with Expanded Downlist
41.1.1-1.(T) 93017G 33 | Basdine RSS99D0100 with Expanded Downlist
4.1.1.1-2.(T) 93017G 33 | Basdine RSS99D0100 with Expanded Downlist
4.1.2.1-1.(T) 93017G 33 | Basdine RSS99D0100 with Expanded Downlist
4.1.3.1-1.(T) 93017G 33 | Basdine RSS99D0100 with Expanded Downlist
4.1.4.1-1.(T) 93017G 33 | Basdine RSS99D0100 with Expanded Downlist
4.3.1.5-1.(T) 93017G 33 | Basdine RSS99D0100 with Expanded Downlist
4.3.1.5-2.(T) 93017G 33 | Basdine RSS99D0100 with Expanded Downlist
4.3.2.9-1.(T) 93017G 33 | Basdine RSS99D0100 with Expanded Downlist
4.3.2.9-2.(T) 93017G 33 | Basdine RSS99D0100 with Expanded Downlist
4.3.2.9-3.(T) 93201 33 | BFS GPS Auto Update Frequency
45.1.1-1.(T) 93017G 33 | Basdine RSS99D0100 with Expanded Downlist
4521 93203B 33 | Landing Sites and Alternate Sites Update on Bearing
Displays
452.1-2.(T) 93203B 33 | Landing Sites and Alternate Sites Update on Bearing
Displays
4522 93203B 33 | Landing Sites and Alternate Sites Update on Bearing
Displays
4522-1.(T) 93203B 33 | Landing Sites and Alternate Sites Update on Bearing
Displays
4524-1.(T) 93017G 33 | Basdine RSS99D0100 with Expanded Downlist
45.2.4-2.(T) 93167A 33 | Bearing Displays Documentation Clean-up
93017G 33 | Basdline RSS99D0100 with Expanded Downlist
4.5.2.4-3.(T) 93194A 34 | BFSHUD Additions
4.6.1.5-1.(T) 93160B 32 | Year End Roll Over (YERO) Reset
93017G 33 | Basdline RSS99D0100 with Expanded Downlist
4.6.1.5-2.(T) 93017G 33 | Basdine RSS99D0100 with Expanded Downlist
4.6.2.7-1.(T) 93160B 32 | Year End Roll Over (YERO) Reset
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93017G 33 | Basdline RSS99D0100 with Expanded Downlist
4.6.2.7-2.(T) 93017G 33 | Basdine RSS99D0100 with Expanded Downlist
4.7.1-1.(T) 93160B 32 | Year End Roll Over (YERO) Reset
93017G 33 | Basdline RSS99D0100 with Expanded Downlist
411 93160B 32 | Year End Roll Over (YERO) Reset
4.11.1-1.(T) 93160B 32 | Year End Roll Over (YERO) Reset
4.11.1-3.(T) 93160B 32 | Year End Roll Over (YERO) Reset
5.1-1.(T) 93181A 32 | Altitude Initialization
5.3-1.(T) 93181A 32 | Altitude Initialization
93203B 33 | Landing Sites and Alternate Sites Update on Bearing
Displays
5.3-24.(1)(F) 93203B 33 [ Landing Sites and Alternate Sites Update on Bearing
Displays
5.3-25.(F) 93203B 33 | Landing Sites and Alternate Sites Update on Bearing
Displays
5.4-1.(T) 93181A 32 | Altitude Initialization
5.6-1.(T) 93181A 32 | Altitude Initialization




ST S 83-0005-34
December 14, 2007

Table of Contents

SECTION TITLE PAGE
10 INTRODUCTION. ..ttt e e sbb e e e s sbbe e e e e ssse e e e s enneeeeas 1
11 PURPOSE ...ttt e bttt e et e e bt e e be e e s nbeeenee 1
1.2 S (0 TSP PP 1
13 ORGANIZATION ...ttt sttt e e be e s be e st e e e rbee e sbeeesnneeans 1
20 APPLICABLE DOCUMENTS. ...ttt 5
21 LEVEL A DOCUMENTS ...ttt ettt ettt et nbe s b e e smne e 5
22 LEVEL B DOCUMENTS. ... ettt e 5
23 LEVEL CDOCUMENTS. ... ettt et e 5
24 [CD DOCUMENTS.....cc ettt ettt et e e nbe e e e be e e s nne e e 6
3.0 OVERVIEW ettt e e e e s abe e e e s ennnes 7
31 OPERATIONAL NAVIGATION PROGRAM ..ottt 7
3.2 GN&C SOFTWARE MAJOR FUNCTIONS. ...ttt 7
3.3 NAVIGATION SYSTEM OVERVIEW. ..ottt 7
3.3. 1 Navigation FUNCHIONS.......cccvieiiie et see et e et tee s e e snae e sree e snneeans 9
3.3.2 Navigation-Reated FUNCLIONS...........ccociiiiiie et e 10
3.3.3  Genera REQUITEMENES. .....ccveieiiee e steeectee et s e e ste e stee e st e e snre e e saae e sraeenaneas 10
3.3.4 Requirements and ASSUMPLIONS OVEIVIEW .......c.ceeiveeeiieeeiieeesieeesreeesieeesree e 11
3.34.1 Requirementsfor IMU-NAVAID Navigation System and
User Parameter Processing SOftware..........cococveevveeccieecciee e, 11
3.34.2  Assumptionsfor IMU-NAVAID Navigation System and
User Parameter Processing SOftware.........cococveevveeccieeccee e, 12
34 OPERATION SEQUENCES AND MAJOR MODES........cccoooiiiieiieeee e 14
35 IMPLEMENTATION CONSTRAINTS ..ot 15
3.6 THMING Lttt ettt ettt bt e s b e e e st e e e be e e sbe e e snreeenee 15
40 DETAILED REQUIREMENTS......iiieieeiee ettt 17

Xi



ST S 83-0005-34
December 14, 2007

SECTION

Xii

4.1

4.2

4.3

Table of Contents

TITLE PAGE
NAVIGATION AND USER PARAMETER SEQUENCER PRINCIPAL
FUNGCTIONS ...ttt bttt e bttt e e it e et e e e st e e e sar e e sbeeesnbeeennneaans 20
4.1.1 Ascent Navigation Sequencer (4.139).......ccccueeiceeeiiee e see et 20
4111  Ascent Navigation Sequencer (4.139) Principal
FUNCtiON TADIES. ... 29
412 Ascent/RTLS Navigation Sequencer (4.147) ...cceeeceeeceee e 44
4121  Ascent/RTLS Navigation Sequencer (4.147) Principal
FUNCLON TADIES. ... 47
4.1.3 Ascent User Parameter Processing Sequencer (4.197)......cccovvevveeecieeeccieeecieee, 56
4131  Ascent User Parameter Processing Sequencer (4.197)
Principal FUNction Tables..........ccocvveiiie i, 58
414 RTLSUser Parameter Processing Sequencer (4.200).........ccvecveeeceeescieeesveeenne, 64
4141  RTLSUser Parameter Processing Sequencer (4.200) Principal
FUNCLON TADIES. ... 67
SUBFUNCTIONS COMMON TO SEVERAL NAVIGATION FUNCTIONS.............. 75
421 StatePropagation ..........cccocceeiiiie i 75
4211 IMU Data SNap.....ccooveieieeiiieeriee ettt 75
4212  AcCEeration MOUEIS.........cooeiiiriirieeciee e 75
42121  GraVvity. coccccee e 77
N R B 1 - o RS 79
4213 Integration of State Equations of Motion............ccccceevveeiceeeciee e, 81
422 State Vector INterPolation .........cceeiceieiiie et 83
4.2.3 Covariance Matrix INitialiZation............cooiiieniieiniieee s 84
4.2.4  User Parameter Propagator RESEL..........cccvveviiiiieie et 85
4241 UPPReset Metering Code......cueeiieieiiee et 90
4242  Meering Limit COUE.......cccoviiiie i 93
4243  Supplementary INfOrmation ..........cccevceeeiiiieicee e 96
425 DetaState UPae.......cccoeeeiiieiiiie ettt ee ettt e s e 97
NAVIGATION PROCESSING PRINCIPAL FUNCTIONS.........cooiiiiieieeeiee e, 98



SECTION

ST S 83-0005-34
December 14, 2007

Table of Contents

TITLE PAGE

431  Ascent Navigation (4.15) ...ccueeiieie ettt ettt 98
4311  ASCENt CONIOL. ..ot 98
4312  StatePropagation. .........ccccceeiieicie e 100
4313 DdtaStateUpdate. .......c.cccoeiiiieiciieiiee e 101
4314  Ascent State Vector Prediction TasK. .......cccveeiereenenieenieiieneenns 102
4.3.15  Ascent Navigation (4.15) Principal Function Tables....................... 103
432 RTLSNaVigation (4.205) ......ccccuieiiieeeiee et sieeecieeeseeestee e stee s srae e srneesnnee e 138
4321  RTLSCONIOL. .ottt 141
4322 RTLSEXxternal DataSnap.......ccccccvevieeiiiieiieecie et esiee e 145
43221  Sensor Dala Snap.....ccccccceeeeeiiiieeneiniieeeessinee e ssreea e 145

43222 GPSDaaSNap.....ccccccviereiiiiie e 147

43223 User Parameter DalaSnap ......ccceeevveeeeiiveeeeiiinnnennns 148

4.3.2.3  Sensor Measurement SElECION..........ccorverrireenineeneeeseeeseenns 149
4324  RTLSNavigation Reconfiguration. ...........ccccceevevieeeiieesciee s, 152
43241 Measurement Reconfiguration. ...........ccceeeeeevcveeennen. 153

43242 DdtaStateUpdate. ......c.cccooveiiiieiiiieeiie e, 153

4325  StatePropagation. .........ccccceiiieiiii e 154
4326  Covariance Matrix Propagation. .........cccceeceeeeieeesiieeesnee e 155
4327  State and Covariance Measurement Incorporation...............ccue...... 157
43271 Drag Altitude. ........coeevieeeiiieee e, 160

43272 TACANRANGE. ..ccociiiiiiiiie e 162

43273  TACAN BEAING. ..ccevriiiiieiesie et 164

43274 Barometric AIIMELEr. ........ccoovieiiiiciiie e 166

43275 MSBLSRANGE......ccciiiiiiiie e 167

43276  MSBLSAZIMULN. .....occoiiiiii 168

43277 MSBLSEIVEiON. .....ccoeiieieieeeeeee e 171

4328 Measurement Processing StatistiCs. ......cccovvevcieeeiiiecciee e 173
4329 RTLSNavigation (4.205) Principal Function Tables. .................... 176

Xiii



ST S 83-0005-34
December 14, 2007

SECTION

Xiv

Table of Contents

TITLE PAGE

4.4 SUBFUNCTIONS COMMON TO SEVERAL NAVIGATION-RELATED
PRINCIPAL FUNCTIONS......coiie ettt 261
4.4.1 User Parameter State Propagation...........ccccvveiiereiieescee s csiee e see e 261
4.4.2 Coordinate Transformations...........c.cuuererieiienieiesiesre e 263
4421  DEEE.....ooeeieeeee s 263
4422  Earth-FIXed tO MB0........ccooiiiiiiiiiiiceee e 263
4423  Geodetic to Earth-FiXed.........ccoooviiiiiiiiiiiiceeeeeee 264
4424  Earth-Fixed to TOPOELIC. .....cccvveiieeeciee e 265
4425  Earth-FiXed tO RUNWAEY. ......cocovieiiiieciee e 266
4426  Earth-FiXed tO SCAaNNES. .......ccooiiiiiiiiiiiieieeeee e 266
4427 BOdY t0 M50, ..o 267
4428  Earth-Fixed to GEOUELIC.........ccvevviiieiiiiieieeeeee e 268
4429 UVW 0 IMBO0. ...ttt 269
4.4.3 User Parameter AsCent/RTLS COMPULALIONS.........ccveeecieeeiieeeiieeeceeesieeesieens 269
4.4.4 Powered HSI COMPULALIONS.......c.ceeiveeeiieeccieeesiee et see st e srae e srneesnnee s 274
4.4.5  Utility SUDFUNCLIONS........oei it ree e 276
4451  Altitude Abovethe Reference Ellipsoid. .........coceevvveeevieecciee e, 277
4452  Veocity Relative to the Windless, Rotating Atmosphere. ............... 277

4453  Partia Derivatives of an Angular Measurement with

Respect to the State VECLOr.........ccvee e 277

4454  Derivative of the Gravitational Acceleration Vector With
Respect to the POSItion VECLOr. ........cccvveicieeeiiee e 278
4.5 GENERAL REQUIREMENT PRINCIPAL FUNCTIONS........cccocieiiiieeee e 283
451 Ascent Precise Predictor (4.236) .......coocveeiceeeiiee e see st e see e 283
4511  Ascent Precise Predictor (4.236) Principal Function Tables............ 286
452 Ascent Site LOOKUP (4.238) ...ccccveeeiieeeeieeeciieestee e stee et stee st e svaeestae e snnee e 306
4521  Ascent Site Lookup Initiaization. .........c.cccceevceeeiiiee e 306
4522  Ascent Runway/MSBLS Site LOOKUP. .......coevcveeeiieeeiie e 312
4523  Ascent TACAN Site LOOKUP. ...ooeeveieiiiiciie e 316



SECTION

4.6

4.7

4.8

ST S 83-0005-34
December 14, 2007

Table of Contents

TITLE PAGE
4524  Ascent Site Lookup (4.238) Principal Function Tables................... 317
USER PARAMETER PROCESSING PRINCIPAL FUNCTIONS........cccooviiieienee 423
4.6.1 Ascent User Parameter Processing (4.19) ......oovveveveeeiceeecee e eeee e 424
4.6.1.1  User Parameter State Propagation. ..........ccceeeeeeeiiieeeciee s 424
46.1.2  Ascent/RTLS User Parameter Calculations.............ccoevevveiieneenns 425
46.1.3  Ascent User Parameter Processing Initiaization..............cccccuee.e. 425
46.1.4  Ascent User Parameter HSI Calculations. ............ccoovvveniniecnienns 428
46.1.5  Ascent User Parameter Processing (4.19) Principal
FUNCLON TADIES. ... 428
4.6.2 RTLSUser Parameter Processing (4.20) ......evevveeeceeeeeeee e esiee e siee s 453
4.6.2.1  User Parameter State Propagation. ..........ccceeveeeeviieeccieecciee e 453
46.22  Powered RTLS User Parameter Calculations. ...........ccccvveiveneennne 454
4.6.23  Glide RTLS User Parameter Calculations............cccooveeverieieeneenns 456
4.6.24  Ascent/RTLS User Parameter Calculations............ccceeveiieiieneenns 463
4.6.25  RTLSUser Parameter Processing HSI Calculations....................... 464
4.6.26  TACAN and GPS Display Computation............cccceeevveescieresvenenne 464
46.26.1 TACAN Display Computations...........ccccecveercveeennnen. 464
4.6.26.2 GPSUser Parameter Display Computation................ 465
4.6.2.6.2.1 GPS User Parameter Display Computation with
TACAN ReceiversIngtalled on the Vehicle................ 466
4.6.2.6.2.2 GPSUser Parameter Display Computation with
Three GPS Receivers Installed On the Vehicle
(NO TACAN FECEIVEIS) ..oocvviecieeecieeectee et 469
4.6.27  RTLSUser Parameter Processing (4.20) Principal
FUNCLION TADIES. ... 473
ASCENT AREA NAVIGATION PRINCIPAL FUNCTION (4.237).ccc.ccuviiiieineneens 523
4.7.1 Ascent AreaNavigation Processing (4.237) Principa Function Tables............. 545
SPECIALIST FUNCTIONS NAVIGATION SUPPORT FORMULATIONS............. 575
481 Keyboard DeltaState Update........cccevevieeicieieiiie e see e 575

XV



ST S 83-0005-34
December 14, 2007

XVi

Table of Contents

SECTION TITLE PAGE
4.9 DOWNLIST REQUIREMENTS ...ttt 577
410 UPLINK REQUIREMENTS .....oiiiiiiie ettt st nne s 577
4.10.1 DeltaState Vector UPAate.........ccoeiieieiiiee i ectes e ste e stee e 577
4.10.2 Orbiter State Vector UPate..........ccceveiiieiiiie et stee e 578
4.10.3 Ascent Site Lookup DataUplinK ..........ccceeeeiieiiieeciie e 578
4.10.3.1 Deorbit Landing Site Parameters Load
(OP_CODE = 0010101) ...ceuveeteeeeereeiesieesiesreeseesseesseseessesensseeneens 579
4.10.3.2 Deorbit TACAN Site Parameters Load
(OP_CODE = 0011120) c.uceieetieieeieenie e sie e sie e snee e eeesneeeens 580
4.10.3.3 MSBLS Parameters Load (OP_CODE = 0100010) ........cccccereennnne 581
411 RNPMATRIX COMPUTATION (4.16) ..cueeiueeieieeiesieesiesieesie e sie e sie e e e sneeneens 583
4.11.1 RNP Matrix Computation Principal Function (4.16) Tables. .........ccccccoevevunenne 587
5.0 SUPPLEMENTAL MATERIAL ..ottt 609
51 NAVIGATION SEQUENCER PRINCIPAL FUNCTIONS AND NAVIGATION
PRINCIPAL FUNCTIONS VARIABLES NAMES AND DESCRIPTIONS............... 610
5.1A GPSReated Variable Names and DESCHiptioNS...........cccveeiieeeceeeiieeeciee e svee e 629
5.2 NAVIGATION SEQUENCER PRINCIPAL FUNCTION AND NAVIGATION
PRINCIPAL FUNCTION FLOW CHARTS.....cti ettt 643
5.3 GENERAL REQUIREMENTS PRINCIPAL FUNCTIONS AND
COORDINATE TRANSFORMATION FLOW CHARTS, VARIABLE
NAMES, AND DESCRIPTIONS ......ocoiiieiisieeiie sttt nae e e 703
5.4 AREA NAVIGATION FLOW CHARTS, VARIABLE NAMES AND
DESCRIPTIONS..... .ottt sttt sttt estesneentesbeeneessesneensenneas 741
55 SPECIALIST FUNCTION NAVIGATION SUPPORT FLOW CHARTS,
VARIABLE NAMES, AND DESCRIPTIONS......ccooiiieieiienie e 769
5.6 USER PARAMETER FLOW CHARTS, VARIABLE NAMES, AND
DESCRIPTIONS.....co ittt sttt sttt esteeneentesbeeneestesneensenneas 777
APPENDIX R CHANGE AUTHORIZATION REFERENCES.......cccocceviiiiiieeeee, 817



ST S 83-0005-34
December 14, 2007

Table of Contents

SECTION TITLE PAGE
R.1  CRREFERENCE SUMMARY ..o 817
R.2 HISTORICAL CHANGE REQUEST SUMMARY ......cooiiiiiiiiiiiieiicnee e 839

XVii



ST S 83-0005-34
December 14, 2007

This page intentionally left blank.

XViii



TABLE
1.3-1.
1.3-2.

34-1.

4.0-1.
4.0-2.
4.1.1-1.
4.1.1-2.

4.1.1-3.

41.1.1-1.

4.1.1.1-2.

4.1.1.1-3.

4.1.1.1-4.

4.1.1.1-5.

4.1.2-1.

4.1.2-2.

4.1.2-3.

4.1.2.1-1.

4.1.2.1-2.

ST S 83-0005-34
December 14, 2007

List of Tables

TITLE PAGE
Parameter Element DeSCHiPtioN .........cooiiee it 2
Symbols Used In Internal Subfunction TableS ........cceecvveicieiecie e, 3

Operation Sequences and Mg or Modes (Major modes listed are only

for ascent and RTLS OPErations).........c.ceeiueeiieeeiieeesieeseieeesteeesiree e sree e 14
Level BtoLevel CTraceability .....ccocvvveiieeeciie e 18
Ascent/RTRLS Navigation FSSR/PRD Correlation ..........ccccceeeeevveescieeesieeene, 19
OPS-1 LEVE B EVENS......ociiiiiieiiieeieeeeseee et 25
Ascent Navigation Sequencer Input Parameters..........cocevcveevceeeciee e, 26
Ascent Navigation Sequencer Output Parameters..........cccevcevevcieeecieeccee s 27

INPUT FUNCTIONAL PARAMETERS FOR ASCENT
NAVIGATION SEQUENCER (G4.139) .....ccoiiiiiiiieienieesieseesie e 31

OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT

NAVIGATION SEQUENCER (G4.139) .....ueoiiiiieeiieniie et 32
ASCENT NAVIGATION SEQUENCER (G4.139) I-LOADS.......ccccovvveieenen. 35
ASCENT NAVIGATION SEQUENCER (G4.139) K-LOADS........cccocvrieenen. 36
ASCENT NAVIGATION SEQUENCER (G4.139) CONSTANTS........ccceeuuee. 37
OPS-6 LEVE B EVENS......cciiiiiieitiieesieeeesee et 45
Ascent/RTLS Navigation Sequencer Input Parameters..........coeccveeeceeeccieeeineenns 46
Ascent/RTLS Navigation Sequencer Output Parameters..........oooveeecveeevceeeineenns 47

INPUT FUNCTIONAL PARAMETERS FOR ASCENT/RETURN-
TO-LAUNCH SITE NAVIGATION SEQUENCER (G4.147) ..ccveviieeriieene 49

OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT/RETURN-
TO-LAUNCH SITE NAVIGATION SEQUENCER..........ccoiiiiiiiiiicie 50

XiX



ST S 83-0005-34
December 14, 2007

TABLE

4.1.2.1-3.

4.1.2.1-4.

4.1.2.1-5.

4.1.3-1.

4.1.3.1-1.

4.1.3.1-2.

4.1.3.1-3.

4.1.3.1-4.

4.1.3.1-5.

4.1.4-1.

4.1.4.1-1.

4.1.4.1-2.

4.1.4.1-3.

XX

List of Tables
TITLE PAGE

ASCENT/RETURN-TO-LAUNCH SITE NAVIGATION SEQUENCER
(GA.LA7) 1-LOADS ..ot eeeeee e s s s ee e eses e neseen 53

ASCENT/RETURN-TO-LAUNCH SITE NAVIGATION SEQUENCER
(GA.L47) K-LOADS. ....eeoeveeeeeeeeeeeeeeeeeeseeeeeeseeesseeses s seeses e eseseesese s eesesaen 54

ASCENT/RETURN-TO-LAUNCH SITE NAVIGATION SEQUENCER
(G4.147) CONSTANTS . ..ootveeeeeeeeeeeeeeeeeeeeeeseseeseeseeeseseeeess e seseeseesseeeeseeeeeseenn 55

Event Flag Inputs for Ascent User Parameter Processing Sequencer................... 58

INPUT FUNCTIONAL PARAMETERS FOR ASCENT/USER
PARAMETER PROCESSING SEQUENCER (G4.197) .....oooveviiieiirieieneen 59

OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT/USER
PARAMETER PROCESSING SEQUENCER (G4.197) .....oooveviiieiirieienen 60

ASCENT/USER PARAMETER PROCESSING SEQUENCER
(GA.197) 1-LOADS ..o eeeee e s s e ses e ees e seseen 61

ASCENT/USER PARAMETER PROCESSING SEQUENCER
(GA.197) K-LOADS. .....veeeeeeeeeeeeeeeeeeseeseeeeeeseeeseeseseeee s s eseseeseseses e eseseen 62

ASCENT/USER PARAMETER PROCESSING SEQUENCER
(GA.197) CONSTANTS - ovveeoeeeeeeeeseseeeeseeseseeeeseseeseeeeeseesseeeeseessesseesssseeesees 63

Event Flag Inputs for RTLS UPP SEQUENCEY .........ccccveeiciie e 66

INPUT FUNCTIONAL PARAMETERS FOR RTLS USER
PARAMETER PROCESSING SEQUENCER (G4.200) .......cccovviveniiireniennenne 69

OUTPUT FUNCTIONAL PARAMETERS FROM RTLSUSER
PARAMETER PROCESSING SEQUENCER (G4.200) .......cccovvivenierieniennenne 70

RTLS USER PARAMETER PROCESSING SEQUENCER (G4.200)
[SLOADS ... 71



TABLE

4.1.4.1-4.

4.1.4.1-5.

4.2.10-1.

43.1.1-1.

4.3.1.1-2.

4.3.1.2-1.

4.3.1.2-2.

43131

4.3.1.3-2.

4.3.14-1.

4.3.14-2.

4.3.15-1.

4.3.1.5-2.

4.3.1.5-3.

4.3.1.5-4.

4.3.1.5-5.

4.3.2-1.

4.3.2.1-1.

4.3.2.1-2.

ST S 83-0005-34
December 14, 2007

List of Tables
TITLE PAGE

RTLS USER PARAMETER PROCESSING SEQUENCER (G4.200)

RTLS USER PARAMETER PROCESSING SEQUENCER (G4.200)

CON ST ANTS et b e e sabe et e e e rneee e 73
Baseline Navigation State (BL) or GPS State (GPS) to Guidance...................... 96
Ascent Control INpUt Parameters...........cccoeeeeeeeiiieeeiiie e 104
Ascent Control OUtpUt Parameters.........cceeiceeeicieeeciee et estee e 105
Ascent State Propagation Input Parameters........ccceocveeeeeeeccieeeviee e, 107
Ascent State Propagation Output Parameters............coceveeeevceeevieeccee s, 108
Ascent Delta State Update Input Parameters..........oocveeeceeecceecciee e, 109
Ascent Delta State Update Output Parameters..........cccoeevvevceeevieeccee e s, 110
Ascent State Vector Prediction Task Input Parameters..........ccoeceeeceeecieeenen. 111
Ascent State Vector Prediction Task Output Parameters..........cccceeecveevcveeennen. 112

INPUT FUNCTIONAL PARAMETERS FOR ASCENT
NAVIGATION (GA4.15).....cciuiiiiiiieieieesiesieste ettt 113

OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT

NAVIGATION (GA.15).....eiiiieiiieeieeniee ettt 115
ASCENT NAVIGATION (G4.15) I-LOADS. ......oooeeieeieeieenie e 118
ASCENT NAVIGATION (G4.15) K-LOADS......cceeiiieieeiesie e 125
ASCENT NAVIGATION (G4.15) CONSTANTS.....ooiiiirieeieenieee e 127
Basdline Navigation State (BL) Reset with Selected GPS State........................ 141
RTLS Control INput Parameters...........ooiceeeeeee ettt 178
RTLS Control Output Parameters..........cceeiveeeiieeeieeesieeesreeesiseeseeeesseeesaneas 181

XXi



ST S 83-0005-34
December 14, 2007

TABLE
4.3.2.2-1.
4.3.2.2-2.

4.3.2.3-1.

4.3.2.3-1A.

4.3.2.3-3.

4.3.2.3-4.

4.3.24.1-1.

4.3.2.4.1-2.

4.3.24.2-1.

4.3.2.4.2-2.

43251

4.3.2.5-2.

4.3.2.6-1.

4.3.2.6-2.

4.3.2.7-1.

4.3.2.7-2.

4.3.2.7.1-1.

4.3.2.7.1-2.

4.3.2.7.2-1.

4.3.2.7.2-2.

4.3.2.7.3-1.

4.3.2.7.3-2.

XXil

List of Tables

TITLE PAGE
RTLS External Data Snap Input Parameters..........cccceevceeevieecceee e, 185
RTLS External Data Snap Output Parameters...........cccceveeveeecieeseesieeesieesine e 187
MSBLSVESUS TACAN ..ot 189
MSBLS with No Tacan RecaiversInstalled...........coooiiiiniiciiniciicciees 189
RTLS SENSOR Measurement Selection Input Parameters..........cccccceeevveennee. 191
RTLS Sensor Measurement Selection Output Parameters...........cccceecveevveenee, 192
Measurement Reconfiguration Input Parameters..........cocevcevevieeeceeecciee s, 194
Measurement Reconfiguration Output Parameters...........cocoveevveeeiiieevcieeesienns 195
Delta State Update Input Parameters.........ceeeceeeiieeeeieie s eciee e 196
Delta State Update Output Parameters.........cccevceeeiieeeseeescee e eeeeesvee e 197
State Propagation INput Parameters...........ccceeceeeiceeieiieecciee e 198
State Propagation OUtput Parameters..........ooccveeiceeeeiee s 199
RTLS Covariance Matrix Propagation Input Parameters..........cccceeevveevveeenneen. 200
RTLS Covariance Matrix Propagation Output Parameters............ccoceevveeeneen. 200
State and Covariance Measurement Incorporation INPULS..........ccceeeceeeeveeenneen. 201
State and Covariamce M easurement Incorporation QULPULS..........ccceeevveeenneen. 202
Drag Measurement INput ParameterS ........coooccveeeiiiieeeeccieee e esiee e seeee s 203
Drag Measurement OUIpUL Parameters.........oocveveieiieeeeciieee e 204
TACAN Range Measurement Subfunction Input Parameters............ccccccuvee..e. 205
TACAN Range Measurement Subfunction Output Parameters........................ 207
TACAN Bearing Measurement Subfunction Input Parameters............ccccuue...... 208
TACAN Bearing Measurement Subfunction Output Parameters...................... 210



TABLE

4.3.2.7.4-1.

4.3.2.7.4-2.

4.3.2.7.5-1.

4.3.2.7.5-2.

4.3.2.7.6-1.

4.3.2.7.6-2.

4.3.2.7.7-1.

4.3.2.7.7-2.

4.3.2.8-1.

4.3.2.8-2.

4.3.2.9-1.

4.3.2.9-2.

4.3.2.9-3.

4.3.2.9-4.

4.3.2.9-5.

4.4.2-1.

4.4.2-2.

4.4.5-1.

4.4.5-2.

4.5.1-1.

ST S 83-0005-34
December 14, 2007

List of Tables

TITLE PAGE
Barometric Altimeter INput Parameters.........oocvveviieicie s 211
Barometric Altimeter Output Parameters...........coovveeiieeevcieeesiee e 212
MSBL S Range Measurement Input Parameters.........cccoocvveeeviieeeecccieee s, 213
MSBL S Range Measurement Output Parameters..........occveeevvvveeeevcieeessieeenn, 214
MSBL S Azimuth Measurement Input Parameters..........cooocvveevieeeiieeevcieeesienns 215
MSBLS Azimuth Measurement Output Parameters.........ccoovveecveeccieeecveeenne, 216
MSBLS Elevation Measurement Input Parameters...........ccccceeeeveescieeesveeenne, 217
MSBLS Elevation Measurement Output Parameters..........cccevveeeevieevcieeenienns 218
RTLS Measurement Processing Statistics Input Parameters...........occveevveeeee. 219
RTLS Measurement Processing Statistics Output Parameters..............ccee.n.e... 223

INPUT FUNCTIONAL PARAMETERS FOR RETURN-TO-
LAUNCH SITE NAVIGATION (G4.205)......cccueiiiiieniinrenieeieseere e 225

OUTPUT FUNCTIONAL PARAMETERS FROM RETURN-TO-

LAUNCH SITE NAVIGATION (G4.205).....ccccueiiiiieenieesieeieesee e 232
RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) I-LOADS............... 237
RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) K-LOADS............. 244
RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) CONSTANTS....... 250
Coordinate Transformations Input Parameters............ccovevceeevieeiiieesciee e, 279
Coordinate Transformations Output Parameters..........cccocveevceeecieeccieeesiee e, 281
Utility Subfunctions Input Parameters...........cccveieeeeciieecciee e 282
Utility Subfunctions Output Parameters..........ceoceeeiieecceee e 282
Ascent Precise Predictor Input Parameters..........cccooocveeeeeeecceeesiee e, 287

XXili



ST S 83-0005-34
December 14, 2007

TABLE
45.1-2.

45.1.1-1

451.1-2.

45.1.1-3.
45.1.1-4.
45.1.1-5.
452.1-1.
452.1-2.
4522-1.
4.5.2.2-2.
45231
4523-2.

45.2.4-1.

4.5.2.4-2.

45.2.4-3.
4.5.2.4-4.
4.5.2.4-5.
4.6.1.1-1.

4.6.1.1-2.

XXIV

List of Tables

TITLE PAGE
Ascent Precise Predictor Output Parameters..........oocvvevcveeevieeeceee e, 288

INPUT FUNCTIONAL PARAMETERS FOR ASCENT PRECISE
PREDICTOR (G4.236) ...covevvveereeeeeeereeeeeeeesseesssessessesssesessesssssssesssessesssenes 289

OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT PRECISE

PREDICTOR (G4.236) ....voveeeeeeeeeeeeeseeseeeeesseseeseseeesesessees e seessssees s eessan 291
ASCENT PRECISE PREDICTOR (G4.236) I-LOADS.........ccocuneriiniereeeens 293
ASCENT PRECISE PREDICTOR (G4.236) K-LOADS........ccccviriiniinienens 294
ASCENT PRECISE PREDICTOR (G4.236) CONSTANTS......ccceiivirieins 296
Ascent Site Lookup Initialization Input Parameters..........ccccoeceeevieeecceeecieeenne, 318
Ascent Site Lookup Initialization Output Parameters...........cccoevevveevcveeevveeenne, 319
Ascent Runway/MSBLS Site Lookup Input Parameters.........ccooveeeeeevcveeenen. 321
Ascent Runway/M SBL S Site Lookup Output Parameters..........ccovevcveeevveenee. 323
Ascent TACAN Site Lookup Input Parameters.........ccceeceeeiceeeiieeccee e, 325
Ascent TACAN Site Lookup Output Parameters...........cccvevveeeviieeeieeesciee e, 326

INPUT FUNCTIONAL PARAMETERS FOR ASCENT SITE
LOOKUP (GA-238) ...vvveoeeeeeeeeeeeeeesesseeseseessseessesssssssessssesssssessessseseessssseenns 327

OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT SITE

LOOKUP (G4.238) ...c.veueeieieneeienieiesie ettt see et sn et 329
ASCENT SITE LOOKUP (G4.238) [-LOADS.......coooeiieieeieeee e 337
ASCENT SITE LOOKUP (G4.238) K-LOADS......cciieirieeieeie e 419
ASCENT SITE LOOKUP (G4.238) CONSTANTS ....cooiirieieneeie e 420
Ascent User Parameter State Propagation Input Parameters............cccoeeveeeneen. 430
Ascent User Parameter State Propagation Output Parameters...........cccccveeneen. 431



TABLE

4.6.1.2-1.

4.6.1.2-2.

4.6.1.3-1.

4.6.1.3-2.

4.6.1.4-1.

4.6.1.4-2.

4.6.1.5-1.

4.6.1.5-2.

4.6.1.5-3.

4.6.1.5-4.

4.6.1.5-5.

4.6.2.1-1.

4.6.2.1-2.

4.6.2.2-1.

4.6.2.2-2.

4.6.2.3-1.

4.6.2.3-2.

4.6.2.4-1.

4.6.2.4-2.

4.6.2.5-1.

ST S 83-0005-34
December 14, 2007

List of Tables

TITLE PAGE
Inputs for Ascent/RTLS User Parameter Calculation............ccccceeeceeevieeeneen. 432
Outputs From Ascent/RTLS User Parameter Calculations............cccevcveeeinenn. 433
Ascent User Parameter Processing Initidlization Input Parameters................... 434
Ascent User Parameter Processing Initialization Output Parameters................. 435
Inputs for Ascent HSI CalCulations...........ccccveeiieieiiee e 436
Outputs for Ascent HSI CalCulations.............cocceeiiieeicieecee e 437

INPUT FUNCTIONAL PARAMETERS FOR ASCENT USER
PARAMETER PROCESSING (G4.19) ......coiiiiiiiieeiierenieeeesieere e 438

OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT USER

PARAMETER PROCESSING (G4.19) ......ceiiiieiiiieiiieresieere e 440
ASCENT USER PARAMETER PROCESSING (G4.19) I-LOADS............... 445
ASCENT USER PARAMETER PROCESSING (G4.19) K-LOADS.............. 449

ASCENT USER PARAMETER PROCESSING (G4.19) CONSTANTS........ 450

Ascent/RTLS User Parameter State Propagation Input Parameters.................. 476
Ascent/RTLS User Parameter State Propagation Output Parameters............... 477
Input Parameters for Powered RTLS User Parameter Calculations.................. 479
Outputs From Powered RTLS User Parameter Calculations............cccceeeueen.. 480
Input Parametersfor Glide RTLS User Parameter Calculations....................... 481
Output Parameters from Glide RTLS User Parameter Calculations.................. 484
Ascent/RTLS Calculations Input Parameters...........ccceeeeeeiceeevveesieeesciee e, 486
Ascent/RTLS Calculations Output Parameters..........ccccceeeveeeeiveeccieeesiee e, 488
RTLS User Parameter Processing HSI Calculations Input Parameters............. 489

XXV



ST S 83-0005-34
December 14, 2007

TABLE
46.25-2.
4,6.2.6.1-1.
46.2.6.1-2.
4.6.2.6.2-1.
46.2.6.2-2.

4.6.2.7-1.

4.6.2.7-2.

4.6.2.7-3.

4.6.2.7-4.

4.6.2.7-5.

4.7-1.

4.7-2.

4.7-3.
4.7-4.

4.7.1-1.

XXVi

List of Tables

TITLE PAGE
RTLS User Parameter Processing HSI Calculations Output Parameters........... 490
TACAN Display Calculations Input Parameters.........cocvvvevceeevieecceeesciee e, 491
TACAN Display Calculations Output Parameters...........ccccceeeveeevcieeescvee e, 492
GPS Display Computation Input Parameters..........ccceccveevceeevieeeiseeesciee e 493
GPS Display Computation Output Parameters...........cccuvevceeerieeeiseeescieeesienns 496

INPUT FUNCTIONAL PARAMETERS FOR RETURN-TO-
LAUNCH SITE USER PARAMETER PROCESSING (G4.20) .......ccccveuenee. 497

OUTPUT FUNCTIONAL PARAMETERS FROM RETURN-TO-
LAUNCH SITE USER PARAMETER PROCESSING (G4.20) .......cccoveueenee. 502

RETURN-TO-LAUNCH SITE USER PARAMETER PROCESSING
(GA.20) [-LOADS ... eeeeeeeeeeee e ee e eesee e s ees e see s se s 510

RETURN-TO-LAUNCH SITE USER PARAMETER PROCESSING
(G4.20) K-LOADS......ooveeeeeeeeeeeeeeeeseseeeeeeeeseseese e ses s eeseeesese s eeesese e 516

RETURN-TO-LAUNCH SITE USER PARAMETER PROCESSING
(GA.20) CONSTANTS.....oeevveeeeeeeeeeseeeseeeeeseeseseeeesesssseessessseeessesseeseesssses 518

HSI Display Parameter/Mode Switch Matrix HSI Output Identity ................... 546

Correspondence of Ascent Area Navigation Mission Dependent Parameters

and GRTLS TAEM A/L Guidance (4.204 and 4.234) Parameters................... 547
AreaNavigation INput Parameters............ccccceeeiieeiieeesie e 548
AreaNavigation OutpUt Parameters..........ooccueeeceeeieee e eciee e 552

INPUT FUNCTIONAL PARAMETERS FOR ASCENT AREA
NAVIGATION PROCESSING (G4.237) ...ccuiiieiiiieaiieiesieeee e 558



TABLE

4.7.1-2.

4.7.1-3.
4.7.1-4.

4.7.1-5.

4.8.1-1.
4.8.1-2.
4.11-1.
4.11-2.

4.11.1-1.

4.11.1-2.

4.11.1-3.
4.11.1-4.
4.11.1-5.
51-1.
5.1A-1

5.3-1.

54-1.

55-1.

ST S 83-0005-34
December 14, 2007

List of Tables
TITLE PAGE

OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT AREA

NAVIGATION PROCESSING (G4.237) ....ccviireiieeeiiierenieeie e 563
ASCENT AREA NAVIGATION PROCESSING (G4.237) I-LOADS............ 564
ASCENT AREA NAVIGATION PROCESSING (G4.237) K-LOADS.......... 569

ASCENT AREA NAVIGATION PROCESSING (G4.237)

CONSTANTS e e e b e e br e sbe e e naee s 570
Keyboard Delta State Update Input Parameters..........cccccveevceeevieecceeecciee e, 575
Keyboard Delta State Update Output Parameters.........ccocvevceeevveecceeeccvee e, 576
RNP Matrix Computation Input Parameters..........ccccvevceeeviieeeseee e, 586
RNP Matrix Computation Output Parameters..........ccceeceeevcieeesveesceeesiee e, 587

INPUT FUNCTIONAL PARAMETERS FOR RNP MATRIX
COMPUTATION (GA.16) ...eoeveeeeeeereeeeeeeseeeeeseseeessseeseseeseeeeseseessseeseseesseens 589

OUTPUT FUNCTIONAL PARAMETERS FROM RNP MATRIX

COMPUTATION (G4.16) ...t eeeeeeseeseeseeseesesees e s ssessessess s 590
RNP MATRIX COMPUTATION (G4.16) I-LOADS........cccoiiiiiieieeieesiee 603
RNP MATRIX COMPUTATION (G4.16) K-LOADS.........cooeiierieeieee 604
RNP MATRIX COMPUTATION (G4.16) CONSTANTS .....ooooiieiivieieine 607
Variable List - Basic Ascent/RTLS Navigation ..........ccccvevevieeecieeciee e, 611
GPS Related Variablesfor Ascent and RTLS.........ccccoiiiiinieninienccie 630

Variable List - General Requirements Principal Functions and Coordinate

TraNSFOMMELTIONS ...ttt b e saeas 704
Variable List - AreaNavigation ..........ccoceveiiieeiiiie e cee e 742
Variable List - Specialist Functions Navigation Support Formulations............. 770

XXVil



ST S 83-0005-34
December 14, 2007

XXVili

List of Tables
TITLE PAGE
Variable List - USer Parameters..... ... 778
CR REFErENCE SUMIMAIY ......ociiie ettt ettt et e e anneas 817
Historical Change REqUESE SUMMEAIY .......cccuvveiieeeiiee e cieeesree e siee e 839



FIGURE
4.3.2.6-1.
4.3.2.3-1.
4.6.1.

46.2.(1)

46.2.(2)

4.7-1.
4.7-2.
4.7-3.
4.7-4.
5.2-1.(1)
5.2-1.(2)
5.2-2.(1)
5.2-2.(2)
5.2-3,
5.2-4,
5.2-5.
5.2-6.(1)
5.2-6.(2)

5.2-7.

ST S 83-0005-34
December 14, 2007

List of Figures

TITLE PAGE
State NOISe FOrmMUIGLTION. ..........couiiiiiiiiiseee e 156
BARO-DRAG SEection RESUILS..........ccoviiiiiiiieiiiecseeeeeeese s 190
Ascent User Parameter Processing Principal Function Interface Diagram......... 429

RTLS User Parameter Processing Principal Function Interface Diagram
(0= 0 0 2 SRR 474

RTLS User Parameter Processing Principal Function Interface Diagram

(SNEEE 2 0 2) .. 475
Left—Hand Forward Flight Station...........cccccceeiiiie i 554
HSI DISPIAY. v veveeveeeeeeeeeeeeeeeeeseeeeeeeeee e seee e sseseeseeeeeeseee s eesseesesessesessensenne 555
Flightpath Geometry -- Horizontal Plane..........cccccocveeciieiciei e 556
Flightpath Geometry -- Vertical Plane........ccooocee e 557
ASCENT_NAV_SEQ (SNEEE 1 Of 2)...veeveeeeeeeeeeeseeeeeeeeeeeees e ssessesse s 644
ASCENT_NAV_SEQ (SNEEE 2 0f 2) ....veveeeeeeeeeeeeeeeeeeeeeeees e ressesssnens 645
ASCENT _INIT (SNEEL 1 0F 2) oot s e svsee e e 646
ASCENT _INIT (SNEEL 2 0F 2) cvvoeeeeeeeeeeeeeeeeeeeeeee et ee e e e sresreseenneeees 647
V_REL (FUNCTION) ....eceeeeeeeeeeeeseeeeeeeeeeeseeeeeesssestessesses s eeseessessessessennenees 648
ACCEL (FUNCTION) ...eeeeeeeeeeeeeseeeeeeeeeeeee e e seesseeseeseseesees e esessesseseennenees 649
CENTRAL ettt sttt b e e naneas 650
ACCEL_EARTH_GRAYV CODE (Sheet 1 0f 2)....vueeeeeeeeeeeeeeeeeesresresresseeene 651
ACCEL_EARTH_GRAV CODE (Sheet 2 0f 2)....ovveeeeeeeeeeeeeeeeeesresresreseeeone 652
DENSITY CODE..... .o 653

XXiX



ST S 83-0005-34
December 14, 2007

FIGURE
5.2-8.
5.2-9.
5.2-10.(1)
5.2-10.(2)
5.2-10-1.(1)
5.2-10-1.(2)
5.2-10A.(1)
5.2-10A.(2)
5.2-10A.(3)
5.2-11.
5.2-12.
5.2-13.
5.2-14.
5.2-15.
5.2-16.
5.2-17.
5.2-18.(1)
5.2-18.(2)
5.2-18.(3)
5.2-18.(4)

5.2-18.(5)

XXX

List of Figures

TITLE PAGE
H_ELLIPSOID (FUNCTION)......oocoieeeeeeeeeseseeeeesseeeseseeeseseeeesessessseeesssseens 654
ACCEL_DRAG CODE.........coiveeeeeeeseeeeeeeseseesesseeseseeesseseeeeseseeseesee s 655
UPP_STATE_RESET (SNEEt 10 2) ...eoooeeeeeeeeeeeeeeeeeeeeeeseeeeeeseeseessseeeseneeens 656
UPP_STATE_RESET (SNEEt 2 0f 2) ... eeeeeeeeeeeeeseeeee e 657
UPP_RESET_METERING CODE (Sheet 1 0f 2)......c.oeomveererreesereeseneeeene 658
UPP_RESET_METERING CODE (SNeet 2 0f 2).......oerveererreeeereeseeeeeseee 659
METERING_LIMITS CODE (Sheet 1 0f 3).......oveeveeeeereeeeneeeeseseeseseeeseee 660
METERING_LIMITS CODE (SNeet 2 0f 3).......oveeveeeeereeeeneeeeseseeeseeeesnee 661
METERING_LIMITS CODE (SNeet 3 0f 3).......oveeveeeeereeeeseeeeseneeseseeeeeee 662
TNV X< o = N OO 663
STATE_VECTOR_PRED_TASK_ASC ....coivveeieeeeeeeeeeeeeseseeesseeeessseeessneeens 664
NAV_STATE PROP ASCENT AND_RTLS.....ooiveeioreeeemeeeeeeeeeessssecessnseens 665
ASC_DELTA_STATE _UPDATE ....ocooeeeeeeeeseeeeeeeeeeeeeeeeeeseeseeseeseesesee 666
ASCENT _RTLS NAV_SEQUENCER.........o.omomveeeereesseeeeeseeseeesesseeseseeen 667
GRTLS INITIALIZE CODE .....oooeiveeeeeeeeeeeeeeseeeeeeeeeeeeseseeesseeeee e 668
COVINIT_RTLS oo seeee e seesee e see s sessee s 669
NAV_GRTLS (SNEEL L OF B)...vveeoveeeeeeeeeeeeseseeesesesesseseeeesseeeeseeseessseesssseens 670
NAV_GRTLS (SNEEL 2 OF B).....veooveeeeeeeeeeeseseeeeeeseesseseeeeesseeeses s essseesssseens 671
NAV_GRTLS (SNEEL 3 OF B).....eeeeveeeeeeeeeeeeeseseeeeeseeesseseeesesseeesesseessseesssseens 672
NAV_GRTLS (SNEELA OF B).....eeooveeeeeeeeeeeeseeeeeeeseseeseseeeeeseeeeses e essseessnseens 673
NAV_GRTLS (SNEELS OF B).....veooveeeeeeereeeeeseseeeeesssesseseeeesseeeesessesssseessseeens 674



FIGURE
5.2-18.(6)
5.2-19.(1)
5.2-19.(2)
5.2-19.(3)
5.2-19.(4)
5.2-19.(5)
5.2-20.
5.2-21.
5.2-22.(1)
5.2-22.(2)
5.2-23.
5.2-24.
5.2-25.
5.2-26.
5.2-27.
5.2-28.
5.2-29.
5.2-30.
5.2-31.(1)
5.2-31.(2)

5.2-31.(3)

List of Figures
TITLE

NAV_GRTLS (SHEE 6 0f 6)......vverreerreeerererereeseren

RTLS SENSOR_SELECT CODE (Sheet 1 of 5)
RTLS SENSOR_SELECT CODE (Sheet 2 of 5)
RTLS SENSOR_SELECT CODE (Sheet 3 of 5)
RTLS SENSOR_SELECT CODE (Sheet 4 of 5)

RTLS SENSOR_SELECT CODE (Sheet 5 of 5)

COVEXTRAP PE RLTS....oveoooeeeeeeeeeeeeeeeeeeseneeeen
GRAVITY_GRADIENT (FUNCTION) ....ccoovvveeeeene.
RTLS DRAG_NAV CODE (Sheet10f2)..................
RTLS DRAG_NAV CODE (Sheet20f 2) ...................
RTLS NAV_FILTER ...oivvioeeeeeeeeeeeeeeeeeeseeeeeeee e
RTLS MLS NAV CODE.........ccoomvvemmmveeeerreesseseessnneens
RTLS MLS RANGE_NAV CODE.......ccoooccomvvvernnneen.
SV_INTERP_RTLS..oocoiveeeeeeeeeeseeeeeseeeeeeessseessssnennn
RTLS MLS AZ_NAV CODE.........ccooovecemmrrcrrrreersrreens
ANGLE_PARTIALS ..o
RTLS MLS EL_NAV CODE .......ccooovverervecrserressrreens
TACAN_INIT CODE ..o
RTLS TACAN_NAV CODE (Sheet 1 of 4).................
RTLS TACAN_NAV CODE (Sheet 2 of 4)..................

RTLS TACAN_NAV CODE (Sheet 30f 4).................

ST S 83-0005-34
December 14, 2007

XXXI



ST S 83-0005-34
December 14, 2007

FIGURE
5.2-31.(4)
5.2-32.
5.2-33.(1)
5.2-33.(2)
5.2-33.(3)
531
532,
5.3-3,
5.3-4.
5.3-5.
5.3-6.
5.3-7.
5.3-8,
5.3-9.
5.3-10.
5.3-11.
5.3-12.
5.3-13.
5.3-14.
5.3-15.

5.3-16.

XXXii

List of Figures

TITLE PAGE
RTLS TACAN_NAV CODE (St 4 0f 4) .....oveeeeeeeeeeeeeeeeeeeeeeeeeseeseeseeseenn. 697
RTLS BARO NAV CODE ......ooeeeeeeeeeeeeeeeseeseeseeeeseeseseseeseessessessssssnne. 698
MEAS PROCESSING STATISTICS RTLS CODE (Sheet 1 of 3)............... 699
MEAS PROCESSING _STATISTICS RTLS CODE (Sheet 2 of 3).............. 700
MEAS PROCESSING STATISTICS RTLS CODE (Sheet 3 of 3).............. 701
Aries Mean of 1950, Cart@SIian.........c.ccueruerieiriiieiisiese e 711
Earth-Fixed Greenwich True of Dae...........ccoovveiiiiiiiiinieiccecece e 712
Aries True of Date, CarteSian .........ccoveiverieiiiieii s 713
Basic Definitions - GeodetiC Parameters............ccoovveerineinieicneeeseee e 714
Detailed Explanation - Geodetic Parameters...........ccceeeveeevceeesiee e 715
Runway Coordinate SYStEM .........ccicueeeiiee e see e et e e sree e snee e 716
Topodetic Coordinate SYStEM..........cveiiee et 717
MSBLS Radar Coordinate SyStem.........ccccecveeeiieeeieie e cree e 718
Body Coordinate System (Structural) ..........cccveeveeeeeiee e 719
Stable MembBer (IMU) ....oooeie et 720
NWU Geographic Coordinate SYyStem ........c.ceeccveeeieeeeieeesieeestee e sieeeseee s 721
BOOY AXIS ....uiiieciie ittt e et s e st e e et ae e raeennee e 722
UVW Coordinate SYSIEM.......cecieieiieeectee et stee et e et ste e st e sraeestee e snnee e 723
Earth Fixed to M50 _Coord (FUNCLION).........ccccvuieiiiie e 724
EF_TO _TOPDET (FUNCTION) w..oveveeeeeeseeeeeeeeeeeeeeeeeeesseseeessessessesseeseesse. 725
EF_TO RUNWAY (FUNCTION) w..cveveieeeeesteseseeeeeseeee s eeeesee s ssssessesssne. 726



FIGURE
5.3-17.
5.3-18,
5.3-19.
5.3-20.
5.3-21.
5.3-22.
5.3-23.(1)
5.3-23.(2)
5.3-24.(1)
5.3-24.(2)
5.3-25.
5.3-26.
5.3-27.
5.3-28.
5.4-1.(1)
5.4-1.(2)
5.4-1.(3)
5.4-1.(4)
5.4-1.(5)
5.4-1.(6)

5.4-2.

List of Figures
TITLE

EF_TO_SCANNER (FUNCTION) .....ovoorveererreenne.
EF_TO_GEODETIC ..o
GEODETIC_TO_EF (FUNCTION) .....cccoovvvererrrennnee.
UVW_TO_M50 (FUNCTION) ..o
SBODY _TO_ M50 ..o

QUAT_TO_MAT (FUNCTION) ..o

ASC_PRECISE_PREDICTOR (Sheet 1 of 2)

ASC_PRECISE_PREDICTOR (Sheet 2 of 2)

ASC_SITE_LOOKUP_INIT (Sheet 1of 2) ..............
ASC_SITE_LOOKUP_INIT (Sheet 20f 2) ..............
ASC_RUNWAY_SITE_LOOKUP...........ccoomvrrmrrrecns
ASC_TACAN_SITE_LOOKUP.........omorvecrrrrrcersrreens
M50 TO_EF AT _EPOCH ....ovveeereeeeeeeeeseereeee
R ST TN NI Y-\ 2
HSI_SEQUENCER (Sheet 1 0f 6) ........oveevveerrrrreenne.
HSI_SEQUENCER (Sheet 2 0f 6) .......vveerveerrerreennes
HSI_SEQUENCER (Sheet 30f 6) ........o.coerveererrrennn.
HSI_SEQUENCER (Sheet 4 0f 6) ........oocvvveerrrreenne.
HSI_SEQUENCER (Sheet 5 0f 6) .......oocerveerrrreennn.
HSI_SEQUENCER (Sheet 6 Of 6) ............ovveerrrrreernns

NAV_STATE_TO_RW CODE........oovvererrrrereersrrens

ST S 83-0005-34
December 14, 2007

XXXiii



ST S 83-0005-34
December 14, 2007

FIGURE
5.4-3.
5.4-3A.
5.4-4.
5.4-5.
5.4-6.(1)
5.4-6.(2)
5.4-7.(1)
5.4-7.(2)
5.4-8.
5.4-9.(1)
5.4-9.(2)
5.4-9.(3)
5.5-1.
5.5-2.
5.5-3.
5.5-4.
5.5-5.
5.6-1.(1)
5.6-1.(2)

5.6-2.(1)

XXXIV

List of Figures

TITLE PAGE
TAC_BARO_TO RW CODE........oivveeeveeeereeeeseeeeeseeeesseseeeeseseeseeseeeseseesne 757
GPS TO RW ..o eeee e ses s eesee s eeee s 758
TAC_BARO_TO_TOPODETIC CODE.........oooommveeeeeereeeeeseeeeseseeseeseeeseneenn 759
MSBLS TO RW CODE ....ovveeeeeeeeeeeeeeseeeseeeseeeeeeseesseesessse s 760
ENTRY_HSI_COMP CODE (ShEt 1 Of 2)......vveeeeeeeeeeeeeeseeeeeeeseeesseeesenneens 761
ENTRY_HS|_COMP_CODE (ShEEL 2 Of 2).....vveeeeeeeeeeeeeseeeeeeeeeesseeessnneens 762
RANGE_BEAR_TO_HAC_ENTRY (Sheet 10f 2) .....oovveeeeeeeeeeeseseeesenenens 763
RANGE_BEAR_TO_HAC_ENTRY (ShEet 2 0f 2) .....oovveeeeeeeeeeeseeeeesenenens 764
LAND_HSI_COMP CODE.........oveeieveereeeeeeseseeeeeseeeeseseeseeeeesessessseeeeesnseens 765
TAEM_HS|_COMP CODE (ShE€t 1 0f 3)......vveeveeeereeeseseeeseseesseseeesesee 766
TAEM_HS|_COMP CODE (ShEEt 2 0f 3)......vveoveeeeeeeeeeseeeeeseesseseeeseseen 767
TAEM_HS|_COMP CODE (ShE€t 30f 3)......vveeveeeereeeeeseeeseseesseeeeesesen 768
DEORBIT_LANDING_SITE_UPLINK .....oooiveeeeeeeeeeeeeeeseeeeseeeeesseeessnneens 771
DEORBIT_TACAN_SITE UPLINK w....coovveeieeeeeeeeeeeeeeeeeseeeeseese s 772
MSBLS_SITE UPLINK w...coovveerieeeseeeeseeeee s eeeseeeseseeeseseeeesesseesseeeesesseens 773
ASCENT_UPLINK_PROCESSOR.........oo.cmmveerereeeeesseeesseseeesseseesesseesseseeson 774
KEYBOARD PROCESSOR .......coocoovveeieeeeseseeesesssesseseeesesseessesseeessseesssseens 775
ASCENT _UPP_SEQ (SNEEt 10 2) ... eeeseeseeee e 788
ASCENT _UPP_SEQ (SNEEt 2 0f 2) ... eeeseesesse e 789

USER_PARAM_PROPAGATOR_ASCENT _AND_RTLS
(SNEEL L OF 2) v eeeee e eee e es e ees s ees e s



FIGURE

5.6-2.(2)

5.6-3.(1)
5.63.(2)
5.6-4.(1)
5.6-4.(2)
5.6-4.(3)
5.6-5.(1)
5.65.(2)
5.6-6.(1)
5.66.(2)
5.66.(3)
5.6-7.(1)
5.6-7.(2)
5.6-7.(3)
5.6-8.(1)
5.6-8.(2)
5.6-8.(3)
5.6-8.(4)
5.6-8.(5)
5.6-0.

5.6-9A.(1)

ST S 83-0005-34
December 14, 2007

List of Figures
TITLE PAGE

USER PARAM_PROPAGATOR_ASCENT _AND_RTLS

S X i) N 791
ASCENT_UPP_INIT (SNEEE L OF 2) c.ooooveeeeeeeee oo 792
ASCENT_UPP_INIT (SNEEE 2 OF 2) ..o 793
ASCENT_RTLS COMPS (SNEEt 1 0 3) ..o 794
ASCENT_RTLS COMPS (SNEEt 2 0F 3) ..o 795
ASCENT_RTLS COMPS (SNEEt 3 0f 3) ...eooovveeeeeeeeeeeeeeeeeseeeeeeeseeeee e 796
PW_HS|_COMPS (SHEEL L Of 2) .....oovvveeeeeeeeeeeeeeeeeeeeeeeeeseeeee e 797
PW_HS|_COMPS (SHEEE 2 Of 2) ... eeeeeeeeeseeeee e 798
RTLS UPP_SEQ (SNEEL 1 OF 3) c.v.cooeeeeeeeeeeeeeeeeeeeeeeeeeeee e eeeesee e 799
RTLS UPP_SEQ (SNEEE 2 OF 3) c...cooeeveeeeeeeeeeeeeeeeeeeeeeeee e s 800
RTLS UPP_SEQ (SNEEE 3 0f 3) cv..eooeeeeeeeeeeeeoeeeeeeeeeeeeeeeeseesee e seeseeeee 801
RTLS SECOND_STAGE_COMPS (ShEet 1 Of 3).......vvvveeeereeesereeerseeeneenns 802
RTLS SECOND_STAGE_COMPS (ShEet 2 Of 3).......vvveeeereeeeeeeeeeeseeneenns 803
RTLS SECOND_STAGE_COMPS (ShEet 3 0f 3).......vvveeeereeeeeeeeerseesneenns 804
GUIDECOMP _RTLS (SNEEL 1 Of 5)..vveeooeeeeeeeeeeeeeeeeeeeeeseeeee s 805
GUIDECOMP _RTLS (SNEEL 2 0f 5)....ecooeveeeeeeeeeeeeeeeeeseeeeeeeeeeee e 806
GUIDECOMP _RTLS (SNEEL 3 0f 5)...veooeveeeeeeeeeee oo 807
GUIDECOMP _RTLS (SNEEL A OF 5)..cvvecooeveeeeeeee e 808
GUIDECOMP_RTLS (SNEEL 5 OF 5)...veoooeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeee e 809
TACAN_DISP_COMPS.......ovoeeeeeeeeeseeeeeeseeeeeeeseeseeeeeeeeeesseeeeeeseesee e 810
GPS_UPP_DISP_COMPS (SNEEL 1 Of 6)......ecoeveeeeeeeeeeeseeeeeeeeeeeeeeseeeeeeeee 811

XXXV



ST S 83-0005-34
December 14, 2007

FIGURE
5.6-9A.(2)
5.6-9A.(3)
5.6-9A.(4)
5.6-9A.(5)

5.6-9A.(6)

XXXV

List of Figures

TITLE PAGE
GPS_UPP_DISP_COMPS (SNEEL 2 Of 6)......ecooveeeeeeeeeeeeeeeeeeeeeseeee e 812
GPS_UPP_DISP_COMPS (SNEEL 3 0f 6)......eceovveeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeee 813
GPS_UPP_DISP_COMPS (SNEEL 4 Of 6).......cooeveeeeeeeeeeeeeeeeeeeeeeeeeesenseeeee 814
GPS_UPP_DISP_COMPS (SNEEL5 Of 6).......cooveeeeeeeeeeeseeeeeeeeeeeeeeseeeeeeee 815
GPS_UPP_DISP_COMPS (SNEEL 6 Of 6)........oovveeeeeeeeereeeeeeseeeeeeeseeeseeeee 816



ST S 83-0005-34
December 14, 2007

1.0 INTRODUCTION

1.1 PURPOSE

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

1.2 SCOPE

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

1.3 ORGANIZATION

This document is organized into the following sections:

1.0 Introduction

2.0 Applicable Documents
3.0 Overview

4.0 Detail Requirements
5.0 Supplemental Material

Section 1 defines the purpose, scope, and organization of this document. Applicable documents are listed
in Section 2, and an overview of the navigation program is described in Section 3. Section 4 presents the
detailed requirements of the document. It also contains applicable tables (Interface Definition Document
(IDD) inputs/outputs, I-Loads, K—Loads, and Constants) located at the end of each Principal Function.

The automated |DD tables provided herein define signal (parameter) interface requirements either between
hardware (LRU) and software elements or between software elements and other software elements. A
GN& C software element is either a sequenced principal function (PF), crew generated specialist/display
function, or an OPS display function. In the event of a conflict between the IDD tables and other internal
text input/output tables, the SASCB data base—controlled IDD tables take precedence.

In general, each subfunction described within each subsection of Section 4 is structured as follows:
e Text
e |nput parameter table
e Output parameter table

Table 1.3-2 lists the symbols used in the internal subfunction tables.
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The following table defines the data elements found in the IDD input/output, |I-Load, K—Load, and
Constant tables for each principal function.

Table 1.3-1. Parameter Element Description

Title Definition Valid Entries
CAT Category of thel-Load (""Note) | Three alphanumeric characters: the first character must
be a phabetic.
D Dependency of the I-Load D= Desgn M = Mission L =LRU
DESCRIPTION Parameter description of the K— | A string of < 64 characters.
Load or Constant.
DESTINATION Destination of the output Abbreviated functiondl titles. (""Note)

parameter

DT or DATA TYPE

Data Type

" Seereference (1) for valid I-Load, K-Load and
Constant data types.

See reference (2) for valid IDD data types for
parameters with destination TLM.

See reference (3) for valid IDD datatypes for all
other parameters.

*

ENG UNITS or Engineering Units See reference (1) for valid I-Load, K—Load and

UNITS Constant units.

" Seereference (2) for valid IDD units for parameters
with destination TLM.

" Seereference (3) for valid IDD unitsfor all other
parameters.

FSSR NAME Requirements parameter name | A string (with no embedded blanks) of < 32 characters
consisting of aphanumerics, underscores, parenthesis,
commas and slashes. Parenthesis are used for array
elements. Commas separate the different indices of
multidimensional arrays. Slashes are used to separate
multiple names used for asingle MSID.

LAST CR Thelast CR affecting the 5 digit number with an alphabetic revision letter.

parameter

MC Memory Configuration 00=Generic 05 = SM4 Orhit P/L
01=GN1 Ascent/GN6 RTLS 06 = PIL9 MMU
02=GN2 Orhit 07 = Not Assigned
03=GN3 Entry 08 = GN8 On-Orhit C/O
04=SM2 On-Orbhit 09 = GN9 Preflight

MSID or M/SID M easurement/Stimulus Maximum of 10 a phanumeric characters.

I dentification " See reference (3) for specifications

NOMENCLATURE | Parameter description of the String of < 34 characters (including underscores and

IDD parameter. blank spaces).
PR or PREC Precision D, DP =Double S, SP=Single
SOURCE Origin of the input parameter Abbreviated functional titles.
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Table1.3-1. Parameter Element Description

Title Definition Valid Entries
S Software Utilization C = Common B = BFS Unique
P = Primary X = BFSDerived
A = BFSConverted
PRFCTN Cross reference of the principal | See Level B GN& C CPDS SS-P-0002-510

function identifiers that are
applicable to this parameter.

VALUE The value of the K-Load or " See reference (1) for valid value formats.
Constant
REV Revision indicator As Asterisk (*) indicates changes for the current Ol
version.

* References. (1) JSC 19350 I-Load Requirements Document Volumel
(2) SSP-0002-140 Level A SS Downlist/Uplink CPDS
(3) JSC 18206 Shuttle Data Integration Plan Volume 1l MAST 11/STAR Deliverable Products.

** Note For additional information on any 1-Load, contact the |- oad owner defined in CR 98032,
JSC, USA, and Boeing I-L oad Owner Assignments
*** Note IDD output (source) tables which reflect parameters going to input (destination) “TLM”

shall not be interpreted as asignal actually being downlisted. The parameter is only
available for downlist in COMPOOL and does not appear in a downlist format.

Parameters actually on the downlist will be designated with a destination denoting the downlist
Format with a Rate Code. The Rate Code legend appears at the end of each FSSR data table.
To complete the downlist information, Parent MSIDs (indicated by a'P' in the 9" character of
the MSID) are now included in the software function output data tables in which a Child MSID
already appears. A Parent MSID will have the same downlist destinations as its Child(ren)
MSID(9).

Table1.3-2. Symbols Used In Internal Subfunction Tables

Symbol Description

Char Character string

D Discrete

DP Double precision
Scalar, floating point
Integer

Matrix

Single precision
Vector

< »m=Z— T




ST S 83-0005-34
December 14, 2007

This page intentionally left blank.



21

2.2

2.3

ST S 83-0005-34
December 14, 2007

20 APPLICABLE DOCUMENTS

LEVEL A DOCUMENTS
SS-P-0002-140  Shuttle Downlist/Uplink Software Requirements

SSP-0002-150  Shuttle Launch Data Bus Software Interface Requirements

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

LEVEL B DOCUMENTS
SS-P-0002-510  Shuttle Functional Level Requirements, GN&C

SS-P-0002-550  Shuttle Functional Level Requirements, Vehicle Utility—02

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

LEVEL C DOCUMENTS

STS 83-0001 Operationa Flight Level C, Functiona Subsystem Software Requirements;
Guidance, Navigation, and Control, Part A, Entry Through Landing Guidance

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

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

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

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

STS 83-0006 Operational Flight Level C, Functional Sushsystem Software Requirements;
Guidance, Navigation, and Control, Part B, On—Orbit Navigation

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

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

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

STS 83-0010 Operational Flight Level C, Functional Susbsystem Software Requirements;
Guidance, Navigation, and Control, Part D, Redundancy Management
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STS 83-0013 Operational Flight Level C, Functional Susbsystem Software Requirements;
Guidance, Navigation, and Control, Part E, Inertial Measurement Unit
Subsystem Operating Program

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

STS 83-0015 Operational Flight Level C, Functional Susbsystem Software Requirements;
Guidance, Navigation, and Control, Part E, Subsystem Operating Programs,
FC Sensor/Controller

STS 83-0016 Operational Flight Level C, Functional Susbsystem Software Requirements;
Guidance, Navigation, and Control, Part E, Subsystem Operating Programs,
FC Effector

STS 87-0017 Operationa Flight Level C, Functiona Subsystem Software Requirements;
Remote Manipulator System

STS 83-0020 Operationa Flight Level C, Functiona Subsystem Software Requirements;
Displays and Controls

STS 83-0026 Operationa Flight Level C, Functiona Subsystem Software Requirements;
Guidance, Navigation, and Control Sequencing

JSC-19350 Shuttle Flight Software Initialization Load
* Volumel Generd Requirements
* Volumell Mission |-Load Requirements
JSC-19478 Payload Management, Level C Flight Software Requirements

JSC-19590 Systems Management, Level C Flight Software Requirements

24 |CD DOCUMENTS
ICD 3-1011-02  GPC/DEU ICD

ICD 2-1S001 Orbiter Primary Flight Software System and Backup Flight System Software
Interface

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

3.1 OPERATIONAL NAVIGATION PROGRAM

For the space transportation system (STS) the operational navigation program has requirements specified
a three levels. system level (A), functional level (B), and detailed level (C). In addition, thelevel B and C
requirements are specified in separate documents for guidance, navigation, and control (GN& C) and for
system management (SM). This document isthe ascent/ RTL S navigation part of the GN&C level C STS
reguirements.

3.2 GN&C SOFTWARE MAJOR FUNCTIONS
The orbiter general—purpose computer (GPC) provides the following GN& C major functions:
e Guidance (GUID)
¢ Navigation (NAV)
e Flight control (FC)
e Redundancy management/moding, sequencing, and control (RM/MSC)
e Subsystem operation programs (SOP)

e Digplaysand controls (D&C)

Other

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

3.3 NAVIGATION SYSTEM OVERVIEW

The basic function of the orbiter navigation system is to provide and maintain an accurate current estimate
of the orbiter navigation state. The navigation state consists of the three orbiter position components and
the three orbiter vel ocity components expressed in the M50 inertial coordinate system. Thetimetag
associated with this six dimensional navigation state defines the time of validity of its associated position
and velocity estimate. The terms navigation state, state estimate and state vector are used interchangeably
in this document.

The orbiter navigation system performs its basic function by utilizing two independent navigation
capabilities, each of which provides and maintains an accurate current estimate of the orbiter state.

Thefirst navigation capability consists of those navigation principal function software elements and
NAVAIDS which provide and maintain the three orbiter filter state estimates and the resulting selected
filter state estimate. The software elements perform the following functions: propagation of the filter state
estimates to current time, using orbiter IMU data when appropriate; resetting or updating the filter state
estimates to aground uplink, manual inputs or a selected GPS navigation state, depending on the
navigation system configuration; processing NAVAID measurements, when available, in the principal
function Kalman filter software to improve the accuracy of the orbiter filter state estimates; and selection of
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asinglefilter state from the three filter state estimates for use by the orbiter navigation system. Theterms
NAVAID and sensor are used synonymously in this document and are used to describe the onboard
navigation instruments which provide measurements for processing by the navigation principal function
Kaman filter. These navigation instruments are associated with the following systems:

* MSBLS (Microwave Scanning Beam Landing System)
* TACAN (Tactical Air Navigation)
+ Barometric Altimeter

This capability will be referred to as the baseline of IMU NAVAID navigation capability.

The second navigation capability utilized by the orbiter navigation system consists of the Global
Positioning System (GPS) Line Replacement Units (LRUS) and those orbiter navigation principal function
software elements which provide and maintain the GPS orbiter state estimates and the resulting selected
GPS dtate estimate.  The software elements perform the following functions: providing an aiding or
reference state for each GPS receiver propagated to current time using orbiter IMU data, the aiding state
being periodically reset to the orbiter navigation state estimate; propagation of the orbiter state estimates
from the GPS LRUs to current time using orbiter IMU data; execution of a series of quality assessment
checks on the propagated GPS state estimates; and selection of a single GPS state for use by the orbiter
navigation system and for resetting of the navigation filter state estimates, depending on the navigation
system configuration as specified by the crew.

Up to three GPS LRUs can be installed on the orbiter, each LRU consisting of areceiver and navigation
software. The LRU receiver provides GPS measurements to its navigation Kalman filter for improving the
accuracy of its orbiter state estimate. The state estimate from each of the GPS LRUs, along with its
associated time tag, are then made avail able to the navigation system principal function software elements
for processing.

Note that the GPS LRUs are not NAVAIDS. They do not provide sensor measurements for processing by
the navigation principal function Kalman filter asdo the MSBL S, TACAN and Baro altimeter instruments.
The GPS LRUs provide complete state estimates (position, velocity) and associated time tag to the orbiter
navigation system after processing GPS measurementsin their Kalman filter. For the purposes of this
document, the terms GPS LRU and GPS receiver will be used interchangeably and will refer to the orbiter
GPS navigation capability.

Depending on the navigation system configuration, either the selected filter state estimate or the selected
GPS dtate estimate is used for calculating navigation state dependent parameters and for resetting the
orbiter state estimate required by non-navigation functions. The selected GPS state estimate can also be
used to reset the filter state estimate, and the selected filter state can be used to initialize or restart the GPS
LRU navigation process, again depending on the navigation system configuration.

All requirements for the orbiter navigation system GPS receiver state processing principal function and the
GPS reference state processing principal function can be found in STS 83-0004, Sections4.3.3 and 4.6.4
respectively, using the release of that FSSR which corresponds to the same Flight Software release that this
ASCENT/RTLSNAVIGATION FSSR pertains. An overview of the associated requirements and
assumptions for these GPS-related principal functionsislocated in STS 83-0004, Sections 3.3.4.3 and
3.3.4.4.
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331 Navigation Functions

In general, the orbiter navigation system software can be divided into four parts: part (&) navigation with
IMU-NAVAID sensor processing; part (b) user parameter processing; part (¢) GPS receiver state
processing; and part (d) GPS reference state processing. The software requirements for parts (a) and (b)
are presented in this document. The requirements for parts (c) and (d) are presented in STS 83-0004.

Part (a) is divided into the following functions:Navigation control. Performsthe initialization of
navigation function parameters and sets up the sequencing of functions to accomplish navigation
requirements.

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

Data handler. Prepares datafor sensor measurement processing.

Navigation reconfiguration.Initializes and resets the navigation system filter state estimatesto
ground uplinked states, manual state updates or the selected GPS receiver state estimate, depending
on the configuration of the navigation system. Initializes and resets the navigation Kalman filter
covariance matrix for sensor measurement processing in response to navigation state initialization
and resets. The GPS state that is available for resetting the navigation filter statesis selected in the
GPS receiver state processing principal function, based on pre-mission defined GPS state quality
assessment criteriaand is subject to crew control. Navigation reconfiguration also prepares site
location data for changing sensor sites.

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

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

Execution of the GPS Receiver State Processing Function. Executes the GPS receiver state
processing function in the applicable major modes to provide a selected GPS orbiter state estimate,
associated time and IMU data, for use in resetting the navigation system orbiter state estimate and
for usein resetting the user parameter state.

User Parameter State Reset. Provides a navigation state, associated time and IMU data for
periodically resetting the user parameter state. This state is either anavigation filter state estimate
or the selected GPS state, depending on configuration of the navigation system. If aselected GPS
state is available, the User Parameter State Reset function also provides the selected GPS state,
associated time and IMU data for periodically resetting the GPS User Parameter Computation
Display state. This function also provides the baseline navigation state, associated time and IMU
datafor initializing and reanchoring the GPS reference state, maintained by the GPS reference state
processing principal function.

GPS Receiver State Vector Initialization. Provides afilter state estimate for initializing the onboard
GPS receiver(s).

Part (b) is divided into the following magjor functions:
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User Parameter State Propagation. Propagates the state at afaster rate than Nav for user parameter
calculations. The user parameter state is updated with the most recent Nav updated state.

User Parameter Calculations. Computes state-related parameters for guidance, display, control and other
users.

In this document, each of these functionsis discussed in detail according to navigation phases for which
they are applicable.

The navigation software requirements, as presented, make assumptions about how nonnavigation functions
will be performed. Completion of the software requirements will require adequate definition of the timing
and data timetagging mechanization and the input/output processor (I0P) mechanization. Changesin the
navigation software requirements may be necessary, depending on actual implementation of the
nonnavigation functions.

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

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

The RTLS navigation software has provisions to allow the crew to select some sensors manually and to
override the automatic measurement residua edit. Provisions have aso been made to enable the crew to
manually update the state vector by means of akeyboard entry. A ground uplink command may also cause
the onboard state vector to be updated based on ground observations. Provision has also been madeto
enable the crew to reset the navigation state vector with a selected GPS state from the receivers.

The navigation software also provides parameters needed by guidance and display. Position and velocity
propagation has been designed so that it may occur at afaster rate for users than for the navigation external
sensor data (filter) processing (ESDP). Covariance matrix propagation must be performed by the ESDP
function.On each navigation cycle the fast-rate propagation for users is updated with either the ESDP
updated state or the selected GPS state vector from the GPS receiver state processing principal function.

332 Navigation-Related Functions

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

3.33 General Requirements

General requirements are software requirementsin the category of services available to one or more users,
that are not uniquely related to the navigation function.

The general requirementsinclude, but are not limited to, the following:

e Ascent precise predictor
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e Ascent sitelookup

3.34 Requirements and Assumptions Overview

The following sections present an overview of the requirements and assumptions of the STS ascent and
RTLS GN& C navigation system related software. The requirements and assumptions are presented
according to the software functional breakdown discussed in Section 3.3.1: (1) navigation system functions
which maintain the orbiter filter state estimates using orbiter IMU data, NAVAID measurement processing
in the navigation principal function Kalman filter, and state resets using ground uplink data, manual inputs
or the selected GPS state; (2) the user parameter processing functions; (3) the GPS receiver state
processing functions which select the GPS receiver state estimate for use in resetting the navigation state
and the user parameter state, depending on the configuration of the navigation system; and (4) the GPS
reference state processing functions which initialize the GPS receiver state estimates and maintain a
reference state using selected IMU data.

Sections 3.3.4.1 and 3.3.4.2 present the requirements and assumptions overview for the navigation system
functions and the user parameter processing functions which provide the capabilitiesin (1) and (2) above.
The requirements and assumptions overview for the orbiter navigation system GPS related software
functions which provide the capabilitiesin (3) and (4) above can be found in STS 83-0004, Sections
3.3.4.3,and 3.3.4.4.

3.34.1 Requirementsfor IMU-NAVAID Navigation System and User Parameter
Processing Software.

The following statements are navigation requirements that must not be violated.

1. During thetime that a state vector is being read by nonnavigation application software, that
state vector or portions thereof will not be updated by the navigation software. The reset
equations in the user parameter propagator shall be so protected.

2. Statementsthat snap data on entry into navigation shall be made so that each sensor’ s data and
the respective time tag are consistent. The timetag is assumed to be measured in mean solar
seconds from December 31 0.0 hours prior to the year in which the mission islaunched. If a
mission extends into a new year, the time will not be reinitialized to zero at the beginning of the
new year.

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

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

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

6. ThelIMU redundancy management selection filter must provide navigation with the total
accumulated sensed velocity in M50 coordinates. Redundancy management must also provide
navigation with ADTA (barometric altitude), TACAN, and MSBL S data with data validity
indicators and time tags as appropriate.
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7.

10.

11.

3.34.2

Softwar e.

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

There will be amanual override of the filter residual edit for TACAN and barometric altimeter
sensors and for drag atitude measurement processing.

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

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

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

Assumptionsfor IMU-NAVAID Navigation System and User Parameter Processing

The following statements represent assumptions used for the navigation formulations and are reflected in
the flow charts givenin Section 5.2.

1.

12

Initidization (event 14) shall be performed after platform release but before engine ignition.
Initialization shall occur at NAV_INIT_T seconds prior to SRB ignition to prevent long—term
integration of accelerometer biases.

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

If alaunch hold of more than 1 minute occurs after navigation initialization has been
performed, cyclic execution of the ascent navigation principal function shall be cancelled and
initialization shall be performed again. Thisrecycle shall be performed by software external to
the navigation flight software and accomplished while the vehicle is till on the ground.

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

Modeled venting accel erations shall not be employed in the state propagation during OPS-1 and
OPS-6 (Table 3.4-1 for OPS definitions). Modeled drag accel erations shall be employed only
during periods of nonthrusting flight when IMU sensed accelerations are below a given
threshold level (in magnitude).

If no RTLS abort occurs, the final action of the ascent navigation sequencer principal function
isto save then—current data (in protected locations) for initidization of navigationin the
succeeding computer memory load (either OPS-2 or OPS-3). It isthe responsibility of the
incoming navigation function to take appropriate action to account for the time lapse between
memory reconfigurations.
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OPS-1 and OPS—6 software are core—resident, and selection of an RTLS abort (i.e., hand-over
of control authority from one navigation sequencer to another) does not cause a computer
memory reconfiguration or stop ther—current cyclic processes. No provisionis madeto
initialize OPS-6 navigation from saved OPS-1 data.

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

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

Oncethe RTLS navigation principa function is active, drag, TACAN, MSBLS, and barometric
data processing capability will be provided.

Once OPS—6 is selected, there is no provision to exit to any other OPS except OPS-9. The
ascent/RTL S navigation sequencer shall remain in control until the end of rollout.

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

Drag and barometric data may both be available at agiven atitude, but only one may be used
to update the state vector.

Nav assumes that RM sets a data—good for each of the MSBL S measurements.
The baro probe is assumed to be at the navigation base.

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

All MSBLS onboard antennas are assumed to be collocated.

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

sensor force switch is set.

A whole vector (M50 coordinates) update to the onboard state may be command uplinked from
the ground during OPS-1. A delta state vector (in runway coordinates) correction update from
ground calculated data may be performed either directly by ground command uplink or
manually by the crew during OPS-1 or OPS-6. Provision has also been made to reset the QA2
(GPS minus navigation) difference tolerances whenever a non-zero delta state update occursin
OPS6.

A capability shall be provided for resetting, either automatically or manually, the navigation
filter statesto the selected GPS receiver statein Major Modes 602 and 603, depending on the
configuration of the navigation system as set by the crew.
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21.

Resetting the navigation filter states to the selected GPS receiver state, should the appropriate
checks be passed, must be completed before integrating the navigation state to the current time.
In this case, the covariance matrix will also be reinitialized to an I-load set of values reflecting

the quality of the selected GPS state estimate.

The air data transducer assembly (ADTA) will supply navigation with aflag indicating the air

speed of the vehicle isin the Mach jump region.

34 OPERATION SEQUENCESAND MAJOR MODES

Table 3.4-1 identifies the names for the various operation sequences (OPS) and their major modes
referenced in Section 4, Detailed requirements, and Section 5.2. Detailed descriptions may be found in
Level B CPDS.

Table 3.4-1. Operation Sequences and Major Modes (Major modes listed are only for ascent and

RTLS operations)
Major Mode
Operation Sequence No. Major Mode Name

OPS-1: Ascent operation 101 Terminal count

102 First stage

103 Second stage

104 OMS linsertion

105 OMS 2 insertion

106 Insertion coast
OPS-6: RTLS operations 601 RTLS second stage

602 RTLS entry

603 RTLSTAEM
OPS-2: Orbital operations

OPS-3:

OPS-8:

OPS-9:

Entry through landing operations
On orbit checkout

Preflight/postflight checkout
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35 IMPLEMENTATION CONSTRAINTS

The navigation subsystem design is capable of recovering from the effects of many transient—type errors.
Accordingly, the software design shall not preclude this capability by causing a program halt, permanent
discontinuance of navigation processing, or loss of protected data as a result of program check or error
interrupts.

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

The footnotes (7, ™, etc.) specified in Section 4 of this document refer to the specific fixup described in the
Level A CPDS.

36 TIMING

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

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

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

The automated data base (IDD, I-Hoad, and K- oad) tables provided herein define initialization and signal
(parameter) interface requirements either between hardware (LRU) and software elements' or between
software elements and other software elements. In the event of a conflict between the data base tables and
other internal tables, the SASCB data base—controlled tables take precedence. (MSID definitions per DIP
JSC-18206, except 10th character use for multiple source reference.)

1 A GN&C software element is either a sequenced principal function, crew—generated

speciaist/display function, or an OPS display function.

Note that IDD output (source) tables which reflect parameters going to input (destination) “TLM” shall not
beinterpreted asasigna actually being downlisted. The parameter may only be available for downlist in
COMPOOL and may not appear in adownlist format.

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

Table 4.0-1 shows the traceability of the software paragraphs in this FSSR with respect to the
corresponding Sections of the Level B CPDS' documentation. In addition, Table 4.0-2 shows the
traceability of the PASS GN& C principal functions located in this FSSR with respect to the applicable
BFS paragraphsin the Level C PRD specifications. These tables are provided for information only.
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Table4.0-1. Level B toLevel C Traceability
Level B Level B PF Name Level C FSSR
PF No. (Acronym) Section No.

4.139 Ascent Navigation Sequencer 411
(ASC NAV SEQ)

4.147 Ascent/RTL S Navigation Sequencer 412
(ASC/RTLSNAYV SEQ)

4.15 Ascent Navigation 431
(ASCNAV)

4.205 RTLS Navigation 4.3.2
(RTLSNAV)

4.238 Ascent Site Lookup 452
(ASC SITELOOKUP)

4197 Ascent User Parameter Processing Sequencer 4.1.3
(ASC UPP SEQ)

4.19 Ascent User Parameter Processing 46.1
(ASC UPP)

4.200 RTLS User Parameter Processing Sequencer 4.1.4
(RTLSUPP SEQ)

4.20 RTLS User Parameter Processing 4.6.2
(RTLSUPP)

4.236 Ascent Precise Predictor 451
(ASC PREC PRED)

4.237 Ascent Area Navigation 47
(ASC AREA NAV)
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Table4.0-2. Ascent/RTRLS Navigation FSSR/PRD Correlation

Principal FSSR FSSR BFS PRD BFS
Function | Paragraph Title PRD Paragraph Title

G4.15 431 Ascent Navigation MG038104 |3.2.2331 Ascent Navigation

G4.19 4.6.1 Ascent User Parameter MG038104 |3.2.2.3.8.1 |Ascent User Parameter
Processing Processing

G4.20 4.6.2 RTLS User Parameter MG038104 |3.2.2.3.8.3 RTLS User Parameter
Processing Processing

G4.139 411 Ascent Navigation MG038104 |3.22311 Ascent Navigation
Sequencer Sequencing

G4.147 |41.2 Ascent/RTLS Navigation MG038104 |3.2.23.15 RTLS Navigation
Sequencer Sequencing

G4.197 |4.13 Ascent User Parameter MG038104 |3.2.2.3.8.1 |Ascent User Parameter
Processing Sequencer Processing Sequencing

G4.200 |4.14 RTLS User Parameter MG038104 |3.2.2.3.8.3 RTLS User Parameter
Processing Processing Sequencing

G4.205 |4.32 RTLS Navigation MG038104 |3.2.2.3.13 RTLS Navigation

G4.236 |451 Ascent Precise Predictor MG038104 |3.2.235.1 |Ascent/Entry Precise

Predictor

G4.237 4.7 Ascent Area Navigation MG038104 (3.2.2.3.9 Area Navigation
Processing Principal Function

G4.238 |45.2 Ascent Site Lookup MG038104 |3.2.2.3.7 Site Lookup
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41 NAVIGATION AND USER PARAMETER SEQUENCER PRINCIPAL
FUNCTIONS

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

Sequencers ‘ Operational Sequences (OPS)
Ascent Ascent — OPS-1
Ascent/RTLS RTLS - OPS-6

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

41.1 Ascent Navigation Sequencer (4.139)

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

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

e When normal termination occurs on proceeding to OPS-2.
e When an AOA abort occurs on proceeding to OPS-3.

e When an RTLS abort occurs and the ascent/RTL S navigation sequencer principa functionis
invoked on selection of OPS-6.

1. Navigationinitiation (Event 14) — Prior to initiation of cyclic execution of the ascent navigation
principal function, initialization of necessary parameters shall be performed.

The selected accumulated IMU velocity (V_CURRENT _FILT) and time tag
(T_CURRENT_FILT) shall beread and saved. A specia read request may be required for this
firss—timeinitialization to acquire IMU data. The selected IMU data are then stored for future
use by the state propagation subfunction:

V _LAST FILT=V _CURRENT FILT
T _LAST FILT=T_CURRENT_FILT

The navigation base origin in earth—fixed geodetic coordinates (latitude, longitude, and altitude)
shall be transformed to an earth—fixed Cartesian position vector
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(R _LAUNCH_EF) by using the geodetic to earth—fixed function (refer to Section 4.4.2.3) and
shall also be transformed to a M50 vector (R _FILT) by using the earth—fixed to M50
transformation matrix obtained from the coordinate systems function (refer to Section 4.4.2)
evaluated at the sensed velocity timetag (T_LAST_FILT):

R_LAUNCH_EF = GEODETIC_TO_EF(NAVBASE_LAT_ZERO,
NAVBASE_LONG_ZERO, NAVBASE_ALT_ZERO)
R _FILT =EARTH_FIXED_TO M50 COORD(T_LAST FILT)R _LAUNCH_EF

The M50 velocity vector (V _FILT) will be computed with use of the M50 position vector
(R _FILT) and the earth’ s angular velocity vector:

V _FILT=-V_REL (0,R _FILT)
Thefunction V_REL isdiscussed in Section 4.4.5.2

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

GM_DEG=2
GM_ORD =0
The acceleration due to gravitational forces (G _OLD) shall be computed for usein user

parameter processing position and velocity propagation. The equations for this calculation are
presented in the accel eration model subfunction (Section 4.2.1.2).

G _OLD = ACCEL(GM_DEG, GM_ORD, R _FILT,V_FILT, T_LAST_FILT)
A control flag (indicating usage of IMU data) will be set to the appropriate vaue:
USE_IMU_DATA = ON

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

T_IMU_LAST =T_LAST_FILT

V_IMU_LAST=V _LAST FILT

A _SENSED =-G _OLD

Initialization for the user parameter state propagation subfunction and the GPS reference state
processing principal function will be completed as follows.

Thereset state and time tag will beinitialized to the filter state and time tag, and the reset IMU
velocity countswill be set to the current IMU velocity counts. The reset value of gravitational
acceleraton will be updated, and the flag indicating afilter update will be set ON:

R_RESET =R _FILT
V_RESET =V_FILT
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T _RESET =T_LAST_FILT
V_IMU_RESET =V_LAST FILT

G_RESET =G_OLD
FILT UPDATE = ON

The GPS reference state processing subfunction will be initialized with the reset orbiter states
and associated data (i.e. R_RESET, V_RESET, and T_RESET) described above. The time of
the last GPS update is set equal to the last filter state time. The current selected IMU total
accumulated velocities will also be provided to initialize the vel ocity counts used in subsequent
propagation of the GPS reference states. Gravitational and sensed accelerations will be
initialized. Sensed accelerations areinitialized to the negative of the gravity vector. GPS
reference state processing can thus compute appropriate total accelerationsif new IMU
velocities are not available when the principal function first executes.

R_GPS INIT =R_RESET

V_GPS INIT =V_RESET

T _GPS INIT =T_RESET

T_GPS LAST UPDATE=T_LAST FILT
V_IMU_GPS INIT =V_CURRENT_FILT
G_GPS INIT =G_RESET

ACC IMU=-G_OLD

The flag which indicates that a GPS state has been selected by the GPS receiver state
processing principal function in this operational sequenceisinitialized to OFF

GPS SV_SEL_AVAIL = OFF

The data good indicators assigned to the previoudly selected GPS state by the GPS receiver
state processing principal function are initialized to OFF.

GPS DG_SF_PREV, = OFF
GPS DG_SF_PREV, = OFF
GPS DG_SF_PREV; = OFF

The time which indicates when a sel ected GPS state was last made available by the GPS
receiver state processing principal function in this OPS sequence isinitialized to the last filter
statetime. This prevents the alarm, which indicates that the time since the last GPS state was
selected by the GPS receiver state processing principal function has exceeded the pre-mission |-
load constraint, from being issued:

T GPS OFF=T_LAST FILT

The value of the GPS lockout I-load parameter, GPS LOCKOUT, isthen checked to determine
if the flag to inhibit GAX messages (NOOP_GPS GAX_MESSAGES) isto be set:

IF GPS_LOCKOUT < 3 THEN
NOOP_GPS_GAX_MSGS = ON
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The IMU—sensed accelerometer threshold level used in the ascent navigation state propagation
subfunction will be set to zero, thus forcing usage of IMU data until the main engines are
stowed.

ACC_PROP MIN=0

Thelast task of the initiation processis to enable the cyclic execution of the user parameter
state propagation, ascent navigation, and the GPS reference state processing principal
functions.

ASCENT_INIT_COMPLETE = ON

After completion of initiation, cyclic repetition of the ascent navigation principal function will
beinitiated. Therepetition rate (DT_ASCENT_NAYV) of the ascent navigation principal
function will be premission determined and independent of the repetition rate for any other
navigation principal function.

Stow SSME'’sfor Entry (Event 43A) —When the main engines are stowed, the IMU—sensed
accel eration threshold value will be reset to a nonzero I-oad value

ACC_PROP_MIN = ACC_PROP_MIN_REF

thus enabling use or nonuse of IMU data based on atest of this value by the ascent navigation
state propagation subfunction. No cancellation and rescheduling of the ascent navigation
principal function is required.

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

ACC_PROP MIN=0

thus forcing use of IMU data by the ascent navigation state propagation subfunction. No
cancellation and rescheduling of the ascent navigation principal functionis required.

OM S engine purge completed (Event 48B) or Reconfigure after RCS backup trandation burn
(Event 47B) — After completion of either the OMS-2 burn or the RCS backup transglation burn,
whichever occurs, the IMU—-sensed accel eration threshold value will be reset to anonzero
I-Hoad value

ACC_PROP_MIN = ACC_PROP_MIN_REF

thus enabling use or nonuse of IMU data based on atest of this value by the ascent navigation
state propagation subfunction. No cancellation and rescheduling of the ascent navigation
principal functionis required.

Transition from Major Mode 106 to Major Mode 201 or Transition from Major Mode 106 to
Major Mode 301 (Event 60 or Event 59) — On a crew command to exit Mgjor Mode 106 to
either OPS-2 or OPS-3 (i.e., acomputer memory reconfiguration), the final action of the
ascent navigation sequencer isto save parametersin protected memory locations to supply
initialization data for the OPS-2 or OPS-3 navigation functions. Current datawill be saved,
and it isthe responsibility of the OPS-2 or OPS-3 navigation functions to account for the time
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lapse occupied by the reconfiguration of computer memory. Prior to the saving of this data,
cyclic execution of the ascent navigation principal function must be cancelled. The necessary
computations are:

R _FILT_INIT=R _FILT
V_FILT_INIT=V _FILT
T _FILT_INIT =T_CURRENT_FILT
B. Interface Requirements. Input and output parameters are givenin Tables4.1.1-2 and 4.1.1-3,

respectively. Principa function input and output parameters, along with the I oads, K- oads, and
constants, are presented in Tables 4.1.1.1-1 through 4.1.1.1-4.

C. Processing Requirements. None.

D. Constraints. The IMU’s must have been released (placed in an inertial mode) prior to Event 14. In
addition, the IMU SOP and IMU RM selection filter must be active and supply data for the navigation
initialization before execution of the navigation initialization equations which occur at Event 14.

The RNP Matrix Computation (RNP MAT COMP) function (see section 4.11) must have been executed in
OPS 9 to initialize the RNP matrix (M_M50TOEF AT _EPOCH), itstimetag (T_EPOCH), and the Earth
rotation vector (EARTH_POLE).

Cadculation of ACC_PROP_MIN upon changing flight phases shall not interrupt operation of the ascent
navigation principal function.

E. Supplemental Information. A suggested implementation of these requirementsisillustrated in
ASCENT_NAV_SEQ of Section 5.2.

Forcing use of IMU data until the main engines are stowed is required to insure incorporation of
accelerations due to the MPS dump into the navigated state as these accel erations may be less than the
nonzero |- oaded value.

Forcing the usage of IMU dataimmediately before and during the OMS-2 burn is required to ensure the
detection of thrusting by the user parameter state propagation subfunction even if the ascent navigation
state propagation subfunction has not detected thrusting yet. This action prevents an abrupt change in the
user parameter state the first timeit isreset by navigation after OMS-2 ignition.

T _GPS LAST _UPDATE shall be protected and carried across all GN& C OPS transitions.
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Table4.1.1-1.0PS-1 Level B Events

Event No.? Event Name Navigation Criteria Navigation Action
14 Navigation initiation T.—NAV_INIT_ T Initidize ascent navigation
43A Stow SSME'sfor entry | End of 1st powered Reset ACC_PROP_MIN
flight mode to ACC_PROP MIN_REF
45 Initiate guidance Begin second powered Reset ACC_PROP_MIN to zero
flight mode
48B OMS engine purge End of OMS-2 Reset ACC_PROP_MIN
complete maneuver to ACC_PROP_MIN_REF
60 Transition from OPS transition to Save data for OPS-2 navigation
Major Mode 106 to OPS-2 from OPS-1 initialization in protected memory
Major Mode 201 locations
59 Transition from OPS transition to Save data for OPS-3 navigation
Major Mode 106 to OPS-3 from OPS-1 initialization in protected memory
Major Mode 301 locations
47B Reconfigure after End RCS backup Reset ACC_PROP_MIN

RCS backup
trandation burn

trandation burn

to ACC_PROP_MIN_REF

@Current Level B CPDS designation
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Table 4.1.1-2. Ascent Navigation Sequencer Input Parameters

Input Sample
Description Symbol Sources| Type| Precision| Range [ Units Rate
Latitude of vehicle navigation NAVBASE LAT _ZERO (b) F DP rad | Sequencer
base at reference point on pad rate
Longitude of vehicle navigation | NAVBASE LONG_ZERO (b) F DP rad | Sequencer
base at reference point on pad rate
Altitude of vehicle navigation NAVBASE ALT _ZERO (b) F DP ft Sequencer
base at reference point on pad rate
Accelerometer sensed ACC_PROP_MIN_REF @ F S ft/ As
acceleration threshold value sec? | required
Current Shuttle position vector  |R_FILT (b) \% DP ft Sequencer
rate
Current Shuttle velocity vector |V _FILT (b) \% S ft/sec | Sequencer
rate
Accumulated IMU velocities V _CURRENT_FILT (b) \ DP ft/sec | Sequencer
associated withR _FILT and rate
V_FILT
Time tag of current Shuttle T _CURRENT_FILT (b) F DP sec | Sequencer
position and velocity vector rate
MSC event: liftoff minus8sec |EVENT_14 (b) D ON/OFF Sequencer
rate
MSC event: stow SSME's EVENT_43A (b) D ON/OFF Sequencer
rate
MSC event: OMS-2 TIG-15 sec | EVENT_45 (b) D ON/OFF Sequencer
rate
MSC event: flagindicating RCS | EVENT_47B (b) D ON/OFF Sequencer
backup transation burn rate
MSC event: OMSenginepurge | EVENT_48B (b) D ON/OFF Sequencer
completed rate
MSC event: terminate OPS-1 EVENT_60 (b) D ON/OFF Sequencer
and transition to OPS-2 rate
MSC event: terminate OPS-1 EVENT_59 (b) D ON/OFF Sequencer
and transition to OPS-3 rate

NOTE: Input parameters associated with the accel eration models are identified in Section 4.2.1.2 for the ascent/RTLS
operations computer |oad in the ascent precise predictor K—load table.

& See ascent navigation principal function (4.15) 1-oad and K- oad tables.
P See ascent navigation sequencer principal function input parameter table (Table 4.1.1.1-1).

26




ST S 83-0005-34

December 14, 2007

Table 4.1.1-3. Ascent Navigation Sequencer Output Parameters

Output Comp
Description Symbol Destination| Type | Precision [ Range | Units Rate
Time of the filter state vectors T LAST FILT (b) F DP sec | Sequencer
rate
Current Shuttle position vector R _FILT (b) \% DP ft Sequencer
rate
Current Shuttle velocity vector V_FILT (b) \ S ft/ Sequencer
sec | rate
Flag indicating the use of IMU USE IMU_DATA (b) D ON/OFF Sequencer
datain state propagation rate
Vehicletotal acceleration vector | G_RESET (b) \% S ft/ Sequencer
(M50) used in user parameter sec? | rate
state propagation
Vehicle position vector after al R _RESET (b) \% DP ft Sequencer
navigation updates. Reserved for rate
reset of guidance integrator
position vector R_AVGG
Vehicle velocity vector after al V _RESET (b) \% S ft/ Sequencer
navigation updates. Reserved for sec | rate
reset of guidance integrator
velocity vector V_AVGG
Time associated with reserved T _RESET (b) F DP sec Sequencer
reset state rate
Copy of V_CURRENT _FILT V _IMU_RESET (b) \Y; DP ft/ Sequencer
reserved as velocity count at start SeC rate
of extrapolation interval when
guidance integrator is reset
Switch indicating (on) that FILT_UPDATE (b) D OFF/ON Sequencer
currentmeasurement processing rate
iscomplete
Shuttle velocity vector saved V_FILT_INIT (b) \ S ft/ Sequencer
across memory reconfiguration Sec rate
and used for navigation
initialization
Signal to ascent UPP sequencer ASCENT_INIT_ (b) D OFF/ON
indicating completion of ascent COMPLETE
navigation initialization
Accelerometer threshold test for | ACC_PROP_MIN (b) F S > 0. ft/ Sequencer
state propagation sec? | rate
Previously read selected V _LAST FILT (b) \Y; DP ft/ Sequencer
accumulated IMU velocity sec | rate
Shuttle position vector saved R _FILT_INIT (b) \% DP ft Sequencer
across memory reconfiguration rate

and used for navigation
initialization
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Table 4.1.1-3. Ascent Navigation Sequencer Output Parameters

Output Comp
Description Symbol Destination| Type | Precision [ Range | Units Rate
Time tag of navigation T FLT_INIT (b) F DP sec | Sequencer
initialization data carried across rate
memory reconfiguration
Previousvalueof T_LAST FILT | T_IMU_LAST (b) F DP sec | Sequencer
rate

Previousvalueof V_LAST FILT | V_IMU_LAST (b) \Y} DP ft/ Sequencer

sec | rate
Sensed acceleration for user A _SENSED (b) \% S ft/ Sequencer
parameter processing sec? | rate
Sensed acceleration for GPS ACC_IMU (b) \% DP ft/ Sequencer
reference state processing Array sec? | rate

(3

Flag indicating (ON) that aGPS | GPS SV_SEL _ (b) D ON/ Sequencer
state has been selected in this AVAIL OFF Rate
OPS
Position vector for GPS reference| R_GPS INIT (b) \% DP ft Sequencer
state initialization Rate
Timetag of position and velocity | T_GPS INIT (b) F DP sec | Sequencer
vectors for GPS reference state Rate
initialization
Time of most recent reset of T _GPS LAST_ (b) F DP sec | Sequencer
navigation state to the selected UPDATE Rate
GPS state
Time of GPS states from last T _LAST_GPS (b) F DP sec | Sequencer
navigation cycle Rate
Time of last GPS state selected T_GPS _OFF (b) F DP sec | Sequencer
by the GPS state vector selection Rate
filter
Velocity vector for GPS V_GPS INIT (b) \Y S ft/ Sequencer
reference state initialization sec | Rate
IMU velocity count for GPS V_IMU_GPS INIT (b) \% DP ft/ Sequencer
reference state initialization sec | Rate
Gravity acceleration vector for G_GPS INIT (b) \% S ft/ Sequencer
propagation of reference state for sec? | Rate
GPS receiver | initidization
Data good for GPS state selection| GPS _DG_SF (b) Sequencer
of each valid receiver state from | PREV** Rate
previous navigation cycle
Flag to inhibit GPS GAX NOOP_GPS GAX_ (b) D ON/ Sequencer
messages MSGS OFF Rate

P See ascent navigation sequencer principal function output parameter table (Table 4.1.1.1-2).

*1=123
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4111 Ascent Navigation Sequencer (4.139) Principal Function Tables.

The ascent navigation sequencer principal function input and output parameters, along with the I-oads,
K-oads, and constants, are presented in Tables 4.1.1.1-1 through 4.1.1.1-5. The valuesfor the |-loads

are contained in the |Hoads requirements document (JSC-19350). The Cross-References are shown
below:

Ascent Navigation Sequencer (4.139)
Cross—Reference

FSSR Name Source Name
V_CURRENT _FILT SEL_V_M50
T_CURRENT_FILT TIME_V
ASCENT_INIT_COMPLETE ASC_INIT_COMPLETE
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TABLE 4.1.1.1-1. INPUT FUNCTIONAL PARAMETERS FOR ASCENT NAVIGATION SEQUENCER (G4.139)

FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA P LASTCR R
TYPE R E
E \%
C
ENT_STOW G M_POSN V90X8254XC ENTRY STOW G MBAL PCS FLAG MsC BD
MM_CODE_105/ MM_105 V90X8623X  MAJOR MODE 105 FLAG MsC 92355B
MM _CODE_201/ MM 201 V90X8189X  MAJOR MODE 201 FLAG MsC 92355B
M _MbOTOEF_AT_EPOCH( 1, 1) V97U5738C  MbO TO EF TRANS MATRI X ELEM 1,1 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 1, 2) V97U5739C  MbO TO EF TRANS MATRI X ELEM 1, 2 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 1, 3) V97U5740C  MbO TO EF TRANS MATRI X ELEM 1,3 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 2, 1) V97U5741C  MbO TO EF TRANS MATRI X ELEM 2,1 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 2, 2) V97U5742C  MbO TO EF TRANS MATRI X ELEM 2, 2 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 2, 3) V97U5743C  Mb0O TO EF TRANS MATRI X ELEM 2, 3 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 3, 1) V97U5744C  MbO TO EF TRANS MATRI X ELEM 3,1 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 3, 2) V97U5745C  MbO TO EF TRANS MATRI X ELEM 3, 2 RNP MAT COWP ND DPL 93090E
M_MbOTOEF_AT_EPOCH( 3, 3) V97U5746C  MbO TO EF TRANS MATRI X ELEM 3, 3 RNP MAT COWP ND DPL 93090E
NAVBASE_ALT_ZERO VO0H3527C  ALTI TUDE OF VEHI CLE NB AT SEL SITE GROUND | MJ DI SP FT DPL 92214A
NAVBASE_LAT_ZERO VO0H3528C  LATI TUDE OF VEHI CLE NB AT SEL SITE GROUND | MJ DI SP RAD DPL 93090E
NAVBASE_LONG_ZERO VO0H3529C  LNG TUDE OF VEHI CLE NB AT SEL SITE GROUND | MJ DI SP RAD DPL 93090E
NAV_I NI T_FLAG V90X8414X  NAV INIT FLAG R/'S LCH SEQ BD 93017G *
NAV_PF_INIT VI0X8195X I NI TIATE PW FLT NAV MsC 89599C
OPS_PRO_FLAG 101 V93X0009X  OPS 101 PRO FLAG ul 92157
PROP_FLAG_CFS V94J3791CA PRI ME PROP SYS | NDI CATOCR FLAG ASC M\VR DI P 93017G *
R FILT(1) VO0HO584CA X-COW OF FLTR S CURR PGS VECTOR ASC NAV FT
R FILT(2) VO0HO585CA  Y-COW OF FLTR S CURR PGS VECTOR ASC NAV FT
R _FILT(3) VO0HO586CA Z-COWP OF FLTR S CURR PGS VECTOR ASC NAV FT
SEL_V_Mb0( 1) V90L2557C  SEL TOTAL X VEL MO I MJ RM FT/ S DPL 93017G *
SEL_V_Mb0( 2) V90L2558C  SEL TOTAL Y VEL MO I MJ RM FT/ S DPL 93017G *
SEL_V_Mb0( 3) V90L2559C  SEL TOTAL Z VEL MO I MJ RM FT/ S DPL 93017G *
TI ME_V VO0We553CA  TIME COF SEL TOTAL MbO VEL I MJ RM S 91051K
TIME_V/ T_CURR_FI LT VO0We553CB  TIME OF SEL TOTAL MbO VEL ASC NAV S
T_EPOCH VO7We528C  TI ME TAG FOR M_MsOTOEF_AT_EPOCH RNP MAT COWP S DPL 93090E
V_FILT(1) VO0L0624CA X-COW OF FLTR S CURR VEL VECTOR ASC NAV FT/ S SPL
V_FI LT(2) VO0L0625CA  Y-COW OF FLTR S CURR VEL VECTOR ASC NAV FT/ S SPL
V_FI LT(3) VO90L0626CA Z-COW OF FLTR S CURR VEL VECTOR ASC NAV FT/ S SPL
V90X8169X MM 301 FROM MM 106 FLAG MsC 89599C
V90X8632X  OMS ENG NE PURGE COWPLETE MsC 89599C
NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
ST'S 83-0005-34
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TABLE 4.1.1.1-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT NAVIGATION SEQUENCER (G4.139)

FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E \%
C
ACC_I MJ( 1) V90A3830C GPS X COWMP SENSED ACCEL GPS REF STATE PRCC FT/ S2 DPL 92369B
ACC_I M 2) V90A3831C GPS Y COWP SENSED ACCEL GPS REF STATE PRCC FT/ S2 DPL 92369B
ACC_I MJ( 3) V90A3832C GPS Z COWP SENSED ACCEL GPS REF STATE PROCC FT/ S2 DPL 92369B
ACC_PROP_M N VI90A8938CA ACC THRESHOLD TEST FOR STATE PROP  ASC NAV FT/ S2
RTLS NAV
ASC_I NI T_COWPLETE V90X8924X  ASCENT I NI T COMPLETE FLAG ASC BRG SPEC 93090E
ASC UPP SEQ
LPS
A_SENSED( 1) VI0A8946C  X- COMP OF SENSED ACCELERATI ON ASC UPP FT/ S2
A_SENSED( 2) VO0A8947C  Y-COW OF SENSED ACCELERATI ON ASC UPP FT/ S2
A_SENSED( 3) V90A8948C  Z- COMP OF SENSED ACCELERATI ON ASC UPP FT/ S2
DRAG_CONST VI0U8937CA ACC MODEL DRAG CONST FOR ST PROP ASC NAV FT2/ SLUG 90185A
RTLS NAV
FI LT_UPDATE V90X0224XB FLAG I ND NAV FI LTER PROC COWLETE  ASC UPP
GPS_DG_SF_PREV( 1) VI0X3536XC GPS 1 PREV DG SEL FILT GPS RCVR STATE PRCC BD 92067D
GPS_DG_SF_PREV( 2) VI0X3537XC GPS 2 PREV DG SEL FILT GPS RCVR STATE PRCC BD 92067D
GPS_DG_SF_PREV( 3) VI0X3538XC GPS 3 PREV DG SEL FILT GPS RCVR STATE PRCC BD 92067D
GPS_SV_SEL_AVAI L V90X3081XD GPS SEL STATE VCTR AVAI L FLAG GPS RCVR STATE PRCC BD 92067D
RTLS NAV
G GPS_INIT(1) VI90A2619CF X GRAV ACC FOR GPS REF STATE INIT  GPS REF STATE PROC FT/ S2 SPL 92214A
G GPS_INIT(2) VI90A2620CF Y GRAV ACC FOR GPS REF STATE INIT  GPS REF STATE PROC FT/ S2 SPL 92214A
G_GPS_INIT(3) VO90A2621CF Z GRAV ACC FOR GPS REF STATE INIT  GPS REF STATE PROCC FT/ S2 SPL 92214A
G_RESET( 1) V90A0243CB SEL X-COWP OF GRAV ACCEL VCTR RST  ASC UPP FT/ S2 92214A
G_RESET( 2) V90A0244CB SEL Y-COW OF GRAV ACCEL VCTR RST  ASC UPP FT/ S2 92214A
G_RESET( 3) V90A0245CB SEL Z-COWP OF GRAV ACCEL VCTR RST  ASC UPP FT/ S2 92214A
NOOP_GPS_GAX_MSGS VI0X3547XC  NOOP GPS GAX MSGS GPS RCVR STATE PRCC BD 92067D
R FILT(1) VO0H0584CB X-COW OF FLTR S CURR PGS VECTOR ASC NAV FT
R FILT(2) VO0HO585CB  Y-COW OF FLTR S CURR PGS VECTOR ASC NAV FT
R _FILT(3) VO0HO586CB Z-COWP OF FLTR S CURR PGS VECTOR ASC NAV FT
R FILT_INIT(1) VO0H1276CC X-COWP POS VCTR TO I NI T NEXT OPS D/L NAV SEQ FT
ORB/ RND NAV SEQ
R FILT_INIT(2) VO0H1277CC  Y-COWP POS VCTR TO I NI T NEXT OPS D/L NAV SEQ FT
ORB/ RND NAV SEQ
R FILT_INIT(3) VO0H1278CC Z-COWP POS VCTR TO I NI T NEXT OPS D/L NAV SEQ FT
ORB/ RND NAV SEQ
R GPS_INIT(1) VO0H3476CF GPS INIT POS VECTOR X- COWP GPS REF STATE PROCC FT DPL 92067D
R GPS_INIT(2) VO0H3477CF GPS INIT PGS VECTOR Y- COWP GPS REF STATE PROCC FT DPL 92067D
R _GPS_I NI T(3) VO0H3478CF GPS INIT POS VECTOR Z- COWP GPS REF STATE PROCC FT DPL 92067D
R _RESET( 1) V90H0235CB SEL X- COMP OF UPDATED POS VCTR RST ASC UPP FT DPL
R_RESET( 2) VO90H0236CB SEL Y- COWP OF UPDATED POS VCTR RST ASC UPP FT DPL
R_RESET( 3) VO0H0237CB SEL Z- COMWP OF UPDATED POS VCTR RST ASC UPP FT DPL
T FILT_INIT VO0WL287CC TIME TAG OF VCTR TO INIT NEXT OPS D/'L NAV SEQ S
ORB/ RND NAV SEQ
T_GPS_INIT VOOWB482CF GPS INIT STATE TI ME TAG GPS REF STATE PRCC S DPL 92067D



TABLE 4.1.1.1-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT NAVIGATION SEQUENCER (G4.139)

FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E \%
C
T_GPS_LAST_UPDATE VO0OWB556CF TIME OF NAV RESET W TH SEL GPS D/L NAV SEQ S DPL 92369B
ENT NAV
GPS RCVR STATE PRCC
ORB/ RND NAV
PRELAND NAV
RTLS NAV
T_GPS_OFF VO0WB543CC TIME OF LAST SEL GPS BY SEL FILT GPS RCVR STATE PRCC S DPL 92067D
T_I MJ_LAST VO0W8941C  PREVI QUS VALUE OF T_IMJ ASC UPP S
T_LAST_FILT VO0WB522CA TIME OF FILTER STATE VECTOR ASC NAV S
RTLS NAV
T_RESET VO0W225CB  TIME OF FILTER STATE VCTR ASC UPP S
TLM
USE_| MJ_DATA VI0X0538XE FLAG TO USE | MJ ACCUM VEL OR NOT DL FMI 21/1 93017G *
V_FILT(1) V90L0624CB X-COW OF FLTR S CURR VEL VECTOR ASC NAV FT/ S SPL
V_FILT(2) V90L0625CB  Y-COW OF FLTR S CURR VEL VECTOR ASC NAV FT/ S SPL
V_FI LT(3) V90L0626CB Z-COWP OF FLTR S CURR VEL VECTOR ASC NAV FT/ S SPL
V_FILT_INIT(1) V90L1279CC X-COWP VEL VCTR TO INIT NEXT OPS D/L NAV SEQ FT/ S
ORB/ RND NAV SEQ
V_FILT_INIT(2) V90L1280CC Y-COW VEL VCTR TO INIT NEXT OPS D/L NAV SEQ FT/ S 89648A
ORB/ RND NAV SEQ
V_FILT_INIT(3) V90L1281CC Z-COWP VEL VCTR TO INIT NEXT OPS D/ L NAV SEQ FT/ S 89648A
ORB/ RND NAV SEQ
V_GPS_INIT(1) VO0L3495CF GPS INIT VEL VECTOR X- COWP GPS REF STATE PROCC FT/ S SPL 92067D
V_GPS_I NI T(2) VO0L3496CF GPS INIT VEL VECTOR Y- COW GPS REF STATE PROCC FT/ S SPL 92067D
V_GPS_I NI T(3) VO0L3497CF GPS INIT VEL VECTOR Z- COW GPS REF STATE PRCC FT/ S SPL 92067D
V_IMJ_GPS_INT(1) VI0L3506CF | MJ ACCUM X VEL FOR GPS INI'T GPS REF STATE PROCC FT/ S DPL 92369B
V_IMJ_GPS_INIT(2) VO0L3507CF |IMJ ACCUMY VEL FOR GPS INI'T GPS REF STATE PROCC FT/ S DPL 92369B
V_IMJ_GPS_I NI T(3) VO0L3508CF | MJ ACCUM Z VEL FOR GPS INI'T GPS REF STATE PRCC FT/ S DPL 92369B
V_I MJ_LAST( 1) Vo0L8942C  X- COWP OF PREVI QUS V_I MJ_CURRENT ASC UPP FT/ S
V_I MJ_LAST( 2) Vo0L8943C  Y-COW OF PREVI QUS V_I MJ_CURRENT ASC UPP FT/ S
V_I MJ_LAST( 3) vo0L8944C  Z- COW OF PREVI QUS V_I MJ_CURRENT ASC UPP FT/ S
V_I MJ_RESET( 1) V90L0247CB SEL X-COWP OF ACCUM SENSED VEL RST ASC UPP FT/ S
V_I MJ_RESET( 2) V90L0248CB SEL Y-COW OF ACCUM SENSED VEL RST ASC UPP FT/ S
V_I MJ_RESET( 3) V90L0249CB SEL Z- COWP OF ACCUM SENSED VEL RST ASC UPP FT/ S
V_LAST_FI LT(1) V90L0621CB X-COWP VEL W COV MIRX & FLTR UPDTE ASC NAV FT/ S
V_LAST_FI LT(2) V90L0622CB  Y-COWP VEL W COV MIRX & FLTR UPDTE ASC NAV FT/ S
V_LAST_FI LT(3) V90L0623CB Z-COWP VEL W COV MIRX & FLTR UPDTE ASC NAV FT/ S
V_RESET( 1) V90L0239CB SEL X- COWP OF UPDATED VEL VCTR RST ASC UPP FT/ S
V_RESET( 2) V90L0240CB SEL Y-COW OF UPDATED VEL VCTR RST ASC UPP FT/ S
V_RESET( 3) V90L0241CB SEL Z- COWP OF UPDATED VEL VCTR RST ASC UPP FT/ S
VOOM2852PE  CGEB_FLT_LG3_FLAG_LFE DL FMI 21/1 93017G *
ST'S 83-0005-34
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TABLE 4.1.1.1-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT NAVIGATION SEQUENCER (G4.139)

M/SID NOMENCLATURE DESTINATION UNITS DATA
TYPE

P LASTCR R

R
E
C

E
\%

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.

Rate Codes: (HDR Only) 1 =1 sample/sec 2 =5 samples/sec 3 =12.5 samples/sec 4 = 25 samples/sec 5= 100 samples/sec
(HDR and LDR) A =1 sample/sec B =5 sampleg/sec C = 12.5 samples/sec D = 25 samples/sec E = 100 samples/sec



TABLE 4.1.1.1-3. ASCENT NAVIGATION SEQUENCER (G4.139) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R
E
\%
GPS_LOCKOUT V97U3563C  ND | S M P &4.123 00 GPl 92292B
4. 139
4. 148
G5. 11
G6. 21
G6. 51

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
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TABLE 4.1.1.1-4. ASCENT NAVIGATION SEQUENCER (G4.139) K-LOADS

FSSR NAME MSID MC KLOAD VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

NO REQUI REMENTS

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.



TABLE 4.1.1.1-5. ASCENT NAVIGATION SEQUENCER (G4.139) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S
DESCRIPTION R

PRFCTN

LASTCR R

C(01) V97U6104C 00 -2.7635957 E-10 ND F D C
TESSERAL HARMONI C CCEFFI CI ENT ELEM
1

C(02) V97U6105C 00 +1.5711423 E- 06 ND F D C
TESSERAL HARMONI C CCEFFI CI ENT ELEM
2

C(03) V97U6106C 00 +2.1907694 E- 06 ND F D C
TESSERAL HARMONI C CCEFFI CI ENT ELEM
3

C(04) VI7U6107C 00 +3. 0466825 E- 07 ND F D C
TESSERAL HARMONI C COEFFI Cl ENT ELEM
4

C(05) V97U6108C 00 +9. 7966803 E- 08 ND F D C
TESSERAL HARMONI C CCEFFI CI ENT ELEM
5

37
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126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

90374C

90374C

90374C

90374C

90374C
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TABLE 4.1.1.1-5. ASCENT NAVIGATION SEQUENCER (G4.139) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

C(06) V97U6109C 00 -5. 0552749 E- 07 ND F D C 9 90374C
TESSERAL HARMONI C CCEFFI CI ENT ELEM

6

C(07) V97U6110C 00 +7.8842515 E- 08 ND F D C
TESSERAL HARMONI C CCEFFI CI ENT ELEM
7

9 90374C

C(08) V97U6111C 00 +5. 9073749 E- 08 ND F D C
TESSERAL HARMONI C CCEFFI CI ENT ELEM
8

90374C

C(09) V97U6112C 00 -4.1542493 E- 09 ND F D C
TESSERAL HARMONI C CCEFFI CI ENT ELEM
9

9 90374C

RRRQRRRRRVZIRRRQARAZLIVQARRARIAZLIRQRARIARRE

DT_ASCENT_NAV V97U6157C 00 +3. 84 E+00 SEC F S P
SEQUENCI NG TI ME | NTERVAL FOR
ASCENT NAVI GATI ON

139 90374C



TABLE 4.1.1.1-5. ASCENT NAVIGATION SEQUENCER (G4.139) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

EARTH_MJ V97U4378C 00 +1. 40764487566E+16 FT**3/ SEC**2 F D C 93090E

EARTH GRAVI TATI ONAL CONSTANT

©

EARTH_RADI US_EQUATOR V97U5324C 00 +2.09257414698E+07 FT F D C 93090E

EARTH EQUATORI AL RADI US

FRARRRRARRARIRLARARIRLVRZAARHRIRARARIRRRARRARIRIRZ
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TABLE 4.1.1.1-5. ASCENT NAVIGATION SEQUENCER (G4.139) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R

DESCRIPTION R E
\%

EARTH_RADI US_GRAV V97U5325C 00 +2. 09256561680E+07 FT F D C 9 90374C

EARTH RADI US( GRAV ACCEL)

EARTH_RATE V97U4379C 00 +7.29211514646E- 05 RAD/ SEC F D C
EARTH S ROTATI ONAL RATE

9 93090E

ELLI PT V97U5332C 00 +3. 352329869 E-03 ND F D C
EARTH S ELLI PTI CI TY CONSTANT

9 93090E

FRARRRRRRARIRLRRARARZARRARARIVLIVRARIARIVIVRQARIRLRS



TABLE 4.1.1.1-5. ASCENT NAVIGATION SEQUENCER (G4.139) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S
DESCRIPTION R

PRFCTN

LASTCR R

S(01) V97U5492C 00 -5.2357454 E- 09 ND F D C
TESSERAL HARMONI C CCEFFI CI ENT ELEM
1

S(02) V97U5493C 00 -9. 0231337 E- 07 ND F D C
TESSERAL HARMONI C CCEFFI CI ENT ELEM
2

S(03) V97U5494C 00 +2.7267074 E- 07 ND F D C
TESSERAL HARMONI C CCEFFI CI ENT ELEM
3

S(04) VI97U5495C 00 -2.1259298 E- 07 ND F D C
TESSERAL HARMONI C COEFFI Cl ENT ELEM
4

S(05) V97U5496C 00 +1. 9681077 E- 07 ND F D C
TESSERAL HARMONI C CCEFFI CI ENT ELEM
5
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TABLE 4.1.1.1-5. ASCENT NAVIGATION SEQUENCER (G4.139) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

S(06) V97U5497C 00 -4. 4125015 E- 07 ND F D C 9 90374C
TESSERAL HARMONI C CCEFFI CI ENT ELEM

6

S(07) V97U5498C 00 +1. 4818958 E- 07 ND F D C
TESSERAL HARMONI C CCEFFI CI ENT ELEM
7

9 90374C

S(08) V97U5499C 00 -1.2140873 E- 08 ND F D C
TESSERAL HARMONI C CCEFFI CI ENT ELEM
8

9 90374C

S(09) V97U5500C 00 +6. 3163541 E- 09 ND F D C
TESSERAL HARMONI C CCEFFI CI ENT ELEM
9

9 90374C

ZONAL( 01) V97U5582C 00 +0.0 E+00 ND F D C
ZONAL HARMONI CS COEFFI CI ENT ELEM 1

9 90374C

RRRQRRRARZRIVRLARRARZRLIVRARIAVRERXQARARIVIRQRRIRIRS
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TABLE 4.1.1.1-5. ASCENT NAVIGATION SEQUENCER (G4.139) CONSTANTS

FSSR NAME MSID
DESCRIPTION

MC

CONSTANT VALUE

ENG UNITS

DT

p
R

S

PRFCTN LASTCR R

ZONAL( 02) VO7U5583C
ZONAL HARMONI CS COEFFI Cl ENT ELEM 2

ZONAL( 03) V97U5584C
ZONAL HARMONI CS COEFFI Cl ENT ELEM 3

ZONAL( 04) VO7U5585C
ZONAL HARVONI CS COEFFI Cl ENT ELEM 4

00

00

00

+1. 0826271

-2.5358868

-1. 6246180

E- 03

E- 06

E- 06

ND

ND

ND

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.

RRRQIRRARZRIARLIRRARZIRIRLRRRRE

©

90374C
126
127
139
144
148

205
236
9 90374C
126
127
139
144
148

205
236
9 90374C
126
127
139
144
148

205
236
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41.2 Ascent/RTL S Navigation Sequencer (4.147)

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

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

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

1. Crew sdection of Major Mode 601 — Crew selection of Magjor Mode 601 is accomplished viaa
hardware switch selection or keyboard entry. Cyclic repetition of the ascent navigation principal
function will be discontinued and then reinitiated at the repetition rate
DT_RTLS SECOND_STAGE; therate shall be premission—determined and independent of the
repetition rate(s) of any other navigation principal functions. No further control activity is
required of the ascent/RTL S navigation sequencer principal function during Maor Mode 601.

2. Crew proceed to Major Mode 602 — On a proceed to Major Mode 602, cyclic repetition of the
ascent navigation principal function shall be discontinued and the required parameters shall be
initialized for subsequent execution of the RTL S navigation principa function. The
computations necessary are the following.

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

DRAG_CONST = DRAG_CONST RTLS
ACC_PROP_MIN = ACC_PROP_MIN_REF

where DRAG_CONST_RTLSisan I-oad parameter.

The time which indicates when a sel ected GPS state was last made available by the GPS receiver state
processing principa function in this OPS sequenceisinitialized to the last filter statetime. This prevents
improper issuance of the alarm which indicates that the time elapsed since the last state was selected by the
GPS receiver state processing principal function has exceeded the I-Loaded limit:

T GPS OFF=T_LAST FILT

After initialization is complete, cyclic repetition of the RTLS navigation principa function shall be
initiated. This cyclic repetition shall be continued at the same rate until selected MSBL S range and
azimuth data are valid, at which time cyclic repetition of the RTLS navigation principal function at a
higher rate shall beinitiated and continued until the end of rollout.
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The repetition rates for the RTL S navigation principal function shall be premission determined and
independent of the repetition rate of any other navigation principa function.

B. Interface Requirements. Input and output parameters are given in Tables 4.1.2-2 and 4.1.2-3,
respectively. Principal function input and output parameters, a ong with the I oads, K- oads, and
constants, are presented in Tables 4.1.2.1-1 through 4.1.2.1-5.

C. Processing Requirements. None.

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

E. Supplementa Information. A suggested implementation of these requirementsis represented in Section
5.2, ASCENT_RTLS NAV_SEQUENCER.

Table4.1.2-1.0PS-6 Level B Events

Event Navigation Navigation
No.2 Event Name Criteria Action
A30 Mode transition from Transition from Cancel ascent navigation;
102 to 601 OPS-1 to mode 601 reschedule at RTLS rate
A3l Mode transition 103 Transition from Cancel ascent navigation;
to 601 OPS-1 to mode 601 reschedule at RTLS rate
A39 Mode transition from Mode transition Cancel ascent navigation;
601 to 602 from 601 to 602 initiate RTLS navigation
A39B Mode transition from Transition from Cancel ascent navigation;
104 to 602 OPS-1 to mode 602 initiate RTLS navigation
N/A N/A RTLS navigation Cancd RTLS navigation;
with MSBL S range reinitiate at higher rate
and azimuth valid

@Current Level B designation.

45



ST S 83-0005-34
December 14, 2007

Table 4.1.2-2. Ascent/RTL S Navigation Sequencer Input Parameters

Input Sample
Description Symbol Sources | Type |Precision| Range |Units| Rate
Flag indicating availability of |MLS_AVAIL (a D ON/OFF As
MLS data needed
Flag indicating MSBLSrange |[MSBLS RANGE_ (a) D ON/OFF As
data are good DATA_GOOD needed
Flag indicating MSBLS MSBLS AZIMUTH_ @ D ON/OFF As
azimuth data are good DATA_GOOD needed
Square root of diagonal SIG_DIAG_UVW._ (b) \Y; DP vary |As
elementsfor OPS 6 covariance |RTLS needed
matrix initialization
Correlation coefficients to CORR_COEFF RTLS (b) \Y; DP As
initialize covariance matrix for needed
RTLS
Shuttle position vector inM50 |R_FILT @ \% DP ft As
coordinates needed
Shuttle velocity vector inM50 |V _FILT @ \% S ft/ As
coordinates $C |needed
Time of thefilter statevectors | T_LAST FILT @ F DP sec |As
needed
Shuttle drag constant DRAG_CONST_RTLS (b) F S ft’/  |As
slug | needed
Minimum magnitude of ACC_PROP_MIN_REF (b) F S ft/ As
nongravitational acceleration sec® | needed
required for employment of
IMU datain state propagation
Sequencing time interval for DT_RTLS SECOND _ (© F S sec |As
ascent navigation during RTLS | STAGE needed
second stage
High rate sequencing time DT_GRTLS NAV_ (© F S sec |As
interval for RTLS navigation HIGH needed
Low rate sequencing time DT_GRTLS NAV_ (© F S sec |As
interval for RTLS navigation LOW needed

& See ascent/RTL S navigation sequencer input parameter table (Table 4.1.2.1-1).
P See ascent/RTLS navigation (4.205) |-oad and K- oad tables.
¢ See ascent/RTL S navigation sequencer constant table (Table 4.1.2.1-5).
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Table 4.1.2-3. Ascent/RTL S Navigation Sequencer Output Parameters

Output Comp
Description Symbol Destination | Type | Precision | Range | Units Rate
Covariance matrix E (a M DP vary As
needed
Minimum magnitude of ACC_PROP MIN | () F S ft/ sec® | As
nongravitational acceleration needed
required for employment of
IMU datain state propagation
Shuttle drag constant DRAG _CONST | (a) F DP ft?/ slug | As
needed
Time of the last GPS state T_GPS OFF @ F DP Sec As
selected by the GPS state vector needed
selection filter

& See ascent/RTL S navigation sequencer output parameter table (Table 4.1.2.1-1).

4121 Ascent/RTL S Navigation Sequencer (4.147) Principal Function Tables.

The ascent/RTL S navigation sequencer principal function input and output parameters, along with the
I-doads, K-oads, and constants, are presented in Tables 4.1.2.1-1 through 4.1.2.1-5. The valuesfor the
I oads are contained in the I-oads requirements document (JSC-19350). The Cross—References are

shown below:

Ascent/RTL S Navigation Sequence (4.147)

Cross Reference

FSSR Name

Source Name

MSBLS RANGE_DATA_GOOD

MSBLS AZIMUTH_DATA_GOOD

MLSAZ_DATA_GOOD

MLSRANGE_DATA_GOOD
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TABLE 4.1.2.1-1. INPUT FUNCTIONAL PARAMETERS FOR ASCENT/RETURN-TO-LAUNCH SITE NAVIGATION SEQUENCER

(G4.147)
FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA P LASTCR R
TYPE R E
E \Y
C
M_SAZ_DATA_GOOD VI90X3003X MSBLS AZI MUTH DATA GOCD SF BD 93017G *
M_SRANGE_DATA_GOOD VI90X3063X MSBLS RANGE DATA GOCD SF BD 93017G *
M.S_AVAI L VI0X3720XB M.S AVAI LABI LI TY ASC SI TE LOOKUP
MM_CODE_601/ MM 601 VI90X8194X MAJOR MODE 601 FLAG MSC BD 93012D
MMV_CODE_602/ MM _602 VI0X8174X MAJOR MODE 602 FLAG MSC 92355B
R FILT(1) VO0HO584CA X-COWP OF FLTR S CURR PCOS VECTOR ASC NAV FT
R FILT(2) VO0HO585CA  Y-COW OF FLTR S CURR POS VECTOR ASC NAV FT
R _FILT(3) VO0HO586CA Z-COWP OF FLTR S CURR POS VECTOR ASC NAV FT
T_LAST_FILT VOOW8522CB Tl ME OF FILTER STATE VECTOR ASC NAV S 92165A
V_FILT(1) VI0L0624CA X-COWP OF FLTR S CURR VEL VECTOR ASC NAV FT/ S SPL
V_FILT(2) VO0L0625CA  Y-COW OF FLTR S CURR VEL VECTOR ASC NAV FT/ S SPL
V_FILT(3) VO0L0626CA Z-COW OF FLTR S CURR VEL VECTOR ASC NAV FT/ S SPL
VI90X8159X MM 601 FROM MM 102 MSC 89599C
NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
STS 83-0005-34
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TABLE 4.1.2.1-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT/RETURN-TO-LAUNCH SITE NAVIGATION SEQUENCER

(G4.147)
FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E \Y
C
ACC_PROP_M N VI90A8938CB ACC THRESHOLD TEST FOR STATE PROP RTLS NAV FT/ S2
DRAG_CONST VO0UB937CB ACC MODEL DRAG CONST FOR ST PROP RTLS NAV FT2/ SLUG 90185A
E(1-1) VO0UO650CB COVARI ANCE MATRI X ELEMENT 1-1 RTLS NAV
TLM
E(1-2) VO0U0651CB COVARI ANCE MATRI X ELEMENT 1-2 RTLS NAV
E(1-3) VO0U0652CB COVARI ANCE MATRI X ELEMENT 1-3 RTLS NAV
E(1-4) VO0U0653CB COVARI ANCE MATRI X ELEMENT 1-4 RTLS NAV
E(1-5) VI0U0654CB COVARI ANCE MATRI X ELEMENT 1-5 RTLS NAV
E(1-6) VO0UO655CB COVARI ANCE MATRI X ELEMENT 1-6 RTLS NAV
E(2-1) VO0U0656CB COVARI ANCE MATRI X ELEMENT 2-1 RTLS NAV
E(2-2) VO0U0657CB COVARI ANCE MATRI X ELEMENT 2-2 RTLS NAV
TLM
E(2-3) VO0U0658CB COVARI ANCE MATRI X ELEMENT 2-3 RTLS NAV
E(2-4) VO0UO659CB COVARI ANCE MATRI X ELEMENT 2-4 RTLS NAV
E(2-5) VO0UO660CB COVARI ANCE MATRI X ELEMENT 2-5 RTLS NAV
E(2-6) VO0U0661CB COVARI ANCE MATRI X ELEMENT 2-6 RTLS NAV
E(3-1) VO0U0662CB COVARI ANCE MATRI X ELEMENT 3-1 RTLS NAV
E(3-2) VO0U0663CB COVARI ANCE MATRI X ELEMENT 3-2 RTLS NAV
E(3-3) VO0U0664CB COVARI ANCE MATRI X ELEMENT 3-3 RTLS NAV
TLM
E(3-4) VO0U0665CB COVARI ANCE MATRI X ELEMENT 3-4 RTLS NAV
E(3-5) VO0U0666CB COVARI ANCE MATRI X ELEMENT 3-5 RTLS NAV
E(3-6) VO0U0667CB COVARI ANCE MATRI X ELEMENT 3-6 RTLS NAV
E(4-1) VO0U0668CB COVARI ANCE MATRI X ELEMENT 4-1 RTLS NAV
E(4-2) VO0UO669CB COVARI ANCE MATRI X ELEMENT 4-2 RTLS NAV
E(4-3) VO0U0O670CB COVARI ANCE MATRI X ELEMENT 4-3 RTLS NAV
E(4-4) VO0U0671CB COVARI ANCE MATRI X ELEMENT 4-4 RTLS NAV
TLM
E(4-5) VO0U0672CB COVARI ANCE MATRI X ELEMENT 4-5 RTLS NAV
E(4-6) VO0U0673CB COVARI ANCE MATRI X ELEMENT 4-6 RTLS NAV
E(5-1) VO0U0674CB COVARI ANCE MATRI X ELEMENT 5-1 RTLS NAV
E(5-2) VO0U0675CB COVARI ANCE MATRI X ELEMENT 5-2 RTLS NAV
E(5-3) VO0U0676CB COVARI ANCE MATRI X ELEMENT 5-3 RTLS NAV
E(5-4) VO0U0677CB COVARI ANCE MATRI X ELEMENT 5-4 RTLS NAV
E(5-5) VO0U0678CB COVARI ANCE MATRI X ELEMENT 5-5 RTLS NAV
TLM
E(5-6) VO0UO679CB COVARI ANCE MATRI X ELEMENT 5-6 RTLS NAV
E(6-1) VO0UO680CB COVARI ANCE MATRI X ELEMENT 6-1 RTLS NAV
E(6-2) VO0U0681CB COVARI ANCE MATRI X ELEMENT 6- 2 RTLS NAV
E(6-3) VO0U0682CB COVARI ANCE MATRI X ELEMENT 6-3 RTLS NAV
E(6-4) VO0U0683CB COVARI ANCE MATRI X ELEMENT 6-4 RTLS NAV
E(6-5) VO0U0684CB COVARI ANCE MATRI X ELEMENT 6-5 RTLS NAV
E(6-6) VO0U0685CB COVARI ANCE MATRI X ELEMENT 6-6 RTLS NAV
TLM
T_GPS_COFF VO0OWB543CD TIME OF LAST SEL GPS BY SEL FILT GPS RCVR STATE PROC S DPL 92165A



TABLE 4.1.2.1-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT/RETURN-TO-LAUNCH SITE NAVIGATION SEQUENCER

(G4.147)

FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E %

C

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
Rate Codes: (HDR Only) 1 =1 sample/sec 2 =5 samples/sec 3 =12.5 samples/sec 4 = 25 samples/sec 5= 100 samples/sec
(HDR and LDR) A =1 sample/sec B =5 sampleg/sec C = 12.5 samples/sec D = 25 samples/sec E = 100 samples/sec
ST S 83-0005-34
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TABLE 4.1.2.1-3. ASCENT/RETURN-TO-LAUNCH SITE NAVIGATION SEQUENCER (G4.147) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R
E
\%

NO REQUI REMENTS

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.

ST S 83-0005-34
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TABLE 4.1.2.1-4. ASCENT/RETURN-TO-LAUNCH SITE NAVIGATION SEQUENCER (G4.147) K-LOADS

FSSR NAME MSID MC KLOAD VALUE ENG UNITS DT P S PRFCTN LASTCR R

DESCRIPTION R E
\

CORR_COEFF_RTLS( 1) Vo7U5784C 00 +0.0 E+00 ND F D C 4. 147 89661A

CORR_COEFF_RTLS( 2) V97U5785C 00 +9.0 E-01 ND F D C 4. 147 89661A

CORR_COEFF_RTLS( 3) V97U5786C 00 +0.0 E+00 ND F D C 4. 147 89661A

CORR_COEFF_RTLS( 4) Vo7U5787C 00 +0.0 E+00 ND F D C 4. 147 89661A

CORR_COEFF_RTLS( 5) Vo7U5788C 00 +9.0 E-01 ND F D C 4. 147 89661A

CORR_COEFF_RTLS( 6) V97U5789C 00 +9.0 E-01 ND F D C 4. 147 89661A

CORR_COEFF_RTLS( 7) V97U5790C 00 +0.0 E+00 ND F D C 4. 147 89661A

SI G_DI AG_UVW RTLS( 1) V97U5791C 00 +1. 0000000 E+03 FT F D C 4. 147 89661A

S| G_DI AG_UVW RTLS( 2) V97U5792C 00 +2.0 E+03 FT F D C 4. 147 89661A

SI G_DI AG_UVW RTLS( 3) V97U5793C 00 +3.0 E+03 FT F D C 4. 147 89661A

SI G_DI AG_UVW RTLS( 4) V97U5794C 00 +4. 0000000 E+00 FT/ SEC F D C 4. 147 89661A

S| G_DI AG_UVW RTLS(5) V97U5795C 00 +4. 0000000 E+00 FT/ SEC F D C 4. 147 89661A

S| G_DI AG_UVW RTLS( 6) V97U5796C 00 +6. 0 E+00 FT/ SEC F D C 4. 147 89661A

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.



TABLE 4.1.2.1-5. ASCENT/RETURN-TO-LAUNCH SITE NAVIGATION SEQUENCER (G4.147) CONSTANTS

FSSR NAME MSID MC  CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E
v
DT_GRTLS_NAV_HI GH Vo7U6118C 00 +1.92 E+00 SEC F S C G4.147 90374C
H GH RATE SEQ TI ME | NTERVAL FOR
GLI DE RTLS NAV
DT_GRTLS_NAV_LOW Vo7U6119C 00 +3. 84 E+00 SEC F S C G4.147 90374C
LOWM RATE SEQ TI ME | NTERVAL FOR
GLI DE RTLS NAVI GATI ON
DT_RTLS_SECOND_STAGE Vo7U6117C 00 +1.92 E+00 SEC F S C G4.147 90374C
SEQ TI ME | NTERVAL FOR ASCENT NAV
DURI NG RTLS SECOND STAGE
NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
ST S 83-0005-34
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4.1.3 Ascent User Parameter Processing Sequencer (4.197)

This principal function will provide a capability for initialization and control of principal functions and
subfunctions associated with the computation of user parameters during the nominal ascent operational
sequence. This sequencer will provide initialization and control of the ascent user parameter processing
principal function and its subfunctions, and will also provideinitialization and control of the GPS reference
state processing principal function.

Eventsthat are to be used as cues for performing the required initialization and sequencing are defined in
the Level B GN&C CPDS. The particular events and a summary of the associated user parameter actions
pertaining to the ascent user parameter processing sequencer are given in Table 4.1.3-1. Principal function
input parameters, along with the 14oads, K- oads, and constants, are presented in Tables 4.1.3.1-1
through 4.1.3.1-5.

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

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

3. When an ascent abort occurs and the RTLS user parameter processing sequencer isinvoked
upon transition to OPS—-6 (abort selection of RTLS during mode 103 or following SRB
separation command for abort selection of RTLS during mode 102).

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

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

ASCENT INIT COMPLETE-Navigation initialized. Prior to cyclic execution of the user parameter state
propagator (Section 4.6.1.1), initialization of necessary parameters shall be performed. Thisinitiaization
will be accomplished within the ascent navigation sequencer described in Section 4.1.1. Thus, it isrequired
that cyclic execution of the user parameter state propagation function and GPS reference state processing
not begin until the flag

ASCENT_INIT_COMPLETE

is received from the ascent navigation sequencer indicating that ascent initialization is complete. Cyclic
execution of both functions will then commence at arepetition rate of 6.25 Hertz.

EVENT 19-Solid rocket booster ignition command. Based upon this cue, the ascent user parameter
processing initialization subfunction (Section 4.6.1.3) will be performed:

CALL: ASCENT_UPP_INIT.
Following thisinitialization, cyclic repetition of the ascent/RTL S user parameter calculations (Section

4.6.1.2) and the ascent user parameter HSI cal culations (Section 4.6.1.4) will commence at arepetition rate
of 1.04 Hertz.
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EVENT 28-Solid rocket booster separation command. Cyclic repetition of the user parameter state
propagation function shall be changed to a repetition rate of 2.08 Hertz.

EVENT 31 or EVENT A34B—Guidance fine countdown initiate event. Based upon this cue, the cyclic
repetition rate of the user parameter state propagation function shall be changed to arepetition rate of 6.25
Hertz.

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

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

EVENT 45-nitiate guidance (OMS-2). Based upon this cue, the current scheduling of user parameter
state propagation isto be cancelled. Cyclic processing of user parameter state propagation isto be
rescheduled at arepetition rate of 1.04 Hertz beginning with this event.

B. Interface Requirements. Input parameters for the sequencer are given in the principal function
interface, Table 4.1.3.1-1. The sequencer has no output parameters.

C. Processing Requirements. The 6.25 Hertz execution rate of the GPS reference state processing
principal function is maintained throughout OPS-1 beginning at Navigation Initiation (Event 14,
ASCENT _INIT_COMPLETE), and throughout OPS-6.

D. Constraints. None.

E. Supplemental Information. It isrequired that the state vector be updated by the user parameter state
propagator just prior to initiating cyclic processing of the orbit insertion guidance principal function and,
further, that the state vector aso be updated immediately following OMSignition. The scheduling of the
ascent user parameter state propagator isto be shifted to meet these requirements whenever orbit insertion
guidanceisto beinitiated. The intent hereisto get the executions of the user parameter state propagator in
synchronization with those of the guidance program, with the propagation occurring just prior to each
guidance pass. These processes will be begun at such atime before ignition that OM S ignition occurs only
shortly before a propagation cycle so that little sensed vel ocity change will be missed over the next
propagation step. A suggested implementation for these requirementsisillustrated in Section 5.6, flow
chart ASCENT_UPP_SEQ.
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Table 4.1.3-1.Event Flag Inputs for Ascent User Parameter Processing Sequencer

Event Flag
Description

Action Taken by Sequencer in
Response to Event Flag

ASCENT _ Navigation initialization

INIT complete flag

COMPLETE

EVENT_19 | Solid rocket booster ignition
command

EVENT 28 | Solid rocket booster separation
command

EVENT 31 | Guidancefine countdown

or initiate

EVENT_

A34B

EVENT 32 | MECO command

EVENT 36 | Transitionto mode 104

(OMS-1 insertion)

Initiate performance of the user parameter

state propagation function and the GPS reference
state processing principal function at arepetition rate
of 6.25 Hertz.

Perform the ascent user parameter processing
initialization. Initiate ascent/RTLS user parameter
calculations and ascent user parameter HSI
calculations at a repetition rate of 1.04 Hertz.

Change the repetition rate of the user parameter
state propagation function to 2.08 Hertz.

Change the repetition rate of the user parameter
state propagation function to 6.25 Hertz.

Change the repetition rate of the user parameter
state propagation function to 1.04 Hertz.

Cancel ascent/RTLS user parameter calculations
and ascent user parameter HSI calculations.

EVENT 45 | Initiate guidance for OMS-2 Cancel and reschedule cyclic processing of user
parameter state propagation at arate of 1.04 Hertz.
4131 Ascent User Parameter Processing Sequencer (4.197) Principal Function Tables.

The ascent user parameter processing principal function input and output parameters, along with the
Idoads, K-oads, and constants, are presented in Tables 4.1.3.1-1 through 4.1.3.1-5. The valuesfor the
I oads are contained in the I-oads requirements document (JSC-19350). The Cross—References are
shown below:
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Cross—Reference

FSSR Name

Source Name

ASCENT_INIT_COMPLETE
SRB_IGNITION_COMMAND

ASC_INIT_COMPLETE
SRB_IGNITION_CMD




TABLE 4.1.3.1-1. INPUT FUNCTIONAL PARAMETERS FOR ASCENT/USER PARAMETER PROCESSING SEQUENCER (G4.197)

FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA P LASTCR R

TYPE R E

E \%

C

ASC_I NI T_COWPLETE V90X8924X  ASCENT INIT COMPLETE FLAG ASC NAV SEQ 93090E
MECO_CMD VI0X8569XA MECO COMMAND FLAG SSME OPS BD 93017G
MM _CODE_104/ MV_104 V90X8152X  MAJOR MCODE 104 FLAG MsC 92355B
MM _CODE_601/ MM 601 V90X8194X  MAJOR MODE 601 FLAG MsC BD 93012D
M _MbOTOEF_AT_EPOCH( 1, 1) V97U5738C  MbO TO EF TRANS MATRI X ELEM 1,1 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 1, 2) V97U5739C  MbO TO EF TRANS MATRI X ELEM 1, 2 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 1, 3) V97U5740C  MbO TO EF TRANS MATRI X ELEM 1, 3 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 2, 1) V97U5741C  MbO TO EF TRANS MATRI X ELEM 2,1 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 2, 2) V97U5742C  MbO TO EF TRANS MATRI X ELEM 2, 2 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 2, 3) V97U5743C  MbO TO EF TRANS MATRI X ELEM 2, 3 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 3, 1) V97U5744C  MbO TO EF TRANS MATRI X ELEM 3,1 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 3, 2) V97U5745C  Mb0O TO EF TRANS MATRI X ELEM 3, 2 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 3, 3) V97U5746C  MbO TO EF TRANS MATRI X ELEM 3, 3 RNP MAT COWP ND DPL 93090E
NAV_I NI T_FLAG VO0X8414X  NAV INIT FLAG R/'S LCH SEQ BD 93017G
NAV_PF_INIT VI0X8195X I NI TIATE PWD FLT NAV MsC 89599C
SRB_| GNI TI ON_CMD VI0X8377X  SRB I GNI TION CMD FLAG R/'S LCH SEQ BD 93017G
SRB_SEP_CMD_FLAG VI0X8331XA SRB SEPARATI ON COMMAND FLAG SRB SEP SEQ 93017G
SRB_SEP_CMD_FLAG VI0X8331XB SRB SEPARATI ON COMMAND FLAG ET SEP SEQ 93064D
SRB_SEP_| NI TI ATI ON VO0X8333X  SRB SEPARATI ON | NI TI ATI ON FLAG SRB SEP SEQ BD 93017G
S _CONT_MECO VI0X6988X  CONTI NGENCY FI NE COUNTDOWN DSCR PW CONT GUI D 89990E
S MECO V90X1963XB FI NE COUNT DOWN DI SCRETE ASC 2STG GUJI D 93017G
T_EPOCH VO7We528C  TI ME TAG FOR M_MOTOEF_AT_EPOCH RNP MAT COWP S DPL 93090E

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
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TABLE 4.1.3.1-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT/USER PARAMETER PROCESSING SEQUENCER (G4.197)

FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E \%

C

NO REQUI REMENTS

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.

Rate Codes: (HDR Only) 1=1sample/sec 2 =5 samples/sec 3 =12.5 samples/sec 4 = 25 samples/sec 5= 100 samples/sec
(HDR and LDR) A =1sample/sec B =5 samples/sec C = 12.5 samples/sec D = 25 samples/sec E = 100 samples/sec



TABLE 4.1.3.1-3. ASCENT/USER PARAMETER PROCESSING SEQUENCER (G4.197) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R
E
\%

NO REQUI REMENTS

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
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TABLE 4.1.3.1-4. ASCENT/USER PARAMETER PROCESSING SEQUENCER (G4.197) K-LOADS

FSSR NAME MSID MC KLOAD VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

NO REQUI REMENTS

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.



TABLE 4.1.3.1-5. ASCENT/USER PARAMETER PROCESSING SEQUENCER (G4.197) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

NO REQUI REMENTS

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
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414 RTLS User Parameter Processing Sequencer (4.200)

This principal function shall provide a capability for initialization and control of those principal functions
and subfunctions associated with the computations of user parameters during the return—to-aunch—site
(RTLS) operationa sequence. The RTLS user parameter processing principal function and its
subfunctions, as well as the ascent area navigation principal function, shall beinitiated and controlled by
this sequencer.

Events, which are to be used as cues by the sequencer for performing the required initialization and
sequencing, are defined in the Level B GN&C CPDS. The particular events and a summary of the
associated user parameter actions pertaining to the ascent/RTL S user parameter processing sequencer are
givenin Table4.1.4-1.

A. Detailed Requirements. The ascent/RTL S user parameter processing sequencer shall beinitiated upon
the occurrence of any of the following events:

1. Abort selection of RTLS during mode 102
2. Abort selection of RTLS during mode 103
3. Abort selection of RTLS during mode 104
This sequencer shall be terminated upon the transition from OPS-6 to vehicle utility OPS-9.

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

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

EVENT A31 —Abort selection is RTL S during Major Mode 103. On the basis of this cue, cyclic
processing of the user parameter state propagation subfunction (Section 4.6.2.1) shall beincreased to a
repetition rate of 6.25 Hertz. Cyclic processing of the user parameter HSI calculations (Section 4.6.2.5)
shall continue at arepetition rate of 1.04 Hertz. Cyclic processing of the powered RTLS user parameter
calculations subfunction (Section 4.6.2.2) shall commence at arepetition rate of 1.04 Hertz. Cyclic
processing of the ascent/RTLS calculations (Section 4.6.2.4) shall continue at a repetition rate of 1.04
Hertz.

EVENT A34A or EVENT A34B— MPS guidance cutoff task discrete. On the basis of this cue, the cyclic
processing rate of the powered RTL S user parameter calculations subfunction (Section 4.6.2.2) and the
ascent/RTL S calculations (Section 4.6.2.4) shall be increased to arepetition rate of 2.08 Hertz. The cyclic
processing rate of the user parameter state propagation function (Section 4.6.2.1) shall continue at 6.25
Hertz.
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EVENT A39 —Transition from Major Mode 601 to Major Mode 602. On the basis of this cue, cyclic
processing of the powered RTLS user parameter cal culations subfunction (Section 4.6.2.2) and the RTLS
HSI calculations (Section 4.6.2.5) shall be cancelled. Cyclic processing of the ascent/RTL S calculations
(Section 4.6.2.4) shall be decreased to arepetition rate of 1.04 Hertz. The cyclic processing of the

TACAN display computations and GPS UPP display computations for RTLS (Section 4.6.2.6) shall
commence at arepetition rate of 0.52 Hertz. Cyclic processing of the user parameter state propagation
subfunction (Section 4.6.2.1) shall continue at arepetition rate of 6.25 Hertz. Cyclic processing of the area
navigation principal function (Section 4.7) shall commence at a repetition rate of 1.04 Hertz.

EVENT A39B — Transition from Major Mode 104 to Major Mode 602. On the basis of this cue, cyclic
processing of the ascent/RTL S calculations, the glide RTLS user parameter cal culations subfunction
(Section 4.6.2.3), and the area navigation principal function (Section 4.7) shall commence at a repetition
rate of 1.04 Hertz. Cyclic processing of the user parameter state propagation subfunction (Section 4.6.2.1)
shall beincreased to arepetition rate of 6.25 Hertz. The cyclic processing of the TACAN display
computations and GPS UPP display computations for RTLS (Section 4.6.2.6) shall commence at a
repetition rate of 0.52 Hertz.

EVENT A41 —Transition from Major Mode 602 to Major Mode 603. On the basis of this cue, cyclic
processing of the glide RTLS user parameter cal culations subfunction GUIDECOMP_RTLS shall be
increased to a repetition rate of 6.25 Hz.

TG_END —Transition to Approach/Land. On the basis of this cue, the ascent/RTLS cal culations (Section
4.6.2.4) shall be cancelled. Cyclic processing of the user parameter state propagation subfunction (Section
4.6.2.1) shall continue at a repetition rate of 6.25 Hertz. The cyclic processing of the TACAN display
computations and GPS UPP display computations for RTLS (Section 4.6.2.6) shall continue at a repetition
rate of 0.52 Hertz. Cyclic processing of the area navigation principal function (Section 4.7) shall continue
a arepetition rate of 1.04 Hertz.

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

C. Processing Requirements. None.

D. Constraints. None.

E. Supplemental Information. A suggested implementation for these requirementsisillustrated in Section
5.6 flow chart RTLS UPP_SEQ.
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Table 4.1.4-1.Event Flag Inputs for RTLS UPP Sequencer

Event Flag

Event Flag Description

Action Taken by Sequencer in Response to Event Flag

EVENT_A30

EVENT_A31

EVENT_A34A
or
EVENT_A34B

EVENT_A39

EVENT_A39B

66

SRB separation command

Transition from Major
Mode 103 to 601

MPS guidance cutoff task
discrete

Transition from Major
Mode 601 to 602

Transition from Major
Mode 104 to 602

Continue ASCENT_RTLS COMPS and
PW_HSI COMPS at arepetition rate of 1.04 Hertz.

Initiate powered RTLS user parameter calculations at a
repetition rate of 1.04 Hertz. Continue repetition of user
parameter state propagation at arate of 6.25 Hertz.

Increase repetition rate of user parameter state
propagation to 6.25 Hertz. Initiate powered RTLS user
parameter calculations at arepetition rate of 1.04 Hertz.
Continue

ASCENT_RTLS COMPSand PW_HSI_COMPS at a
repetition rate of 1.04 Hertz.

Change repetition rate of powered RTLS user parameter
calculationsand ASCENT_RTLS COMPSto 2.08
Hertz. Continue repetition of user parameter state
propagation at arate of 6.25 Hertz.

Initiate glide RTL S user parameter calculations at a
repetition rate of 1.04 Hertz.

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

Cancd the powered RTLS user parameter calculations
and the PW_HSI_COMPS. Change repetition rate of
ASCENT_RTLS COMPSto 1.04 Hertz.

Initiate TACAN_DISP_COMPS at arepetition rate of
0.52 Hertz.

Initiate GPS_UPP_DISP_COMPS at arepetition rate of
0.52 Hertz.

Increase repetition of user parameter state propagation to
arate of 6.25 Hertz.

Initiate ASCENT_RTLS COMPS at arepetition rate of
1.04 Hertz.

Initiate glide RTLS user parameter calculations at a
repetition rate of 1.04 Hertz.

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

Initiate TACAN_DISP_COMPS at arepetition rate of
0.52 Hertz.
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Table 4.1.4-1.Event Flag Inputs for RTLS UPP Sequencer

Event Flag Event Flag Description Action Taken by Sequencer in Response to Event Flag
Initiate GPS_UPP_DISP_COMPS at arepetition rate of
0.52 Hertz.
TG_END Transition to autoland Cancel ASCENT_RTLS COMPS
EVENT_A41 Transition from Major Increase glide RTLS UPP subfunction
Mode 602 to Magjor GUIDECOMP_RTLSto arepetition rate of 6.25 Hertz
Mode 603

4141 RTLS User Parameter Processing Sequencer (4.200) Principal Function Tables.

The RTLS user parameter processing sequencer principal function input and output parameters, along with
the IHoads, K- oads, and constants, are presented in Tables 4.1.4.1-1 through 4.1.4.1-5. The valuesfor
the I-Hoads are contained in the |doads requirements document (JSC-19350). The Cross—References are
shown below:

RTLS User Parameter Processing Sequencer (4.200)
Cross—References
FSSR Name Source Name
No requirements No requirements
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TABLE 4.1.4.1-1. INPUT FUNCTIONAL PARAMETERS FOR RTLS USER PARAMETER PROCESSING SEQUENCER (G4.200)

FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA P LASTCR R
TYPE R E
E \%
C
MM_CODE_601/ MM 601 VI90X8194X MAJOR MODE 601 FLAG MsC BD 93012D
MMV_CODE_602/ MM _602 V90X8174X MAJOR MODE 602 FLAG MsC 92355B
SRB_SEP_CMD_FLAG VIO0X8331XA SRB SEPARATI ON COVVAND FLAG SRB SEP SEQ 93017G *
SRB_SEP_CMD_FLAG VI90X8331XB SRB SEPARATI ON COVVAND FLAG ET SEP SEQ 93064D
S_CONT_MECO VI90X6988X CONTI NGENCY FI NE COUNTDOWN DSCR PW CONT GUI D 89990E
S_MECO VO0X1963XA FI NE COUNT DOWN DI SCRETE PW RTLS GUI D 93017G *
TG_END V90X1108XB TAEM GUI DANCE TERM NATI ON FLAG CRTLS TAEM GUI D 92355B
NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
ST S 83-0005-34
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FSSR NAME
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TABLE 4.1.4.1-2. OUTPUT FUNCTIONAL PARAMETERS FROM RTLS USER PARAMETER PROCESSING SEQUENCER (G4.200)

M/SID NOMENCLATURE DESTINATION UNITS DATA
TYPE

P LASTCR R

R
E
C

E
\%

NO REQUI REMENTS

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.

Rate Codes: (HDR Only) 1=1sample/sec 2 =5 samples/sec 3 =12.5 samples/sec 4 = 25 samples/sec 5= 100 samples/sec
(HDR and LDR) A =1sample/sec B =5 samples/sec C = 12.5 samples/sec D = 25 samples/sec E = 100 samples/sec



TABLE 4.1.4.1-3. RTLS USER PARAMETER PROCESSING SEQUENCER (G4.200) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R
E
\%

NO REQUI REMENTS

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
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TABLE 4.1.4.1-4. RTLS USER PARAMETER PROCESSING SEQUENCER (G4.200) K-LOADS

FSSR NAME MSID MC KLOAD VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

NO REQUI REMENTS

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.



TABLE 4.1.4.1-5. RTLS USER PARAMETER PROCESSING SEQUENCER (G4.200) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

NO REQUI REMENTS

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
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42  SUBFUNCTIONSCOMMON TO SEVERAL NAVIGATION FUNCTIONS

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

421 State Propagation

This subfunction will perform anumber of tasks related to propagation of the Shuttle state vector. The
task of reading (snapping) the IMU is performed when the total accumulated sensed velocity isrequired to
account for nongravitational accelerations during integration of the equations of motion. Modeled drag
acceleration is computed in those circumstances in which IMU accumulated sensed vel ocity is not used.
The eguations of motion are integrated with the use of a super—g agorithm designed primarily for
powered—flight phases (i.e., those phases in which appreciable nongravitational acceleration is experienced)
but used also during coasting flight phases.

4211 IMU Data Snap.

The IMU data snap task shall provide the capability to obtain the selected sensed accumulated velocity and
the GMT time tag associated with these data. The IMU datais obtained as indicated by the following:

SNAPIMU (V_CURRENT _FILT, T_CURRENT FILT)

The selected accumulated velocity is obtained from IMU RM and shall be that sensed at the orbiter
navbase. The selected accumulated velocity is used in the single state ascent and RTL S navigation
principal functions by the state propagation subfunction. It isaso used to propagate the Kalman filter
covariance matrix in the RTL S navigation mode.

The snap statement above implies the assignment of current values of the IMU datato the variable names
shown in parentheses.

4212 Acceleration M odels.

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

The acceleration function shall be called by its users with values for GMD, GMO, R, V, and T. Theinput
flags GMD and GMO control the degree and order of the gravitational potential model to be used. R and
V are the position and velocity vectors of the vehiclein the M50 coordinate system and T isthe time tag
associated with both of these vectors.

First, the central force term of the earth’ s gravitational acceleration shall be computed. Thisisto be
accomplished by calling a special routine (CENTRAL), which is available for execution by functions other
than the navigation function.
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CALL: CENTRAL
INLIST: R
OUTLIST: ACCEL, R_INV

The caculations performed within the routine CENTRAL are the following:

R_INV = 1/R|
ACCEL =—EARTH_MU R_INV3R

The parameter R_INV must be output because it will be used later in computing the other (noncentral
force) terms of the gravitational acceleration if so requested by the user function.

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

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

FIFTY = EARTH_FIXED_TO_M50_COORD(T)
R _EF=FIFTYT R
UR=R_INVR _EF

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

ACCEL =ACCEL +G +D

A suggested implementation of thistask in the form of detailed flow charts may be found in Section 5.2.
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42121 Gravity.

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

AUXILIARY =0

RO_ZERO = EARTH_RADIUS GRAV R_INV
RO_N = RO_ZERO EARTH_MU R_INV?
A1,=3.UR;

Az, =3.

L=1

ZETA_REAL, = 1.

ZETA_IMAG, = 0.

A isatwo—column array used for temporary storage of the Legendre polynomials and the derived Legendre
functions (which are latitude—dependent terms), RO_N isthe distance—related term, and AUXILIARY isan
intermediate scalar variable.

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

Doforl =1to GMO:

ZETA_REAL .1 = UR; ZETA_REAL, - UR; ZETA_IMAG,
ZETA_IMAG;; = UR; ZETA_IMAG, + UR, ZETA_REAL,

The derived Legendre functions will then be obtained by means of recursion formulas, multiplied by the
appropriate combinations of tesseral harmonics (the Legendre polynomias will be multiplied by the zonal
harmonics coefficients), and stored as certain auxiliary variables—F1, F2, F3, and F4.

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

1. Ay1=0.
Ani2=(2. N+ 1) An2
Ani=An>
Anz = UR3 Aniiz
K=2

2. DoforJ=2toN:

An-r11 = Ancai2
Angi12 = (URs Ancgizz — Ancaz 1) K
K=K+1
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3. F1=0.
F2=0.
F3=-A;; ZONALy
F4=-A;,ZONALy
(These account for the zonal harmonics contributions.)

4. If the maximum order of tesserals wanted has not been attained (i.e., if N < GMO),
dofor N1=1toN:
F1=F1+N1An: (CL ZETA_REALN; + S ZETA_IMAGy,)
F2=F2+ N1An11 (S. ZETA_REALy; — CL ZETA_IMAGy;)
DNM =C_ ZETA_REAL\1+1 + S. ZETA_IMAGN14
F3=F3+ DNM Ayi+11
FA=F4+ DNM Ayi+12
L=L+1
(These take into account the contributions of the tesseral and sectorial harmonics.)

5. RO_N=RO_NRO ZERO
G,=G;+RO NF1
G,=G,+RO NF2
Gy=G;+ RO NF3
AUXILIARY = AUXILIARY +RO_N F4

(These equations multiply the sum of the zonal and tesseral effects by the appropriate distance—related
factors, store the results as the components of the acceleration vector G, and prepare for final computation
by obtaining the intermediate scalar variable AUXILIARY, which accounts for an additional effect
proportional to the unit radius vector UR.)

Once these calculations have been completed (N = GMD) and stored, the earth—fixed force vector will be
obtained and rotated to the M50 coordinate system.

G =G —AUXILIARY UR
G=FIFTY G

Thisisthe perturbing gravitational acceleration vector needed for the equations of motion of the Shuttle.
The values of GMD and of GMO may be set by the user independently. However, it is necessary that
GMO < GMD. A maximum value of 4 for GMD will be used, which will make the array ZONAL have 4
components, the arrays C and S have 9 components each, ZETA_REAL and ZETA_IMAG have 5
components each, and A have amaximum dimension of 5 by 2.

The terms shown in the earth’ s gravity calculationsas C. and S, are usualy represented by C,,, and S,
respectively, but were renumbered for single subscript utilization; the terms called ZONALy correspond to
Jv, whichin turn corresponds to —C, o,

A suggested implementation of thistask is shown in the detailed flow chart, ACCEL_EARTH_GRAV
CODE, in Section 5.2.
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The S. Pines formulation of the gravitational potential may be found, in condensed form, in the paper
“Uniform Representation of the Gravitational Potential and its Derivatives,” AIAA Journal, Val. 11, No.
11, November 1973. In expanded form and with an earlier draft of the computer program herein presented,
it may be found in JSC Internal Note No. 75-FM—29, May 27, 1975, “Use of aNonsingular Potential.”

42122 Drag.

The computation of drag accelerations will vary according to the values of an input indicator, designated
hereas GMD. The vaue D of this acceleration will be set to zero when the acceleration function is called.

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

D =—CD RHODRAG_CONST [V_R[V_R

where the CD isthe vehicle'sdrag coefficient; V_R =V _REL (V,R), where V and R are, respectively,
the velocity and position vectorsin M50 coordinates; V_REL isthe function that computes the relative
velocity of the vehicle with respect to the atmosphere (assuming no wind), described in Section 4.4.5.2.

RHO isthe density of the earth’s atmosphere; and DRAG_CONST which isan I-oad for ascent and
RTLS navigation, is one-half the cross—sectional area of the vehicle divided by the vehicle' s mass.

The calculations will be performed in the following order: Firgt, the dtitude (needed for the computation of
the atmospheric density, RHO) will be obtained from the expression

ALT =H_ELLIPSOID (R)

H_ELLIPSOID isthe function that computes altitude above the reference elipsoid, described in Section
4.45.1.

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

For ALT < 200,000 ft,
RHO =5.27039 E-7
(1962 standard atmosphere atmospheric density for altitude of 200,000 ft).

For 200,000< ALT <ALT_ZONE_CHANGE,
RHO = SEA_LEVEL _DENSITY EXP (DENSE; + DENSE, ALT + DENSES/ALT)
(Fl, FZ, F3)

For ALT > ALT_ZONE_CHANGE
RHO =SEA LEVEL DENSITY EXP (DENSE; + DENSEs ALT + DENSE({/ALT)
(Fl, FZ, F3)

Once the atmospheric density has been obtained, the velocity relative to the atmosphere expressed in M50
coordinates, V_R, will be found.
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After the vector V_R has been calculated, the drag coefficient will be obtained from the square of the sine
of the angle of attack (SA) and the absolute value of the sine of the sidedip angle (SB)

SA = (SIN(ALPHA))? (F)
SB = [SINBETA)| (F)

where the angle of attack (ALPHA) and the angle of sidedip (BETA) are available from the attitude
applications cal culation subfunction. The sine of double the sidedip angleis also needed.

S2B = 2. SB SQRT(L. — SB) (F

F' Thisequation shall be protected against floating point overflow (Section 3.5).

F?> Thisequation shall be protected against floating point underflow (Section 3.5).

F° Thisequation shall be protected against divisions by zero (Section 3.5).

F* Thisreference shall be protected against square roots of a negative number
(Section 3.5).

F° Thisequation shall be protected against return value of sine or cosine with magnitude
greater than unity (Section 3.5).

and the drag coefficient is given by

CD = (CDF + CDN SA®P-SHAPEFACTOR) (1 _gB) + CDS SB + CDA S2B SA

where CDF, CDN, CDA, CDS and EXP_SHAPE_FACTOR are K- oads for the ascent precise predictor
principal function.

The altitude will be obtained from the expression
ALT =H_ELLIPSOID (R)

H_ELLIPSOID isthe function that computes altitude above the reference elipsoid, described in Section
4.45.1.

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

DIFF_CD = DIFCDI SIN (DIFCD2 ABS (ALPHA) — DIFCD3) + DIFCD4

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

LOG 10 KN =KN1+KN2ALT + KN3ALT?
Otherwise, this parameter will take the form,
LOG_10_KN =0.054287 LOG (KN4 + KN5ALT + KN6 ALT?)

The parameters, KN1 through KNG, are constants for the ascent navigation, RTLS navigation, and ascent
precise predictor principal functions.
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The effects of angle of attack and atitude variables on the drag coefficient will then be combined according
to

DELCD = DIFF_CD (COS(PI(0.375 + LOG_10_KN)))*
The drag coefficient will then be adjusted to reflect the effects of variationsin angle of attack and atitude.
CD =CD -DELCD

If the altitude is greater than 600,000 feet, no variational effects are included in the computation of the drag
coefficient.

Finally, the drag acceleration shall be obtained from the expression presented earlier
D =—-CD RHODRAG_CONST [V_R|V_R

A suggested implementation of thistask is shown in the detailed flow charts, ACCEL, DENSITY, and
ACCEL_DRAG CODE, in Section 5.2.

The parameters used in the computation of accelerationsare: ALT_ZONE_CHANGE, CDF, CDN, CDA,

CDS, EXP_SHAPE_FACTOR, DENSE, C, S, ZONAL, SEA_LEVEL_DENSITY, EARTH_MU, and
EARTH_RADIUS GRAYV (seel-oad, K-oad, and constant tables for the ascent precise predictor
principal function).

42.1.3 Integration of State Equations of Motion.

The agorithm for integration of the Shuttle position and vel ocity state equations of motion can either use
accumulated IMU—sensed vel ocity to represent the nongravitational acceleration, or model drag to compute
this acceleration. Section 4.2.1.2 presents detailed requirements for the ACCEL function, which computes
the Shuttle accel eration vector (gravitational only or with modeled drag). The super—g computational
scheme will be performed as follows:

1. Compute the change in accumulated |MU-sensed velocity:
DV _FILT=V _CURRENT FILT-V _LAST FILT

2. Compute the sensed acceleration magnitude
ACC_SENSED = [DV_FILT|/DT_FILT F

where DT_FILT equalstheintegration time interval.

F® This equation shall be protected against divisions by zero (Section 3.5). Should this
occur the gquotient should be set equal to zero (Section 3.5)
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3. Test this sensed acceleration level versus athreshold value (ACC_PROP_MIN)

a If ACC_SENSED > ACC_PROP_MIN, then set flagsindicating that IMU dataand a2 x
0 gravity model are to be used

USE_IMU_DATA = ON
GM_DEG =2
GM_ORD =0

b. If ACC_SENSED < ACC_PROP_MIN, then set the same flags to indicate usage of a
4 x 4 gravity model, modeled drag, and no IMU data

USE_IMU_DATA = OFF

GM_DEG=4

GM_ORD =4

also reset the change in IMU—sensed velocity to zero
DV _FILT=0

Evaluate the acceleration vector with the use of the previous value of position, velocity, time,
and the indicators GM_DEG and GM_ORD as arguments of the ACCEL function:

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

Advance the position vector with use of the previous position, velacity, and accel eration vector
and thetimeinterval DT_FILT:

R _FILT=R _FILT+DT_FILT(V_FILT+05(DV_FILT + DT_FILT G))

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

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

Advance the velocity vector with the use of an average acceleration vector and |IMU-sensed
velocity change:

V _FILT=V _FILT+DV_FILT+05DT_FILT (G_OLD +G)

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

R _FILT=R FILT+1./6. (G_OLD-G)DT_FILT?
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422 State Vector Interpolation

The state vector interpolation subfunction will provide the capability to propagate the Shuttle’ s position
vector over asmall timeincrement. Propagation will be accomplished by using asimple, low—order
integrator. This subfunction will be used to update the position vector from its current time to the time of a
sensor measurement (either TACAN, MSBLS, or barometric altimeter), as required by the navigational
filter to correctly compute an estimated measurement and residual. The effect of using the low—order
integrator in calculating the position vector is not cumulative, and, in fact, a position propagation is
required only when the difference between the sensor measurement time and the current time exceeds a
predetermined value (EPS_TAG). Thisvaueisafunction of sensor accuracy and is premission—oaded.

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

[T_SENSORS—T_LAST_FILT|<EPS TAG

If thisinequality is satisfied, the output parameter, R _RESID, will be equated to the filter’s previously
determined position:

R _RESID=R _FILT

If thisinequality is not satisfied, the filter’ s state vector will be propagated to the time of the external sensor
measurement, T_SENSORS. Thiswill be accomplished by the following equations, where the IMU—
sensed acceleration is being approximated by theterm DV_FILT/DT_FILT:

DT_INTERP=T_SENSORS-T_LAST FILT

R _RESID=R _FILT +DT_INTERP(V _FILT +0.5DT_INTERP
(DV_FILT/DT_FILT + G_OLD)) F

F*This equation shall be protected against divisions by zero (Section 3.5).
A suggested implementation of thistask is shown in the detailed flow chart, SV_INTERP_RTLS, of
Section 5.2.
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423 Covariance Matrix Initialization

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

1. Datawill beinput to this subfunction as described by the in list below:

INLIST: SIG,COR,R, V
where SI1G is a six—element vector of standard deviations in the UVW coordinate system

SIG;, U—position (U)
SIG,, V—position (V)
SIGs, W—position (W)
SIG,4, U-vdacity (DU)
SIGs, V-vdacity (DV)
SIGs, W—vel ocity (DW)

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

CORy, correlation between U-V
COR,, correlation between U-DU
COR3, correlation between U-DV
COR,, correlation between V-DU
CORgs, correlation between V-DV
CORg, correlation between W-DW
CORy, correlation between DU-DV

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

2. Thecurrent 6 by 6 covariance matrix will be zeroed
E TEMP=0.

3. Thediagond eementsof E_ TEMP will be computed
E TEMP,, = SIG, SIG, for | = 1,6

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

E_TEMP;, = COR, SIG; SIG,
E_TEMP,, = COR, SIG; SIG,
E_TEMP;s = COR; SIG; SIGs
E_TEMP,, = COR, SIG, SIG,
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E_TEMP,5 = CORsSIG, SIGs
E_TEMP56 = COR, SIG; SIGs
E_TEMP,s= COR; SIG, SIGs
E_TEMP,, = E TEMP,,
E_TEMPs,= E_TEMP,s

5. And, finaly, atransformation matrix from UVW to M50 coordinate system is acquired at
current time, and used to rotate portions of the E_ TEMP matrix into the M50 system. The
lower left position velocity covarianceis also defined

M = UVW_TO M50 (R, V)

E_TEM F)lTO3,lTO3: M (E_TEM PlTO3,lT03) MT
E_TEM P4TO6,4TO6 =M (E_TEM P4T06,4TO6) MT
E_TEM F)lTO3,4T06 = M (E_TEM F)lTO3,4TO6) MT
E_TEM F)4 TO6,1TO3 = (E_TEM F)lTO3,4TO6)T

6. The6 by 6 covariance matrix E_ TEMP will be output from this subfunction.

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

424 User Parameter Propagator Reset

The user parameter propagator reset subfunction will store datafor usein resetting the user parameter state
propagator, after al navigation updates have been completed for the current navigation cycle. Orbiter
position, velocity, and associated time tag, the velocity counts, and the gravity acceleration will be stored.
Either the navigation filter state data or the selected GPS state data will be stored, depending on the
configuration of the navigation system as set by the crew. The subfunction will also provide the GPS
reference state processing principal function with the baseline navigation filter state so that the GPS
receiver states can bereinitialized as needed. Reset parameters (position, velocity, gravity acceleration and
accumulated IMU sensed velocity) are a so provided for the GPS UPP display computations.

A parameter status indicator will aso be set to notify the crew if their commanded use of the selected GPS
state was not accomplished on this navigation cycle (down arrow).

The user parameter state propagator reset state is determined by first storing, in intermediate variables,
state data (vehicle position, velocity, associated time tag, velocity counts, and the gravity acceleration) from
either the selected navigation state or the selected GPS state, depending on crew display inputs, availability
of aselected GPS state and if Microwave Scanning Beam Landing system measurements are being
processed by the navigation filter. The display indicator, which notifies the crew of the effectivity of their
commanded use of the selected GPS state on this navigation cycleis also set (down arrow, if command not
executed).

A metering function is then performed using the intermediate position and vel ocity variables to insure that
the position and velacity transients introduced into the user parameter reset state do not cause metering
limits to be exceeded. Pre-mission I-load values of the maximum allowable state transients are used to
determine the metering scale factor used to scale the position and velocity difference between the previous
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user parameter reset state propagated to current time and the current selected user parameter reset state
variables. Metering is performed for three cases: when both the current and previous states for the user
parameter state propagator reset are the selected GPS state; when the selected user parameter reset state
changes from a GPS state to the sel ected navigation state; and when the navigation filter stateis being used
for the user parameter state reset and the navigation state has been reset to the selected GPS state. In the
first case, metering is continuously performed. The latter two cases, the selected navigation stateis
metered until the difference between the previous cycles user parameter reset state propagated to current
time and the current selected user parameter reset state becomes less than the |-load state change limit for
all position and velocity components. The intermediate state variables, appropriately metered, are then
used for setting the reset state data sent to the user parameter state propagator.

The GPS reference state processing principal function initialization state datais then set to the selected
filter state data.

Use of either the selected GPS state or the baseline navigation state to reset the user parameter propagator
state is determined by the following: the configuration of the ML S auto/inhibit/force measurement
processing command and the corresponding navigation software ML S force and ML S auto processing
indicator variables; the configuration of the GPS to guidance and control auto/inhibit/force command; the
availability and validity of ML S data; and, when TACAN receivers areinstalled on the vehicle, the
configuration of the TACAN auto/inhibit/force measurement processing command. The reset user
parameter propagator state is subsequently used by guidance.

The MLS auto/inhibit/force measurement processing command isinitialized to AUTO and can be changed
by the crew through display item entries only when three GPS receivers are installed on the vehicle and no
TACAN receiversareingalled. For the system configuration with three TACAN receivers and one GPS
receiver ingtalled, the ML S auto/inhibit/force measurement processing command will remain in the
initialized AUTO setting. The GPS to guidance and control auto/inhibit/force command isinitialized to
INHIBIT and can be changed by the crew through display item entries. The TACAN auto/inhibit/force
measurement processing command isinitialized to INHIBIT and can be changed by crew display item
entries only when TACAN receivers are installed.

Setting the ML S auto/inhibit/force measurement processing command to FORCE (which requires three
GPS receiversto be installed on the vehicle) setsthe MLS force processing indicator to ON, forcing the use
of the baseline navigation state to reset the user parameter propagator state independent of the setting of the
GPS to guidance and control auto/inhibit/force command and independent of the validity of MLS
measurement data. If ML S datais not valid, indication will be given to the crew through the displays.
Before the selected GPS state can be used to reset the user parameter state, the crew must take appropriate
action to remove the ML S auto/inhibit/force command FORCE condition which removes the ON setting of
the corresponding ML S force processing indicator. Note that the ML S force processing indicator can
never be set to ON when three TACAN receivers areinstalled on the vehicle.

With the ML Sforce processing indicator set to OFF, the GPS state can be forced to reset the user
parameter propagator state by setting the GPS to guidance and control auto/inhibit/force command,
GPS TO_GC_AIF, to FORCE. Thisisaccomplished by the crew executing the GPS TO_GC_AIF
FORCE item entry on the display. The forceisacontinuous force.

With the ML S force processing indicator set to OFF and the GPS to guidance and control
auto/inhibit/force command set to AUTO (enabled by setting the GPS TO_GC_AlFto AUTO through
display item entry), the selected GPS state will be used to reset the user parameter propagator state when
the ML S auto processing indicator is set to OFF.
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The MLS auto processing indicator is set to ON when the MLS auto/inhibit/force measurement processing
command is set to AUTO, the ML S measurement datais valid and, when TACAN receiversareinstalled in
the vehicle, when the TACAN auto/inhibit/force command is not set to the FORCE condition. The
indicator is subsequently set to the OFF condition when the ML S auto/inhibit/force AUTO command is
removed, or when the previoudly valid MLS dataisinvalid for more than the I-load specified period of
time. Setting the TACAN auto/inhibit/force command to FORCE when TACAN receivers are installed on
the vehicle will also set the auto processing indicator to OFF.

With the GPS to guidance and control auto/inhibit/force command set to INHIBIT (enabled by setting the
GPS_TO_GC_AIF to INHIBIT through display item entry), the selected GPS state will be prohibited from
resetting the user parameter propagator state.

Table 4.2.10-1 shows the relationship between the setting of the ML S auto/inhibit/force command
(MLS_AIF), the setting of the GPS to guidance auto/inhibit/force command (GPS TO_GC_AIF), the
availability of ML S data, the setting of the TACAN auto/inhibit/force command (when TACAN receivers
areinstalled on the vehicle) and the use of either the selected GPS or the baseline navigation state (metered)
for the user parameter propagator reset state.

The detailed requirements for the user parameter propagator reset subfunction are as follows:

1.0 Theflagindicating that the user parameter selected reset state dataisto be metered is set to
OFF.

METER_FLAG = OFF

2.0 If asdlected GPS stateisavailable, GPS SV_SEL_AVAIL = ON, the following conditions are
checked to determineif the selected GPS state datais to be stored for use in the intermediate
state select variables as described in paragraph 2.1.

If the MLSforce processing indicator (MLS FORCE_PROC IND) is set to OFF, and the
received GPSto GC. Auto/Inhibit/Force command flag (GPS_AlIF_RCVD) is set to FORCE
or the received GPS to GC Auto/Inhibit/Force command flag is set to AUTO and the ML S auto
processing indicator (MLS AUTO_PROC IND) is set to OFF, then the selected GPS state
datais stored for use in the intermediate state select variables as described in paragraph 2.1.
Otherwise, step 2.2 is executed to store the baseline navigation state in the intermediate state
select variables.

If GPS_SV_SEL_AVAIL = ON and
MLS FORCE_PROC_IND = OFF and
(GPS_AIF_RCVD = FORCE or
(GPS_AIF_RCVD =AUTO and
MLS AUTO_PROC_IND =OFF)) THEN
execute step 2.1

ELSE
execute step 2.2
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2.1 Storing of Selected GPS State Datain Intermediate State Select Variables.

The selected GPS gtate data (position, velocity, gravity and time) is stored in the intermediate
state select variables, the flag indicating which state isto be used for UPP reset is set to ‘GPS,
and the metering flag is set to ON.

R_SEL =R_GPS _SEL

V_SEL =V_GPS_SEL

G_SEL =G_GPS_SEL

T_SEL =T _GPS SEL
STATE_FOR_UPP_PREV = ‘GPS
METER_FLAG = ON

Gotostep 3.0

2.2 |f the baseline navigation state isto be stored in the intermediate state select variables, steps
2.2.1 through 2.2.3 are executed.

2.2.1 The selected navigation state data (position, velocity, time and gravity acceleration) is stored in
the intermediate state select variables.

R_SEL =R FILT
V_SEL=V FILT
T SEL =T LAST FILT
G_SEL =G OLD

If the flag indicating that the GPS state was used for the UPP state reset on the previous
navigaton cycle (STATE_FOR_UPP_PREV ="'GPS)), or if the basdline state was metered on
the previous navigation cycle (BL_METER = ON), or if the navigation filter state was reset to
the selected GPS state on the current navigation cycle (NAV_RESET = ON), then the metering
flag and baseline metering flag are set to ON so that the intermediate position and velocity
variables will be sent to the UPP reset metering code.

IF STATE_FOR_UPP_PREV =‘GPS’ or BL_METER = ON or
NAV_RESET = ON THEN

METER_FLAG = ON
BL_METER = ON
2.2.2 Theflag indicating which state is being used for UPP reset is set to ‘BASELINE'.

STATE_FOR_UPP_PREV = ‘BASELINE’
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2.2.3 A check isthen made to determine the setting of the GPS_AIF_EXEC statusindicator. If the

3.0

4.0

50

6.0

received GPS TO _GC_AIF flag (GPS_AIF_RCVD) isnot set to INHIBIT, then the GPS
auto/inhibit/force status indicator is set to a down arrow to indicate to the crew that the GPS to
GC AlF command was not executed on this navigation cycle.

IF GPS_AIF_RCVD not = INHIBIT THEN
GPS_AIF_EXEC = DOWN_ARROW

If the crew has not overridden the metering function (CREW_METERING_OVERRIDE =
OFF) and if the metering flag is ON (METER_FLAG = ON), then the user parameter reset
metering code is executed using the intermediate selected states as described in Section
4.2.10.1.

The user parameter propagator reset state, time tag and gravitational acceleration are then set
equal to the metered intermediate state data from the user parameter reset metering code and the
filter update flag is set to ON to indicate that the current UPP reset state update is complete.

R_RESET =R_SEL

V_RESET =V_SEL

T _RESET =T_SEL

G_RESET =G_SEL
V_IMU_RESET =V _LAST FILT
FILT UPDATE =ON

The navigation filter position vector will be then be saved for navigation filter covariance
matrix propagation on the subsequent navigation cycle.

R _COV_LAST=R FILT

If aselected GPS state is available and the major mode code is 602 or greater, the state data for
the GPS User Parameter Display Computation function are set and the flag indicating that this
dataisavailableis aso set.

IF (GPS_SV_SEL_AVAIL = ON and
NAV_MM_CODE > = 602) THEN
_GPS UPP=R_GPS SEL
V_GPS UPP=V_GPS SEL
G_GPS UPP=G_GPS_SEL
T _GPS UPP=T_GPS_SEL
V_IMU_GPS UPP=V _LAST FILT

Al

GPS_UPP_UPDATE = ON

The parameters for providing the GPS reference state processing principal function with GPS
reference state initialization data will then be set.
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V_IMU_GPS INIT=V_CURRENT_FILT
R_GPS INIT=R_FILT
V_GPS INIT=V_FILT
T_GPS INIT=T_LAST FILT
G_GPS INIT=G_OLD
7.0 Deeted

8.0 Finaly, if the magjor mode snapped by navigation is greater than or equal to 602, the position
and velocity root sum sguared of the basdline navigation Kalman filter covariance matrix is
computed for downlist asfollows:

IFNAV_MM_CODE > = 602 THEN
COV_POS_SIG = SQRT(E1,1 + E2,2 + E3,3)
COV_VEL_SIG = SQRT(E4,4 + E5,5 + E6,6)

A suggested implementation of thistask is shown in the detailed flow charts, UPP_STATE RESET,
UPP_RESET_METERING code and METERING_LIMITS code, in Section 5.2.

4241 UPP Reset Metering Code

This section describes the steps to be executed to determine whether or not to meter the update to the user
parameter state reset position and velocity and, if metering isto be performed, the metering scale factor to
be applied to both the user parameter state reset position and velocity updates so that the metering limits
arenot violated.

The metering scale factor will be computed for the following conditions: in major mode 602; and in major
mode 603, if the current vehicle earth relative velocity computed by the user parameter processing
functionsis greater than the metering cutoff relative velocity 1-load. The metering cutoff relative vel ocity
I-load will prevent any problems with computingthe M_M50 TO_UVW transformation matrix with small
earth relative velocities.

The atitude of the vehicle above the runway, used in the function to compute the metering scale factor, is
snapped by the navigation principal function from the user parameter processing functionsto provide a
consistent altitude for usein the calculations.

The major mode logic checks also prevent the execution of this function until the altitude parameter is
computed by the user parameter processing functions.

The steps are as follows;
1.0 If the mgjor mode snapped by navigation is 602, or if the major mode is 603 and the current

vehicle earth relative velocity is greater than the metering cutoff velocity |-load, execute steps
2.0 through 8.0.
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IFNAV_MM_CODE = 602 or
(NAV_MM_CODE = 603 and
REL_VEL_MAG > METERING_CUTOFF_VEL THEN
execute Steps 2.0 through 8.0

The previous UPP reset state is propagated to the current navigation filter time, using the
sensed deltav and degree and order of the gravity model set to 2 and O respectively. Thedrag
and vent parameters are set to 0. No acceleration check is needed to determine if the deltav
should be set to zero (and the gravity model parameters changed accordingly), since this
propagated state will be subsequently modified by the metering logic using the computed
difference between it and the current selected user parameter intermediate reset states.

The appropriate parameters for propagating the previous UPP state are set as follows:

GM_DEG_GPS UPP=2
GM_ORD_GPS UPP=0
IDRAG_UPP=0
IVENT_UPP=0

DV =V_CURRENT_FILT - V_IMU_RESET
DT =T_CURRENT_FILT - T_RESET

Using the parameters set in step 2.0, the previous UPP state is propagated using Super G GPS
asfollows:

CALL: SUPER G_GPS

INLIST: R_RESET, V_RESET, DV, DT, T_RESET, GM_DEG_GPS_UPP,
GM_ORD_GPS UPP, IDRAG_UPP, IVENT_UPP
OUTLIST: R_RESET_PREV_PROP,
V_RESET_PREV_PROP, DUMMY_GRAV

Theintermediate selected state position and velocity are then differenced with the propagated
reset state position and velocity from step 3.

R_DIFF=R_SEL - R_RESET_PREV_PROP
V_DIFF=V_SEL - V_RESET_PREV_PROP

The earth relative velocity is computed using the propagated reset states and the differenced
position and velocity from step 3 are then rotated to a UVW coordinate frame determined from
the propagated position and the earth relative vel ocity.

V_REL_RESET_PREV_PROP=V_REL (V_RESET_PREV_PROP,
R_RESET_PREV_PROP)

M_M50_TO _UVW = TRANSPOSE(UVW_TO_M50
(R_RESET_PREV_PROP, V_REL_RESET_PREV_PROP))

R _DIFF_ UVW =M_M50 TO UVW (R_DIFF)

V_DIFF_ UVW =M_M50 TO_UVW (V_DIFF)
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6.0

7.0

8.0

8.1

8.2
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The dtitude above the runway parameter used in the metering limits code, ALTM, is set to the
dtitude of the vehicle above the runway snapped by navigation, ALT WHEELS NAV.

ALTM = ALT_WHEELS NAV

The metering limits code is then executed as described in Section 4.2.10.2 to compute the
position and vel ocity metering scale factors, POS METER_SF and VEL_METER_SF, and the
larger of the two metering scale factors, METER_SF.

EXECUTE METERING_LIMITS CODE

If both the position and velocity metering scale factors are equal to 1, then the baseline metering
flagis set to OFF, indicating that if the selected state is the baseline navigation state on this and
subsequent navigation cycles, it does not need to be metered in the UPP state reset function on
subsequent cycles. Otherwise steps 8.1 and 8.2 are executed to compute the metered difference
position and vel ocity vectors and the resultant metered intermediate selected states.

IF (POS_ METER_SF=1and
VEL_METER_SF = 1) THEN
BL_METER = OFF

ELSE
execute Steps 8.1 and 8.2

Using the metering scale factor computed in the metering limits code from step 7, both the
position and vel ocity difference vectors are divided by this scale factor to bring the difference
vectors to within the desired UVW congtraint volume defined by the UVW metering limits.

R_DIFF_METERED =R_DIFF/METER_SF
V_DIFF_METERED = V_DIFF/METER_SF

The metering scale factor can be applied to both the inertial position and velocity difference
vectors since the scale factor is being used to adjust the magnitude of the vector with the
direction of the vector unchanged from the original unmetered difference vector. Applying the
same metering scale factor to both the position and velocity vectors ensures that the correlation
between the position and velocity isthe same both before and after the metering scale factor is

applied.

The selected state for UPP reset is then computed by summing the propagated reset state with
the metered difference position and velocity vector. A gravitational acceleration consistent with
the metered selected reset state is al'so computed.

R_SEL =R_RESET_PREV_PROP + R_DIFF_METERED
V_SEL =V_RESET_PREV_PROP + V_DIFF_METERED

G_SEL = ACCEL_GPS (GM_DEG_GPS_UPP, GM_ORD_GPS_UPP,
IDRAG_UPP, IVENT_UPP,
R_SEL, V_SEL, T_CURRENT _FILT)
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4242 Metering Limit Code

This section computes the position and velocity metering constraints and the resultant composite metering
scale factor for scaling the change to the UPP reset state to insure that the metering limits are not violated.
The metering constraints used in setting the metering scale factor are computed in the UVW coordinate
system as afunction of atitude above the runway and are applied to the UVW position and velocity
components of the different position and velocity vectors.

For each UVW position and velocity coordinate the metering constraint is computed as alinear function of
dtitude above the runway. Difference linear equations are used depending on whether or not the vehicle
dtitude above the runway is above or below the metering constraint breakpoint altitude. The computed
metering constraint is also constrained to be between a maximum and minimum value.

Each UVW position and velocity component of the difference vectorsis divided by its metering constraint
to produce the update limit in that component. The maximum position and maximum velocity metering
scale factor isthen computed from these component update limits. Since these metering scale factors will
be less than oneif al UVW vector components do not exceed its respective update limit, which indicates
that metering does not need to occur, they are limited to aminimum value of 1. The single metering scale
factor which will be applied to both the position and vel ocity difference vectorsis then selected from the
larger of the maximum position or maximum velocity metering scale factors.

The detailed computations are as follows:
1.0 For the U position coordinate, the metering constraint is computed as follows:

IFALTM < UBKPOINT THEN
MCU =UA; ALTM + UB;

ELSE
MCU = UA,ALTM + UB,

IFMCU < UMETER_MIN THEN
MCU = UMETER_MIN

ELSE

IFMCU >UMETER_MAX THEN
MCU = UMETER_MAX

2.0 For theV position coordinate, the metering constraint is computed as follows:

IFALTM <VBKPOINT THEN
MCV =VA; ALTM +VB;

ELSE
MCV =VA, ALTM + VB,

IFMCV <VMETER_MIN THEN
MCV =VMETER_MIN

ELSE
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IFMCV >VMETER_MAX THEN
MCV =VMETER_MAX

3.0 For the W position coordinate, the metering constraint is computed as follows:

IFALTM < WBKPOINT THEN
MCW =WA; ALTM + WB;

ELSE
MCW = WA, ALTM + WB,

IFMCW < WMETER_MIN THEN
MCW = WMETER_MIN

ELSE

IFMCW > WMETER_MAX THEN
MCW = WMETER_MAX

4.0 For the U veocity coordinate, UD, the metering constraint is computed as follows:

IFALTM < UDBKPOINT THEN
MCUD = UDA; ALTM + UDB;

ELSE
MCUD = UDA, ALTM + UDB,

IFMCUD < UDMETER_MIN THEN
MCUD = UDMETER_MIN

ELSE

IFMCUD > UDMETER_MAX THEN
MCUD = UDMETER_MAX

5.0 FortheV velocity coordinate, VD, the metering constraint is computed as follows:

IFALTM < VDBKPOINT THEN
MCVD =VDA; ALTM + VDB,

ELSE
MCVD =VDA, ALTM + VDB,

IFMCVD < VDMETER_MIN THEN
MCVD = VDMETER_MIN

ELSE

IFMCVD >VDMETER_MAX THEN
MCVD = VDMETER_MAX

6.0 For the W velocity coordinate, WD, the metering constraint is computed as follows:
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IFALTM < WDBKPOINT THEN
MCWD =WDA; ALTM + WDB;

ELSE
MCWD =WDA, ALTM + WDB,

IFMCWD < WDMETER_MIN THEN
MCWD = WDMETER_MIN

ELSE

IFMCWD >WDMETER_MAX THEN
MCWD = WDMETER_MAX

7.0 Each component of the position difference vector is then divided by the update constraint for
that component to produce the update limit for that UVW position component.

UPDATE_LIMIT_U = ABS(R_DIFF_UVW,) / MCU
UPDATE_LIMIT_V = ABS(R_DIFF_UVW,) / MCV
UPDATE_LIMIT_W = ABS(R_DIFF_UVW;) / MCW

Note that this produces a ratio which indicates the multiplicative factor by which each position
component exceeds its metering constraint.

8.0 Each component of the velacity difference vector isthen divided by the update constraint for
that component to produce the update limit for that UVW velocity components.

UPDATE_LIMIT_UDOT = ABS(V_DIFF_UVW,) / MCUD
UPDATE_LIMIT_VDOT = ABS(V_DIFF_UVW,) / MCVD
UPDATE_LIMIT_WDOT = ABS(V_DIFF_UVWS,) / MCWD

Note that this produces a ratio which indicates the multiplicative factor by which each velocity
component exceeds its metering constraint.

9.0 The position metering scale factor and vel ocity metering scale factor isthen selected from the
maximum of the individual UVW position and velocity constraints, indicating the largest value
by which aposition or velocity component exceeds its metering constraint, as follows:

POS METER_SF = MAX(UPDATE_LIMIT_U,
UPDATE_LIMIT_V,
UPDATE_LIMIT_W)

VEL_METER_SF = MAX(UPDATE_LIMIT_UDOT,
UPDATE_LIMIT_VDOT,
UPDATE_LIMIT_WDOT)

10.0 The position and velocity metering scale factors are limited to a minimum value of 1.

IF POS METER_SF < 1 THEN
POS METER SF=1
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IF VEL_METER_SF < 1 THEN
VEL_METER SF=1

11.0 Finally, the metering scale factor which will be used to scale both the position and vel ocity
difference vectorsis set to the maximum of either the position or velocity metering scale factors.

METER_SF = MAX(POS_METER_SF, VEL_METER_SF)

4243 Supplementary Information

The Super G GPS state integration routine was used in the UPP Reset metering code to propagate the
previous user parameter reset state to current time for use in determining the metering scale factor. This
propagation can also be accomplished using the OPS 1/OPS 6 Super G integration routine instead of the
Super G GPS state integration routine, if required to facilitate software implementation.

Table4.2.10-1. Baseline Navigation State (BL) or GPS State (GPS) to Guidance

(Use of Baseline Navigation State or Selected GPS State to Reset the User Parameter State)

MLS GPS to Guidance and Control
Auto/Inhibit/Force Auto/Inhibit/Force Command
M easurement
Processing (GPS_TO_GC_AIF)
Command
(MLS AIF)
FORCE AUTO INHIBIT
FORCE BL* BL* BL*
AUTO GPS BL**or GPS*** BL
INHIBIT GPS GPS BL*
* Does not depend on validity of ML S data

* %

Valid MLS datais available, or valid MLS data was avail able and has been subsequently lost for less than an I-load
specified period of time, and TACAN auto/inhibit/force measurement processing command not set to FORCE, when TACAN
receiversinstalled on the vehicle

*kk Valid MLS data was available and has been subsequently lost for more than an |-load specified period of time or
TACAN auto/inhibit/force measurement processing command set to FORCE, when TACAN receiversinstalled on the vehicle

Note: MLS_AlFisinitialized to AUTO. It cannot be changed from this setting when
TACAN receivers are installed on the vehicle
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4.2.5 Delta State Update

A capability will be provided for updating the position and velocity of the Shuttlein flight by using
information conveyed via ground—originated command uplink or by voice from the ground to the crew for
entry viathe HSD. This capability will be provided by atask that corrects the Shuttle’s position and
velocity vectors by using state deviationsin the current selected runway coordinate system.

The performance of a delta state update will require two difference vectors (DR_RW and DV_RW) to be
supplied. These vectors must be set to the desired values before the delta state update task isinvoked. The
appropriate navigation control subfunction (ascent or RTLS) will invoke the delta state update task only
when aflag (DO_DELTA_UPDATE) has been set to ON (the control subfunctions are described in
Sections 4.3.1.1 (ascent) and 4.3.2.1 (RTLYS)).

DR_RW isthe difference between the ground estimated position of the Shuttle and the onboard navigation
system’s estimate of the Shuttle’ s position in runway coordinates. DV_RW is the difference between the
ground estimated velocity of the Shuttle and the onboard navigation system’ s estimate of the Shuttle’'s
velocity in runway coordinates.

The sense of these differencesis. ground estimated minus onboard estimated. The onboard estimated
vectors are downlinked to the ground at regular intervals (see Section 4.9 for downlist rates) and used by
the ground to calculate these differences, which are then used to correct the onboard vectors. The
correction update will be performed as follows:

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

2. A new filter state will then be formed by adding the M50 difference vectors to the filter state
with the same time tag as that used for the Earth—fixed to M50 transformation matrix. For the
velocity part, it will be necessary to take into account the rotation of the earth.

The equations required to generate the new vectorsR _FILT and V_FILT and to perform the required
reinitialization of the navigation subsystem are detailed in the following description:

M _TEMP=EARTH_FIXED_TO M50 _COORD(T_CURRENT _FILT)M_EFTORW'"
DR=M_TEMPDR_RW
R _FILT=R _FILT+DR

V _FILT=V _FILT+M_TEMPDV_RW + EARTH_RATE(EARTH_POLE x DR)

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

DR _RW =0
DV_RW =0
DO _DELTA_UPDATE = OFF

A suggested implementation of this task is shown in the detailed flow chart DELTA_STATE_UPDATE of
Section 5.2.
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43 NAVIGATION PROCESSING PRINCIPAL FUNCTIONS

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

431 Ascent Navigation (4.15)

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

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

The ascent navigation principal function is composed of four primary subtasks:
1. A control task described in Section 4.3.1.1.
2. A date propagation task described in Section 4.3.1.2.
3. A ddtastate update task described in Section 4.3.1.3.
4. A state vector prediction task described in Section 4.3.1.4.

Principal function input and output parameters are presented in Section 4.3.1.5, along with IHoad, K- oad,
and constant tables.

4311 Ascent Control.

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

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

1. Sdected accumulated sensed IMU velocity and the associated time tag shall be obtained as
described in Section 4.3.1.2. (Thistask is part of the state propagation subfunction.)

2. Attitude data (angle of attack and sidedlip angle) shall then be snapped and converted from
degreesto radians:
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SNAPATTITUDE (ALPHAIN, BETAIN)
ALPHA = ALPHAIN RAD_PER_DEG
BETA = BETAIN RAD_PER_DEG

If theflag DO_DELTA_ UPDATE _UPisON, the delta state vectors used by the ascent delta
state update task shall be set equal to those output by the uplink processing software. Theflag
DO _DELTA_UPDATE shall be set to the ON position, and the flag

DO _DELTA_UPDATE_UP shal bereturned to the OFF position to prevent repetitive
incorporation of the same uplinked data. The necessary equations are:

If DO_DELTA_UPDATE_UP=ON
DR_RW =DR_RW _UP
DV_RW =DV_RW_UP
DO_DELTA_UPDATE = ON
DO_DELTA_UPDATE_UP= OFF

If theflag DO_DELTA_UPDATE_UP s OFF, these computations shall not be performed.

If theflag STATE_VECTOR_UPDATE isON, thefilter state vectors and time tag shall be set
equal to the uplinked-predicted state vectors and time tag. The flag

STATE VECTOR_UPDATE shall then be set to the OFF position to prevent repetitive
incorporation of the same uplinked data. The necessary equations are:

If STATE_VECTOR_UPDATE = ON
RFILT=R _TO NAV
VFILT =V _TO _NAV
T _LAST FILT=T_TO_NAV
STATE_VECTOR_UPDATE = OFF

If theflag STATE_VECTOR_UPDATE is OFF, these computations shall not be performed.
The state vector shall be propagated as described in Section 4.3.1.2.

The delta state update task shall be invoked if aflag (DO_DELTA_UPDATE) isON. If this
flag is OFF, then no delta state update is to be performed. See Section 4.3.1.3 for detailed
requirements for this task.

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

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

C. Processing Reguirements. Ascent control shall be executed at a premission—determined rate when the

ascent navigation principal function is active.

If simultaneous uplink and keyboard entry of a delta state update occur, the uplinked information will
overwrite and take priority over the keyboard entries.
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If both a delta state update is requested and a replacement M50 vector is received from the state vector
prediction task, the replacement (M50) vector will be incorporated and propagated, followed immediately
by the incorporation of the delta state update (i.e., the propagated M50 vector will have the delta state
update applied to it).

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

E. Supplementary Information. NAV_ASCENT and UPP_STATE_RESET in Section 5.2 illustrate a
suggested implementation of ascent control.

4312 State Propagation.

During the ascent navigation phase, the state propagation subfunction of the ascent navigation principal
function shall perform super—g integration of the equations of motion in the M50 coordinate system. Both
the derived gravitational accelerations (and drag acceleration, when IMU data are not in use) and the
changes in sensed velocities measured by the IMU’ s are to be used for this purpose. The state vector shall
contain six elements, three M50 position and three M50 velocity, and shall be maintained in asingle string
(state) configuration.

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

1. Acquire sdlected IMU—sensed total accumulated velocity and the associated time tag by
snapping datafrom the IMU RM.

V_CURRENT _FILT
T_CURRENT_FILT

Detailed requirements for this IMU data snap task are given in Section 4.2.1.1 (Attitude data
are snapped in the ascent control subfunction, Section 4.3.1.1.)

2. Compute the difference between the current and the previous time tag associated with the IMU
datasnap. Thiswill betheinterval over which state propagation is desired.

DT_FILT =T _CURRENT FILT-T_LAST FILT

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

ILT

R_F
V_FILT
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4. Savethe current total accumulated |MU—sensed velocity and time tag for this next cycle.

V _LAST FILT=V _CURRENT FILT
T _LAST FILT =T _CURRENT FILT

B. Interface Requirements. The input and output parameters are listed in Tables 4.3.1.2-1 and 4.3.1.2-2,
respectively.

C. Processing Requirements. The state propagation subfunction shall be the first subfunction performed
upon initiation of each cycle of the ascent navigation principal function. This subfunction shall be
performed at the ascent navigation rate.

D. Constraints. None.

E. Supplementary Information. A suggested implementation in the form of detailed flow diagrams may be
found in Section 5.2. The particular flow diagrams associated with this subfunction are as follows:

NAV_STATE_PROP ASCENT AND_RTLS
NAV_ASCENT, ACCEL

4313 Delta State Update.

During the operation of the ascent navigation principal function, a capability for a delta state update of the
orbiter’ s on-board navigated state shall be provided.

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

B. Interface Requirements. Input and output requirements for the delta state update task are shown in
Tables4.3.1.3-1 and 4.3.1.3-2.

C. Processing Reguirements. The delta state update task shall be initiated by the HSD specialist function
or by uplink processing software by setting the flag DO_DELTA_UPDATE to the on state. The delta state
update task (during operation of the ascent navigation principal function) shall be performed after state
propagation has been accomplished, and only when aflag (DO_DELTA_UPDATE) isON. The flag will
be checked at arate specified by either the ascent navigation sequencer principal function or the
ascent/RTL S navigation sequencer principa function, whichever is active.

D. Constraints. None.

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

A suggested implementation in the form of a detailed flow chart (ASC_ DELTA_STATE_UPDATE) may
be found in Section 5.2.
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4314

Ascent State Vector Prediction Task.

During operation of the ascent navigation principal function, a capability shall be provided to predict a
M50 position and vel ocity vector to current (cyclic) filter time. This capability is provided to time
synchronize an uplinked M50 state vector with current filter time.

A. Detailed Reguirements. A capability shall be provided for updating the position and velocity of the

Orbiter in flight by ground-originated command uplink.

The performance of a state vector update will require the vectorsR _GND and V. _GND and the associated
timetag T_GND to be supplied. These variables must be set to the desired values before the state vector
prediction task isinvoked. The definition of input data and initiation of the state vector prediction task is
accomplished by flight software external to the cyclic navigation function as described in Section 4.11.

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

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

T_GND isthe uplinked time tag of the ground—estimated state vector.

The prediction shall be performed as follows:

102

Initialize input parameters required by the Ascent Precise Predictor

GMD_PRED =4 V _INIT=V_GND
GMO_PRED =4 T INIT=T_GND
DT_MAX =DEL_TIME_STEP T _FINAL =T_RESET
R _INIT=R_GND

Compare the length of the total prediction interval, T_INIT-T_RESET, to apremission
determined parameter, MAX_TIME_TOL. If the prediction interval is greater than or equal to
MAX_TIME_TOL, skip step 3 and do hothing else.

Iteratively call the ascent precise predictor until the result of the prediction agrees with current
(cyclic) filter timeto less than a premission determined value SV_TIME_TAG_DIFF, or an
OPS transition request occurs (OTREQ = ON). When the data returned from the predictor
agrees with current filter state vector time to within the tolerance, define the output position and
velocity vectors and timetag and set STATE_VECTOR_UPDATE = ON indicating the
availability of areplacement vector to the ascent navigation principal function.

The necessary equations are:

DO UNTIL [T_INIT-T_RESET|< SV_TIME_TAG_DIFF OR (OTREQ = ON)

CALL: Ascent Precise Predictor
R _INIT=R_FINAL
V _INIT=V _FINAL
T_INIT=T_FINAL
T _FINAL =T_RESET
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If OTREQ = OFF, then proceed:

R_TO NAV =R _FINAL
V_TO NAV =V _FINAL
T TO NAV =T_INIT

STATE_VECTOR_UPDATE = ON

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

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

D. Condraints. Initialization of thistask islimited to uplink processing software. Itisalso the
responsibility of the initiating function to establish input data needed by this task before initiating
execution. The OPS transition request flag (OTREQ) isinitialized to ' OFF .

E. Supplemental Information. The ascent state vector prediction task should be performed only during
periods of unperturbed coasting flight as any venting or thrusting will result in degraded performance. A
suggested implementation in the form of a detailed flow chart (STATE_ VECTOR_PRED_TASK_ASC)
may be found in Section 5.2.

43.15 Ascent Navigation (4.15) Principal Function Tables.

The ascent navigation principal function inputs and outputs, along with the I-Hoads, K-oads, and
constants, are presented in Tables 4.3.1.5-1 through 4.3.1.5-5. The values for the I-Hoads are contained in
the I-4oads requirements document (JSC-19350). The Cross—References are shown below:

Ascent Navigation (4.15)
Cross—References
FSSR Name Source Name
V_CURRENT_FILT SEL_V_M50
T_CURRENT_FILT TIME_V
ALPHAIN ALPHA N
BETAIN BETA_N
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Table4.3.1.1-1. Ascent Control Input Parameters
Input Sample
Description Symbol Source Type| Precison | Range | Units | Rate
Current Shuttle R _FILT (a) Ascent state |V DP ft Filter
position vector propagation rate
Current Shuttle V_FILT (a) Ascent state |V S ft/sec | Filter
velocity vector propagation rate
Time of thefilter state |T_LAST FILT (a) Ascent state | F DP Sec Filter
vectors propagation rate
Previously read V_LAST FILT (a) Ascent state |V DP ft/sec | Filter
accumulated vel ocity propagation rate
Total vehicle G OLD Ascent state \Y; S ft/ Filter
acceleration vector propagation sec? rate
M50
Angle of attack ALPHAIN @ F S deg Filter
rate
Sidedlip angle BETAIN @ F S deg Filter
rate
Deltarunway position |DR_RW_UP (@ \Y; S — ft
vector received via
command uplink
Deltarunway velocity |DV_RW_UP (@ \Y; S — ft/sec
vector received via
command uplink
Uplinked, predicted  |R_TO_NAV Ascent state \Y; DP — ft
position vector vector
prediction task
Uplinked, predicted | V_TO_NAV Ascent state \Y; S — ft/sec
velocity vector vector
prediction task
Timeto which T TO _NAV Ascent state F DP — Sec
R_TO_NAV and vector
V_TO_NAV have prediction task
been predicted
Flagindicating (ON) |DO DELTA (a) Delta state D — ON/OFF — Filter
that a delta state vector | UPDATE ascent control rate
update shall be update
performed
Conversion factor from | RAD_PER DEG | (b) F S — rad/ Filter
degreesto deg rate
radians
Flagindicating (ON) |DO DELTA (a) Ascent D — ON/OFF — Filter
that a delta state UPDATE_UP control rate
update has been

received via command
uplink
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Table4.3.1.1-1. Ascent Control Input Parameters
Input Sample
Description Symbol Source Type| Precison | Range | Units | Rate
Flagindicating (ON) |STATE_VECTOR |Ascent state D — ON/OFF | — Filter
that awhole vector _UPDATE vector rate
state update is ready prediction task,
for replacement of the ascent control
navigated state vector
®Refer to the ascent navigation principal function input parameter table.
P Refer to the ascent navigation principal function constant table.
Table4.3.1.1-2. Ascent Control Output Parameters
Output Comp
Description Symbol Dedtination | Type| Precison | Range | Units | Rate
Vehiclepositionvector ~ |R_RESET (@ V DP ft | Filter
after al navigation rate
updates reserved for reset
of guidance integrator
position vector R AVGG
Vehiclevelocity vector | V_RESET (@ V S ft/sec | Filter
after al navigation rate
updates reserved for reset
of guidance integrator
velocity vector V_AVGG
Time associated with T RESET @ F DP sec | Filter
reserved reset state rate
Copy of V_IMU_ @ % DP ft/sec | Filter
V_IMU_CURRENT raw |RESET rate
velocity counts reserved
for measurement
processing
Switch indicating (ON) FILT @ D OFF/ON Filter
that current measurement | UPDATE rate
processing is complete
Vehicle current M50 R_COV_LAST |(a) \Y DP ft | Filter
position vector (saved for rate
potential use by RTLS
nav cov prop)
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Table4.3.1.1-2. Ascent Control Output Parameters

Output Comp
Description Symbol Dedtination | Type| Precison | Range | Units | Rate
Current vehicle G_RESET (a) \Y; S ft/ | Filter
acceleration vector (M50) sec? | rate
for use by user parameter
state prop
Angle of attack ALPHA ASC STATE| F S rad | Filter
PROP, (a) rate
Ground computed position | DR_RW Ascentdelta | V S — ft
deviations to update state update
onboard state vector task
Ground computed velocity | DV_RW Ascentdelta | V S — ft/sec
deviations to update state update
onboard state vector task
Current Shuttle position  |R_FILT (a) Ascent \Y; D — ft
vector state prop,
ascent delta
state update
Current Shuttle velocity | V_FILT (a) Ascent V S — ft/sec
vector state prop,
ascent delta
state update
Timetag at Shuttlestate | T_LAST_FILT |(a) Ascent F D — Sec
vector state prop,
ascent delta
state update
Angle of sidedlip BETA ASC STATE| F S rad | Filter
PROP, (a) rate
Flag indicating (ON) that |DO_DELTA_ |Ascent D — OFF/ON | — | Filter
a delta state update has UPDATE_UP |control rate
been received via
command uplink
Flag indicating (ON) that |STATE _ Ascent D — OFF/ON | — | Filter
awhole vector state VECTOR_ control rate
update is ready for UPDATE
replacement of the
navigated state
Flag indicating (ON) that |DO_DELTA_ |Ascent D — OFF/ON | — | Filter
adeltastate updateisto | UPDATE control rate

be performed

® Refer to the ascent navigation principal function output parameter table.
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Table4.3.1.2-1. Ascent State Propagation Input Parameters
Input Sample
Description Symbol Source Type| Precision | Range | Units | Rate
Current accumulated | V_CURRENT_  |(a) V DP ft/sec |Filter
IMU veacity counts FILT rate
MTU or clock time T CURRENT_ |(a) F DP Sec Filter
when IMU was read FILT rate
Time of thefilter state |T_LAST FILT [Ascentstate |F DP Sec Filter
vectors propagation, rate
@
Current Shuttle position |R_FILT Ascent state |V DP ft Filter
vector propagation, rate
@
Current Shuttle velocity |V _FILT Ascent state |V S ft/sec |Filter
Vector propagation, rate
(@
Previoudy read V_LAST FILT |Ascentstate |V DP ft/sec |Filter
accumulated IMU propagation, rate
velocity @
Parameter usedinthe  |DRAG_CONST | (b) F DP ft% |Filter
accd drag mode! dug |rate
Threshold value of ACC _PROP_ @ F S 0. ft/  |Filter
sensed acceleration MIN sec? |rate
above which IMU data
isto be used
Angle of attack ALPHA ASC control  |F S rad Filter
rate
Sidedlip angle BETA ASCcontrol |F S rad Filter
rate

NOTE: Input constants associated with the acceleration models are identified in Section 4.2.1.2 for

the ascent/RTL S operations computer load.
®Refer to the ascent navigation principal function input parameter table.
P Refer to the ascent navigation principal function I-oad table.
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used by the UPP state
propagator

Table4.3.1.2-2. Ascent State Propagation Output Parameters
Output Comp
Description Symbol Destination | Type| Precision | Range | Units | Rate
Current Shuttle position |R_FILT Ascent state V DP ft Filter
Vector propagation, rate
@
Shuttle velocity vector |V _FILT Ascent state V S ft/ sec | Filter
propagation, rate
(@
Gravity acceleration G_OLD (@ \Y S ft/ sec’| Filter
vector at beginning of rate
integration interval
Time of thefilter state | T_LAST FILT [Ascent state F DP sec Filter
vectors propagation, rate
(a) ascent
control
Previoudy read V_LAST_FILT |Ascent state V DP ft/ sec | Filter
accumulated IMU propagation, rate
velocity (a) ascent
control
Flag indicating (ON) USE IMU_ @ D ON/ Filter
that IMU dataistobe |DATA OFF rate

®Refer to the ascent navigation principal function output parameter table.

108




ST S 83-0005-34

December 14, 2007

Table4.3.1.3-1. Ascent Delta State Update | nput Parameters
Input Sample
Description Symbol Source Type| Precison | Range | Units | Rate
Time of thefilter state | T_CURRENT _ |ASC state F DP sec As
vectors FILT propagation needed
Ground computed DR RW (a), Ascent V S ft As
position deviationsto control needed
update on—board state
vector
Ground computed DV_RW (a), Ascent V S ft/sec As
velocity deviationsto control needed
update on—board state
vector
Earth fixed to prime RW |M_EFTORW | (a) M S As
transformation matrix needed
Earth rotation rate EARTH_RATE |(a) F DP rad/ As
SeC | needed
Unit vector in direction |EARTH_POLE |(a) V DP As
of earth’saxis of needed
rotation
Shuttle position vector  |R_FILT ASC state V DP ft As
propagation needed
Shuttle velocity vector  |V_FILT ASC state V S ft/sec | As
propagation needed
&See ascent navigation principal function input parameter table.
® See ascent navi gation principal function constant parameter table.
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Table4.3.1.3-2. Ascent Delta State Update Output Parameters
Output Comp
Description Symbol Destination | Type| Precision | Range | Units | Rate

Current Shuttle R FILT ASC state V DP ft As
position vector propagation needed
Current Shuttle V_FILT ASC state V S ft/ As
velocity vector propagation sec | needed
Flagindicating (ON) |DO DELTA_ |Ascentcontrol | D ON/OFF As
that adelta state vector | UPDATE needed
update isto be
performed
Delta position DR_RW (@ \Y S ft As
correction needed
Deltavelocity DV_RW (@ V S ft/ As
correction SeC | needed

&See ascent navigation principal function output parameter table.
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Table4.3.1.4-1. Ascent State Vector Prediction Task Input Parameters
Input Sample
Description Symbol Source Type| Precison | Range | Units | Rate

Step sizefor ASC DEL_TIME_  |(a) F S sec As
precise predictor STEP needed
Uplinked position vector |R_GND (b) \Y; DP ft As
(M30) needed
Uplinked velocity vector |V_GND (b) \Y S ft/sec | As
(M50) needed
Time tag of uplinked T GND (b) F DP sec As
vectors needed
Timetag of filter state | T_RESET ASC F DP sec As
vectors CONTROL needed
Shuttle position at end of |[R_FINAL (b) V DP ft As
prediction needed
Shuttle velocity at end of | V_FINAL (b) \Y} S ft/sec | As
prediction needed
Max allowable total MAX _TIME_ |(a) F S - sec As
prediction interval TOL needed
OPStransitionrequest |OTREQ (b) D - OFF/ - As
flag ON needed
Accuracy withinwhich  |SV_TIME__ @ F S - Sec As
the output vectors' time | TAG_DIFF needed

tag must match the
current filter vectors
timetag

&See ascent navigation principal function I-4oad, K- oad, and constant tables.

® See ascent navi gation principal function input parameter table.

NOTE: Input constants associated with the acceleration models are identified in Section 4.2.1.2 for the

ascent/RTL S operations computer |oad.
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Table4.3.1.4-2. Ascent State Vector Prediction Task Output Parameters

Output Comp
Description Symbol Dedtination | Type| Precison | Range | Units | Rate

Maximum allowable DT _MAX @ F S sec As
step sizefor ASC needed
precise predictor
Flag indicating the GMD_PRED @ I S 04 — As
degree of the gravity needed
model
Flag indicating the order | GMO_PRED @ I S 04 — As
of the gravity model needed
Time at beginning of T INIT @ F DP sec As
prediction needed
Timeat which stateis | T_FINAL @ F DP Sec As
desired needed
Shuttle position vector at [R_INIT (@ V DP ft As
T_INIT needed
Shuttle velocity vector at | V_INIT (@ V S ft/ As
T INIT sec | needed
Replacement position R_TO NAV ASC control V DP — ft As
vector for Nav filter needed
Replacement velocity V_TO NAV ASC control V S - ft/ As
vector for Nav filter SeC | needed
Timetag for T _TO _NAV ASC control F DP — Sec As
replacement vector needed
OPStransitionrequest |OTREQ @ D — OFF/ — As
flag ON needed
Flag indicating STATE ASC control D — ON/ — As
availability of VECTOR_ OFF needed
replacement vectors UPDATE

& See ascent navigation principal function output parameter table.
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TABLE 4.3.1.5-1. INPUT FUNCTIONAL PARAMETERS FOR ASCENT NAVIGATION (G4.15)

FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA P LASTCR R
TYPE R E
E \%
C
ACC_PROP_M N VI90A8938CA ACC THRESHOLD TEST FOR STATE PROP ASC NAV SEQ FT/ S2
ALPHA N VI0H2246C NAV DERI VED ANGLE OF ATTACK A E ATT PROC DEG SPL 93017G *
BETA N VI0H2249C | NERTI AL SI DESLI P ANGLE A E ATT PROC DEG SPL 93017G *
DO_DELTA_UPDATE VI93X5030X UPDATE DELTAS CMD HORI Z SIT DI SP BD
DO_DELTA_UPDATE_UP V91X8894X DO DELTA STATE UPDATE UPLI NK CNVD SYS S/IW
DRAG_CONST VO0UB937CA ACC MODEL DRAG CONST FOR ST PROP ASC NAV SEQ FT2/ SLUG 90185A
DR_RW 1) VO3H5010CA NAV UPDATE DELTA X POSI TI ON HORI Z SIT DI SP FT
DR_RW 2) VO3H5011CA NAV UPDATE DELTA Y POSI TI ON HORI Z SIT DI SP FT
DR_RW3) VO3H5012CA NAV UPDATE DELTA Z POSI TI ON HORI Z SIT DI SP FT
DR_RW UP( X) VI6UB554C NAV UPDATE DELTA X POS UPLI NK CMD UL FT 92237
DR_RW UP(Y) VI6UB555C NAV UPDATE DELTA Y POS UPLI NK CMD UL FT 92237
DR_RW UP( 2) VI6UB556C NAV UPDATE DELTA Z POS UPLI NK CMD UL FT 92237
DV_RW 1) VO3L5020CA NAV UPDATE DELTA X VELCCI TY HORI Z SIT DI SP FT/ S
DV_RW 2) VO3L5021CA NAV UPDATE DELTA Y VELCCI TY HORI Z SIT DI SP FT/ S
DV_RW 3) VIO3L5022CA NAV UPDATE DELTA Z VELCCI TY HORI Z SIT DI SP FT/ S
DV_RW _UP( X) VI6UB557C NAV UPDATE DELTA X VEL UPLI NK CMD UL FT/ S 92237
DV_RW UP(Y) VI6UB558C NAV UPDATE DELTA Y VEL UPLI NK CMD UL FT/ S 92237
DV_RW UP( 2) VI6UB559C NAV UPDATE DELTA Z VEL UPLI NK CMD UL FT/ S 92237
EARTH_POLE( 1) Vo0U0190C X-COW UNIT VCTR ALONG EARTH AXI S RNP MAT COWP ND DPL 93090E
EARTH_POLE( 2) Vo0U0191C Y-COW UNI T VCTR ALONG EARTH AXI S RNP MAT COWP ND DPL 93090E
EARTH_POLE( 3) Vo0u0192C Z-COWP UNI T VCTR ALONG EARTH AXI S RNP MAT COWP ND DPL 93090E
M EFTORW 1-1) VO0U1805CB EF TO PRI ME RW XFORM MIRX ELE 1-1 ASC SI TE LOOKUP
M _EFTORW( 1- 2) VI0U1806CB EF TO PRI ME RW XFORM MIRX ELE 1-2 ASC SI TE LOOKUP
M _EFTORW 1- 3) VI0U1807CB EF TO PRI ME RW XFORM MIRX ELE 1-3 ASC SI TE LOOKUP
M _EFTORW 2- 1) Vo0U1808CB EF TO PRI ME RW XFORM MIRX ELE 2-1 ASC SI TE LOOKUP
M _EFTORW 2- 2) VI0U1809CB EF TO PRI ME RW XFORM MIRX ELE 2-2 ASC SI TE LOOKUP
M _EFTORW 2- 3) VI0U1810CB EF TO PRI ME RW XFORM MIRX ELE 2-3 ASC SI TE LOOKUP
M _EFTORW 3- 1) VO0U1811CB EF TO PRI ME RW XFORM MIRX ELE 3-1 ASC SI TE LOOKUP
M _EFTORW 3- 2) Vo0U1812CB EF TO PRI ME RW XFORM MIRX ELE 3-2 ASC SI TE LOOKUP
M _EFTORW 3- 3) VO0U1813CB EF TO PRI ME RW XFORM MIRX ELE 3-3 ASC SI TE LOOKUP
M _MbOTOEF_AT_EPOCH( 1, 1) VI7U5738C M60 TO EF TRANS MATRI X ELEM 1, 1 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 1, 2) VI7U5739C M60 TO EF TRANS MATRI X ELEM 1, 2 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 1, 3) VI7U5740C M60 TO EF TRANS MATRI X ELEM 1, 3 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 2, 1) VI7U5741C M60 TO EF TRANS MATRI X ELEM 2, 1 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 2, 2) VO7U5742C M60 TO EF TRANS MATRI X ELEM 2, 2 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 2, 3) VO7U5743C M60 TO EF TRANS MATRI X ELEM 2, 3 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 3, 1) VO7U5744C M60 TO EF TRANS MATRI X ELEM 3,1 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 3, 2) VO7U5745C M60 TO EF TRANS MATRI X ELEM 3, 2 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 3, 3) VO7U5746C M60 TO EF TRANS MATRI X ELEM 3, 3 RNP MAT COWP ND DPL 93090E
OTREQ VI0X0893XB OPS TRANSI TI ON REQUEST FLAG ASC PREC PRED BD 90121B
REL_VEL_MAG VO5L0151CE GND REL VEL MAGNI TUDE I N MbO SYS ASC UPP FT/ S 93017G *
R FILT(1) VO0H0584CB X- COMP OF FLTR S CURR POS VECTOR ASC NAV SEQ FT
R FILT(2) VO0HO585CB Y- COWP OF FLTR S CURR POS VECTOR ASC NAV SEQ FT
R _FILT(3) VO0H0586CB Z- COMP OF FLTR S CURR POS VECTOR ASC NAV SEQ FT
R _FI NAL(1) VO0H0881CB X- COVP PREDI CTED SHUTTLE POS VECTR ASC PREC PRED FT
R _FI NAL( 2) VO0H0882CB Y- COVP PREDI CTED SHUTTLE POS VECTR ASC PREC PRED FT
STS 83-0005-34

113 December 14, 2007



114

STS 83-0005-34
December 14, 2007

TABLE 4.3.1.5-1. INPUT FUNCTIONAL PARAMETERS FOR ASCENT NAVIGATION (G4.15)

FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA P LASTCR R

TYPE R E
E \%
C

R_FI NAL( 3) VO0H0883CB Z- COMP PREDI CTED SHUTTLE POS VECTR ASC PREC PRED FT

R_GND( 1) VI96H3500CA UPLI NKED ORBI TER POS VECTOR X uL FT 92237

R_GNI( 2) VI96H3501CA UPLI NKED ORBI TER POS VECTOR Y uL FT 92237

R_GND( 3) VI6H3502CA  UPLI NKED ORBI TER POS VECTOR Z uL FT 92237

SEL_V_Mb0( 1) V90L2557C  SEL TOTAL X VEL MO I MJ RM FT/ S DPL 93017G *

SEL_V_Mb0( 2) V90L2558C  SEL TOTAL Y VEL MO I MJ RM FT/ S DPL 93017G *

SEL_V_Mb0( 3) V90L2559C  SEL TOTAL Z VEL MO I MJ RM FT/ S DPL 93017G *

TI ME_V VO0We553CA  TIME COF SEL TOTAL MbO VEL I MJ RM S 91051K

T_EPOCH VO7We528C  TI ME TAG FOR M_MsOTOEF_AT_EPOCH RNP MAT COWP S DPL 93090E

T_G\D VO6WB520CA UPLI NKED ORB STATE VEC TI ME TAG uL S 92237

T_LAST_FILT VO0W8522CA  TIME OF FILTER STATE VECTOR ASC NAV SEQ S

V_FILT(1) V90L0624CB X-COWP OF FLTR S CURR VEL VECTOR ASC NAV SEQ FT/ S SPL

V_FILT(2) V90L0625CB  Y-COW OF FLTR S CURR VEL VECTOR ASC NAV SEQ FT/ S SPL

V_FI LT(3) V90L0626CB Z-COWP OF FLTR S CURR VEL VECTOR ASC NAV SEQ FT/ S SPL

V_FI NAL(1) V90L0885CB X- COMP PREDI CTED SHUTTLE VEL VECTR ASC PREC PRED FT/ S

V_FI NAL( 2) V90L0886CB Y- COMP PREDI CTED SHUTTLE VEL VECTR ASC PREC PRED FT/ S

V_FI NAL( 3) V90L0887CB Z- COMP PREDI CTED SHUTTLE VEL VECTR ASC PREC PRED FT/ S

V_GND( 1) VI96L3510CA UPLI NKED ORBI TER VEL VECTOR X uL FT/ S 92237

V_GND( 2) VI96L3511CA UPLI NKED ORBI TER VEL VECTOR Y uL FT/ S 92237

V_GND( 3) VI96L3512CA UPLI NKED ORBI TER VEL VECTOR Z uL FT/ S 92237

V_LAST_FI LT(1) V90L0621CB X-COMP VEL W COV MIRX & FLTR UPDTE ASC NAV SEQ FT/ S

V_LAST_FI LT(2) V90L0622CB  Y-COWP VEL W COV MIRX & FLTR UPDTE ASC NAV SEQ FT/ S

V_LAST_FI LT(3) V90L0623CB Z-COMP VEL W COV MIRX & FLTR UPDTE ASC NAV SEQ FT/ S

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.



TABLE 4.3.1.5-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT NAVIGATION (G4.15)

FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E %
C
DR_RW( 1) VO3H5010CE NAV UPDATE DELTA X POSI TI ON HORIZ SIT DI SP FT
DR_RW( 2) VO3H5011CE NAV UPDATE DELTA Y POSI TI ON HORI Z SIT DI SP FT
DR_RW(3) VO3H5012CE  NAV UPDATE DELTA Z POSI TI ON HORI Z SIT DI SP FT
DT_MAX VOOUB500CK MAX ALLOW TI ME STEP SI ZE ASC PREC PRED S
DV_RW( 1) VO3L5020CE  NAV UPDATE DELTA X VELOCI TY HORI Z SIT DI SP FT/ S
DV_RW 2) VO3L5021CE  NAV UPDATE DELTA Y VELOCI TY HORI Z SIT DI SP FT/ S
DV_RW( 3) VO3L5022CE  NAV UPDATE DELTA Z VELOCI TY HORI Z SIT DI SP FT/ S
FI LT_UPDATE VOOX0224XA FLAG | ND NAV FI LTER PROC COVPLETE ~ ASC UPP
RTLS UPP
GMVD_PRED VOOUB501CK GRAVI TY MODEL DEGREE ASC PREC PRED
GMO_PRED VOOUB502CK  GRAVI TY MODEL ORDER ASC PREC PRED
G GPS_INIT(1) VO0A2619CH X GRAV ACC FOR GPS REF STATE INIT  GPS REF STATE PROC FT/ S2 SPL 92214A
G_GPS_INIT(2) VO0A2620CH Y GRAV ACC FOR GPS REF STATE INIT  GPS REF STATE PROC FT/ S2 SPL 92214A
G GPS_I NI T(3) VO0A2621CH Z GRAV ACC FOR GPS REF STATE INIT  GPS REF STATE PROC FT/ S2 SPL 92214A
G _RESET( 1) VO0A0243CA SEL X- COMP OF GRAV ACCEL VCTR RST  ASC UPP FT/ S2 92214A
RTLS UPP
G_RESET(2) VO0A0244CA SEL Y- COMP OF GRAV ACCEL VCTR RST  ASC UPP FT/ S2 92214A
RTLS UPP
G_RESET( 3) VO0A0245CA SEL Z- COMP OF GRAV ACCEL VCTR RST  ASC UPP FT/ S2 92214A
RTLS UPP
OTREQ VOOX0893XG OPS TRANSI TI ON REQUEST FLAG ENT PREC PRED BD 90121B
R _COV_LAST(1) VOOHO581CB  X- COMP OF POS VCT W CURR COV MIRX  RTLS NAV FT
R_COV_LAST(2) VOOH0582CB Y- COMP OF POS VCT W CURR COV MIRX  RTLS NAV FT
R_COV_LAST(3) VOOHO583CB  Z- COMP OF POS VCT W CURR COV MIRX  RTLS NAV FT
R_FILT(1) VOOHO584CA X-COMP OF FLTR S CURR POS VECTOR A/ RTLS NAV SEQ FT
ASC NAV SEQ
RTLS NAV
R FILT(2) VOOHO585CA Y-COMP OF FLTR S CURR POS VECTOR A/ RTLS NAV SEQ FT
ASC NAV SEQ
RTLS NAV
R_FI LT(3) VOOHO586CA Z-COMP OF FLTR S CURR POS VECTOR A/ RTLS NAV SEQ FT
ASC NAV SEQ
RTLS NAV
R _GPS_INIT(1) VOOH3476CH GPS INIT POS VECTOR X- COVP GPS REF STATE PRCC FT DPL 92067D
R_GPS_I NI T(2) VOOH3477CH GPS INIT POS VECTOR Y- COVP GPS REF STATE PRCC FT DPL 92067D
R_GPS_I NI T(3) VOOH3478CH GPS INIT POS VECTOR Z- COVP GPS REF STATE PRCC FT DPL 92067D
R_INIT(X) VOOHB508CK X- COMP SHUTTLE POS VECTR AT T_INIT ASC PREC PRED FT
R_INIT(Y) VOOHB509CK Y- COMP SHUTTLE POS VECTR AT T_INIT ASC PREC PRED FT
R_INIT(2) VOOHB510CK Z- COMP SHUTTLE POS VECTR AT T_INIT ASC PREC PRED FT
R_RESET( 1) VOOH0235CA SEL X- COMP OF UPDATED POS VCTR RST ASC UPP FT DPL 92214A
RTLS UPP
R_RESET(2) VOOH0236CA SEL Y- COMP OF UPDATED POS VCTR RST ASC UPP FT DPL 92214A
RTLS UPP
R_RESET( 3) VOOH0237CA SEL Z- COMP OF UPDATED POS VCTR RST ASC UPP FT DPL 92214A
RTLS UPP
TIME_V/ T_CURR FI LT VOOWR553CB  TIME OF SEL TOTAL MBO VEL ASC NAV SEQ s
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TABLE 4.3.1.5-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT NAVIGATION (G4.15)
FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E \Y
C
T_FI NAL VOOWB506CK Tl ME AT WHI CH STATE | S DESI RED ASC PREC PRED S
TGS INT VOOWB482CH GPS I NI T STATE TI ME TAG GPS REF STATE PROC S DPL 92067D
TINT VOOWB512CK Tl ME AT BEG NNI NG OF PRED ASC PREC PRED S
T_LAST_FILT VOOWB522CB TIME OF FILTER STATE VECTOR A/ RTLS NAV SEQ S 92165A
RTLS NAV
T_RESET VOOW225CA TIME OF FILTER STATE VCTR ASC UPP S 92132C
GPS RCVR STATE PROC
RTLS UPP
TLM
USE_| MJ_DATA VO90X0538XA FLAG TO USE | MU ACCUM VEL OR NOT DL FMIr 21/1 93017G *
V_FILT(1) VI90L0624CA X-COW OF FLTR S CURR VEL VECTOR A/ RTLS NAV SEQ FT/ S SPL
ASC NAV SEQ
RTLS NAV
V_FILT(2) VI90L0625CA Y-COW OF FLTR S CURR VEL VECTOR Al RTLS NAV SEQ FT/ S SPL
ASC NAV SEQ
RTLS NAV
V_FILT(3) VO0L0626CA Z-COW OF FLTR' S CURR VEL VECTOR A/ RTLS NAV SEQ FT/ S SPL
ASC NAV SEQ
RTLS NAV
V_GPS_ INIT(1) VO0L3495CH GPS INIT VEL VECTOR X- COWP GPS REF STATE PRCC FT/ S SPL 92067D
V_GPS_INIT(2) VO0L3496CH GPS INIT VEL VECTOR Y- COWP GPS REF STATE PRCC FT/ S SPL 92067D
V_GPS_INIT(3) VO0L3497CH GPS INIT VEL VECTOR Z- COWP GPS REF STATE PRCC FT/ S SPL 92067D
V_IMJ GPS_ INIT(1) VO0L3506CH I MJ ACCUM X VEL FOR GPS INIT GPS REF STATE PRCC FT/ S DPL 92369B
V_IMJ_GPS_INIT(2) VO0L3507CH I MJ ACCUMY VEL FOR GPS INIT GPS REF STATE PRCC FT/ S DPL 92369B
V_IMJ_GPS_I NI T(3) VO0L3508CH I MJ ACCUM Z VEL FOR GPS INIT GPS REF STATE PRCC FT/ S DPL 92369B
V_|I MJ_RESET( 1) VO0L0247CA SEL X- COWP OF ACCUM SENSED VEL RST ASC UPP FT/ S
RTLS UPP
V_| MJ_RESET( 2) VO0L0248CA SEL Y-COW OF ACCUM SENSED VEL RST ASC UPP FT/ S
RTLS UPP
V_| MJ_RESET( 3) VO0L0249CA SEL Z- COWP OF ACCUM SENSED VEL RST ASC UPP FT/ S
RTLS UPP
V_I NI T(X) VI90L8513CK X- COVP SHUTTLE VEL VECTR AT T_INIT ASC PREC PRED FT/ S
V_INT(Y) VI90L8514CK Y- COWP SHUTTLE VEL VECTR AT T_INIT ASC PREC PRED FT/ S
V_INT(2) VI90L8515CK Z- COWP SHUTTLE VEL VECTR AT T_INIT ASC PREC PRED FT/ S
V_LAST_FILT(1) VI90L0621CA X-COW VEL WCOV MIRX & FLTR UPDTE RTLS NAV FT/ S
TLM
V_LAST_FI LT(2) VI90L0622CA Y-COW VEL WCOV MIRX & FLTR UPDTE RTLS NAV FT/ S
TLM
V_LAST_FI LT(3) VI90L0623CA Z-COW VEL WCOV MIRX & FLTR UPDTE RTLS NAV FT/ S
TLM
V_RESET( 1) VI90L0239CA SEL X- COWP OF UPDATED VEL VCTR RST ASC UPP FT/ S 92214A
RTLS UPP
V_RESET( 2) VO90L0240CA SEL Y- COWP OF UPDATED VEL VCTR RST ASC UPP FT/ S 92214A
RTLS UPP
V_RESET( 3) VO90L0241CA SEL Z- COVWP OF UPDATED VEL VCTR RST ASC UPP FT/ S 92214A

RTLS UPP



TABLE 4.3.1.5-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT NAVIGATION (G4.15)

FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E %
C
VOOM2852PA CGEB_FLT_LG3_FLAG2_LFE DL FMr 21/1 93017G  *
NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
Rate Codes: (HDR Only) 1 =1 sample/sec 2 =5 samples/sec 3 =12.5 samples/sec 4 = 25 samples/sec 5= 100 samples/sec
(HDR and LDR) A =1 sample/sec B =5 sampleg/sec C = 12.5 samples/sec D = 25 samples/sec E = 100 samples/sec
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TABLE 4.3.1.5-3. ASCENT NAVIGATION (G4.15) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R

127 01 PRA DC0599
144 03 PE4

BASE_DEN( 1) VO7U5235C  SLUGS/ FT**3 F D MC

127 01 PR4 DC0599
144 03 PE4

BASE_DEN( 2) VO7U5236C  SLUGS/ FT**3 F D MC

127 01 PR4 DC0599
144 03 PE4

BASE_DEN( 3) V97U5237C  SLUGS/ FT**3 F D M C

BASE_DEN( 4) V97U5238C  SLUGS/ FT**3 F D M C 127 01 PRA DC0599

144 03 PE4

Bl AS_DRAG_LAYER( 1) V97U5243C  FT F S M C 127 01 PRA DC0599

144 03 PE4

Bl AS_DRAG_LAYER( 2) Vo7U5244C  FT F S M C 127 01 PR4 DC0599

144 03 PE4

Bl AS_DRAG_LAYER( 3) V97U5245C  FT F S M C 127 01 PR4 DC0599

144 03 PE4

Bl AS_DRAG_LAYER( 4) V97U5246C  FT F S M C 127 01 PR4 DC0599

144 03 PE4

C_DRAG_ONE VO7U5277C  RAD**-1 F S M C 127 00 DRN  DC0599

C_DRAG_TWWO Vo7U5278C  RAD**-2 F S M C

127 00 DRN  DC0599

C_DRAG_ZERO V97U5279C  ND F S M C 127 00 DRN  DC0599

RRRQIRRARARIVLVLARIARIRRARARIVLIARARIARIRRARQARIY



TABLE 4.3.1.5-3. ASCENT NAVIGATION (G4.15) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
E
\
DEL_TI ME_STEP V97U6548C SEC F S D P 4.127 01 ZFT 93045A
4. 144 03 ZFT
4. 15
4.198
4. 205
DENSI TY_LIM T(1) V97U5310C FT F S M C 4.127 01 PR4 DC0599
4. 144 03 PE4
4. 15
4. 205
DENSI TY_LI M T(2) V97U5311C FT F S M C 4.127 01 PR4 DC0599
4. 144 03 PE4
4. 15
4. 205
DENSI TY_LI M T(3) Vo7U5312C FT F S M C 4.127 01 PR4 DC0599
4. 144 03 PE4
4. 15
4. 205
DENSI TY_LI M T(4) V97U5313C FT F S M C 4.127 01 PR4 DC0599
4. 144 03 PE4
4. 15
4. 205
DRAG_CONST V97U5317C FT**2/ SLUG F D M C 4.123 01 DC1 92287B
4. 127 03 DC3
4. 144
4. 15
4. 223
4. 236
K_MAX Vo7U5348C ND | S D C &4.127 00 ZFT DC0617
4. 144
4. 15
4. 205
K_UND_WGT VI97U5350C ND F S M X 4.126 01 ZFT DC0617
4. 127 02 ZPA
4. 144 03 ZFT
4. 15
4. 205
METERI NG_CUTOFF_VEL VI97U3258C FT/ SEC F S D P 4.127 00 GPM 92469A
4. 144
4. 15
4. 205
M5_POS_UND_WGT VI7U5411C FT**2 F S D X 4.126 01 ZFT DC0617
4. 127 02 ZPA
4. 144 03 ZFT
4. 15
4. 205
STS 83-0005-34
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TABLE 4.3.1.5-3. ASCENT NAVIGATION (G4.15) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R
E
\%
RV_MAX V99U7596C  FT/ SEC F S D C 4.15 00 ZFT  92080B
.17
4. 205
SCALE_HT( 1) V97U5501C  FT F S M C &4 127 01 PRA DC0599
4. 144 03 PE4
&4. 15
4. 205
SCALE_HT( 2) V97U5502C  FT F S M C &4 127 01 PR4 DC0599
4. 144 03 PE4
&4. 15
4. 205
SCALE_HT( 3) V97U5503C  FT F S M C &4 127 01 PR4 DC0599
4. 144 03 PE4
&4. 15
4. 205
SCALE_HT( 4) VO7U5504C  FT F S M C &4 127 01 PR4 DC0599
4. 144 03 PE4
&4. 15
4. 205
UA(1) V97U5951C  ND F S D P &4 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
UA( 2) V97U5952C  ND F S D P &4 127 01 GPM  92469A
4. 144 03 GPM
.15
4. 205
UB( 1) VO7U5953C  FT F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
UB( 2) VO7U5954C  FT F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
UBKPOI NT VO7U5955C  FT F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
UDA( 1) Vo7U5972C  SEC**-1 F S D P G4 127 01 GPM  92469A
4. 144 03 GPM
&. 15
4. 205
UDA( 2) V97U5973C  SEC**-1 F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205



TABLE 4.3.1.5-3. ASCENT NAVIGATION (G4.15) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
E
Vv
UDB( 1) V97U5974C FT/ SEC F S D P 4.127 01 GPM 92469A
G4. 144 03 GPM
. 15
G4. 205
UDB( 2) V97U5975C FT/ SEC F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
&. 15
G4. 205
UDBKPOI NT V97U5976C FT F S D P 4.127 01 GPM 92469A
G4. 144 03 GPM
&. 15
G4. 205
UDMVETER_MAX VI97U5977C FT/ SEC F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
&. 15
G4. 205
UDMVETER_M N V97U5978C FT/ SEC F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
&. 15
G4. 205
UMETER_MAX V97U5956C FT F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
. 15
G4. 205
UMETER_M N V97U5957C FT F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
&. 15
G4. 205
VA(1) V97U5958C ND F S D P 4.127 01 GPM 92469A
G4. 144 03 GPM
&. 15
G4. 205
VA( 2) V97U5959C ND F S D P 4.127 01 GPM 92469A
G4. 144 03 GPM
. 15
G4. 205
VAR_H1 VI9U7594C FT**2 F S D C 4.15 00 ZFT DC0617
G4. 205
VAR_H2 V99U7595C ND F S D C 4.15 00 ZFT DC0617
G4. 205
VB( 1) VI97U5960C FT F S D P 4. 127 01 GPM 92469A
4. 144 03 GPM
4. 15
G4. 205
STS 83-0005-34
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TABLE 4.3.1.5-3. ASCENT NAVIGATION (G4.15) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R
E
\%
VB( 2) VO7U5961C  FT F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
VBKPOI NT VO7U5962C  FT F S D P &4 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
VDA( 1) VO7U5979C  SEC**-1 F S D P &4 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
VDA( 2) V97U5980C  SEC**-1 F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
VDB( 1) V97U5981C  FT/ SEC F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
VDB( 2) V97U5982C  FT/ SEC F S D P &4 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
VDBKPOI NT VO7U5983C  FT F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
VDVETER_MAX V97U5984C  FT/ SEC F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
VDMETER_M N V97U5985C  FT/ SEC F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&. 15
4. 205
VMETER_MAX VO7U5963C  FT F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
VMETER_M N Vo7U5964C  FT F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205



TABLE 4.3.1.5-3. ASCENT NAVIGATION (G4.15) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
E
\
WA( 1) VI7U5965C ND F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
WA( 2) VI7U5966C ND F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
WB( 1) VI7U5967C FT F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
WB( 2) VI7U5968C FT F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
WBKPO NT VI7U5969C FT F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
WDA( 1) VI7U5986C SEC**-1 F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
WDA( 2) Vo7U5987C SEC**-1 F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
WDB( 1) Vo7U5988C FT/ SEC F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
WDB( 2) VI7U5989C FT/ SEC F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
WDBKPO NT V97U5990C FT F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
VWDMETER_MAX VI7U5991C FT/ SEC F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
STS 83-0005-34
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TABLE 4.3.1.5-3. ASCENT NAVIGATION (G4.15) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R
E
\%
WDMETER_M N V97U5992C  FT/ SEC F S D P &4 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
WVETER_MAX VO7U5970C  FT F S D P &4 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
WWVETER_M N Vo7U5971C  FT F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.



FSSR NAME
DESCRIPTION

TABLE 4.3.1.5-4. ASCENT NAVIGATION (G4.15) K-LOADS

MSID

MC

KLOAD VALUE

ENG UNITS

DT

PRFCTN LASTCR R

ACC_DRAG M N
ACC_DRAG M N_REF

ACC_PROP_M N_REF
ACCEL MAG ABVE VENT & DRAG
ALT_ZONE_CHANGE

ALT MODEL ATMOS DEN CHANGED

DENSE( 1)
DENSI TY MODEL CONST

DENSE( 2)
DENSI TY MODEL CONST

DENSE( 3)
DENSI TY MODEL CONST

DENSE( 4)
DENSI TY MODEL CONST

DENSE( 5)
DENSI TY MODEL CONST

125

V97U5200C

V97U5700C

V97U5718C

V97U5304C

V97U5305C

V97U5306C

V97U5307C

V97U5308C

00

00

00

00

00

00

00

00

+1.

+3.

+5.

+1.

+6.

1000000

20

0000000

. 9570

0440

9560000

. 420

. 8890

E+01

E- 02

E+05

E+01

E- 05

E+06

E+01

E- 06

FT/ SEC** 2

FT/ SEC**2

FT

ND

FT*-1

FT

ND

FT*-1

RRRQIRRARYRIVLARARIVRRARARIAVRIVRARIARIRRARRARIY

127 59971

15 59971

127 89661A

127 89661A

127 89661A

127 89661A

127 89661A

127 89661A

STS 83-0005-34
December 14, 2007
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FSSR NAME
DESCRIPTION

TABLE 4.3.1.5-4. ASCENT NAVIGATION (G4.15) K-LOADS

MSID

MC

KLOAD VALUE

ENG UNITS

DT

PRFCTN

ST S 83-0005-34

December 14, 2007

LASTCR R

DENSE( 6)
DENSI TY MODEL CONST

DI FCD1

DI FCD2

DI FCD3

DI FCD4

MAX_TI ME_TOL
MAX ALLOWABLE TOTAL PREDI CTI ON
| NTERVAL

SEA_LEVEL_DENSI TY
SEA LEVEL ATOMOSPHERI C DENSI TY

V97U5309C

VI6U9743C

Vo6U9744C

VI6U9745C

VI6U9746C

VI6U8685C

V97U5505C

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.

00

00

00

00

00

00

00

+2.

+3.

+3.

+6.

+8.

+5.

+2.

6050000

9589

3962

5414

3589

3768840

E+06

E-01

E+00

E-01

E-01

E+04

E- 03

FT

ND

ND

ND

SEC

SLUGS/ FT**3

RRRQRRPRYARIRRARARIARIVRRARARIVLARARIRIRRRARY

89661A

89661A

89661A

89661A

89661A

92834C

89661A



FSSR NAME

DESCRIPTION

TABLE 4.3.1.5-5. ASCENT NAVIGATION (G4.15) CONSTANTS

CONSTANT VALUE

MSID

MC

ENG UNITS DT

PRFCTN

LASTCR R

&(01)
TESSERAL
1

(02)
TESSERAL
2

(03)
TESSERAL
3

C(04)
TESSERAL
4

&(05)
TESSERAL
5

127

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

V97U6104C

V97U6105C

V97U6106C

V97U6107C

V97U6108C

00

00

00

00

00

-2.7635957

+1.5711423

+2.1907694

+3. 0466825

+9. 7966803

E-10

E- 06

E- 06

E- 07

E- 08

ND F

ND F

ND F

ND F

ND F

RRRQIRRRARZRIVLARARZRIVRARIAVRERXQARARIVIRQRARIRIRS

©

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

90374C

90374C

90374C

90374C

90374C

ST S 83-0005-34

December 14, 2007
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FSSR NAME
DESCRIPTION

TABLE 4.3.1.5-5. ASCENT NAVIGATION (G4.15) CONSTANTS

MSID

MC

CONSTANT VALUE

ENG UNITS DT

PRFCTN

ST S 83-0005-34

December 14, 2007

LASTCR R

&(06)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
6

(07)
TESSERAL HARMONI C CCEFFI CI ENT ELEM
7

&(08)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
8

&(09)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
9

V97U6109C

V97U6110C

V97U6111C

V97U6112C

00

00

00

00

-5. 0552749

+7.8842515

+5. 9073749

-4.1542493

E- 07

E- 08

E- 08

E- 09

ND F

ND F

ND F

ND F

RRRQRRRARZRIVRARRARERQVRARIVRERRRARILIRS

90374C

90374C

90374C

90374C



TABLE 4.3.1.5-5. ASCENT NAVIGATION (G4.15) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R

DESCRIPTION R E
\%

EARTH_MJ V97U4378C 00 +1. 40764487566E+16 FT**3/ SEC**2 F D C A6.9 93090E

EARTH GRAVI TATI ONAL CONSTANT

EARTH_RADI US_EQUATOR V97U5324C 00 +2.09257414698E+07 FT F D C
EARTH EQUATORI AL RADI US

9 93090E

FRARRRRARRARIVLARARIARLIRRZHAARARIRRRRIARIRRARQARIY

STS 83-0005-34
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FSSR NAME
DESCRIPTION

TABLE 4.3.1.5-5. ASCENT NAVIGATION (G4.15) CONSTANTS

MSID

MC

CONSTANT VALUE

ENG UNITS

DT

PRFCTN

ST S 83-0005-34

December 14, 2007

LASTCR R

EARTH_RADI US_GRAV
EARTH RADI US( GRAV ACCEL)

EARTH_RATE
EARTH S ROTATI ONAL RATE

ELLI PT
EARTH S ELLI PTI CI TY CONSTANT

V97U5325C

VO7U4379C

V97U5332C

00

00

00

+2. 09256561680E+07

+7.29211514646E- 05

+3. 352329869 E-03

FT

RAD/ SEC

ND

FRARRRRRRARIRLRRARARZARRARARIVLIVRARIARIVIVRQARIRLRS

90374C

93090E

93090E



TABLE 4.3.1.5-5. ASCENT NAVIGATION (G4.15) CONSTANTS

FSSR NAME MSID MC  CONSTANT VALUE ENG UNITS DT PR FCTN LASTCR R
DESCRIPTION E
vV
| D_MATRI X_3X3(01) VO7U6196C 00  +1. E+00 ND F 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(1,1) 4. 144
. 15
4. 205
| D_MATRI X_3X3(02) VO7U6197C 00  +0. E+00 ND F 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(1,2) 4. 144
. 15
&4. 205
| D_MATRI X_3X3(03) VO7U6198C 00  +0. E+00 ND F 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(1,3) 4. 144
.15
4. 205
| D_MATRI X_3X3(04) VO7U6199C 00  +0. E+00 ND F 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(2,1) 4. 144
. 15
4. 205
| D_MATRI X_3X3( 05) VO7U6200C 00  +1. E+00 ND F 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(2,2) 4. 144
. 15
4. 205
| D_MATRI X_3X3( 06) VO7U6201C 00  +0. E+00 ND F 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(2,3) 4. 144
. 15
G4. 205
| D_MATRI X_3X3(07) VO7U6202C 00  +0. E+00 ND F 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(3,1) 4. 144
. 15
4. 205
| D_MATRI X_3X3(08) V97U6203C 00  +0. E+00 ND F 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(3,2) 4. 144
. 15
&4. 205
| D_MATRI X_3X3( 09) VO7U6204C 00  +1. E+00 ND F 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(3,3) 4. 144
.15
4. 205
ST S 83-0005-34

131
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TABLE 4.3.1.5-5. ASCENT NAVIGATION (G4.15) CONSTANTS
FSSR NAME MSID MC CONSTANT VALUE ENG UNITS PR FCTN LASTCR R
DESCRIPTION E
\Y%

KNL VO7U6206C 00 -1. 7980000 E+00 ND 4. 127 90374C
CONSTANTS USED TO COMPUTE LOG OF G4. 144
KNUDSEN NUMBER 4. 15

G4. 205

G4. 236
KN2 VO7U6207C 00 +6. 6670000 E- 06 FT**-1 4. 127 90374C
CONSTANTS USED TO COMPUTE LOG OF G4. 144
KNUDSEN NUMBER 4. 15

G4. 205

G4. 236
KN3 VO7U6208C 00 - 5. 7890000 E-12 FT**-2 &4, 127 90374C
CONSTANTS USED TO COMPUTE LOG OF G4. 144
KNUDSEN NUMBER 4. 15

G4. 205

G4. 236
KN4 VO7U6209C 00 +2. 7518150 E+01 ND &4, 127 90374C
CONSTANTS USED TO COMPUTE LOG OF G4. 144
KNUDSEN NUMBER 4. 15

G4. 205

G4. 236
KNG VO7U6210C 00 -1. 4990900 E- 04 FT**-1 &4. 127 90374C
CONSTANTS USED TO COMPUTE LOG OF G4. 144
KNUDSEN NUMBER 4. 15

G4. 205

G4. 236
KNG VO7U6211C 00 +2. 0490000 E- 10 FT**-2 &4. 127 90374C
CONSTANTS USED TO COMPUTE LOG OF 4. 144
KNUDSEN NUMBER 4. 15

G4. 205

G4. 236



TABLE 4.3.1.5-5. ASCENT NAVIGATION (G4.15) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

\%
PI vo8u8725C 00 +3. 14159265358E+00 ND F D C A6.9 93090E

RATI O OF Cl RCUMFERENCE TO DI AMETER

BRAHRRRRARIVRRARRARIARLIRQRALY

ST S 83-0005-34
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FSSR NAME
DESCRIPTION

TABLE 4.3.1.5-5. ASCENT NAVIGATION (G4.15) CONSTANTS

MSID

MC

CONSTANT VALUE

ENG UNITS

DT

P S PRFCTN

R

ST S 83-0005-34

December 14, 2007

LASTCR R

RAD_PER_DEG
DEGREE TO RADI AN CONVERSI ON FACTOR

S(01)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
1

V97U0383C

V97U5492C

00

00

+1. 7453293

-5.2357454

E- 02

E- 09

RAD/ DEG

ND

F

S C A6.

RREQRRARZALRLARARIVRIRRARIARIRRARRARIRLXL

9

236

93090E

90374C



FSSR NAME

DESCRIPTION

TABLE 4.3.1.5-5. ASCENT NAVIGATION (G4.15) CONSTANTS

CONSTANT VALUE

MSID

MC

ENG UNITS DT

PRFCTN

LASTCR R

S(02)
TESSERAL
2

S(03)
TESSERAL
3

S(04)
TESSERAL
4

S(05)
TESSERAL
5

S(06)
TESSERAL
6

135

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

V97U5493C

V97U5494C

V97U5495C

V97U5496C

V97U5497C

00

00

00

00

00

-9.0231337

+2.7267074

-2.1259298

+1. 9681077

-4.4125015

E- 07

E- 07

E- 07

E- 07

E- 07

ND F

ND F

ND F

ND F

ND F

RRRQIRRRARZRIVLARARZRIVRARIAVRERXQARARIVIRQRARIRIRS

©

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

90374C

90374C

90374C

90374C

90374C

ST S 83-0005-34

December 14, 2007
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FSSR NAME
DESCRIPTION

TABLE 4.3.1.5-5. ASCENT NAVIGATION (G4.15) CONSTANTS

MSID

MC

CONSTANT VALUE

ENG UNITS DT

PRFCTN

ST S 83-0005-34

December 14, 2007

LASTCR R

S(07)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
7

S(08)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
8

S(09)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
9

SV_TI ME_TAG DI FF
TIME TOLERANCE FOR PREDI CTI ON

ZONAL( 01)
ZONAL HARMONI CS COEFFI Cl ENT ELEM 1

V97U5498C

V97U5499C

V97U5500C

V97U6132C

V97U5582C

00

00

00

+1.

+6.

+1.
+5.
+1.
+5.
+0.

4818958

. 2140873

3163541

[eNeoloNoNa)

E- 07

E- 08

E- 09

E+00
E-01
E+00
E-01
E+00

ND F

ND F

ND F

SEC F

ND F

RRRQRRARZRIVRLRRARARIVIVQARIAVRIVIRRQARIRLRS

90374C

90374C

90374C

90374C

90374C



TABLE 4.3.1.5-5. ASCENT NAVIGATION (G4.15) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

©

ZONAL( 02) V97U5583C 00 +1. 0826271 E- 03 ND F D C 90374C

ZONAL HARMONI CS COEFFI CI ENT ELEM 2 126
127
139
144

148

205
236
9 90374C
126
127
139
144
148

ZONAL( 03) Vo7U5584C 00 -2.5358868 E- 06 ND F D C
ZONAL HARMONI CS COEFFI CI ENT ELEM 3

205
236
9 90374C
126
127
139
144
148

ZONAL( 04) V97U5585C 00 -1. 6246180 E- 06 ND F D C
ZONAL HARMONI CS COEFFI CI ENT ELEM 4

205
236

RRRQIRRARZRIARLIRRARZIRIRLRRRRE

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
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4.3.2 RTL S Navigation (4.205)

The RTLS navigation principal function provides an up-to-date navigation state estimate of the orbiter
position and velocity in the M50 inertial coordinate frame. A single navigation filter state estimate shall be
maintained by this principal function. This principal function shall also call the GPS receiver state
processing principal function which processes the state estimates provided by the GPS receiversinstalled
on the Shuttle and which provides a selected GPS state for use by the orbiter navigation software. Either
the single navigation filter state estimate or the selected GPS state, along with other parameters, shall be
provided by the navigation principal function for software users such as user parameter processing,
guidance and displays.

This principal function will be scheduled by the ascent/RTL S navigation sequencer. The interface between
RTLS navigation and other principal functionsis defined in the Level B GN&C CPDS. Principal function
input and output parameters, along with I-loads, K-loads, and constants, are presented in Tables 4.3.2.9-1
through 4.3.2.9-4. Cross-References are shown at the end of this principal function.

Attitude information, IMU accumul ated velocities, and navigation sensor data (TACAN, BARO altimeter
and MSBLS) shall be acquired at the beginning of the navigation filter cycle for usein state propagation
and improving the navigation state estimate.

GPS receiver data shall also be acquired at the beginning of the navigation filter cycle for use by the GPS
receiver state processing principal function which is called from the RTLS navigation principa function.
The auto/inhibit/force flags for controlling resetting of the navigation filter state to the selected GPS state
and control which state (the selected navigation filter state or the selected GPS receiver state) is provided
for use by the user parameter processing principal function, guidance and displays, shall also be acquired.

If aselected GPS state is available from the GPS receiver state processing principal function execution on
the previous RTLS navigation cycle, and if other requisite criteria (described in Section 4.3.2.1) are
satisfied and if enabled by the crew, the navigation filter state shall be reset to the selected GPS state. The
navigation filter covariance matrix shall then be reinitialized to values representing the accuracy of the
selected GPS state used in the navigation state reset.

The navigation state shall be propagated to current time using data from selected IMU data.

If addtastate update is indicated, the state vector shall be updated and the covariance matrix reinitialized
as described in Section 4.10. Provision has aso been made to reset the QA2 (GPS minus navigation)
difference tolerances whenever a non-zero delta state update occurs. If no state update has occurred, the
state error covariance matrix shall be propagated as described in Section 4.2.3.

A Kaman filtering technique shall be used for updating the navigation filter state with TACAN and BARO
atimeter, or MSBL S measurements. The measurement partials and the Kalman filter gain vector shall be
computed using the state estimate and the propagated covariance matrix. The filter shall then compute the
measurement residual. The Kalman gain and the measurement residua shall then be used to update the
navigation state estimate and the filter covariance matrix, if the residual passes the edit test or crew
override of the residua edit test isindicated.

The GPS receiver state processing principal function shall then be executed to process GPS receiver state
estimates (see STS 83-0004 for detailed requirements) and to provide a selected GPS state for use by the
navigation software (Section 4.3.3). This selected GPS state shall be made available to update the
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navigation filter state on the next navigation cycle and to reset the user parameter processing state on the
current navigation cycle.

The user parameter processing reset state shall then be selected from either the navigation filter state or the
selected GPS state and metered if necessary to insure that guidance constraints are not violated. The choice
of which state is used to reset the user parameter state is subject to manual control, conditional to the
availability of GPS data. The reset stateis provided to the user parameter propagator principa function
for computing user parameters and display parameters. The navigation filter state shall also be
continuously made available to the GPS reference state processing principal function for useininitializing
GPSreceiver states as needed.

The user parameter processing reset state will be metered, if necessary, to insure that metering limits are
not violated.

Finally, Kalman filter measurement processing statistics shall be computed for display.

During RTLS navigation, the resetting of the baseline navigation state on the current navigation cycleto
the selected GPS state from the previous navigation cycleis determined by the following: the configuration
of the ML S auto/inhibit/force measurement processing command and the corresponding navigation
software ML S force and ML S auto processing indicator variables; the availability of a selected GPS state;
the configuration of the GPS to navigation auto/inhibit/force crew command; the status of the selected GPS
residual ratio flag; the time since the last baseline navigation state update with the selected GPS state; the
availability and validity of ML S data; and, when TACAN receivers are installed on the vehicle, the
configuration of the TACAN auto/inhibit/force measurement processing command.

The GPS to navigation auto/inhibit/force command consists of two crew commands, GPS to navigation
auto/inhibit, GPS TO_NAV_Al, which containsthe INHIBIT and AUTO commands, and the GPSto
navigation force command, GPS TO_NAV_FORCE. The navigation software combines these two GPS to
navigation commands into a composite GPS to navigation auto/inhibit/force command,

GPS TO _NAV_AIF. The GPSto navigation force command, GPS TO _NAV_FORCE, isaone-time
force on that navigation cycle only.

The MLS auto/inhibit/force measurement processing command isinitialized to AUTO and can be changed
by the crew through display item entries only when three GPS receivers are installed on the vehicle and no
TACAN receiversareingalled. For the system configuration with three TACAN receivers and one GPS
receiver ingtalled, the ML S auto/inhibit/force measurement processing command will remain in the
initialized AUTO setting. The GPS to navigation auto/inhibit command isinitialized to INHIBIT and the
GPS to navigation force command isinitialized to OFF. Both can be changed by the crew through display
item entries. The TACAN auto/inhibit/force measurement processing command isinitialized to INHIBIT
and can be changed by crew display item entries only when TACAN receivers are installed.

Setting the ML S auto/inhibit/force measurement processing command to FORCE (which requires three
GPS receiversto be installed on the vehicle) setsthe ML S force processing indicator to ON, preventing the
resetting of the baseline navigation state to the selected GPS state independent of the setting of the GPS to
navigation auto/inhibit/force command and independent of the validity of MLS measurement data. If MLS
datais not valid, indication will be given to the crew through the displays. Before the selected GPS state
can be used to reset the basgline navigation state, the crew must take appropriate action to remove the MLS
auto/inhibit/force command FORCE condition which removes the ON setting of the corresponding MLS
force processing indicator. Note that the ML S force processing indicator can never be set to ON when
three TACAN receivers are installed on the vehicle.
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With the ML S force processing indicator set to OFF, the baseline navigation state can be reset on the
current navigation cycle to the selected GPS state from the previous navigation cycle (if oneis available)
by setting the GPS to navigation auto/inhibit/force command, GPS TO_NAV_AIF, to FORCE. Thisis
accomplished by the crew executing the GPS_ TO_NAV_FORCE item entry on the display. Theforceisa
one time force, executed on the current navigation cycle.

With the ML S force processing indicator set to OFF and the GPS to navigation auto/inhibit/force command
set to AUTO (enabled by setting GPS TO _NAV_Al to AUTO through display item entry), the selected
GPS state will be used to reset the baseline navigation state when the ML S auto processing indicator is set
to OFF, the selected GPS residual ratio edit flag (GPS_RATIO_FLAG) is OFF, the orbiter is above the |-
Loaded minimum altitude for automatic GPS updates, the time since the selected GPS state was last
updated with receiver datais less than an I-Load limit, and the time since the baseline navigation state was
last set to the selected GPS state is greater than or equal to the minimum time allowed between GPS
updates to navigation (determined by pre-mission defined 1-Loads). The ML S auto processing indicator is
set to ON under either one of the following two conditions: with three GPS receiversinstalled on the
vehicle, when the ML S auto/inhibit/force measurement processing command is set to AUTO and the MLS
measurement datais valid, or, when three TACAN receivers are installed on the vehicle, when the TACAN
auto/inhibit/force command is not set to the FORCE condition and the MLS dataisvalid. Theindicator is
subsequently set to the OFF condition when the ML S auto/inhibit/force AUTO command is removed, or
when the previoudly valid MLS dataisinvalid for more than the I-load specified period of time. Setting the
TACAN auto/inhibit/force command to FORCE when TACAN receivers are installed on the vehicle will
also set the ML S auto processing indicator to OFF.

With the GPS to navigation auto/inhibit/force command set to INHIBIT (enabled by setting the
GPS TO _NAV_AI to INHIBIT through display item entry), the selected GPS state will be prohibited from
resetting the baseline navigation state.

Table 4.3.2-1 shows the rel ationship between the setting of the ML S auto/inhibit/force command
(MLS_AIF), the setting of the GPS to navigation auto/inhibit/force command, GPS TO_NAV_AIF (the
composite command using GPS TO_NAV_Al and GPS TO_NAV_FORCE), the availability of MLS
data, the setting of the TACAN auto/inhibit/force command (when TACAN receivers are instaled on the
vehicle) and the capability to reset the baseline navigation state to the selected GPS state.
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Table 4.3.2-1.Baseline Navigation State (BL) Reset with Selected GPS State

MLS GPSto Navigation
Auto/Inhibit/Force Auto/Inhibit/Force Command
M easurement
Processing (GPS_TO_NAV_AIF)
Command
(MLS_AIF)
FORCE AUTO INHIBIT
FORCE NO* NO* NO*
AUTO YES NO** or YES*** 1 NO*
INHIBIT YES YESt NO*
* Does not depend on validity of ML S data

*x Valid MLS datais available, or valid MLS data was available and has been
subsequently lost for less than an I-load specified period of time, and TACAN
auto/inhibit/force measurement processing command not set to FORCE, when
TACAN receiversinstalled on the vehicle

*kk Vaid MLS data was available and has been subsequently lost for more than an I-load
specified period of time or TACAN auto/inhibit/force measurement processing command
set to FORCE, when TACAN receiversinstalled on the vehicle and an |-load period of
time has elapsed since the last navigation state reset

T The selected GPS residual ratio edit flag is OFF, the orbiter is above the I-loaded
minimum altitude for automatic GPS updates, the time since the selected GPS state was last updated
with receiver dataislessthan an I-load limit, and the time since the baseline navigation
state was last set to the selected GPS state is greater than or equal to the minimum time
allowed between GPS updates to navigation (determined by pre-mission defined |-loads).

Notes:. 1. MLS AlFisinitialized to AUTO. It cannot be changed from this setting when
TACAN receivers areinstalled on the vehicle.
2. GPS TO_NAV_AIFisacomposite command computed from the two crew commands,
GPS TO_NAV_AI, and GPS TO-NAV_FORCE

4321 RTLS Control.

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

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

1. Theseected IMU sensed velocity, and the corresponding time tag will be obtained as described
in Section 4.2.1.1. The current angle of attack, sidedlip angle and pitch angle shall be obtained
and converted to radians.
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4.1

User parameter data will be snapped from the user parameter processing functions as described
in Section 4.3.2.2.3.

An external sensor data snap shall be performed as described in Section 4.3.2.2.1.

A GPS data snap will be performed as described in Section 4.3.2.2.2.

The received values of the GPS control flags shall be stored for use by the navigation function:
GPS AIF_RCVD = GPS TO GC AIF
GPS TO NAV_RCVD = GPS TO NAV_Al
GPS TO NAV_FORCE_RCVD = GPS TO NAV_FORCE

The major mode shall be stored for use by the GPS receiver state processing principal function:
NAV_MM_CODE = MM_CODE

The flag indicating that the navigation state has been set to the selected GPS state is set to OFF:
NAV_RESET = OFF

The parameter which will indicate to the display if the navigation received GPS TO _GC_AlIF
command can be executed by the navigation software on this cycle, is set to ON:

GPS_AIF_EXEC = BLANK

If the copy of the GPS to navigation force flag (GPS_ TO_NAV_FORCE_RCVD) set by the
crew is ON, then the GPS to navigation force command flag (GPS_TO_NAV_FORCE) set by
the crew is set to OFF, providing aforcing of GPS datainto the navigation system on this
navigation cycle only. The GPS to navigation auto/inhibit/force flag, GPS TO_NAV_AIF,
which is a composite flag representing the setting of both the GPS TO_NAV_RCVD and
GPS TO NAV_FORCE _RCVD flagsis set to FORCE for this navigation cycle. If the copy
of the GPSto navigation force flag (GPS_TO_NAV_FORCE_RCVD) isnot set to ON,
however, then the GPS to navigation auto/inhibit/force flag is set to the GPS to navigation
auto/inhibit flag setting. Thisis accomplished asfollows:

IF GPS_TO_NAV_FORCE_RCVD = ON THEN
GPS_TO_NAV_FORCE = OFF
GPS TO_NAV_AIF = FORCE

ELSE
GPS TO_NAV_AIF = INTEGER(GPS TO_NAV_RCVD)

To determine if the baseline navigation filter state is to be reset to the selected GPS state on this
navigation cycle, acheck isfirst madeto seeif a selected GPS state isavailable. If oneis
available, indicated by GPS SV_SEL AVAIL = ON, step 4.1 will be performed:

Determine the minimum timeinterval (GPS_CY CLE_TIME) between automatic GPS updates
to navigation. If the orbiter’ s altitude is less than the I-Loaded altitude for switching GPS
update rates (GPS_ALT_FOR_HIGH_RATE_NAV), set GPS_CYCLE_TIME to the I-loaded
value for high rate GPS updates (T_GPS CYCLE FOR _HIGH_RATE_NAV). Otherwise, set
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GPS _CYCLE_TIME to the I-loaded value for low rate GPS updates (T_GPS CYCLE).
These steps are:

IFALT_WHEELS NAV <GPS ALT_FOR_HIGH_RATE_NAV
THEN

GPS CYCLE_TIME=T_GPS CYCLE_FOR_HIGH_RATE_NAV
ELSE

GPS_CYCLE_TIME=T_GPS CYCLE

The navigation filter state shall be reset to the selected GPS state, the navigation reset flag shall
be set ON, the time tag of the most recent GPS state incorporation into the navigation system
shall be updated, and the navigation filter covariance matrix shall be reinitialized with values
reflecting the quality of the GPS update if either of the following conditions are satisfied: (1)
the ML Sforce processing indicator (MLS FORCE_PROC_IND) is set to OFF and the GPSto
navigation auto/inhibit/force flag (GPS_TO_NAV_AIF) is set to FORCE; or (2) the MLS
force processing indicator (MLS FORCE_PROC _IND) is set to OFF, the GPS to navigation
auto/inhibit/force flag is set to AUTO, the ML S auto processing indicator
(MLS_AUTO_PROC IND) is set to OFF, the selected GPS residual ratio edit flag
(GPS_RATIO _FLAG) isOFF, the orbiter’ sdtitude (ALT_WHEELS NAV) is above the
minimum altitude for GPS updates (GPS_UPDATE_ALT_FLOOR), the time since the selected
GPS state was last updated with receiver datais less than an I-Load limit
(GPS_SEL_AGE_MAX), and the time since the last navigation filter state update with the
selected GPS state is greater than or equal to the minimum timeinterval (GPS_CYCLE_TIME)
for GPS updates. These steps are as follows:

IFMLS FORCE_PROC_IND = OFF and
(GPS_TO_NAV_AIF = FORCE or
(GPS_TO_NAV_AIF=AUTO and
MLS AUTO_PROC_IND = OFF and
GPS_RATIO_FLAG = OFF and
(ALT_WHEELS NAV > GPS_UPDATE_ALT_FLOOR) and
(DT_GPS_OFF_MIN < GPS_SEL_AGE_MAX) and
(T_CURRENT FILT - T_GPS LAST UPDATE) > =
GPS_CYCLE_TIME))

THEN
R _FILT =R_GPS SEL
V_FILT =V_GPS_SEL

NAV_RESET = ON
T_GPS_LAST UPDATE=T_CURRENT FILT

CALL: COVINIT
INLIST: SIG_DIAG_GPS, CORR_COEFF_GPS,
R _GPS SEL, V_GPS SEL
OUTLIST: E

5. Iftheflag DO _DELTA_UPDATE_UPisON, the delta state vectors used by the ascent delta
state update task shall be set equal to the output by the uplink processing software, the flag
DO DELTA_UPDATE shall be set to the ON position, and the flag
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10.

11.

DO _DELTA_UPDATE_UP shal bereturned to the OFF position to prevent repetitive
incorporation of the same uplinked data:

DR_RW =DR_RW _UP

DV_RW =DV_RW_UP
DO_DELTA_UPDATE = ON
DO_DELTA_UPDATE_UP= OFF

If theflag DO_DELTA_UPDATE_UP s OFF, these computations shall not be performed.

The RTLS sensor selection subfunction shall determine which measurements (drag atitude,
barometric atimeter altitude, Tacan range and bearing, MSBL S range, azimuth, and elevation)
areto be presented to the filter for processing as described in Section 4.3.2.3.

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

If adelta state update has been requested (DO_DELTA_UPDATE = ON), and at least one of
the delta state update vectors (DR_RW or DV_RW) supplied for the delta state update is non-
zero, the time of the last GPS update to navigation (T_GPS LAST _UPDATE) shall be set
equal to the current filter time, reducing the GPS QA2 (GPS minus navigation) limitsto their
minimum values. Also, the navigation state vector shall be updated as described in Section
4.3.2.4.2. The necessary steps are:

IF (DO_DELTA_UPDATE = ON) THEN

DELR = [DR_RW]
DELV =[DV_RW]

IF (DELR > 1.0 E-08) OR (DELV > 1.0 E-08) THEN
T_GPS LAST UPDATE=T_LAST FILT
ENDIF

CALL: ASC DELTA_STATE_UPDATE
ENDIF

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

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

The state and covariance matrix incorporation subfunction shall update the state vector and
covariance matrix, as described in Section 4.3.2.7. A counter (MLS MARK_NUM,
TACAN_MARK_NUM, BARO_MARK_NUM, or DRAG_MARK_NUM) shdl be
incremented for each measurement type processed to indicate the mark number for postmission
analysis purposes. The MSBL S edit multiplier counter, MLS EDIT_MUL_COUNT will be
tested and if it is greater then ten (10), then the scale factors, K_EDIT_MLSAZ,
K_EDIT_MLSEL, K_EDIT_MLSR will besetto K_EDIT_MLSAZ_MIN,
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K_EDIT_MLSEL_MIN, and K_EDIT_MLSR_MIN; otherwise, K_EDIT_MLSAZ,
K_EDIT_MLSEL,K_EDIT_MLSR aresetto K_EDIT_MLSAZ_MAX,
K_EDIT_MLSEL_MAX, AND K_EDIT_MLSR_MAX. Next, if IMU redundancy
Management is not operating at the 3 IMU level, indicated by the integer of IMU_SFC # 7, and
the NAV_MLS FLAG has been turned on, indicating an interruption of MSBLS processing,
each of the scale factors will be set back to theinitial valuesK_EDIT_MLSAZ MAX,
K_EDIT_MLSEL_MAX, and K_EDIT_MLSR_MAX.

12. The GPS receiver state processing principal function will be executed.

13. The position and velocity of either the single navigation state or the selected GPS state, and
their associated time tag, gravity acceleration vector and the IMU counts will then be stored for
use by the user parameter state propagator as described in Section 4.2.4. Parameters for use by
the GPS reference state processing principal function and the GPS user parameter display
computation function will also be stored.

14. Finally, the RTLS measurement processing statistics subfunction (Section 4.3.2.8) shall be
performed.

B. Interface Requirements. The input and output parameters are listed in Tables 4.3.2.1-1 and 4.3.2.1-2.

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

D. Constraints. None.

E. Supplementa Information. A suggested implementation of RTLS control isillustrated by
NAV_GRTLSin Section 5.2.

4322 RTL S External Data Snap

The purpose of this subfunction isto collect and store sensor data (TACAN, BARO altimeter and
MSBLS), user parameter data and GPS navigation data. TACAN, BARO, and MSBL S data
(measurements) are subsequently used in the navigation state and Kalman filter measurement incorporation
subfunction. GPS state data are used by the GPS receiver state processing principal function. These data
sets contain the latest values of the required NAV AID measurement parameters and GPS state parameters
at the time of collection.

43221 Sensor Data Snap

The sensor data snap task shall collect and store sensor data from the TACAN, BARO atimeter and
MSBLS NAVAIDS, aong with the associated GMT time tags. The purpose of the sensor data snap isto
properly save the data sets used in the navigation Kalman filter processing by the appropriate navigation
subfunction, whereas the actual data may continue to be refreshed by hardware sensor readings, sensor
SOP processing, and selection filtering.

For the MSBL S devation measurement, where the correction for antenna displacement from the navigation
base is significant, the shuttle vehicle' s pitch angle will be obtained from the attitude processing principal
function and stored. Time tags of the data collected from TACAN, BARO and MSBL S are adjusted
according to pre-mission determined biases. Included in the sensor dataintended for filter processing are
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the measurements, their data good flags (which indicate the validity of the measurement) and the
measurement time tags.

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

1. Barometric dtimeter —the Shuttle' s barometric atitude, its datagood flag, and the associated
timetag, adjusted by a premission loaded time bias, will be collected and stored:

SNAP BARO ALTIMETER (Q_BARO, BARO _DATA_GOOD, T_BARO)
T_BARO=T_BARO-TIME_BIAS BARO

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

SNAP TACAN (Q_TAC BRG, Q TAC_R, T_TACAN,
TAC_RNG_DATA_GOOD, TAC_BRG_DATA_GOOD,
SEL_LRU_ID)

T TACAN =T_TACAN —TIME_BIAS TACAN

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

SNAPMSBLS (Q_RANGE, Q AZMLS, Q ELMLS, MLSRANGE_DATA_GOOD,
MLSAZ_DATA_GOOD, MLSEL_DATA_GOOD, T_EF RMLS, T_EF_AZMLS,
T_EF_ELMLS)

T EF RMLS=T_EF RMLS-TIME_BIAS MLS
T EF_AZMLS=T_EF AZMLS-TIME BIAS MLS
T EF ELMLS=T_EF_ELMLS-TIME_BIAS MLS

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

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

146



ST S 83-0005-34
December 14, 2007

the available data are fresh. Thisimpliesthat SOP' s processing and selection filtering must be at arate
equal to or greater than the collection rate.

D. Constraints. The data collections should occur after a complete current set is available and just prior to
use in navigation in order to supply current data.

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

43222 GPSData Snap

The GPS data snap task collects and stores homogeneous GPS receiver navigation data from the GPS
SOP. The purpose of the GPS data snap isto properly save the datafor use by the GPS receiver state
vector processing principal function while the actual GPS data will continue to be refreshed by GPS LRU
data readings and GPS SOP processing.

The homogeneous set of GPS receiver data shall be collected from the GPS SOP and stored. The data
shall have the following characteristics: (1) it isthe most current receiver navigation data from the GPS
SOP that has been indicated by the receivers as valid (receiver data good is set on); (2) it is bracketed by
IMU velocity counts which will be used in propagating these states to the current navigation filter timein
the GPS Receiver State Processing principa function; (3) the velocity counts collected from the GPS SOP
are from the IMU RM execution just prior to and closest to the GPS state timetag. The use of IMU
accumulated vel ocity counts as close to the receiver state time tag minimizes the velocity transients
introduced in the propagation of the GPS receiver states to current navigation filter time by providing the
most accurate sensed velocity information across the GPS state propagation interval.

A. Detailed Reguirements. A time homogeneous set of GPS data shall be collected from the GPS SOP and
stored. Each set includes data from up to three receivers. GPS receiver state estimates, data good flags,
figure-of-merit. Also included are the selected IMU velocity counts, associated with each receiver.

The data snaps are as follows:

SNAP GPS DATA (R_GPS_ECEF, V_GPS_ECEF, T_GPS, GPS DG,
GPS_FAIL_FOM, FOM,
V_LAST_GPS, T_LAST_GPS)

These GPS variables (vector, scaar arrays, character strings and discretes) correspond to data from three
GPS receivers, which represents the maximum number of receivers for which the software isdesigned. The
first component of each array will be atime homogeneous set of datafor GPS receiver 1, and likewise,
array components 2 and 3 will be aconsistent set of datafor GPS receivers 2 and 3 respectively. IMU
velocity counts aso have the same correspondence.

The IMU variables provided by the GPS SOP correspond to the values of the IMU counts closest to and
just prior to each GPS state estimate time tag. They have been properly assigned to each receiver.

The snap statement implies the assignment of current GPS SOP data to the variables shown in parentheses.
Time-homogeneous data for each GPS receiver must be provided to the appropriate subfunctions. The
time homogeneous data from one receiver may have a different time tag than the time homogeneous data
from another receiver.
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Note that data shall be snapped for three receivers regardless of the number of receivers actualy installed
onthe vehicle.

B. Interface Requirements. The input and output parameters are listed in Tables 4.3.2.2-1 and 4.3.2.2-2
respectively. The parameter cross-reference table between the GPS SOP names and their navigation
variable copiesis shown in Section 4.3.2.9.

C. Processing Requirements. It isrequired that the GPS data be made available by the GPS SOP for the
collection and storage process. The collection rates are indicated by the RTL S navigation sequencer rates.
These rates assume that the available GPS data are the most recent GPS data available.

D. Constraints. The GPS data collection should occur as close to the RTLS IMU data snap as possible.

E. Suggested Implementation. A suggested implementation of the RTLS GPS data snap subfunction, in
the detailed flow chart GRTLS NAYV, can befound in Section 5.2. The snap statement implies the
assignment of current values to the variable names shown in parentheses.

43223 User Parameter Data Snap

The user parameter data snap task stores the vehicle atitude above the runway, computed by the user
parameter processing functions, for use by the navigation user parameter reset metering function.

The purpose of the altitude data snap isto provide consistent altitude data for use through the user
parameter reset metering calculations.

The data snap is as follows:
SNAP UPP_DATA(ALT_WHEELS NAV)

The snap statement implies the assignment of the current data from the user parameter processing functions
to the variable shown in parentheses.

B. Interface Requirements. The input and output parameters are listed in Tables 4.3.2.2-1 and 4.3.2.2-2
respectively. The parameter cross-reference table between the user parameter processing name and the
navigation variable is shown in Table 4.3.2.9.

C. Processing Requirements. It isrequired that the vehicle altitude data be made available by the the user
parameter processing functions for the collection and storage process. The collection rates are indicated by
the RTL S navigation sequencer rates. These rates assume that the avail able data are the most recent
available.

D. Constraints. The altitude data collection should occur close to the other RTL S data snaps as possible.

E. Suggested Implementation. A suggested implementation of the RTL S altitude data snap subfunction, in
the detailed flow chart NAV_GRTLS, can be found in Section 5.2. The snap statement implies the
assignment of current values to the variable name shown in parentheses.
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4.3.2.3 Sensor M easur ement Selection.

A capability, designated as the RTL S sensor measurement selection subfunction, is required for the
selection of external sensor measurement data to be presented to the state and covariance measurement
incorporation subfunction (Section 4.3.2.7) when the RTL S navigation principal function is active.
Selection of a sensor datatype will a'so mean that knowledge of this measurement data selection will be
presented to the measurement reconfiguration subfunction (Section 4.3.2.4.1) to cause proper initialization
of TACAN site data

A. Detailed Requirements. The requirements for this subfunction are given as a set of necessary sensor
measurement selection capabilities. Only the following measurement types will be employed while the
RTLS navigation principal functionisactive: barometric altimeter, MSBLS, drag altitude, and TACAN.
The following capabilitieswill be provided:

1 There will be both manua (crew) and automatic control of TACAN, drag, barometric altimeter
and MSBL S measurement selection.

2. The crew will be able to manually force or inhibit TACAN, drag, barometric altimeter and
MSBL S sensor data or select the automatic mode.

3. For each measurement type, manual control (force or inhibit) will override automatic sensor
selection; that is, if a crewman desiresto force a particular type of sensor data, then these data will
be sent to the state and covariance measurement incorporation subfunction (data may not be
incorporated if indicated to be invalid), with two exceptions (seeitems 5 and 9 below). Theforce
or inhibit will stay in effect across major modes and will be removed by reverting to automatic
sensor measurement selection.

4, The forcing of sensor datawill override the residua edit for that particular sensor type.

5. Neither the crew nor the automatic selection criteriawill be able to ssimultaneoudly select any of the
following combinations:

a TACAN and MSBLS data

b. MSBLS and barometric altimeter data

¢. MSBLS and drag dtitude data

d. Barometric atimeter and drag atitude data

6. If MSBLS isin the force selection mode (MLS AlF_RCVD = FORCE), then step 6.1 is executed,
otherwise step 6.2 isexecuted. Note that MSBL S auto/inhibit/force isinitialized in the auto
selection mode and can be changed only when three GPS receivers are installed on the vehicle (no
TACAN receiversingtaled). TACAN auto/inhibit/force isinitialized in the inhibit selection mode
and can be changed only when three TACAN receivers are installed on the vehicle (either zero or
one GPS receiver installed).

6.1 MSBLS datawill be selected (DO_MLS NAV = ON), and the ML S edit override
(MLS _EDIT_OVERRIDE) flag will be set to ON, independent of the validity of MSBL S range
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6.2.1

6.2.2

6.2.2.1

6.2.2.2
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and azimuth data(MLS R_AZ_GOOD). The following parameters shall also be set and made
available for use by other functions: the parameter indicating that MSBL S datais being processed
by the preland navigation Kalman filter (PROCESSING_MLS) will be set to ON if the MSBL S
range and azimuth dataisindicated asvalid (MLS R_AZ GOOD = ON); the parameter indicating
that MSBL S datais selected with MSBLS in the force selection mode

(MLS_FORCE_PROC _IND) will be set to ON: the parameter indicating that MSBLS datais
selected with MSBL S in the auto selection mode (MLS AUTO_PROC_IND) will be set to OFF.

If MSBLS isnot in the force selection mode (MLS AIF_RCVD setto AUTO or INHIBIT) the
MLS force processing indicator (MLS FORCE PROC_IND) will be set to OFF. If TACAN isin
the force selection mode (TACAN_AIF set to FORCE), step 6.2.1 will be executed, otherwise step
6.2.2 will be executed.

TACAN datawill be selected (DO_TACAN_NAV = ON) and the TACAN edit override
(TACAN_EDIT_OVERRIDE) isset to ON. The parameter indicating that MSBLS datais being
processed with MSBL S in the auto selection mode (MLS AUTO_PROC _IND) is set to OFF.

If MSBLS range and azimuth data are indicated asvalid (MLS R_AZ_GOOD set to ON), step
6.2.2.1 will be executed, otherwise step 6.2.2.2 will be executed.

MSBLS datawill be selected (DO_MLS NAV =ON). If MSBLSisin the auto selection mode
(MLS_AIF_RCVD set to AUTO), the following parameters shall be set and made available for
use by other functions: the parameter indicating that MSBL S datais being processed and
incorporated by the preland navigation Kalman filter (PROCESSING_MLS) will be set to ON: the
parameter indicating that MSBL S data is being processed with MSBL S in the auto selection mode
(MLS AUTO_PROC_IND) will be set to ON; and the time of the MSBL S measurement
processing (T_LAST_MLS PROC) will be set to the time of the current navigation state
(T_CURRENT_FILT). If MSBLSisintheinhibit selection mode (MLS AIF RCVD setto
INHIBIT), the MLS status parameter (MLS_STAT) will be set to ON, and parameter indicating
that MSBL S datais being processed with MSBL S in the auto selection mode

(MLS _AUTO_PROC _IND) will be set to off.

If MSBL S range and azimuth data are indicated as invalid during the current execution cycle

(MLS R AZ GOOD set to OFF), or no valid MSBL S range or no valid azimuth data have been
snapped for the last two execution cycles (also indicated by MLS R_AZ GOOD set to OFF), then
the following steps are executed: if the parameter indicating that MSBL S data was being
processed with MSBL S in the auto selection mode (MLS AUTO_PROC_IND) isset to ON and
an |I-load amount of time has elapsed since the last MSBL S measurement processing
(T_CURRENT _FILT-T_LAST_MLS PROC >MLS DROPOUT_DT_LIM), the auto
selection mode processing indicator (MLS AUTO_PROC_IND) is set to OFF; if the TACAN
auto/inhibit/force measurement processing command (TACAN_AIF) issetto AUTO, and if
TACAN range or bearing dataisvalid (TAC_RNG_DATA_GOOD = ON or
TACAN_BRG_DATA_GOOD = ON), TACAN datais selected (DO_TACAN_NAV = ON); if
the TACAN auto/inhibit/force measurement processing command (TACAN_AIF) isin theinhibit
selection mode (TACAN_AIF set to INHIBIT), TACAN datais selected (DO_TACAN_NAV =
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ON) and the TACAN status flag (TACAN_STAT) is set to ON, independent of the validity of the
TACAN range or bearing data.

7. When MSBLS data are first selected, or are reselected after having been deselected, portions of the
covariance matrix shall bereinitialized by setting all the cross—correlation terms between position
and velocity to zero. Also, the counter MLS EDIT_MUL_COUNT, which records the number of
cyclesthat MSBL S measurements have been processed since the most recent MSBL S selection,
will be set to zero.

8. If MSBLS data are not selected and barometric atimeter data are indicated to be not valid, then
barometric altimeter data will not be considered for selection and the following selection criteria
will be employed for drag data, if barometric altimeter data are processed for display purposes
only and the vehicle is ot in the Mach jump region. If the automatic selection mode is employed
for drag data, then these data will be selected for processing if the magnitude of the sensed
acceleration of the Shuttle exceeds a premission determined minimum and the current atitude of
the Shuttle is above a premission determined minimum. If drag data are forced, then these data
will be selected for processing, and the drag residual edit test will be overridden. If drag data are
inhibited, then these data will be selected for processing for statistical display purposes only.

9. If MSBLS data are not selected and barometric altimeter data are indicated as valid, then drag data
will not be considered for selection. If barometric altimeter data are not chosen for display
purposes only (DO_BARO_NAV =BARO_STAT) or the vehicleisin the Mach jump region
(ADS_MJ# OFF), then the following selection criteriawill be employed for barometric altimeter
data. If the automatic selection mode is employed for barometric atimeter data, then these data
will be selected for processing if the relative vel ocity magnitude of the Orbiter does not exceed a
premission—determined maximum and does not lie in the premission—determined barometric
atimeter discontinuity region and the orbiter is above a minimum atitude for bias processing. If
barometric atimeter data are forced, the baro datawill be selected for processing provided that the
magnitude of the relative vel ocity of the Orbiter does not lie in the barometric altimeter
discontinuity region. If baro atimeter data are inhibited, then these data shall be selected for
processing for statistical display purposes only. If barometric altimeter data are not to be inhibited
and the vehicle isin the Mach jump region, then H_INHIB is set to ON and barometric
(DO_BARO_NAYV = ON and BARO_STAT = ON) data are processed for display purposes only.

The minimum altitude above the runway for processing barometric altimeter data shall be

ALT BARO _CUTOFF. If MSBLS data are processed at a vehicle altitude less than

ALT BARO_CUTOFF_HIGH, then the baro cutoff altitude, ALT_BARO_CUTOFF, shall be set
to ALT_BARO_CUTOFF_ HIGH to preclude state updates with baro dataif MSBL S datais lost
a low vehicle atitudes, otherwise, state updates with baro datawill continue to avehicle atitude
specified by theinitial value of ALT_BARO_CUTOFF.

This subfunction will provide a positive-feedback record of the manual inputs affecting the selection of
MSBLS. If drag or barometric altimeter data are not selected for processing as a result of failure to meet
an atitude, relative velocity magnitude, or acceleration magnitude constraint, then knowledge of this
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desdlection will be made avail able to measurement processing statistics to be employed in event lamp
processing by setting H_INHIB to ON.

This subfunction will also perform sensor measurement sel ection when the data are employed only to
compute TACAN, drag, barometric altimeter and MSBL S statistics for display purposes. The following
capabilitieswill be provided:

1. A maximum of three pieces of sensor measurement data (i.e.,, MSBL S range, azimuth, and
elevation or TACAN range and azimuth and drag or barometric atimeter) will be processed on
any one execution of the RTLS navigation principal function.

2. Sdection of aTACAN and barometric atimeter or drag measurements for computation of
measurement statistics will be subordinate to selection of MSBL S for possible state and
covariance incorporation.

The result of selection of TACAN and MSBL S sensor measurements for processing of data or for
computation of measurement statistics will be provided asindicated in Table 4.3.2.3-1 when TACAN
receivers are installed on the vehicle and Table 4.3.2.3-1A when no TACAN receivers are installed on the
vehicle respectively. Table 4.3.2.3-2 shows results of BARO measurement selection, which isthe same
with TACAN and with no TACAN receiversingtalled. The terminology “process’ means that the state and
covariance measurement incorporation subfunction may incorporate the measurement data into the state
estimation. The terminology “display” means that the state and covariance measurement incorporation
subfunction may perform the processing of data for display of measurement statistics but is prohibited
from incorporating the data into the state estimation.

Finally, this subfunction will initialize the measurement edit indicators to zero for subsequent use by the
state and covariance measurement incorporation subfunction.

B. Interface Reguirements. Theinput and output for this function are given in Tables 4.3.2.3-3 and
4.3.2.34.

C. Processing Requirements. This function will be performed after complete set of the external sensor
measurement data to be used (while the RTLS navigation principa functionis active) has been saved and
before the measurement reconfiguration subfunction is executed.

A candidate implementation of this subfunction isshownin RTLS SENSOR _SELECT codein Section
5.2. Thiscodeis executed by NAV_GRTLS, the candidate implementation of the RTLS navigation
control subfunction.

D. Constraints. None.

E. Supplemental Information. The foregoing requirements indicate the existence of athree—position
software switch for TACAN, drag, and barometric altimeter data— that is, three AUTO/INHIBIT/FORCE
switches.

4324 RTL S Navigation Reconfiguration.

A capability shall be provided for initialization or reinitialization of certain navigation variables when
events occur that require reconfiguration of the navigation software. These eventsinclude theinitialization
of TACAN station information when the TACAN ID changes, and delta state updates to the onboard
navigated state vector and the associated covariance matrix reinitialization.
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43241 Measurement Reconfiguration.

A capability will be provided for initidization of the TACAN station information when TACAN processing
begins or when the TACAN station ID has changed.

A. Detailed Requirements. The RTL S sensor measurement selection subfunction will provide a capability
for determining when TACAN measurements are to be processed. The measurement reconfiguration
subfunction will be executed when TACAN measurements are first available and when the TACAN station
ID has changed. This subfunction will obtain the following information from the site lookup principal
function (Section 4.5.2) only if the selected TACAN channel isindicated valid.

TACAN station information:

TAC_CHAN_VALID = TACAN_CHAN_VALID_SlLss ruip
R_TACAN_EF=R _TACAN_EF SLeg (ruin

M_EFTOTD_TACAN =M_EFTOTD_TACAN_SL g, (ru i
ANGLE_CORR_TNTOMAG = ANGLE_CORR_TNTOMAG_SL& 1ru b

TACAN_ID_LAST = TACAN_IDsz (ru D

B. Interface Reguirements. Theinput and output variables for this subfunction are described in Tables
4.3.2.4.1-1and 4.3.2.4.1-2.

C. Processing Requirements. The measurement reconfiguration subfunction shall be performed prior to
processing of TACAN measurements.

D. Condraints. Itisrequired that the TACAN redundancy management selection filtering and the RTLS
navigation principa function execute at the same rate in the following sequence.

1. TACAN RM selection filtering.
2. RTLS navigation.

It isimportant that the identifier SEL_LRU _ID, and all the variablesthat have SEL_LRU ID asa
subscript in the above equations remain unchanged in the site lookup principal function while the above
equations are being executed.

E. Supplementary Information. A suggested implementation of the measurement reconfiguration
subfunction isillustrated by the flow chart TACAN_INIT CODE in Section 5.2.

43.24.2 Delta State Update.

During operation of the RTL S navigation principal function a capability for a delta state update of the
orbiter’ s onboard navigated state and reconfiguration of the covariance matrix shall be provided.

A. Detailed Requirements. Detailed requirements for the performance of the delta state update task are
described in Section 4.2.5. After execution of the delta state update task, the covariance initialization task
described in Section 4.2.3 shall be invoked to reconfigure the on—board covariance matrix. Input values of
sigmas and correlation coefficients are peculiar to and associated with the state update reconfiguration.
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B. Interface Requirements. Input and output requirements for the delta state update task are shown in
Tables 4.3.2.4.2-1 and 4.3.2.4.2-2 respectively.

C. Processing Requirements. The delta state update task and covariance matrix reconfiguration will be
initiated from inputs supplied by either the HSD specialist function processing software or by the ground
uplink processing software. The delta state update subfunction and the covariance matrix reconfiguration
shall be performed after the state propagation and measurement sel ection subfunctions have been
completed, and only upon detection of an ON valueinthe DO_DELTA_ UPDATE flag. Thisflagis
checked by the RTLS control subfunction in every cycle of the RTLS navigation principal function.

D. Constraints. None.

E. Supplementary Information. Procedures will be established to inhibit redesignation of the runway and
the incorporation of measurement data into the onboard state vector during the timeinterval between (1) the
time of the difference vectors computation and (2) the time of their application to the on—board state vector.
Correction terms, rather than the total vector, are used because the correction terms are less sensitive to
errors between the time of their computation and the time that they are actually applied to correct the
onboard state vector.

A suggested implementation in the form of the detailed flow charts ASC DELTA_STATE_UPDATE and
COVINIT_RTLS may befound in Section 5.2.

4325 State Propagation.

The state propagation subfunction that is active during operation of the RTLS navigation principal function
will beinvoked for the purpose of propagating orbiter position and velocity vectors. This subfunction will
also snap M U—sensed accelerations to be used together with modeled gravitational accelerations by the
super—g integration task.

A. Detailed Requirements. Propagation of position and velocity vectors will be performed as follows:

1. Acquirecurrent IMU—sensed total accumulated vel ocity and associated time tag.

V _CURRENT FILT
T_CURRENT_FILT

Detailed requirements for this IMU data snap task are given in Section 4.2.1.1.

2. Compute the difference between the current and the previous time tag associated with the IMU
datasnap. Thiswill betheinterval over which state propagation is desired.

DT_FILT =T_CURRENT FILT-T_LAST FILT

3. Perform integration of the position and velocity equations of motion with use of the super—g
task (see Section 4.2.1.3 for detailed requirements). Position and velocity vectors will be
propagated to the current time of the IMU datasnap (T_CURRENT _FILT),

FILT

R
V _FILT
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4. Savethe current timetag and accumulated IMU velocity for the next cycle.

T _LAST _FILT =T_CURRENT _FILT

V _LAST FILT=V _CURRENT FILT

B. Interface Requirements. The input and output parameters are listed in Tables 4.3.2.5-1 and 4.3.2.5-2.

C. Processing Requirements. The state propagation subfunction will be performed after the sensor
measurement selection subfunction and before the covariance propagation subfunction. This subfunction
will be performed each cycle at the RTL S navigation rate.

D. Constraints. None.

E. Supplementary Information. A suggested implementation in the form of detailed flow charts may be
found in Section 5.2.

NAV_GRTLS
NAV_STATE_PROP ASCENT AND_RTLS
ACCEL

4.3.2.6 Covariance Matrix Propagation.

The covariance matrix propagation subfunction propagates the covariance matrix forward intime. The
covariance matrix is propagated by utilizing the state transition matrix. Additive process noiseis
incorporated to account for unmodeled state and dynamic errors.

A. Detailed Requirements. A 6 by 6 covariance matrix will be propagated with the RTLS navigation
principal function. This covariance matrix defines the uncertainty in the state vector, which consists of
position and vel ocity of the vehicle. The method of propagation is described as follows:

The components of the state transition matrix, PHI of dimension 6 by 6, are mathematically defined asthe
partials of the current state with respect to the previous state (old). An approximate formulation which
makes use of agravity gradient matrix (3-by—3) isto be used in construction of this matrix.

PHI 11061106 1S €qual to the following submatrices.

PHI1 1031103 =ID_MATRIX_3X3+ (DT_FILT%2) GRAV_GRAD OLD
PHI 1103 4106 = (DT_FILT) ID_MATRIX_3X3

PHl4106,1t03 = (DT_FILT/2) (GRAV_GRAD_OLD + GRAV_GRAD_NEW)
PHI4106,4106 = ID_MATRIX_3X3+ (DT_FILT%2) (GRAV_GRAD_NEW)

where

GRAV_GRAD_OLD = GRAVITY_GRADIENT (R_COV_LAST)
GRAV_GRAD_NEW = GRAVITY_GRADIENT (R_FILT)

The quantity ID_MATRIX_3X3 isthe 3-by-3 identity matrix, and the gravity gradient matrix functionis
defined in Section 4.4.5.4.
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The covariance matrix, E, will be propagated using the following equation:
E =PHI EPHI" + STATE_NOISE

where the state noise covariance matrix, STATE_NOISE, is used to account for unmodeled state errors
and uncertainty in the propagation of the state. It shall be formulated as shown in Figure 4.3.2.6-1.

where

NOISE = VAR_ACC_QUANT + (VAR_UNMOD_ACC_DT) DT_FILT
NOISE_R = NOISE (DT_FILT? 0.25
NOISE_RV = NOISE (DT_FILT) 0.5

and VAR_ACC _QUANT and VAR _UNMOD_ACC DT are K-oad parameters.

Finally, since the covariance matrix, E, must be symmetric, state noise terms need only be added to the
upper triangular portion of the matrix triple product PHI E PHIT and symmetry shall be maintained by

0 =160
E, =E,,for %:1(%

B. Interface Requirements. The input and output data are shown in Tables 4.3.2.6-1 and 4.3.2.6-2.

C. Processing Requirements. This subfunction will be called after the IMU sensor data have been read
and after the state propagation subfunction has been executed.

D. Constraints. Prestored data are to be used for initialization. The propagated covariance matrix must
remain symmetric.

E. Supplementary Information. A possible implementation of this subfunction is shown in the flow charts
COVEXTRAP_PF_RTLSin Section 5.2.

" NOISE_R 0 0 NOISE_RV 0 0
0 NOISE_R 0 0 NOISE_RV 0
0 0 NOISE_R 0 0 NOISE_RV
STATENOISE= | = — — — — — — — — — b — — — — — — — — — —
NOISE_RV 0 0 NOISE 0 0
0 NOISE_RV 0 0 NOISE 0
0 0 NOISE_RV 0 0 NOISE

FIGURE 4.3.2.6-1. State Noise Formulation
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4327 State and Covariance M easurement I ncor por ation.

The state and covariance measurement incorporation subfunction updates the state vector and covariance
matrix with navigation data with the use of asix state process noise Kalman filter. The six el ements of the
state vector are navigation base Shuttle position and velocity in M50 coordinates.

A. Detailed Requirements. The state and covariance measurement incorporation subfunction is exercised
only if dataare available for processing as determined by the sensor measurement selection subfunction
(Section 4.3.2.3) and the respective measurement subfunctions (Section 4.3.2.7.1 through 4.3.2.7.7). The
sensor measurement sel ection subfunction determines which measurement types are to be considered for
processing. The measurement subfunctions process sensor data that are labeled as valid.

The measurement subfunctions will compute the measurement residual and partials of the estimated
measurement with respect to the state vector. The proper apriori measurement variance describing the
error will also be selected. The following measurement types will be available with the RTLS navigation
principal function: TACAN range and bearing; barometric altimeter; MSBLS range, azimuth, and
elevation; and drag altitude.

Once a particular measurement subfunction has completed processing valid data, the filter control flags will
be set asfollows.

TACAN

MANUAL_EDIT_OVERRIDE = TACAN_EDIT_OVERRIDE
STAT_FLAG = TACAN_STAT

Barometric altimeter

MANUAL_EDIT_OVERRIDE = BARO_EDIT_OVERRIDE
STAT_FLAG = BARO_STAT

=
of
o2
02}

MANUAL_EDIT_OVERRIDE = MLS_EDIT_OVERRIDE
STAT_FLAG = MLS STAT

E

MANUAL EDIT_OVERRIDE = DRAG_EDIT_OVERRIDE
STAT_FLAG = DRAG_STAT

The state and covariance measurement incorporation subfunction shall then update the state vector and
covariance matrix in the following manner.

This subfunction will use a Kalman filter to incorporate the measurement data to update the covariance
matrix and the state vectors. To perform these tasks, the Kalman filter uses the covariance matrix,
measurement partials, measurement residuals, and the a priori measurement variance. Nonlinear
compensation will be included if required.
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If the measurement data have been judged valid and the proper measurement subfunction has been
executed, the following update equations will be computed. (Note: The measurement subfunction
generates the partial vector, the residuals, and the a priori variance.)

First, the scalar quantity BT_E_B will be calculated from the covariance matrix E and vector measurement
partials B:

EB_COPY =EB
BT E B=B EB_COPY

where the second equation requires a dot product. The three diagona elements of the covariance matrix
pertaining to the Shuttle position uncertainty will then be summed: E;; + E;, + Ez3. If the sumis greater
than the constant MS_POS UND_WGT, the apriori variance will be compensated for nonlinear effects by

VAR = VAR +K_UND_WGT BT_E B

This compensation underweights the measurement to prevent the state error covariance matrix from
shrinking more rapidly than the actual errors. The quantity MS_DEL Q, which represents the expected
variance in the measurement, will then be computed by

MS DELQ=BT_E B+ VAR

A residua edit will be performed. A flag corresponding to the appropriate measurement subfunction will
be set to inform the crew if the edit fails: that is, if the square of the residual is greater than the quantity
RESID_ TEST, where RESID_TEST = K_RES EDIT MS DELQ and K_RES EDIT isset by the
individual measurement subfunctions. It should be noted that nonlinear compensation, when performed,
aso adjusts this edit. The larger the compensation, the larger will be the residual that passes the edit. The
residual edit will be overridden or inhibited, however, if the manual edit override for the particular sensor
being processed is active.

If there is no edit, the subfunction will compute the Kalman filter gains,
OMEGA = EB_COPY/MS DELQ (F)
F® This equation shall be protected against divisions by zero (Section 3.5).
and update the covariance matrix,
E = E—-OMEGA (EB_COPY")
and the state vector,

R _FILT=R _FILT + OMEGA; x5 DELQ
V _FILT=V FILT + OMEGA,,s DELQ

where DEL Q corresponds to the appropriate measurement residual. The edit flag corresponding to the
appropriate measurement subfunction will be set to indicate that the measurement data have been processed
rather than edited.
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This subfunction will also be used to compute the residual test quantity for manually selected sensor types
whenever thefilter is not incorporating data. This quantity, together with residual s calculated by the
measurement subfunctions, will be required for display purposes. A flag corresponding to the appropriate
measurement type will be set by the navigation sensor selection task to prevent Kalman filter gain
computations and state and covariance matrix updates under this condition. The filter edit flag will be set,
in this case, to indicate to measurement processing statistics (Section 4.3.2.8) that the data have been
computed for display purposes only.

It isrequired that the residual (DELQ), the residual test quantity (RESID_ TEST) and the residua edit flag
corresponding to each measurement subfunction be available for display purposes. The following data
shall therefore be stored after the particular measurement type has been processed for subsequent
computation of measurement processing statistics as described in Section 4.3.2.8.

TACAN

SENSOR_EDIT i = EDIT_FLAG
SENSOR_RESID_TEST 1 = RESID_TEST
SENSOR_DEL Q4> = DELQ

where the subscript 1 corresponds to bearing and 2 to range and the quantities for each measurement type
are set equal to their respective flag and parameter.

Barometric altimeter

SENSOR_EDIT;=EDIT_FLAG
SENSOR_RESID_TEST,; = RESID_TEST
SENSOR_DELQ; = DELQ

Drag
SENSOR_EDIT,=EDIT FLAG
SENSOR_RESID TEST, = RESID TEST
SENSOR_DELQ,=DELQ

MSBLS

SENSOR_EDITs a7 = EDIT_FLAG
SENSOR_RESID_TESTs 6amq7 = RESID_TEST SENSOR
SENSOR_DEL Qs gag7 = DELQ

where the subscripts 5, 6 and 7 correspond to azimuth, range, and elevation, respectively. The quantities
for each measurement type are set equal to their respective flag or parameter.

B. Interface Reguirements. Theinputs and outputs for this subfunction are given in Tables 4.3.2.7-1 and
4.3.2.7-2.
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C. Processing Requirements. This subfunction is not exercised until the external sensor data snap, sensor
measurement selection, RTLS navigation reconfiguration, and state and covariance propagation
subfunctions have been performed; and the measurement processing statistics subfunction cannot be
initiated until this subfunction is completed.

D. Condraints. Thereisno requirement in the state and covariance measurement incorporation
subfunction to perform updating if the data—validity flag indicates bad data. No manual override of this
flag existsin this subfunction. If it is desired to process a particular measurement, the data—validity flag
must be made to indicate that the data are valid.

E. Supplementary Information. A possible implementation of the state and covariance measurement
incorporation subfunction is presented in various flow charts of Section 5.2. The Kalman filter equations,
from the calculation of the weighting factor to the update of the state, are shown in the flow chart

RTLS NAV_FILTER. The setting of thefilter control flags MANUAL_EDIT_OVERRIDE and
STAT_FLAG and the setting of the appropriate components of the display arrays SENSOR_EDIT,
SENSOR_RESID_TEST and SENSOR_DEL Q to the desired values are shown in the individual
measurement function flow charts RTLS DRAG_NAV, RTLS BARO NAV,

RTLS MLS RANGE_NAV, RTLS MLS AZ NAV,RTLS MLS EL_NAV, and

RTLS TACAN_NAYV codes.

43271 DragAltitude.

The drag atitude measurement subfunction constructs a pseudoatitude measurement, an estimated altitude
measurement, and a measurement residual for the Orbiter state vector. The pseudoaltitude measurement is
calculated from accel erometer outputs, amodel of air density as afunction of atitude, and a model of drag
asafunction of the angle of attack. The subfunction aso calculates the first partial derivatives of the
estimated measurement with respect to the state vector, as well as the appropriate variance to model the
instrument error.

A. Detailed Requirements. A description of the symbols used in the following equations may be found in
Tables4.3.2.7.1-1 and 4.3.2.7.1-2.

Drag residua. The subfunction shall compute the drag altitude estimate by using the equation
Q=H_ELLIPSOID (R _FILT)

where the function H_EL LIPSOID generates the height above the reference ellipsoid (requirements for this
function are described in Section 4.4.5.1).

A four—ayer atmospheric model shall be used to compute the pseudoaltitude measurement. The scale
height, H_S, and the density at the base, RHO _ ZERO, used in the equations of pseudoaltitude
measurement shall be selected as afunction of the estimated altitude, Q. Also, the deterministic drag bias
shall be selected as a function of the altitude.
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Doforl =1,4;

If Q>DENSITY_LIMIT, then LAYER =1. Then set

H_S = SCALE_HTLAYER
RHO_ZERO = BASE_DENLAYER, and
BIAS DRAG = BIAS DRAG_LAYER aver

where DENSITY _LIMIT, SCALE_HT, BASE_DEN and BIAS DRAG_LAYER are premission
determined 4 component arrays.

This subfunction shall then compute the pseudoaltitude measurement with the equations

V_RHO=V REL (V_FILT,R _FILT)
DRAG_PARAM = DRAG_CONST DT _FILTV_RHO+«V _RHO®
|UNIT (V _RHO) « DV_FILT]| &)

F® This equation shall be protected against divisions by zero (Section 3.5).

ALP= |ALPHA|
C_DRAG = C_DRAG_ZERO + ALP (C_DRAG_ONE + ALP C_DRAG_TWO)
Q_DRAG =H_SLOG, (C_DRAG RHO_ZERO DRAG_PARAM)

whereV _REL isthe function that computes the relative velocity of the vehicle with respect to the rotating
atmosphere, described in Section 4.4.5.2.

Theresidual shall then be computed by
DELQ=Q DRAG-Q-BIAS DRAG

B. Drag Partidls. The partial derivatives of the altitude measurement with respect to the state are to be
computed as follows:

B1ws=UNIT (R_FILT)
§4T06:6

The variance of the drag altitude measurement error shall be defined by
VAR =VAR _DRAG

The scale factor on the filter mean square residual used in the residua edit test, K_RES EDIT, shall be set
equal to K_EDIT_DRAG, which isa premission load.

The state and covariance matrix will then be updated provided that the residual edit criterion is met as
described in Section 4.3.2.7.

C. Interface Regquirements. The input and output variables for the drag measurement subfunction are
givenin Tables4.3.2.7.1-1 and 4.3.2.7.1-2.
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D. Processing Requirements. This subfunction shall be performed, after the state and covariance
propagation (Sections 4.3.2.5 and 4.3.2.6), at the basic filter rate. This subfunction is performed aslong
as drag atitude measurements are being processed.

E. Constraints. None.

F. Supplementary Information. A suggested implementation of this subfunction is shown in the flow chart
RTLS DRAG_NAYV in Section 5.2 The flow chart contains a combination of the requirements described
in this section with some that are described in Section 4.3.2.7, namely the setting of the filter control flags
MANUAL_EDIT_OVERRIDE and STAT_FLAG to DRAG_EDIT_OVERRIDE and to DRAG_STAT
respectively, the call to RTLS NAV_FILTER and the setting of the display parameters SENSOR_EDIT,,
SENSOR_RESID_TEST,, and SENSOR_DELQ,, to EDIT_FLAG, RESID_TEST, and DELQ,
respectively.

43272 TACAN Range.

The TACAN range measurement subfunction computes the estimated range from the Shuttle to the
TACAN station, the range residual, and the range measurement partials, and sel ects the proper variance to
model the uncorrelated instrument error. It isassumed that TACAN range datawill be provided by the
TACAN RM by way of the sensor data snap.

A. Detailed Requirements. First, the position vector will be interpolated to the time of the TACAN sensor
measurement, if required, as described in Section 4.2.2, and saved asthe variable R _RESID for
subsequent use in the partials computation. The range residual will then be calculated as follows:

The subfunction will compute the estimated Shuttle relative range by using the equation

Q=|R _RESID —R _SCANNER]

where

M_EFTOMS50 = EARTH_FIXED_TO_M50_COORD (T_TACAN)
R _SCANNER=M_EFTOM50R _TACAN_EF

The earthfixed TACAN station position vector, R_TACAN_EF, is obtained from the measurement
reconfiguration subfunction (Section 4.3.2.4.1).

Theresidua shall then be calculated by
DELQ=Q TAC R-Q
where Q_TAC_R isthe measured TACAN range.

Then the partial derivatives of the range measurement with respect to the state are to be computed as
follows:

B1ws=UNIT (R_RESID —R _SCANNER)
§4t06:6

where the function UNIT isto compute the unit vector.
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The variance of the TACAN range measurement error is selected from premission determined constants as
afunction of the relative range from the station to the vehicle, RNG,

RNG= R _FILT-R _SCANNER|

If the range, RNG, is greater than a premission constant, RNG_ VAR _RNG_STEP, then
VAR =VAR _TAC R HIGH

otherwise
VAR=VAR TAC R LOW

The scale factor on the filter mean square residual, used in the residual edit test, K RESID_EDIT, shall be
set equal to K_EDIT_TACR, which isapremission load.

The state vector and covariance matrix will then be updated as described in Section 4.3.2.7.

The quantity RESID_TEST, computed by the filter, shall be compared to the design dependent parameter
TACAN_RNG_CONVERG _TEST. Depending on the outcome of this comparison, the flag
ONE_RANGE_LOCK shall be set to ON or OFF: ON if RESID_TEST < TACAN_RNG _
CONVERG_TEST, OFF otherwise. The flag ONE_RANGE _LOCK shall then be output for use by the
TACAN redundancy management.

B. Interface Requirements. The inputs and outputs for the TACAN range measurement subfunction are
givenin Tables4.3.2.7.2-1 and 4.3.2.7.2-2.

C. Processing Requirements. This subfunction will be performed after the RTL S navigation
reconfiguration subfunction (Section 4.3.2.4) at the basic filter rate. This subfunction will be performed as
long as TACAN range measurements are being processed.

D. Condgraints. This subfunction will only be executed if the data are indicated valid (i.e., the
TAC_RNG _DATA_GOOD flagis ON) and the TACAN channel data as provided by TACAN site lookup
(Section 4.5.2.2) areindicated valid (i.e.,, the TAC_CHAN_VALID flag is ON).

E. Supplementary Information. The location of the TACAN antenna has been neglected in calculating the
range measurement estimate, because this error isless than the error associated with the measurement. A
possible implementation of this subfunction is shown in a portion of the flow chart

RTLS TACAN_NAV_CODE in Section 5.2. Notethat total computation for both TACAN range and
bearing are minimized in this flow chart athough the sequence shown is different than the text sequence.
Besides containing both TACAN range and bearing computations, the flow chart shows some of the
requirements described in Section 4.3.2.7, namely the setting of the filter control flags
MANUAL_EDIT_OVERRIDE and STAT_FLAG to TACAN_EDIT_OVERRIDE and TACAN_STAT
respectively, the call to RTLS NAV_FILTER, and the setting of the display parameters
SENSOR_EDIT; 42, SENSOR_RESID_TEST 42, and SENSOR_DELQ; o, t0

EDIT_FLAG, RESID_ TEST and DELQ, respectively.
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4.3.2.7.3 TACAN Bearing.

The TACAN bearing measurement subfunction computes the estimated bearing measurement with respect
to the TACAN station, the measurement residual, and the bearing measurement partials, and it selectsthe
proper variance to model the instrument error. It is assumed that the TACAN bearing data referenced to
magnetic north are available from the TACAN RM by way of the sensor data snap.

A. Detailed Requirements. A description of the symbols used in the following equations may be found in
Tables4.3.2.7.3-1 and 4.3.2.7.3-2.

The position vector of the TACAN station in M50 coordinates, R _SCANNER, is computed by

M_EFTOM50 = EARTH_FIXED_TO_M50 COORD(T_TACAN)
R _SCANNER=M_EFTOM50R TAC EF
The transformation from M50 to topodetic coordinates is obtained by

M_MS50TOTD =M_EFTOTD_TACAN M_EFTOMS50"

whereM_EFTOTD_TACAN and R_TACAN_EF were obtained from the measurement reconfiguration
subfunction (Section 4.3.2.4.1).

TheflagsIN_CONE_FLAG (which, when set to ON, indicates the vehicleisinside the TACAN station’s
code of confusion) and TAC_BRG_DATA_GOOD (which indicates the validity of beaming data) shall be
checked.

The following calculations shall be performed only if the bearing data are indicated valid
(TAC_BRG_DATA_GOOD = ON) and the IN_CONE_FLAG is OFF.

First, the position vector shall be interpolated to the time of the TACAN measurement, if required, as
described in Section 4.2.2 and saved as the variable R _RESID for subsequent use in the partial
computation. The bearing residual shall then be calculated as follows:

The estimated bearing measurement shall be computed as
Q=ARCTAN2 (REL_R;, REL_R;) —ANGLE_CORR_TNTOMAG + P! (F)

F’ This equation shall protect against arc tangents with both arguments equal to
zero (Section 3.5).

where ANGLE_CORR_TNTOMAG is the correction from true north to magnetic north, and REL_R, the
relative position of the Shuttle in topodetic coordinates, is calculated by

REL_R=M_M50TOTD (R _RESID —R _SCANNER)
Theresidual isthen calculated as
DELQ=Q TAC BRG-Q

Thisresidual should be checked to ensure that its magnitude is less than 180 degrees. If not, the smaller of
the two possible central anglesis required:
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IF |DELQ | >t then,
IF DELQ >0, DELQ=DELQ —2PI
IFDELQ <0, DELQ=DELQ + 2Pl

The bearing partials shall be computed by invoking the utility subfunction ANGLE_PARTIALS (Section
4.4.5.3) with inputs R _ SCANNER and the third row of the transformation matrix from M50 to topodetic
coordinates:

CALL: ANGLE_PARTIALS
IN LIST: R_SCANNER, M_M50TOTDj3 1103

The variance of the TACAN bearing measurement error is obtained as a function of the relative range from
the station to the vehicle, RNG,

RNG=|R _FILT —R _SCANNER]
If the range, RNG, is greater than a premission constant, RNG_VAR_BEARING_STEP,
then

VAR =VAR _TAC BRG_HIGH
otherwise

VAR =VAR _TAC BRG_LOW.

ThevaluesVAR_TAC BRG_HIGH and VAR_TAC BRG_LOW are design dependent parameters
(Section 4.9.3).

The scale factor on the filter mean square residual for use in theresidual edit test, K_RES EDIT, shall be
set equal to K_EDIT_TACBR, which isa premission load.

The state vector and covariance matrix will then be updated as described in Section 4.3.2.7.

The quantity RESID_TEST, computed by the filter, shall be compared to the design dependent parameter
TACAN_BRG _CONVERG _TEST. Theflag ONE BRG_LOCK shall be set to ON or OFF depending on
the outcome of this comparison: ON if RESID TEST < TACAN_BRG_CONVERG_TEST, OFF
otherwise. Theflag ONE_BRG_LOCK shall then be output for use by the TACAN RM.

B. Interface Requirements. The inputs and outputs for the TACAN bearing measurement subfunction are
givenin Tables4.3.2.7.3-1 and 4.3.2.7.3-2.

C. Processing Requirements. The subfunction will be performed after the RTL S navigation
reconfiguration subfunction (Section 4.3.2.4) at the basic filter rate. This subfunction will be performed as
long as TACAN measurements are being processed.

D. Condgraints. This subfunction will only be executed if the data are indicated valid (i.e., the
TAC _BRG_DATA_GOOD flag is ON) and the TACAN channel data as provided by TACAN site lookup
(Section 4.5.2.2) areindicated valid (i.e.,, the TACAN_CHAN_VALID flagis ON).
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E. Supplementary Information. The location of the TACAN antenna has been neglected in calculating the
bearing measurement estimate, because this error isless than that associated with the error in the
measurement itself. A possible implementation of this subfunction is shown in a portion of the flow chart
RTLS TACAN_NAV, which may be found in Section 5.2. In the flow chart, computations have been
combined with TACAN range data processing and with requirements shown in Section 4.3.2.7, namely the
setting of the filter control flags MANUAL_EDIT_OVERRIDE and STAT_FLAGto
TACAN_EDIT_OVERRIDE and TACAN_STAT, respectively, the call to RTLS NAV_FILTER, and the
setting of the display parameters SENSOR_EDIT; 2, SENSOR_RESID_TEST, o2, and
SENSOR_DELQ;,t0 EDIT_FLAG, RESID_TEST, and DELQ, respectively.

4.3.2.74 Barometric Altimeter.

The barometric atimeter measurement subfunction cal cul ates the estimated altitude measurement, the
measurement residual, the measurement partials, and the variance that models the instrument error. Itis
assumed that the barometric altitude data will be provided by the ADTA SOP viathe sensor data snap.

A. Detailed Requirements. A description of the symbols used in the following equations may be found in
Tables4.3.2.7.4-1, 4.3.2.7.4-2.

The barometric measurement subfunction will compute the barometric altimeter estimate by using the state
vector with the following eguation:

Q=H_ELLIPSOID (R_RESID) + BIAS BARO—DELH_MSL_ELLIPSOID_RW

The state vector used, R _RESID, may have been interpolated to the sensor measurement time, if required,
as described in Section 4.2.2. Requirements for H_EL LIPSOID, which isthe function used to generate the
height above the reference ellipsoid, are contained in Section 4.4.5.1.

Theresidual will then be calculated by

DELQ=Q BARO-Q

The variance of the barometric measurement error will be calculated as
VAR =VAR_H1+ VAR _H2 (Q-ALT_RW)?

where ALT_RW isthe dtitude of the runway threshold above the reference elipsoid.

The partial derivative of the barometric measurement with respect to the state is computed as follows:

Biws = UNIT (R _FILT)
§4t06:6

where the function UNIT computes the unit vector.

The scale factor on the filter mean square residual used in the residua edit test, K_RES EDIT, shall be set
equa to K_EDIT_BARO, whichisapremission load.

The state vector and covariance matrix will then be updated as described in Section 4.3.2.7.

B. Interface Requirements. The input and output variables for the barometric measurement subfunction
aregivenin Tables4.3.2.7.4-1 and 4.3.2.7.4-2.
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C. Processing Requirements. This subfunction will be performed after the RTL S navigation
reconfiguration subfunction (Section 4.3.2.4) at the basic filter rate. This subfunction is performed aslong
as barometric altitude measurements are being processed.

D. Condgraints. This subfunction will only be executed if the data are indicated valid (i.e., the
BARO_DATA_GOOQOD flag is ON).

E. Supplementary Information. The assumption is made, for ssimplification, that the barometric probeis
located at the navigation base. Thisisavalid assumption since the error involved in mislocating the probe
isless than the errors associated with the barometric measurement.

A possible implementation of this subfunction is shown in the flow chart RTLS BARO_NAV_CODE.
Note that the flow chart also contains some requirements described in Section 4.3.2.7, namely the setting of
thisfilter control flags MANUAL_EDIT_OVERRIDE and TACAN_STAT to BARO_EDIT_OVERRIDE
and BARO_STAT, respectively, the call to RTLS NAV_FILTER, and the setting of the display
parameters SENSOR_EDI T3, SENSOR_RESID_TEST; and SENSOR_DEL Qs to EDIT_FLAG,
RESID_TEST, and DELQ, respectively.

43275 MSBLSRange.

The MSBL S range measurement subfunction cal cul ates the estimated range from the Shuttle to the
MSBLS station, the range residual, and the measurement partials; and it selects the proper variance that
models the instrument error. It isassumed that the MSBL S range measurement data will be provided by
the MSBLS RM to this subfunction by way of the sensor data snap.

A. Detailed Requirements. Descriptions of symbols used in the following equations may be found in
Tables4.3.2.7.5-1 and 4.3.2.7.5-2.

First, the estimated range will be calculated with the use of the following equation:
Q=|R _RESID-R_ SCANNER| + BIAS MLSRANGE
where
R _SCANNER = EARTH_FIXED TO M50 COORD (T_EF RMLS)R _RMLS EF

andR _RM LS EF isobtained from the runway/M SBL S site |ookup subfunction (Section 4.5.2.1). The
state vector, R _RESID, may be interpolated to the sensor measurement time, if required, as described in
Section 4.2.2. The residual will then be computed by

DELQ =Q RANGE-Q

The variance of the MSLBS measurement error is set equal to the design dependent parameter
VAR _RMLS (Section 4.9.3):

VAR=VAR RMLS

The MSBL S range measurement partials are to be computed as follows:
Biws=UNIT (R_RESID —R _SCANNER)

§4 t06 — 0.
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The scale factor on the filter mean square residual used in the residual edit test, K_RESID _EDIT, shall be
set equal to K_EDIT_MLSR, which hastwo values. The large value (400) is used first to insure initial
processing or reacquiring of MSBL S range measurement and the smaller value (36) is used to alow editing
of MSBL S transients after the measurement processing has reduced that state error.

Finally, the state vector and the covariance matrix will be updated as described in Section 4.3.2.7.

B. Interface Requirements. The inputs and outputs for the M SBL S range measurement subfunction are
givenin Tables4.3.2.7.5-1 and 4.3.2.7.5-2.

C. Processing Requirements. This subfunction will be performed after the state and covariance matrix
have been propagated, at the basic filter rate.

D. Condraints. This subfunction will be executed only if the MSBL S range data are labeled valid (i.e.,
the MLSRANGE DATA_GOOD flag is ON).

E. Supplementary Information. The location of the onboard MSBL S antenna may be neglected in
calculating the range measurement estimate, because this error is much less than the error associated with
the measurement. A possible implementation of these requirementsisillustrated in flow charts

RTLS MLS NAV CODE and RTLS MLS RANGE_NAV CODE in Section 5.2. Note that the flow
chart RTLS MLS NAV CODE also contains equations shown in Section 4.3.2.7, namely the setting of the
filter control flags MANUAL_EDIT_OVERRIDE and STAT_FLAGtoMLS EDIT_OVERRIDE and
MLS _STAT respectively, and that the flow chart RTLS MLS RANGE_NAV CODE contains also some
requirements from Section 4.3.2.7: thecall to RTLS NAV_FILTER and the setting of the display
parameters SENSOR_EDITgs, SENSOR_RESID_TEST,, and SENSOR_DEL Qs to EDIT_FLAG,
RESID_TEST and DELQ, respectively.

43276 MSBLSAzimuth.

The MSBL S azimuth measurement subfunction cal culates the estimated M SBL S azimuth measurement,
the residual, and the measurement partials; and it selects the proper variance that models the instrument
error. It isassumed that the MSBL S azimuth measurement data will be provided to this subfunction by the
MSBLS RM by way of the sensor data snap.

A. Detailed Requirements. Descriptions of symbols used in the following equations may be found in
Tables 4.3.2.7.6-1 and 4.3.2.7.6-2.

First, atransformation matrix from the M50 coordinates to the MSBL S azimuth radar coordinates will be
computed at the time tag of the MSBL S azimuth measurement, T_EF AZMLS.

M_EFTOM50 = EARTH_FIXED_TO_M50_COORD (T_EF_AZMLS)
M_M50 TO _SCANNER =M _EFTORAD R _AZ M_EFTOMS50"

whereM_EFTORAD_R_AZ will be provided by the runway/M SBL S site lookup sub—function (Section
4.5.2.1). Therelative position of the Shuttle with respect to the MSBL S azimuth station will then be
computed by

R =M_M50 TO SCANNER (R_RESID —-R_AZMLYS)
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whereR _AZMLSis computed by using the equation
R_AZMLS=M_EFTOM50R _AZMLS EF

and E__AZM LS EF will be obtained from the runway/M SBL S site lookup sub—function. The state vector
used, R _RESID, may be interpolated to the sensor measurement time, if required, as described in Section
4.2.2.

The estimated M SBL S azimuth measurement will then be computed by
Q =ARCTAN (RJ/Ry) + BIAS AZMLS (F, F®

F’  If both arguments are zero, avalue of zero should be returned (Section 3.5).
F° Thisequation shall be protected against divisions by zero (Section 3.5).

and the residual will be computed by
DELQ=Q AZMLS-Q

The variance of the MSBL S azimuth measurement error is then set equal to the design dependent parameter
VAR _AZMLS (Second 4.9.3):

VAR =VAR_AZMLS

The MSBL S azimuth partials are to be computed next by using the function ANGLE_ PARTIALS
(Section 4.4.5.3), with R_AZMLS and the third row of the transformation matrix from M50 to MSBL S
azimuth radar coordinates as inputs:

CALL: ANGLE_PARTIALS

INLIST: R_AZMLS,M_M50_TO_SCANNERS, 1103

The scale factor on the filter mean square residual used in the residua edit test, K_RES EDIT, shall be set
equal to K_EDIT_MLSAZ, which hastwo values. The large value (400) is used first to insure initial
processing or reacquiring of MSBL S azimuth measurement and the smaller value (16) is used to allow
editing of MSBL S transients after the measurement processing has reduced the state errror.

Finally, the state vector and the covariance matrix will be updated as described in Section 4.3.2.7.

B. Interface Requirements. The inputs and outputs for the M SBL S azimuth measurement subfunction are
givenin Tables4.3.2.7.6-1 and 4.3.2.7.6-2.

C. Processing Requirements. This subfunction will be performed after the state and covariance matrix
have been propagated, at the basic filter rate.

D. Condgraints. This subfunction will be executed only if the MSBL S azimuth data are labeled valid (i.e.,
the MLSAZ_DATA_GOOQD flag is ON).

E. Supplementary Information. The location of the on board MSBL S antennamay be neglected in
calculating the azimuth measurement estimate, since this error is much less than that error associated with
the measurement.
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A possible implementation of these requirementsisillustrated in flow charts RTLS MLS NAV CODE
and RTLS MLS AZ NAV CODE in Section 5.2. Note that both of these flow charts contain equations
that are described in Section 4.3.2.7. RTLS MLS NAV CODE shows the setting of the filter control
flagsMANUAL_EDIT_OVERRIDE and STAT_FLAGto MLS EDIT_OVERRIDE and MLS _STAT
respectively; RTLS MLS AZ NAV CODE containsthe call to RTLS NAV_FILTER and the setting of
the display parameters SENSOR EDITs, SENSOR_RESID_TESTs, and SENSOR_DEL Qs to
EDIT_FLAG, RESID_TEST, and DELQ, respectively.
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4.3.2.7.7 MSBLSElevation.

The MSBLS elevation measurement subfunction cal culates the estimated M SBL S elevation measurement,
the residual, and the measurement partials, and it selects the proper variance that models the instrument
error. Itisassumed that the MSBL S elevation measurement datawill be provided to this subfunction by
the MSBLS RM by way of the sensor data snap.

A. Detailed Requirements. Descriptions of the symbols used in the following equations may be found in
Tables4.3.2.7.7-1 and 4.3.2.7.7-2.

First, atransformation matrix from M50 to MSBL S elevation radar coordinates will be computed at the
time tag of the MSBL S elevation measurement, T_EF ELMLS.

M_EFTOM50 = EARTH_FIXED_TO_M50 COORD (T_EF_ELMLS)
M_M50 TO_SCANNER =M _EFTORAD _EL M_EFTOMS50"

where M_EFTORAD_EL will be provided by the runway/M SBL S site lookup subfunction (Section
4.5.2.1). Therelative position of the Shuttle with respect to the MSBL S elevation radar will then be
calculated as

R =M_M50 TO SCANNER (R_RESID —R_ELMLS)
whereR_ELMLSis computed by using the equation
R_ELMLS=M_EFTOM50R_ELMLS EF

and R_ELMLS _EF will be obtained from the runway/M SBL S site lookup subfunction. The state vector,
R_RESID, may be interpolated to the sensor measurement time, if required, as described in Section 4.2.2.

The subfunction will then compute the estimated €l evation measurement by
Q= ARCTAN (Ry/R,) + BIASELMLS (F)
F’  If both arguments are zero, avalue of zero should be returned (Section 3.5).
and will compensate for antenna displacement by

Q=Q+MLSANT_NB_DIST SIN(Q + PITCH_M — MLSANT_ANG)/R_RHO

where R_RHO is equal to the magnitude of R, MLSANT _NB_DIST is the distance from the navigation
base to the MSBL S antenna location on the vehicle, MLSANT _ ANG is the angle between the navigation
base to the MSBL S antenna vector and the vehicle' s X body—axis, and PITCH_M isthe pitch angle.

Finally, the residua will be computed by
DELQ=Q ELMLS-Q

If the estimated measurement, Q, is below a minimum angle cutoff, MSBLS EL_ANGLE_CUTOFF, then
MSBLS elevation datawill no longer be used to update the state vector. This termination of state updating
will be communicated to the RTLS measurement processing statistics subfunction by setting the flag
MSBLS EL_INHIBIT to ON.
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The variance of the MSBL S el evation measurement is to be set equal to the design dependent parameter
VAR _ELMLS (Section 4.9.3):

VAR=VAR_ELMLS

The elevation measurement partials are to be computed by using the function ANGLE_PARTIALS
(Section 4.4.5.3) with R_ELML S and the negative of the second row of the transformation matrix from
M50 to them MSBL S elevation radar coordinates as inputs:

CALL: ANGLE_PARTIALS
INLIST: R ELMLS, M_M50 TO_SCANNER; 13

The scale factor on the filter mean square residual used in the residua edit test, K_RES EDIT, shall be set
equal to K_EDIT_MLSEL, which hastwo values. Thelarge value (400) is used first to insure initial
processing or reacquiring of MSBL S elevation measurement and the smaller value (9) is used to allow
editing of MSBL S transients after the measurement processing has reduced the state error. Next, test the
status of the flag MSBLS EL_INHIBIT. If theflagis ON then set STAT_FLAG equa to ON.

Finally, the state vector and the covariance matrix will be updated as described in Section 4.3.2.7 and
display datawill be saved for use by measurement processing statistics.

B. Interface Requirements. The inputs and outputs for the MSBL S elevation measurement subfunction are
givenin Tables4.3.2.7.7-1 and 4.3.2.7.7-2.

C. Processing Reguirements. This subfunction will be performed at the basic filter rate after the state and
covariance matrix have been propagated.

D. Condraints. This subfunction will be executed only if MSBLS elevation data are labeled vdid (i.e., the
MLSEL_DATA_GOOD flag is ON).

E. Supplementary Information. It isassumed that all vehicle-mounted MSBL S antennas are collocated.

A possible implementation of this subfunction is shown in flow chartsRTLS MLS NAV CODE and
RTLS MLS EL_NAV CODE in Section 5.2. Note that these two flow charts contain equations that are
described in Section 4.3.2.7. RTLSMLS NAYV contains the setting of the filter control flags
MANUAL_EDIT_OVERRIDE and STAT_FLAGto MLS EDIT_OVERRIDE and MLS_STAT
respectively; RTLS MLS EL_NAV containsthe call to RTLS NAV_FILTER and the setting of the
display parameters SENSOR_EDIT;, SENSOR_RESID_TEST; and SENSOR_DELQ;to EDIT_FLAG,
RESID_TEST and DELQ, respectively.
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4328 M easur ement Processing Statistics.

During navigation phases that utilize external sensor measurements, the measurement processing statistics
subfunction will compute for display certain parameters that are indicative of the condition of the
navigation filter and the external sensor measurementsthat it utilizes. The measurement processing
statistics subfunction will be performed as a subfunction of the RTL S navigation processing principal
function. It will be performed after the corresponding state and covariance measurement incorporation
subfunction has been performed. Filter edit indicators, which will have been initialized to a default value
during the corresponding sensor measurement selection subfunction, will be redefined during the
performance of the state and covariance measurement incorporation subfunction. Thiswill indicate to the
measurement processing statistics subfunction, for each measurement type being utilized, which of the
following four cases has occurred: (1) edit indicator = OFF —the filter was not configured for the
measurement type, or the data were bad and the filter did not attempt to process data of that type; (2) edit
indicator = ON — the filter did attempt to process the measurement type but automatically edited the data;
(3) edit indicator = PROCESSED - the filter did process the measurement type; or (4) edit indicator =
STAT —thefilter was used solely for producing the residual and ratio parameters for display.

Moreover, the state and covariance measurement incorporation subfunction will provide the measurement
processing statistics subfunction with the value of each measurement residual and the square of the
denominator of the display residual edit ratio, which is described in the following paragraphs. The data
supplied to the measurement processing statistics subfunction can be used for two different purposes. (1) to
calculate the status of the processing of the externa sensor data and (2) to compute statistics for the sensor
measurement type selected by the sensor measurement sel ection subfunction.

A. Detailed Requirements. The indexed variables have the following definitions:

SENSOR_EDIT; isthe edit indicator for the TACAN bearing measurement.
SENSOR_EDIT, isthe edit indicator for the TACAN range measurement.
SENSOR_EDIT; isthe edit indicator for the barometric altitude measurement.
SENSOR_EDIT, isthe edit indicator for the drag altitude measurement.
SENSOR_EDITs isthe edit indicator for the MSBL S azimuth measurement.
SENSOR_EDITg isthe edit indicator for the MSBL S range measurement.
SENSOR_EDIT; isthe edit indicator for the MSBLS el evation measurement.

For each TACAN, drag atitude, barometric atimeter, and M SBL S measurement type, three parameters
are to be computed to show how well the navigation filter is processing external measurements of that
particular type. The three parameters to be computed for each measurement are as follows:

1. Thedisplay measurement residua isto be the actual measurement residual computed by the
navigation filter for the particular type, provided the navigation filter has done the computation
(i.e., provided that the filter was configured to attempt processing of that particular
measurement type during the filter cycle just completed). If the filter was not configured for the
measurement type, so that no residual was computed, then the display measurement residual for
the particular measurement type shall be displayed as a BLANK in accordance with display
reguirements.
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2. Thedisplay residud edit ratiois, for a particular measurement type, the absolute value of the
actual measurement residua divided by the maximum magnitude that the residud for this
measurement type may attain before automatic data editing in the filter occurs. Again, if the
filter was not configured for the particular measurement, this display parameter shall be
presented as BLANK.

3. Thedisplay edit history indicator, if displayed asthe symbol “1” on the cathode ray tube, shall
indicate that for more than K_MAX times out of the last 4 times that the filter attempted to
process the particular measurement type, automatic data editing occurred. Otherwise, this
indicator shall be displayed asaBLANK. K_MAX is a padloaded integer such that
1<K_MAX <4

The actual calculation of the three parameters above shall be accomplished as follows. To compute the
display edit history indicators, it is necessary to retain edit information about the last 4 cyclesfor each
measurement type. Thiswill be accomplished by use of an MX4 matrix EDIT_ARRAY, where M
represents the maximum number of measurement types to be managed by this subfunction during the
various navigation phases. In the equations below, the following definitions are used.

DISP DELQ, = parameter (1) above for the I-th measurement type.
DISP_SIG, = parameter (2) above for the I-th measurement type.
DISP_EDIT, = parameter (3) above for the I-th measurement type.
SENSOR_EDIT, = thefilter edit indicator for the I-th measurement type.
SENSOR_DELQ, = thefilter measurement residual for the I-th measurement type.
SENSOR_RESID_TEST, = the square of the denominator of the display residua edit ratio

for the I-th measurement type.

The correspondence between the subscript, |, and measurement type shall be asfollows:

| =1-TACAN bearing

| =2—-TACAN range

| = 3—barometric altitude
| =4 —drag dtitude

| =5-MSBLS azimuth

| =6-MSBLSrange

| =7-MSBLSe€eevation

For each value of the integer | in theinterval (1, 7), the following procedure will be performed.

Theindicator SENSOR_EDIT, shall be tested; and if found to have the value “ OFF,” both DISP_DEL Q,
and DISP_SIG, shall be given the value “BLANK” and the calculations shall cease at this point. If the
value tested is not “OFF,” then DISP_DEL Q, shall be given the value SENSOR_DELQ, and DISP_SIG,
shall be calculated according to
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ABS(SENSOR_DELQ),)

DISP_SIG, =
=" " (SENSOR_RESID_TEST)"2

(F F)

F*  Thisshould be treated in the same manner as floating point overflow (Section 3.5).

F* The square root of anegative number should be treated in the same manner as
floating point overflow (Section 3.5).

provided that SENSOR_RESID_TEST, is positive.

The SENSOR_EDIT, indicator shall again be tested; and if found to have the value “STAT”, DISP_EDIT,
shall be given the value “BLANK” and the calculations shall cease at this point. If the value tested is not
“STAT,” the column index, J;, shall be incremented by 1 and reset to 1 if its value then should be 5. Next,
the parameter SUMI shall be determined as SUM, = SUM, —EDIT_ARRAY (I, COLUMN), where
COLUMN = J, and SENSOR_EDIT, shal again betested. If itsvalueis“ON”, then

EDIT_ARRAY (I, COLUMN) shall be given the value one and SUM, shall be incremented by one. If its
valueisnot “ON”, then EDIT_ARRAY (I, COLUMN) shall be set to zero. Finally, SUM, shall be tested;
and if its value exceeds the value K_MAX, DISP_EDIT, shall be giventhevaue “1”; otherwise,
DISP_EDIT, = BLANK.

Therange residual, DISP_DEL Q,, will be tested and if found to be not equal to BLANK, it shall be
expressed in nautical miles by multiplying it by the conversion factor from feet to nautical miles. Thus,

IFDISP DELQ, # BLANK
THEN DISP_DELQ, = DISP_DELQ, NAUTMI_PER_FT

Thethree discretes, NAV_ALT_FLAG, NAV_TAC _FLAG, and NAV_MLS FLAG, will be used to
establish the value of the navigation event lamp indicator, NAV__EDIT_IND, and also to establish crew
alerts on the Heads Up Display (HUD). These discretes indicate the status of the processing of the
particular external sensor data indicated.

The Shuttle altitude, ALT, shall betested, and if ALT < ALT_NAV_EVLT,, thenthe discrete,

DO _MLS NAV, shal betested. If thisflag hasthe value of OFF, then TACAN and baro/drag altitude
data processing will betested. Otherwise, if DO_MLS _NAYV hasthe value of ON, then the discretes,
NAV_ALT FLAG and NAV_TAC FLAG, will be given the values of OFF.

The baro/drag atitude and TACAN data processing tests are asfollows: First, if either SENSOR_EDI T,
or SENSOR_EDIT, havethe value ‘PROCESSED’, or H_INHIBIT has the value * ON’, then the discrete,
NAV_ALT_FLAG, will be set to OFF and the sequentia counter, N_SEQ_ALT, will be reset to the value
N_SEQ_MAX-2. Otherwise, the sequential counter, N_SEQ_ALT, will be incremented by one. Then, if
the value of this sequential counter exceeds the maximum allowable value, N_SEQ MAX, or if either of
the display edit history indicators, DISP_EDI T, or DISP_EDIT, indicate the symboal, “ | ”, then the
discrete, NAV_ALT_FLAG, shdl have the value of ON. Second, if SENSOR_EDIT, = ‘PROCESSED’
and if either IN_CONE_FLAG = ON or SENSOR_EDIT; = ‘PROCESSED’, then the discrete,
NAV_TAC_FLAG, shall be given the value, ‘OFF and the sequentia counter, N_SEQ TAC, shall be
initialized to one. Otherwise, the sequential counter, N_SEQ_TAC, shall be incremented by one and its
value tested to see if it exceeds the maximum allowable value, N_SEQ MAX. If thisistrue, or if either of
theindicators, DISP_EDIT, or DISP_EDIT, indicate the symboal “ | ”, then the discrete,
NAV_TAC_FLAG shall be set to ON.
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If ALT <ALT_NAV_EVLT,, but independent of the value of DO_MLS NAV, the processing of MSBLS

datawill be tested.

If each of SENSOR_EDITs and SENSOR_EDI T¢ have the value PROCESSED and either

SENSOR _ EDIT; has the value PROCESSED or MSBLS EL_INHIBIT = ON, or if

ALT WHEELS>ALT_NAV_EVLT,or MLS AVAIL = OFF, then the discrete, NAV_MLS FLAG,
shall be given the value of OFF and the sequentia counter, N_SEQ MLS, shall beinitialized to a vaue of
N_SEQ MAX-2. Otherwise, the sequential counter, N_SEQ MLS, will beincremented by one and its
value tested to seeif it exceeds the maximum allowable value, N_SEQ MAX. If the value of

N_SEQ ML S does exceed the maximum, then the discrete, NAV_MLS FLAG, will be set to ON.

Independent of altitude, the values of the three discretes, NAV_ALT_FLAG, NAV_TAC FLAG, and
NAV_MLS FLAG, will betested and if any have the value ON, the value of the discrete,
NAV_EDIT_IND, shall be set to ON; otherwise it shall be set to OFF.

B. Interface Requirements. Inputs and outputs are listed in Tables 4.3.2.8-1 and 4.3.2.8-2

C. Processing Requirements. None.

D. Constraints. Thediscretes, NAV_MLS FLAG, NAV_ALT FLAG, and NAV_TAC FLAG, are
required to be premission loaded to values of OFF and the integer N_SEQ shall be initialized to values of

one.

E. Supplementary Information. A suggested implementation for this subfunction may be found in the

detailed flow chart MEAS PROCESSING_STATISTICS RTLS of Section 5.2.

4329 RTL S Navigation (4.205) Principal Function Tables.

The RTLS navigation principal function input and output parameters, along with the |- oads, K- oads, and
constants, are presented in Tables 4.3.2.9-1 through 4.3.2.9-5. The values for the I oads are contained
in the I oads requirements document (JSC-19350). The Cross-References are shown below:

RTLS Navigation /O (4.205)

Cross—References

FSSR-5 Name Source Name
V_CURRENT_FILT SEL V_M50
T CURRENT_FILT TIME_V
T EF ELMLS MSBELEVTIM
T EF AZMLS MSBAZIMTIM
T EF RMLS MSBRANGTIM
BARO DATA_GOOD ALT DG
T BARO T HPC
Q_BARO HPC
TAC BRG_DATA_GOOD OUT _BRG DG
Q _TAC BRG OUT_SEL BRG
TAC_RNG_DATA_GOOD OUT_RNG DG
Q TACR OUT_SEL_RNG
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RTLS Navigation /O (4.205)

Cross—-References
FSSR-5 Name Source Name
ALPHAIN ALPHA N
BETAIN BETA_N
THETAIN THETA

M_EFTOTD_TACAN_SL(1)
M_EFTOTD_TACAN_SL(2)
M_EFTOTD_TACAN_SL(3)
R_TACAN_EF SL(1)
R_TACAN_EF SL(2)
R_TACAN_EF SL(3)

ALT WHEELS NAV

FOM

GPS DG

GPS_FAIL_FOM
R_GPS_ECEF

T_GPS

T_LAST_GPS

V_GPS ECEF
V_LAST_GPS
V_CURRRENT _FILT
T_CURRENT_FILT

M_EFTOTD_TACAN_SL1
M_EFTOTD_TACAN_SL2
M_EFTOTD_TACAN_SL3
R TACAN_EF SL1
R TACAN_EF SL2
R TACAN_EF SL3

ALT WHEELS
FOM_SOP

GPS DG_SOP

GPS FAIL_FOM_SOP
R_GPS_ECEF_SOP
T_GPS_SOP
T_IMU_SAVE_SOP
V_GPS ECEF_SOP
V_IMU_SAVE_SOP
SEL_V_M50
T_IMUS
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Table4.3.2.1-1. RTLS Control Input Parameters
Input Sample
Description Symbol Source Type | Precision Range Units | Rate
Time of thefilter statevector | T_LAST FILT RTLS state F DP sec Filter
propagation rate
Previously read selected V_LAST FILT RTLS state \% DP ft/sec | Filter
accumulated IMU velocity propagation rate
Flag indicating (ON) that baro| DO BARO _NAV | RTLS sensor D OFF/ON Filter
atimeter dataare to be selector rate
processed
Filter current Shuttle position | R_FILT RTLS stateand | V DP ft Filter
vector in M50 coordinates covariance rate
measurement
incorporation
Shuttle velocity vector V_FILT RTLSstateand | V S ft/sec | Filter
covariance rate
measurement
incorporation
Uplinked delta position vector | DR_RW_UP (b) \Y} S — ft As
needed
Uplinked deltavelocity vector | DV_RW_UP (b) \% S — ft/lsec | As
needed
Flag indicating (ON) that a DO DELTA_ (b), RTLS D — OFF/ON — As
delta state vector update has UPDATE_UP control needed
been received via command
uplink
Flag indicating (ON) that drag| DO _DRAG_NAV | RTLS sensor D OFF/ON Filter
altitude data are to be selector rate
processed
Flag indicating (ON) that DO_TACAN_ RTLS sensor D OFF/ON Filter
TACAN range and bearing NAV selector
data are to be processed
Flag indicating (ON) that DO_MLS NAV RTLS sensor D OFF/ON Filter
MSBLS range, azimuth, and selector rate
elevation data are to be
processed
Radians per degree RAD_PER DEG @ F S rad/ Filter
deg rate
Current vehicle pitch angle THETAIN (b) F S deg Filter
rate
Current vehicle angle of ALPHAIN (b) F S deg Filter
attack rate
Current vehicle sideslip angle | BETAIN (b) F S deg Filter
rate
Flag indicating (ON) that a DO _DELTA_ Delta state D OFF/ON Filter
delta state updateisto be UPDATE update, (b) rate
performed
Acceleration vector in M50 G OLD RTLS state \% S ft/ Filter
coordinates propagation sec? rate
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Table4.3.2.1-1. RTLS Control Input Parameters
Input Sample
Description Symbol Source Type | Precision Range Units | Rate
Maximum value of K_EDIT_MLSAZ | (¢ I S 400 ND Filter
K_EDIT_MLSAZ MAX rate
Maximum value of K_EDIT_MLSEL_ | (¢ I S 400 ND Filter
K_EDIT_MLSEL MAX rate
Maximum value of K_EDIT_MLSR_ | (¢ I S 400 ND Filter
K_EDIT_MLSR MAX rate
Maximum value of K_EDIT_MLSAZ | (¢ I S 16 ND Filter
K_EDIT_MLSAZ MIN rate
Maximum value of K_EDIT_MLSEL_ | (¢ I S 9 ND Filter
K_EDIT_MLSEL MIN rate
Minimum value of K_EDIT_MLSR_ | (¢ I S 36 ND Filter
K_EDIT_MLSR MIN rate
IMU selection filter command | IMU_SFC (b) BSU S ND Filter
rate
NAV EDIT MSBLS crew NAV_MLS FLAG | RTLS meas. D ON/OFF ND Filter
aert processing rate
statistic
Counter indicating number of | MLS EDIT_ RTLS Sensor S ND Filter
cyclesthat MSBLS meas. MUL_COUNT Select rate
have been processed since the
most recent selection
Correlation coefficientsto CORR_COEFF _ (b) V(7) S - - Filter
initialize covariance matrix GPS rate
for GPS update
GPS to Guidance and Control | GPS_TO_GC_AIF | (b) | S O(AUTO) - Filter
auto/inhibit/force flag 1(INHIBIT) rate
2(FORCE)
GPS data good flags GPS _DG** (b) D - ON/OFF - Filter
rate
Flag indicating (ON) selected | GPS SV_SEL _ (b) D -- ON/OFF -- Filter
GPS states are available for AVAIL rate
use
Flag indicating the GPS to GPS TO_NAV_AI| (b D - OFF(AUTO) | -- Filter
Nav setting of auto or inhibit ON(INHIBIT) rate
Flag indicating (ON) the GPS TO_NAV_ (b) D -- ON(FORCE) | -- Filter
forcing of GPS statesto Nav FORCE OFF(NO rate
FORCE)
Major mode code MM_CODE (b) I S - Filter
rate
Selected GPS Position vector | R_GPS SEL (b) \Y} DP ft Filter
rate
Square root of diagonal SIG_DIAG_GPS (b) V(6) S ft, Filter
elements for GPS update ft/sec | rate
covariance matrix
Time tag of current Orbiter T_CURRENT _ (b) F DP sec Filter
navigation state(s) FILT rate
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Table4.3.2.1-1. RTLS Control Input Parameters
Input Sample

Description Symbol Source Type | Precision Range Units | Rate
The minimum amount of time | T_GPS CYCLE I-load F SP sec Filter
that must pass between rate
consecutive GPS updates to
nav
Time of most recent T _GPS LAST_ Entry nav F DP sec Filter
navigation state update with UPDATE control rate
the selected GPS state
Current selected IMU velocity | V_CURRENT _ Entry externad | V DP ft/sec | Filter
counts snapped by navigation | FILT data snap* rate
Selected GPS Velocity vector | V_GPS SEL (b) \% DP ft/sec | Filter

rate

Altitude of vehicleabovethe | ALT WHEELS RTLSexternal | F S ft Filter
runway computed in UPPand | NAV data snap rate
snapped by navigation
Gravity acceleration vector G_GPS_SEL (b) \Y} S ft/ Filter
corresponding to the selected sec? rate
GPS state
Crew command (ON) to CREW_ (b) D - ON/OFF - Filter
override software metering of | METERING _ rate
the user parameter reset state | OVERRIDE
Flag indicating (ON) that MLS AUTO_ RTLS sensor D - ON/OFF - Filter
MLS data are being processed | PROC_IND measurement rate
through MLSAUTO selection
command
Flag indicating (ON) that MLS FORCE _ RTLS sensor D - ON/OFF - Filter
MLS data are being processed | PROC_IND measurement rate
through MLS FORCE selection
command
Flag indicating (ON) that the | GPS RATIO_ (b) D - ON/OFF - Filter
selected GPS residual ratio FLAG rate
exceeded its allowed limit
Altitude at which auto GPS GPS ALT FOR_ | I-Load F S - ft Filter
updates to navigation switch HIGH_RATE_ rate
from low to high rate NAV
Altitude limit below which GPS _UPDATE_ I-Load F S - ft Filter
auto GPS updates to nav are ALT_FLOOR rate
not allowed
Minutes portion of the time DT_GPS OFF_ (b) F S - min Filter
since the last GPS state vector | MIN rate

selection by the GPS state
vector function
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Table4.3.2.1-1. RTLS Control Input Parameters
Input Sample
Description Symbol Source Type | Precision Range Units | Rate
Maximum allowable time GPS SEL_AGE_ | I-Load F S - min Filter
since last update of selected MAX rate
GPS state with GPS receiver
data
a See RTL S navigation principal function constant table.
b See principal function input list in Table 4.3.2.9-1.
¢ See RTL S navigation principa function K- oads table.
**1=123(1to GPS_SW_CAP)
Table4.3.2.1-2. RTLS Control Output Parameters
Output Comp
Description Symbol Destination | Type | Precision Range Units | Rate
Vehicle position vector after al R_RESET @ \% DP ft Filter
navigation updates received for rate
reset of user parameter propagator
position vector R_AVGG
Vehicle velocity vector after al V_RESET @ \% S ft/ Filter
navigation updates, reserved for sec rate
reset of guidance integrator velocity
vector V_AVGG
Time associated with reserved reset | T_RESET @ F DP sec Filter
state rate
Switch indicating (ON) that current | FILT_UPDATE @ D OFF/ON Filter
measurement processing is rate
complete
Updated vehicle position vector R_COV_LAST RTLS \% DP ft Filter
associated with current covariance covariance rate
matrix propagation
Copy of V_LAST FILT reserved as | V_IMU_RESET @ \% DP ft/ Filter
velocity count at start of sec rate
extrapolation interval when
guidance integrator is reset
Counter indicating the particular MLS MARK _ @ S Filter
MSBLS measurement processed by | NUM rate
the filter
Counter indicating the particular TACAN_MARK_ | (a) S Filter
TACAN measurement processed by | NUM rate
the filter
Counter indicating the particular BARO_MARK _ @ S Filter
baro measurement processed by the | NUM rate
filter
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Table4.3.2.1-2. RTLS Control Output Parameters
Output Comp
Description Symbol Destination | Type | Precision Range Units | Rate
Counter indicating the particular DRAG_MARK _ @ I S Filter
drag measurement processed by the | NUM rate
filter
Acceleration vector at beginning of | G_RESET @ \% S ft/ Filter
navigation integration interval sec? | rate
Vehicle angle of attack ALPHA State F S rad Filter
propagation, rate
drag
processing
Vehicle sideslip angle BETA State F S rad Filter
propagation rate
Flag indicating (OFF) that an DO DELTA_ RTLS D — OFF/ON — Filter
uplinked delta state update has been| UPDATE_UP control rate
accepted
Position vector for delta state DR _RW Deltastate | V S ft Filter
update update rate
Velocity vector for delta state DV_RW Deltastate | V S ft/sec| Filter
update update rate
Scale factor on filter mean square K_EDIT_MLSAZ | MLS S 16,400 Filter
residual used in residual edit test azimuth rate
for MSBL S azimuth measurement mess.
subfunction
Scale factor on filter mean square K_EDIT_MLSEL | MLS I S 9,400 Filter
residual used in residual edit test elevation rate
for MSBLS elevation measurement mess.
subfunction
Scale factor on filter mean square K_EDIT_MLSR MLSrange | | S 36,400 Filter
residual used in residual edit test mess. rate
for MSBL S range measurement subfunction
Flag indicating if GPS GPS AIF_ EXEC | (8 D - DOWN- - Filter
auto/inhibit/force executed ARROW(1) rate
BLANK(0)
GPS auto/inhibit/force flag GPS AIF_ RCVD | (a) CHAR - (OAUTO, - Filter
(D)INHIBIT rate
(2)FORCE
Flag indicating aforce of nav filter | GPS TO_NAV_ @ D - ON/OFF - Filter
state reset with selected GPS state | FORCE_RCVD rate
GPS to navigation auto/inhibit/force | GPS_ TO_NAV _ @ S (OAUTO - Filter
flag, which containsthe GPSto nav | AlF (DINHIBIT rate
command and GPS to navigation (2FORCE
force command settings
Flag indicating the GPS to Nav GPS TO _NAV_ @ D - (OFF) - Filter
setting of auto or inhibit RCVD AUTO rate
(ON)
INHIBIT
Magjor Mode NAV_MM_CODE | (a) S - Fitler
rate
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Table4.3.2.1-2. RTLS Control Output Parameters
Output Comp
Description Symbol Destination | Type | Precision Range Units | Rate
Flag indicating nav filter states have| NAV_RESET UPP state D - ON/OFF - Filter
been reset with the selected GPS reset rate
state
Current selected Shuttle navigation | R_FILT @ \% DP ft Filter
position vector rate
GPS restart position vector for R_GPS INIT @ \% DP ft Filter
initialization rate
MTU or clock timewhen IMU is T_CURRENT _ (Q RTLS F DP sec Filter
read FILT Sensor rate
Measure-
ment
Selection
GPS restart state time tag for T _GPS INIT @ F DP sec Filter
initialization rate
Time of most recent reset of T _GPS LAST_ @ F DP sec Filter
navigation states to the selected UPDATE rate
GPS state
Current selected Shuttle navigation | V_FILT @ \% S ft/sec| Filter
velocity vector rate
Current selected IMU accumulated | V_CURRENT _ (a \% DP ft/sec| Filter
velocity counts from IMU RM FILT rate
Accumulated IMU velocity counts | V_IMU_GPS_ (a \% DP ft/sec| Filter
corresponding to GPS restart state | INIT rate
for reinitialization
GPS restart velocity vector for V_GPS INIT @ \% S ft/sec| Filter
initialization rate
Flag indicating if GPS GPS AIF_ EXEC | (a) D DOWN_ - Filter
auto/inhibit/force executed ARROW(1) rate
BLANK (0)
Metering gain (the maximum of METER_SF @ F S - Filter
either the position or velocity rate
metering gains) applied to scale the
M50 position and velocity changes
to the user parameter reset state on
the current cycle so that metering
constraints are not violated
Gravity acceleration vector for G_GPS INIT @ \% S ft/ Filter
propagation of reference state for sec? | rate
GPSreceiver | initidization
Selected GPS position vector R_GPS UPP @) \Y} DP ft Filter
reserved for reset of GPS UPP rate
display computations position vector
Selected GPS velocity vector V_GPS UPP (@ \Y} S ft/sec| Filter
reserved for reset of GPS UPP rate
display computations position vector
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Table4.3.2.1-2. RTLS Control Output Parameters
Output Comp

Description Symbol Destination | Type | Precision Range Units | Rate
Time of selected GPS state reserved | T_GPS_UPP @ F DP sec Filter
for reset of GPS UPP display rate
computations position vector
Gravity acceleration vector for G_GPS UPP @ \% S ft/ Filter
selected GPS state reserved for sec? | rate
reset of GPS UPP DISP COMPS
gravity acceleration vector
IMU accumulated sensed velocity V_IMU_GPS _UPP| (a) \% DP ft/sec| Filter
reserved for reset of GPS UPP rate
display computations IMU
accumul ated sensed velocity
Flag indicating that current GPS GPS_UPP_ @ D - ON/OFF - Filter
receiver state processing is UPDATE rate
complete for GPS UPP display
computation state parameter reset
Square root of the trace of the COV_POS SIG @ F S ft Filter
position elements (E(1,1), E(2,2), rate
E(3,3)) of the navigation Kalman
filter covariance matrix for downlist
Square root of the trace of the COV_VEL_SIG @ F S ft/sec| Filter
velocity elements (E(1,1), E(2,2), rate
E(3,3)) of the navigation Kalman
filter covariance matrix for downlist
Flag indicating (ON) that the user METER_FLAG (@ BIT - ON/OFF - Filter
parameter reset state is being rate

metered

#See RTL S navigation principal function output parameter table.
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Table4.3.2.2-1. RTLS External Data Snap Input Parameters
Input Sample
Description Symbol Source | Type | Precision| Range | Units| Rate
Barometric altimeter sensor Q_BARO @ F S ft Filter
measurement rate
Copy of current data good discrete BARO_DATA_GOOD @ D OFF/ON Filter
reserved for measurement processing rate
(navigation)
Time tag associated with barometric | T_BARO @ F DP sec Filter
measurement rate
Bias used to correct barometrictime | TIME_BIAS BARO (b) F S sec
tag
TACAN bearing sensor measurement |Q_TAC _BRG @ F S rad Filter
rate
TACAN range sensor measurement |Q_TAC R @ F S ft Filter
rate
Time aswhich TACAN was read T_TACAN @ F DP sec Filter
rate
Bias used to correct TACAN timetag | TIME_BIAS TACAN (b) F DP sec
MSBLS range sensor measurement | Q_RANGE @ F S ft Filter
rate
MSBL S azimuth sensor measurement | Q_AZMLS @ F S rad Filter
rate
MSBLS elevation sensor Q_ELMLS @ F S rad Filter
measurement rate
Copy of current data good discrete MLSRANGE_DATA_ @ D OFF/ON Filter
reserved for measurement processing | GOOD rate
Copy of current data good discrete MLSAZ DATA_GOOD |(a) D OFF/ON Filter
reserved for measurement processing rate
Copy of current data good discrete MLSEL_DATA_GOOD |(a) D OFF/ON Filter
reserved for measurement processing rate
Time at which MSBL S range T_EF RMLS @ F DP sec Filter
measurement was read rate
Time at which MSBLS azimuthwas | T_EF AZMLS @ F DP sec Filter
read (adjusted) rate
Time tage of current MSBLS T_EF EMLS @ F DP sec Filter
elevation measurement rate
Current TACAN range data good TAC _RNG _DATA _ @ D OFF/ON Filter
GOOD rate
Current TACAN bearing datagood | TAC BRG_DATA _ @ D OFF/ON Filter
GOOD rate
Bias used to correct MSBLStimetag | TIME_BIAS MLS (b) F S sec Filter
rate
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Table4.3.2.2-1. RTLS External Data Snap Input Parameters
Input Sample
Description Symbol Source | Type | Precision| Range | Units| Rate

LRU number that the selection filter [ SEL_LRU_ID @ S 1,2,0r3 Filter
picked, and that identifies the site rate
parameter list (no. 1, 2, 3)
Figure of merits for easch GPS FOM** @ -- -- Filter
receiver rate
GPS data good flags GPS DG** ® D -- ON/OFF |-- Filter

- rate
Flags indicating the FOM failure GPS_FAIL_FOM** (a) D - ON/OFF |-- Filter
status for each GPS receiver rate
GPS receiver estimate of shuttle R_GPS_ECEF** ® \ DP ft Filter
ECEF position - rate
Time associated with the current T GPS** @ DP sec | Filter
GPSreceiver state estimatesin GMT | rate
Time of the IMU velocity counts T LAST GPS** (a) DP sec Filter
nearest in time and prior to each GPS| N rate
receiver state
GPS receiver estimate of shuttle V_GPS ECEF** @ \Y S ft/sec | Filter
ECEF velocity - rate
Accumulated velocity counts nearest |y L AST GPS** (a) \Y DP ft/sec | Filter
in time and prior to each GPS B N rate
receiver state
Altitude of vehicle abovetherunway | ALT_WHEELS NAV (a) S ft Filter
computed in UPP and snapped by rate

navigation

& See the RTLS navigation principal function input parameter table.
P See RTLS navigation principal function K—oad table.

** 1=11t0 GPS_SW_CAP
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Table4.3.2.2-2. RTLS External Data Snap Output Parameters
Output Comp
Description Symbol Destination Type | Precision | Range | Units| Rate
Barometric altimeter sensor Q_BARO RTLS barometric | F S ft Filter
measurement atimeter data rate
process
Copy of current data good BARO_DATA_GOOD RTLS barometric | D OFF/ON Filter
discrete reserved for atimeter data rate
measurement processing process, RTLS
(navigation) sensor select
Time tag associated with T BARO RTLS barometric | F DP sec Filter
barometric measurement atimeter data rate
(adjusted) process
TACAN bearing sensor Q_TAC BRG RTLSTACAN F S rad Filter
measurement bearing data rate
process
TACAN range sensor Q TACR RTLSTACAN F S ft Filter
measurement range data rate
process
Current data good discretesfor | TAC_RNG_DATA _ RTLSTACAN D OFF/ON Filter
TACAN measurement GOOD range data rate
processing process, RTLS
TAC_BRG_DATA_ TACAN bearing
GOOD data process,
RTLS sensor
select
Time at which TACAN was T_TACAN RTLSTACAN F DP sec Filter
read (adjusted) range data rate
process, RTLS
TACAN bearing
data process
MSBL S range sensor Q_RANGE RTLSMSBLS |F S ft Filter
measurement range meas rate
incorp
MSBL S azimuth sensor Q_AZMLS RTLSMSBLS F S rad Filter
measurement azimuth meas rate
incorp
MSBLS elevation sensor Q_ELMLS RTLSMSBLS F S rad Filter
measurement elevation meas rate
incorp
Copy of current data good MLSRANGE DATA_ |RTLSMSBLS |D OFF/ON Filter
discrete reserved for GOOD range meas rate
measurement processing incorp, RTLS
sensor select
Copy of current data good MLSAZ DATA_GOOD |(RTLSMSBLS |D OFF/ON Filter
discrete reserved for azimuth meas rate
measurement processing incorp, RTLS
sensor select
Copy of current data good MLSEL_DATA_GOOD |RTLSMSBLS |D OFF/ON Filter
discrete reserved for elevation meas rate
measurement processing incorp
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Table4.3.2.2-2. RTLS External Data Snap Output Parameters
Output Comp
Description Symbol Destination Type | Precision | Range | Units| Rate
Timeat whichMSBLSrange |T_EF RMLS RTLS MSBLS |F DP sec Filter
measurement was read range meas rate
(adjusted) incorp
Time at which MSBLS azimuth | T_EF AZMLS RTLS MSBLS |F DP sec Filter
was read (adjusted) azimuth meas rate
incorp
Timetag of current MSBLS T _EF ELMLS RTLS MSBLS |F DP sec Filter
elevation measurement elevation meas rate
(adjusted) incorp
TACAN LRU number which | SEL_LRU_ID RTLS I S 1,2,0r3 Filter
the selection filter picked, and measurement rate
which identifies the site reconfiguration
parameter list (no. 1, 2, 3)
Figure of meritsfor each GPS | Fom** (@ [ - - Filter
receiver rate
GPS data good flag GPS DG** @ D - ON/OFF |-- Filter
- rate
Flags indicating the FOM GPS FAIL FOM/** @ D - ON/OFF |-- Filter
failure status for each GPS - - rate
receiver
GPS receiver estimate of R_GPS ECEF** (@ \ DP ft Filter
shuttle ECEF position - rate
Time associated with the T GPS** (@ F DP sec | Filter
current GPS receiver state N rate
estimatesin GMT
Time of the IMU velocity T LAST GPS** @ F DP sec | Filter
counts nearest in time and prior | - rate
to each GPS receiver state
GPS receiver estimate of V_GPS ECEF** @ \ S ft/sec | Filter
shuttle ECEF velocity - rate
Accumulated velocity counts |7 | AST GPS** @ \ DP ft/sec | Filter
nearest in time and prior to - - rate
each GPS receiver state
Altitude of vehicle abovethe |ALT_WHEELS NAV UPP State Reset, |F S ft Filter
runway computed in UPP and RTLS Control rate

snapped by navigation

(a) See principal function output list in Table 4.3.2.9-2.

** | = 1to GPS_SW_CAP
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Table4.3.2.3-1. MSBLSVersus TACAN
MSBLS available
MSBLS Not Data-Good Data—Bad
TACAN Available (AZ and Range) (k Cycles)
Auto
Data—good (range Process TACAN ProcessMSBLS Process TACAN
or bearing)
Data—bad (range Process neither Process MSBLS Process neither
and bearing) MSBLS nor TACAN MSBLS nor TACAN
Force Process TACAN? Process TACAN? Process TACAN?
Inhibit Display TACAN ProcessMSBLS Display TACAN
AWill not result in update if TACAN range or bearing data are bad
Table4.3.2.3-1A. MSBLSwith No Tacan ReceiversInstalled
MSBLSAVAILABLE MSBLS NOT
DATA GOOD (Range and A2) DATA BAD AVAILABLE
(for k Navigation Cycles)
AUTO PROCESS MSBLS* - --
MSBLS FORCE PROCESS MSBL S** PROCESS MSBL S** -
INHIBIT -- -- --
Note: MSBLSisinitializedto AUTO.
* Will result in updates only if both MSBL S range and azimuth DATA_GOOD = ON
** MSBLS range, azimuth and elevation will update navigation if corresponding
DATA_GOOD = ON, regardless of validity of others
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SYMBOLOGY BARO DATA GOOD
NS = No select _ _
P = Process (state uplink) MACH Jump = ON MACH Jump = OFF
P+ = P+ edit override
D = Display stats
(no state update) Auto
I I
n n BARO
k = Nav Edit Flag h F RV_MAG h F DATA
Activity If Auto A i 0 > RV-MAX i 0 NOT
Process Qriteria u b r OR ALTITUDE] b r VALID
Are Satisfied t i ¢ | RV-MAG 1< ALT BARO_| i c AND MACH
0 t e | SRV-MAX CUTOFF t e JUMP = OFF
Alt, Acc P D D P+ | Process
Criteria ’c\)l ? ’c\)l PRAG
OK s NS P P NS \
Auto S p S
Alt, Acc ? ; ? P D P+ P+1 No
Criteria e y e Select
Not OK c c NS NS NS NS
DRAG t E\ t
R P D D P+ Display
Inhibit 0 DRAG
NS D D NS k
P D D P+
Process +
DRAG
Force NS P+ P+ NS
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Table4.3.2.3-3. RTLS SENSOR Measurement Selection Input Parameters
Input Sample
Description Symbol Source Type | Precison| Range | Units | Rate
Copy of current data good MLSRANGE _DATA_[RTLSsensor |D OFF/ON Filter
discrete reserved for GOOD data snap rate
measurement processing
Copy of current data good MLSAZ DATA_ RTLSsensor |D OFF/ON Filter
discrete reserved for GOOD data snap rate
measurement processing
Prescribed number of R_AZ _COUNT_MAX |(a) S Filter
consecutive MLS azimuth rate
measurement data good “fails’ to
force inhibit of ML S processing
and allow TACAN processing
Auto-inhibit—force switch for TACAN_AIF (b) CHAR Filter
TACAN sensor selection rate
Auto—inhibit—force switch for BARO_AIF (b) CHAR Filter
barometric altiimeter sensor rate
selection
Altitude above the Fischer ALT (b) F S ft Filter
elipsoid rate
Altitude below which drag data |H_DRAG_LOW @ F S ft Filter
are not processed rate
Magnitude of the orbiter's ACC _DRAG (b) F S ft/ Filter
current drag acceleration sec? rate
Minimum allowable magnitude |ACC_DRAG_MIN @ F S ft/ Filter
of drag acceleration of orbiter for sec? rate
drag processing
Copy of current data—good BARO_DATA_GOOD [RTLSsensor |D OFF/ON Filter
discrete reserved for data snap rate
measurement processing
Auto-inhibit—force switch for DRAG_AIF (b) CHAR Filter
drag data selection rate
Copy of current TACAN range | TAC_RNG DATA_  |RTLSsensor |D OFF/ON Filter
data—good discrete GOOD data snap rate
Copy of current TACAN bearing | TAC_ BRG DATA_ |RTLSsensor |D OFF/ON Filter
data—good discrete GOOD data snap rate
MSBL S availability discrete MLS AVAIL (b) D OFF/ON Filter
rate
Flag indicating speed of orbiter |ADS MJ (b) D OFF/ON As
isin baro atimeter discontinuity needed
region
Maximum relative velocity RV_MAX I-Hoad F S ft/lsec [As
magnitude for processing needed
barometric altimeter data
Magnitude of vehiclerelative REL_VEL_MAG (b) F S ft/lsec [As
velocity needed
Baro processing cutoff altitude |ALT_BARO_ (c) F S ft As
CUTOFF needed
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Table4.3.2.3-3. RTLS SENSOR Measurement Selection Input Parameters
Input Sample
Description Symbol Source Type | Precision| Range | Units | Rate
Baro processing cutoff atitudeif | ALT_BARO_ IHoad F S ft As
MSBL S data processing CUTOFF_HIGH needed
terminated below
ALT_BARO_CUTOFF _HIGH
Time associated with current T CURRENT_FILT |RTLSsensor |F D sec Filter
selected navigation filter state measurement rate
selection
Time limit for continuous MLS DROPOUT _ I-load F S sec Filter
dropout of ML S data prior to DT_LIM rate
alowing switch over to GPS nav
MLSAUTO/INHIBIT/FORCE |MLS AIF (b) CHAR Filter
switch rate
#See RTL S navigation principal function K—oad table.
P See RTLS navigation input parameter table.
°ALT_BARO_CUTOFF isinitialized to Iload name ALT_BARO_CUTOFF_LOW
Table4.3.2.3-4. RTLS Sensor Measurement Selection Output Parameters
Output Comp
Description Symbol Destination Type |Precison| Range | Units Rate
Flag indicating (ON) that DO _BARO_NAV RTLSbaro D OFF/ON Filter
barometric altimeter data are to measurement rate
be processed incorporation
Flag indicating (ON) that DO _TACAN_NAV |RTLSTACAN |D OFF/ON Filter
TACAN dataareto be measurement rate
processed incorporation
and
reconfiguration
General edit indicator for I-th | SENSOR_EDIT, RTLS stateand |V S Filter
sensor measurement, | =1, 7 covariance rate
measurement
incorporation,
RTLS
measurement
processing
statistics
Switch used to force BARO_EDIT _ RTLS D OFF/ON Filter
incorporation of barometric data| OVERRIDE barometric rate
regardless of residual edit test atimeter data
processing
Counter indicating number of MLS EDIT_MUL_ [RTLScontrol | S ND Filter
cyclesthat MSBLS meas. have | COUNT rate

been processed since the most
recent selection
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Table4.3.2.3-4. RTLS Sensor Measurement Selection Output Parameters
Output Comp
Description Symbol Destination Type |Precision| Range [ Units Rate

Switch used to override TACAN_EDIT_ RTLSTACAN |D OFF/ON Filter
TACAN residua edit test OVERRIDE range data rate

processing,

RTLSTACAN

bearing data

processing
Flag indicating stat—flag setting | BARO_STAT RTLS D OFF/ON Filter
for barometric measurements barometric rate

atimeter data

processing
Flagindicating TACAN data | TACAN_STAT RTLSTACAN |D Filter
processed only for statistical range data rate
display processing,

RTLSTACAN

bearing data

processing
Covariance matrix E Covariance M DP Filter

matrix rate

propagation,

state and

covariance

measurement

incorporation
Flag indicating (ON) that DO_MLS NAV RTLScontrol, |D OFF/ON Filter
MSBLS data areto be RTLS rate
processed measurement

processing

statistics
Flag indicating (ON) that drag | DO_DRAG_NAV RTLS control D OFF/ON Filter
data are to be processed rate
Switch used to override drag DRAG_EDIT_ RTLSdrag data |D OFF/ON Filter
residual edit test OVERRIDE processing rate
Flag indicating stat—flag setting | DRAG_STAT RTLSdrag data |D OFF/ON Filter
for drag data processing rate
Flagindicating if altitudedata |H_INHIB MEAS D OFF/ON Filter
have been deselected for not processing rate
meeting altitude or acceleration statistics
constraints
Flag used (ON) to override MLS EDIT _ MLSAz D - ON/OFF |-- Filter
MLSresidual edit test OVERRIDE measurements, rate

MLSRng

measurements,

MLS Elev.

measurements
Flag indicating which MLS AIF | MLS_AlIF_RCVD €)] CHAR S - - Filter
command isin effect rate
Flag indicating (ON) that MLS |MLS AUTO _ RTLS control D - ON/OFF |-- Filter
data are being processed PROC_IND rate
through MLS AUTO command
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Table4.3.2.3-4. RTLS Sensor Measurement Selection Output Parameters

Output Comp
Description Symbol Destination Type |Precison| Range | Units Rate
Flag indicting (ON) that MLS |MLS FORCE _ RTLS control D - ON/OFF |-- Filter
data are being processed PROC _IND rate
through ML S FORCE command
Flag indicating (ON) that MLS |MLS_STAT MLSAz D —~  |ON/OFF |-- Filter
data are to be processed for measurements, rate
statistical display only MLS Rng
measurements,
MLSElev.
measurements
Flag indicating (ON) that MLS | PROCESSING_MLS | (a) D —~  |ON/OFF |-- Filter
data are being processed rate
#See RTL S navigation output parameter table.
Table4.3.2.4.1-1. Measurement Reconfiguration Input Parameters
Input Sample
Description Symbol Source Type [ Precision| Range |Units| Rate
Integer indicating which SEL_LRU_ID External sensor || S As
TACANLRU (1, 2,0r 3) is data snap needed
selected by RM for use by nav
filter for TACAN data
processing
Switch indicating (“ON”) a TAC_CHAN_ @ D OFF/ON As
valid TACAN channel has been [ VALID_SL, needed
selected (site lookup output) | =
1,3
Earth—fixed position vector of |R_TACAN_EF_ |(a) \% S ft As
TACAN station (each LRU) S, needed
output from site lookup,
1=1,3
Transformation matrix from M_EFTOTD_ (a) M S As
earth— fixed to topodetic TACAN_SL, needed
coordinates at TACAN site
(each LRU) output from site
lookup, 1 =1,3
Variation of magnetic north ANGLE_CORR_ |(d) F S rad |As
from true north at TACAN site [ TNTOMAG_SL, needed
(each LRU) output from site
lookup, 1 =1,3
Current TACAN channel/mode | TACAN_ID, (@ I S + 126 As
identified (each LRU) output needed
from site lookup, 1 =1, 3

#See RTL S navigation principal function input parameter table.
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Table 4.3.2.4.1-2. Measurement Reconfiguration Output Parameters

Output Comp
Description Symbol Destination Type | Precision | Range| Units | Rate
Copy of R TACAN_EF SL for |R_TACAN_EF RTLS nav state \% S ft As
TACAN station used by nav filter and covariance needed
measurement
incorporation
Copy of M_EFTOTD_TACAN RTLS nav state M S As
M_EFTOTD_TACAN_SL from and covariance needed
site lookup measurement
incorporation
Copy of ANGLE_CORR _ RTLS nav state F S rad As
ANGLE_CORR_TNTOMAG_SL | TNTOMAG and covariance needed
for navigation processing measurement
incorporation
Copy of TACAN_CHAN_ TACAN_CHAN_VALID | RTLS nav state D OFF/ As
VALID_SL for TACAN station and covariance ON needed
used by nav filter measurement

incorporation
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Table 4.3.2.4.2-1. Delta State Update Input Parameters

Input Sample
Description Symbol Source Type | Precision | Range| Units| Rate

Time of thefilter state vector | T_CURRENT _FILT RTLSnavigation | F DP sec As

state propagation needed
Ground computed position DR _RW (@), RTLScontral |V S ft As
deviations to update on-board needed
state vector
Ground computed velocity DV_RW (&), RTLScontral |V S ft/ sec | As
deviations to update on-board needed
state vectors
Earth—fixed to prime RW M_EFTORW @ M S As
transformation matrix needed
Earth rotation rate EARTH_RATE (b) F DP rad/

sec

Unit vector in direction of EARTH_POLE ©) \Y; DP As
earth’s axis of rotation needed
Vehicle state vector variance | SIG_DIAG_UPDATE (b) \% DP ft2
loaded when manual updateis
invoked
Shuttle position vector R _FILT RTLSnavigation |V DP ft As

state propagation needed
Shuttle velocity vector V_FILT RTLSnavigation |V S ft/ sec | As

state propagation needed
Covariance correlation CORR_COEFF_UPDATE | (b) \% S As
coefficients needed

#See RTL S navigation principal function input parameter table.
P RTLS navigation principal function K—load and constant tables.
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Table 4.3.2.4.2-2. Delta State Update Output Parameters

Output Comp
Description Symbol Destination Type | Precision | Range [ Units| Rate
Current Shuttle position vector [R_FILT RTLSnavigation |V DP ft As
state propagation, needed
entry state and
covariance
measurement
incorporation
Shuttle velocity vector V_FILT RTLSnavigation |V S ft/ sec | As
state propagation, needed
entry state and
covariance
measurement
incorporation
Filter covariance matrix E RTLS covariance (M DP As
propagation needed
Position deviationsto update | DR_RW @) \Y} S ft As
on-board state vector (zeroed needed
out for display)
Velocity deviationsto update  |DV_RW @ \% S ft/ sec | As
on-board state vector (zeroed needed
out for display)
Flag indicating (OFF) that a DO_DELTA_UPDATE | (&), RTLS control D OFF/ON As
delta state update is not to be needed
performed

#See RTL S navigation principal function output parameter table.
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Table4.3.25-1. State Propagation Input Parameters
Input Sample
Description Symbol Source Type | Precision | Range | Units| Rate
Copy of V_IMU_CURRENT |v _CURRENT _FILT |(& \ DP ft/ sec | Filter
raw velocity counts reserved for rate
measurement processing
MTU or clock timewhen IMU | T_CURRENT_FILT |(a) F DP sec Filter
was read rate
Time of thefilter statevector | T_LAST FILT RTLS state F DP sec Filter
propagation,? rate
Filter current Shuttle position |R_FILT RTLS state \% DP ft Filter
vector in M50 coordinates propagation, delta rate
state update, RTLS
state and covariance
measurement
incorporation
Shuttle velocity vector V_FILT RTLS state \Y} S ft/ sec | Filter
propagation, delta rate
state update, RTLS
state and covariance
measurement
incorporation
Previously read selected V_LAST FILT RTLS state \% DP ft/ sec | Filter
accumulated IMU velocity propagation,? rate
Acceleration function related | (b) (c)
constants
Vehicle angle of attack ALPHA RTLS control F S rad Filter
rate
Vehicle sideslip angle BETA RTLS control F S rad Filter
rate
Min acc to use IMU data ACC_PROP_MIN @ F S ft/sec? | Filter
rate

#See RTL S navigation principal function input parameter table.

P See Section 4.2.1.2.

© See RTL S navigation principal function K—Load and constant tables.
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Table4.3.2.5-2. State Propagation Output Parameters
Output Comp
Description Symbol Destination Type | Precision | Range [ Units| Rate

Filter current Shuttle position |R _FILT RTLS state \% DP ft Filter
vector in M50 coordinates propagation RTLS rate

delta state update

RTLS state, and

covariance

measurement

incorporation
Filter current Shuttlevelocity |V _FILT RTLS state \% S ft/ sec | Filter
vector in M50 coordinates propagation delta rate

state update, RTLS

state and covariance

measurement

incorporation
Modeled acceleration vector G _OLD RTLS control \% S ft/sec? | Filter

rate
Time of thefilter statevector | T_LAST _FILT RTLS control F DP sec Filter
rate

Previously read selected V _LAST FILT RTLS state \Y DP ft/sec |Filter
accumulated IMU velocity propagation rate
Difference between present and | DV_FILT State and covariance |V S ft/sec | Filter
previous accumul ated sensed measurement rate
velocities incorporation (drag

altitude)
Flagindicating that IMU data |USE_IMU_DATA |(a D ON/OFF Filter
areto be used for state rate
propagation
Interval over which to DT_FILT State and covariance | F DP sec Filter
propagate the covariance measurement rate
matrix incorporation
#See RTL S navigation principal function output parameter table.
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Table4.3.2.6-1. RTLS Covariance Matrix Propagation Input Parameters
Input Sample
Description Symbol Source Type | Precision | Range| Units | Rate
Interval over which to DT_FILT RTLS state F S SeC Filter
propagate the covariance propagation rate
matrix
Filter covariance matrix E RTLSstateand |M DP vary | Filter
covariance rate
measurement
incorporation,
RTLS covariance
propagation
Derivative of the gravitational | GRAVITY_GRADIENT Utility M DP sec? | Filter
acceleration vector with respect subfunction rate
to the position vector
Identity matrix (3x3) ID_MATRIX_3X3 M S 0,1 Filter
rate
Updated vehicle position vector [R_COV_LAST RTLS control \% DP ft Filter
associated with current rate
covariance matrix
Filter current Shuttle position |R _FILT RTLS state \% DP ft Filter
vector in M50 coordinates propagation rate
Accelerometer quantization VAR_ACC_QUANT @ F S ft% Filter
error variance sec  |rate
Variance of unmodeled VAR_UNMOD_ACC DT |(a) F S ft% Filter
acceleration times scale time sec®  |rate
#See RTL S navigation principal function K—oad table.
Table4.3.2.6-2. RTLS Covariance Matrix Propagation Output Parameters
Output Comp
Description Symbol Destination Type | Precision | Range| Units | Rate
Filter covariance matrix E RTLS state and covariance M DP vary | Filter
measurement incorporation, rate

RTLS covariance propagation
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Table4.3.2.7-1. State and Covariance Measurement Incorporation Inputs
Input Sample
Description Symbol Source Type | Precision | Range | Units| Rate
Filter covariance matrix E RTLS covariance |M DP vary | Filter
propagation rate
Measurement first partials with | B M easurement \% DP vary |Filter
respect to filter state subfunctions rate
Value of filter mean squared MS POS UND_WGT | (a) F S ft2 Filter
position error below which no rate
measurement underweighting
isused
General sensor variance VAR Measurement F S Filter
subfunctions rate
Scale factor used in K_UND_WGT @ F S Filter
measurement underweighting rate
equation
Scale factor on filter mean K_RES EDIT M easurement F S Filter
square residual used in residual subfunctions rate
edit test
Switch used to force BARO_EDIT _ RTLS sensor D OFF/ON Filter
incorporation of barometric OVERRIDE measurement rate
data regardless of residual edit selection
test
Switch used to force TACAN [ TACAN_EDIT _ RTLS sensor D OFF/ON Filter
residual edit test OVERRIDE measurement rate
selection
General measurement residual | DELQ M easurement F S ft Filter
subfunctions rate
Filter current Shuttle position |R _FILT RTLS state \% DP ft Filter
vector in M50 coordinates propagations, rate
RTLS state and
covariance
measurement
incorporation
Shuttle velocity vector V_FILT RTLS state \Y} S ft/ sec | Filter
propagation, rate
RTLS state and
covariance
measurement
incorporation
Flag indicating stat—flag setting | BARO_STAT RTLS sensor D OFF/ON Filter
for barometric measurements measurement rate
selection
Flag indicating TACAN data | TACAN_STAT RTLS sensor D OFF/ON Filter
processed only for statistical measurement rate
display
Flag indicating drag data DRAG_STAT RTLS sensor D OFF/ON Filter
processed only for statistical measurement rate
display selection
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Table4.3.2.7-1. State and Covariance Measurement Incorporation Inputs
Input Sample
Description Symbol Source Type | Precision | Range | Units| Rate
Switch used to override drag DRAG EDIT _ RTLS sensor D OFF/ON Filter
residual edit test OVERRIDE measurement rate
selection
Flag used (ON) to override MLS EDIT_ RTL sensor D - ON/OFF |- Filter
MLSresidual edit test OVERRIDE measurement rate
selection
Flag indicating (ON) that MLS | MLS_STAT RTLS sensor D - ON/OFF | -- Filter
data are to be processed for measurement rate
statistical display only selection
#See RTL S navigation principal function 1-oad table.
Table4.3.2.7-2. State and Covariamce Measurement Incorporation Outputs
Output Comp
Description Symbol Destination Type | Precision | Range| Units | Rate
Filter covariance matrix E RTLS covariance M DP Vary |Filter
propagation® rate
Filter current Shuttle position |R _FILT RTLS state \% DP ft Filter
vector in M50 coordinates propagation® rate
Shuttle velocity vector V_FILT RTLS state \Y} S ft/sec | Filter
propagation® rate
Edit indicators for SENSOR_EDIT RTLS nav \% S Filter
measurements measurement rate
processing statistics
Measurement residuals SENSOR_DELQ RTLS nav \% S Vary |Filter
measurement rate
processing statistics
Vaueof criterionusedinnav | SENSOR_RESID_TEST [RTLSnav \% S Vary |Filter
filter for residua edit tests for measurement rate
the sensor measurements processing statistics
Residual edit test quantity RESID_TEST TACAN rangeand |F S Vary |Filter
bearing rate
measurement
subfunctions

3 RTLS state and covariance measurement incorporation
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Table 4.3.2.7.1-1. Drag Measurement Input Parameters
Input Sample
Description Symbol Source Type | Precision | Range| Units | Rate
Interval over which to DT_FILT RTLS state F S sec Filter
propagate the covariance propagation rate
matrix
Polynomial term for computing | C DRAG_ZERO @ F S Filter
drag coefficient as function of rate
angle of attack
Polynomial term for computing | C_ DRAG_ONE @ F S lrad |Filter
drag coefficient as function of rate
angle of attack
Polynomial term for computing | C DRAG_TWO @ F S Urad? | Filter
drag coefficient as function of rate
angle of attack
Earth rotation rate EARTH_RATE @ F DP rad/ |Filter
sec rate
Vehicle reference areadivided | DRAG_CONST (b) F DP ft% Filter
by twice the vehicle mass dug |rate
Current Shuttle position vector |R_FILT RTLS nav state \% DP ft Filter
in M50 coordinates propagation, RTLS rate
nav state and
covariance
measurement
incorporation
Shuttle velocity vector V_FILT RTLS nav state \% S ft/ sec | Filter
propagation, RTLS rate
nav state and
covariance
measurement
incorporation
Current angle of attack ALPHA RTLS control F S rad Filter
rate
Scale factor on filter mean K_EDIT_DRAG @ F S Filter
square residual used in residual rate
edit test for drag measurement
Difference between DV _FILT RTLS state \% S ft/sec | Filter
accumulated sensed IMU propagation rate
readings on present cycle and
previous cycle
Vector of deterministic drag BIAS DRAG_LAYER | (9 \ S ft Filter
biases for each layer rate
Vector of scale heights for each | SCALE_HT @ \% S ft Filter
layer rate
Vector of base densities for BASE DEN @ \% DP slug/ | Filter
each layer ft2 rate
Altitudes defining atmosphere | DENSITY _LIMIT @ \% S ft Filter
model layers rate
Unit vector in direction of EARTH_POLE (b) \% DP Filter
earth’ s axis of rotation rate
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Table 4.3.2.7.1-1. Drag Measurement Input Parameters

Input Sample
Description Symbol Source Type | Precision | Range| Units | Rate
Earth ellipticity constant ELLIPT @ F DP ft Filter
rate
Earth equatorial radius EARTH_RADIUS _ @ F DP ft Filter
EQUATOR rate
Drag altitude measurement VAR DRAG (@ F S ft2 Filter
error variance rate
#See RTL S navigation principal function |-oad, K- oad, and constant tables.
P See RTLS navigation principal function input parameter table.
Table 4.3.2.7.1-2. Drag Measurement Output Parameters
Output Comp
Description Symbol Destination Type | Precision | Range | Units Rate
Drag altitude measurement DELQ RTLS nav state and F S ft Filter rate
residual covariance
measurement
incorporation
Genera sensor variance VAR RTLS nav state and F S ft? Filter rate
covariance
measurement
incorporation
Measurement first partials with | B RTLS nav state and \% DP Vay |Filter rate
respect to filter state covariance
measurement
incorporation
Scale factor on filter mean K_RES EDIT RTLS nav state and F S Filter rate
square residual used in residual covariance
edit test measurement
incorporation
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Table4.3.2.7.2-1. TACAN Range Measurement Subfunction Input Parameters
Input Sample
Description Symbol Source Type | Precision | Range | Units| Rate

Current data good flag reserved | TAC_RNG_DATA _ External sensor | D OFF/ON Filter
for range measurement GOOD data snap rate
processing
Copy of TAC_CHAN_VALID Measurement |D OFF/ON Filter
TACAN_CHAN_VALID_SL reconfigure rate
for Tacan station used by
navigation filter
Time at which TACAN was T_TACAN External sensor | F DP sec Filter
read data snap rate
Copy of R TACAN_EF SL for [R_TACAN_EF Measurement |V DP ft Filter
TACAN station used by reconfigure rate
navigation filter
Vehicle position vector used in |R _RESID State vector \% DP ft Filter
measurement residual interpolate rate
calculation after interpolation
to time of measurement
TACAN range sensor Q TACR External sensor | F S ft Filter
measurement data snap rate
Current Shuttle position vector |R_FILT RTLS stateand |V DP ft Filter
in M50 coordinates covariance rate

measurement

incorporation,

RTLS nav state

propagation
Current Shuttle velocity vector [V _FILT RTLS stateand |V S ft/ sec | Filter
in M50 coordinates covariance rate

measurement

incorporation,

RTLS nav state

propagation
Difference between DV _FILT RTLS nav state |V S ft/ sec | Filter
accumulated sensed IMU prop rate
readings on present cycle and
previous cycle
Gravity accelerationatendof |G _OLD RTLS nav state |V S ft/ Filter
previous Shuttle state prop sec?  |rate
integration interval
Range criterion to select RNG_VAR _RNG_STEP | (a) F S ft Filter
TACAN instrument variance rate
Variance of TACAN range VAR _TAC R HIGH @ F S ft2 Filter
instrument error at range > rate
RNG_VAR_RNG_STEP
Variance of TACAN range VAC TAC R LOW @ F S ft2 Filter
instrument error at range < rate
RNG_VAR_RNG_STEP
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Table4.3.2.7.2-1. TACAN Range Measurement Subfunction Input Parameters

incorporation

Input Sample
Description Symbol Source Type | Precision | Range | Units| Rate
Scale factor on filter mean K_EDIT_TACR @ F S Filter
square residual edit test used rate
for TACAN range
measurement
Time of thefilter statevector | T_LAST FILT RTLS nav state | F DP sec Filter
prop rate
Interval over which the stateis | DT_FILT RTLS nav state | F S sec Filter
propagated prop rate
Criterion for difference EPS TAG F S sec Filter
between measurement time and rate
state time, above which the
filter state will be interpolated
Threshold for residual test TACAN_RNG _ @ F S Filter
guantity, below which data CONVERG_TEST rate
from one LRU alone are
acceptable
General residual test variable |RESID_TEST RTLS stateand | F S Filter
covariance rate
measurement

@ See RTLS navigation principal function K- oad table.
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Table4.3.2.7.2-2. TACAN Range Measurement Subfunction Output Parameters
Output Comp
Description Symbol Destination Type | Precision | Range [ Units| Rate
General range measurement DELQ RTLS stateand |F S ft Filter
residual covariance rate
measurement
incorporation,
RTLS
measurement
processing
statistics
General sensor variance VAR RTLSstateand | F S ft? Filter
covariance rate
measurement
incorporation
Measurement first partials with | B RTLSstateand |V DP Vay |Filter
respect to filter state covariance rate
measurement
incorporation
Scale factor on filter mean K_RES EDIT RTLSstateand |F S Filter
square residual edit test covariance rate
measurement
incorporation
Flag indicating the filter can ONE_RANGE_LOCK |RTLSnav D ON/OFF Filter
accept datafrom one TACAN principal function rate
LRU output parameter
table
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Table4.3.2.7.3-1. TACAN Bearing Measurement Subfunction Input Parameters

Input Sample
Description Symbol Source Type | Precision | Range | Units| Rate

Current datagood flag reserved | TAC_BRG _DATA_ [RTLSexterna D OFF/ON Filter
for bearing measurement GOOD sensor data snap rate
processing
Copy of TAC_CHAN_VALID | RTLS D OFF/ON Filter
TACAN_CHAN_VALID_SL for measurement rate
TACAN station used by reconfiguration
navigation filter
Time at which TACAN wasread | T_TACAN External sensor | F DP sec Filter

data snap rate
Copy of R TACAN_EF SL for |R_TACAN_EF RTLS \Y DP ft Filter
TACAN station used by measurement rate
navigation filter reconfiguration
Vehicle position vector usedin  |R _RESID State vector \% DP ft Filter
measurement residual calculation interpolation rate
after interpolation to time of
measurement
Copy of M_EFTOTD_ RTLS M S Filter
M_EFTOTD_TACAN_SL from |TACAN measurement rate
site lookup reconfiguration
Copy of ANGLE_CORR_ RTLS F S OtoPl rad Filter
ANGLE_CORR_TNTOMAG_SL | TNTOMAG measurement rate
for navigation processing reconfiguration
The constant Pl Pl @ F DP Filter

rate

TACAN bearing sensor Q_TAC BRG External sensor | F S rad Filter
measurement data snap rate
Range criterion to select TACAN [ RNG_VAR _ @ F S ft Filter
bearing instrument variance BEARING_STEP rate
Flag indicating (ON) vehicleis |IN_CONE_FLAG RTLS nav D OFF/ON As
inside TACAN station’s cone of principal function needed
confusion input parameter

table
Variance of TACAN bearing VAR_TAC BRG_ (a F S rad®> | Filter
instrument error at range HIGH rate
RNG_VAR_BEARING_STEP
Variance of TACAN bearing VAR_TAC BRG_ (a F S rad®> | Filter
instrument error at range LOW rate
RNG_VAR_BEARING_STEP
Current Shuttle position vector in R _FILT RTLS stateand |V DP ft Filter
M50 coordinates covariance rate

measurement

incorporation,

RTLS nav state

propagation
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Table4.3.2.7.3-1. TACAN Bearing Measurement Subfunction Input Parameters
Input Sample
Description Symbol Source Type | Precision | Range | Units| Rate
Current Shuttle velocity vector in |V _FILT RTLS stateand |V S ft/ sec | Filter
M50 coordinates covariance rate
measurement
incorporation,
RTLS nav state
propagation
Difference between accumulated |DV_FILT RTLS navigation |V S ft/sec |Filter
sensed IMU readings on present state propagation rate
cycle and previous cycle
Gravity acceleration at end of G _OLD RTLSnavigation |V S ft/sec? | Filter
previous Shuttle state integration state propagation rate
interval
Scale factor on filter mean square | K_EDIT_TACBR (a) F S Filter
residual edit test for TACAN rate
bearing measurement
Threshold for residual test TACAN_BRG_ @ F S Filter
quantity, below whichoneLRU | CONVERG_TEST rate
data are acceptable
General residual test variable RESID_TEST RTLS stateand |F S Filter
covariance rate
measurement
incorporation
Time of the filter state vector T _LAST _FILT RTLS navigation DP sec Filter
state propagation rate
Interval over which the stateis DT _FILT RTLSnavigation | F S sec Filter
propagated state propagation rate
Criterion for difference between |EPS TAG @ F S sec Filter
measurement time and state time rate
above which the filter state will
be interpolated
@ See RTL S navigation principal function K-oad and constant tables.
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Table4.3.2.7.3-2. TACAN Bearing Measurement Subfunction Output Parameters

Output Comp
Description Symbol Destination | Type | Precision| Range | Units Rate
General measurement residual DELQ RTLSstateand | F S rad Filter
covariance rate
measurement
incorporation,
RTLS
measurement
processing
statistics
General sensor variance VAR RTLS stateand | F S rad? Filter
covariance rate
measurement
incorporation
Measurement first partials with respect | B RTLS stateand | V DP Vary | Filter
to filter state covariance rate
measurement
incorporation
Flag indicating (ON) that the vehicleis | IN_CONE _FLAG | Measurement D ON/OFF Filter
in the ground station cone of confusion processing rate
statistics
Scale factor on filter mean square K_RES EDIT RTLS stateand | F S Filter
residual used in residua edit test covariance rate
measurement
incorporation
Flag indicating the filter can accept data| ONE_BRG _LOCK | RTLS D ON/OFF Filter
from one TACAN LRU navigation rate
principal
function output
parameter table
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Table4.3.2.7.4-1. Barometric Altimeter Input Parameters

Input Sample
Description Symbol Source Type| Precision| Range | Units | Rate
Copy of current data good discrete BARO DATA_GOOD | External sensor | D OFF/ON Filter
reserved for measurement processing data snap rate
(navigation)
Time tag associated with barometric | T_BARO External sensor | F DP SeC Filter
measurement data snap rate
Vehicle position vector used in R _RESID State vector Vv DP ft Filter
measurement residual calculation interpolation rate
after interpolation to time of
measurement
Barometric deterministic bias BIAS BARO @ F S ft Filter
rate
Altitude of mean sealevel above DELH MSL (b) F S ft Filter
reference ellipsoid at the runway ELLSIPSOID_RW rate
Barometric altimeter sensor Q BARO External sensor | F S ft Filter
measurement data snap rate
Filter current Shuttle position vector | R_FILT RTLS stateand | V DP ft Filter
in M50 coordinates covariance rate
measurement
incorporation,
RTLS nav state
propagation
Altitude of the runway above the ALT RW Ascent runway/ | F S ft Filter
reference elipsoid MSBLS site rate
lookup
Barometric altimeter instrument VAR H1 IHoad F S ft* Filter
variance constant rate
Barometric altimeter instrument VAR _H2 IHoad F S ft* Filter
variance constant rate
Current Shuttle velocity vector in V _FILT RTLS stateand | V S ft/ sec| Filter
M50 coordinates covariance rate
measurement
incorporation,
RTLS nav state
propagation
Difference between accumul ated DV _FILT RTLSnav state | V S ft/ sec| Filter
sensed IMU readings on present propagation rate
previous cycle
Gravity acceleration associated with | G_OLD RTLSnav state | V S ft/ Filter
current position vector propagation sec? rate
Scale factor on filter mean square K_EDIT_BARO @ F S Filter
residual used in residua edit test for rate

BARO measurement
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Table4.3.2.7.4-1. Barometric Altimeter Input Parameters

Input Sample
Description Symbol Source Type| Precision| Range | Units | Rate
Time of the filter state vector T_LAST_FILT RTLSnav state | F DP SeC Filter
propagation rate
Interval over which the stateis DT_FILT RTLS F S SeC Filter
propagated navigation state rate
propagation
Criterion for difference between EPS TAG @ F S sec Filter
measurement time and state time, rate
above which thefilter state will be
interpolated
@ See RTL S navigation principal function K-oad and constant tables.
P See RTL S navigation principal function input parameter table.
Table 4.3.2.7.4-2. Barometric Altimeter Output Parameters
Output Comp
Description Symbol Destination Type | Precision| Range | Units Rate
Barometric measurement residual DELQ RTLSstateand | F S ft Filter
covariance rate
measurement
incorporation
Measurement first partials with respect | B RTLSstateand | V DP Vary | Filter
to filter state covariance rate
measurement
incorporation
General sensor variance VAR RTLSstateand | F S Vary | Filter
covariance rate
measurement
incorporation
Scale factor on filter mean square K_RES EDIT RTLSstateand | F S Filter
residual used in residua edit test covariance rate
measurement
incorporation
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Table4.3.2.7.5-1. MSBL S Range Measurement Input Parameters

Input Sample
Description Symbol Sources Type | Precision | Range | Units Rate
MSBLS deterministic bias BIAS MLSRANGE | RTLSnavigation | F S ft Filter
principal function rate
input parameter
table
Copy of current data good MLSRANGE_ External sensor D OFF/ON Filter
discrete reserved for DATA_GOOD data snap rate
measurement processing
MSBLS range sensor Q_RANGE External sensor F S ft Filter
measurement data snap rate
Vehicle position vector used | R _RESID State vector \% DP ft Filter
in measurement residual interpolate rate
calculation after
interpolation to time of
measurement
Earth—fixed position vector R_RMLS EF RTLS navigation | V DP ft Filter
of ML S range scanner principal function rate
input parameter
table
Time at which MSBLSrange| T_EF RMLS External sensor F DP sec Filter
measurement was read data snap rate
MSBLS range measurement | VAR_RMLS @ F S ft2 Filter
instrument variance rate
Filter current Shuttle R _FILT RTLS nav state \% DP ft Filter
position vector in M50 propagation rate
coordinates
Current Shuttle velocity V_FILT RTLS nav state \Y S ft/ Filter
vector in M50 coordinates propagation sec rate
Difference between DV _FILT RTLS nav state \% S ft/ Filter
accumulated sensed IMU propagation sec rate
readings on present and
previous cycle
Gravity acceleration G_OLD RTLS nav state \% S ft/ Filter
associated with current propagation sec? | rate
position vector
Scale factor on filter mean K_EDIT_MLSR RTLS Control F Filter
square residual used in rate
residua edit test for MSBLS
range measurement
Time of thefilter state vector | T_LAST _FILT RTLS nav state F DP sec Filter
propagation rate
Interval over whichthestate | DT_FILT RTLS nav state F S sec Filter
is propagated propagation rate
Criterion for difference EPS TAG @ F S sec Filter
between measurement time rate
and state time, above which
the filter state will be
interpolated
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Table4.3.2.7.5-1. MSBL S Range Measurement Input Parameters

Input Sample
Description Symbol Sources Type | Precision | Range | Units Rate
Flag used (ON) to override MLS EDIT _ RTLS sensor D - ON/OFF | -- Filter
MLSresidual edit test OVERRIDE measurement rate
selection
Flag indicating (ON) that MLS STAT RTLS sensor D - ON/OFF | -- Filter
MLS dataareto be measurement rate
processed for statistical selection
display only
#See RTL S navigation principal function K—oad and constant tables.
Table 4.3.2.7.5-2. MSBL S Range Measurement Output Parameters
Output Comp
Description Symbol Destination Type | Precision | Range | Units | Rate
Measurement first partial derivative B RTLS state and \% DP Vary | Filter
with respect to filter state covariance rate
measurement
incorporation
MLS range measurement residual DELQ RTLS stateand F S ft Filter
covariance rate
measurement
incorporation
General sensor variance VAR RTLS stateand F S ft2 Filter
covariance rate
measurement
incorporation
Scale factor on filter mean square K_RES EDIT RTLS stateand F S Filter
residual used in residual edit test covariance rate
measurement
incorporation
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Table4.3.2.7.6-1. MSBLS Azimuth Measurement Input Parameters

Input Sample
Description Symbol Sources Type | Precision Range Units Rate
MSBLS deterministic elevation BIAS AZMLS (b) F S rad Filter
bias rate
Transformation matrix from M_EFTORAD_ | (b) M S Filter
earth-fixed to AZ/range MSBLS | R_AZ rate
radar coordinate frame
Copy of current data—good MLSAZ DATA_| RTLSsensor | D OFF/ON Filter
discrete reserved for GOOD data snap rate
measurement processing
MSBL S azimuth sensor Q_AZMLS RTLSsensor | F S rad Filter
measurement data snap rate
Earth-fixed MLS azimuth R_AZMLS EF | (b) \ DP ft Filter
scanner position vector rate
Vehicle position vector used in R _RESID State vector \% DP ft Filter
measurement residual calculation interpolate rate
after interpolation to time of
measurement
Time at which MSBLS azimuth T EF AZMLS | RTLSsensor | F DP sec Filter
was read (adjusted) data snap rate
MSBL S azimuth measurement VAR _AZMLS @ F S rad? Filter
instrument variance rate
Filter current Shuttle position R_FILT RTLS state \ DP ft Filter
vector in M50 coordinates and rate
covariance
measurement
incorporation
Current Shuttle velocity vectorin | V_FILT RTLS state \% S ft/ sec | Filter
M50 coordinates and rate
covariance
measurement
incorporation
Difference between accumulated | DV _FILT RTLS state \ S ft/ sec | Filter
several IMU readings on present propagation rate
and previous cycle
Gravity acceleration associated G _OLD RTLS nav \% S ft/ Filter
with current position vector state sec? rate
propagation
Scale factor on filter mean square | K_EDIT_ RTLS Control | F S Filter
residual used in residual edit test | MLSAZ rate
for MSBL S azimuth measurement
Time of the filter state vector T_LAST_FILT RTLS nav F DP Sec Filter
state rate
propagation
Interval over which the state is DT_FILT RTLS nav F S Sec Filter
propagated state rate
propagation
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Table4.3.2.7.6-1. MSBL S Azimuth Measurement Input Parameters

Input Sample
Description Symbol Sources Type | Precision Range Units Rate
Criterion for difference between EPS TAG @ F S sec Filter
measurement time and state time, rate
above which the filter state will
be interpolated
Flag used (ON) to overrideMLS | MLS EDIT_ RTLSsensor | D - ON/OFF | -- Filter
residual edit test OVERRIDE measurement rate
selection
Flag indicating (ON) that MLS MLS STAT RTLSsensor | D - ON/OFF | -- Filter
data are to be processed for measurement rate
statistical display only selection
#See RTL S navigation principal function K- oad table.
P See RTLS navigation principal function input parameter table.
¢ See RTL S navigation principal function constant table.
Table 4.3.2.7.6-2. MSBLS Azimuth Measurement Output Parameters
Output Comp
Description Symbol Destination Type | Precision| Range | Units| Rate
Measurement first partial derivative B RTLS state and \% DP Vay | Filter
with respect to filter rate covariance rate
measurement
incorporation
MLS azimuth measurement residual DELQ RTLS stateand F S rad Filter
covariance rate
measurement
incorporation
General sensor variance VAR RTLS state and F S rad® | Filter
covariance rate
measurement
incorporation
Scale factor on filter mean square K_RES EDIT RTLS stateand F S Filter
residual used in residual edit test covariance rate
measurement
incorporation

216




ST S 83-0005-34
December 14, 2007

Table4.3.2.7.7-1. MSBLS Elevation Measurement Input Parameters

Input Sample
Description Symbol Sources Type | Precision Range | Units | Rate

MSBLS deterministic bias BIAS ELMLS (b) F S rad Filter
elevation rate
Transformation matrix from M_EFTORAD_EL (b) M S Filter
earth—fixed to MSBLS elevation rate
radar coordinates
Distance from navigation base to MLSANT_NB_ @ F S ft Filter
MLS antenna DIST rate
Angle between navigation MLSANT_ANG @ F S rad Filter
base-to-ML S antenna vector and rate
positive vehicle X—body axis
Copy of current datagood discrete | MLSEL_DATA _ RTLS D OFF/ON Filter
reserved for measurement GOOD control rate
processing
Copy of pitch—store reserved for PITCH_M RTLSsensor | F S rad Filter
MLS elevation processing data snap rate
MSBLS elevation sensor Q_ELMLS RTLSsensor | F S rad Filter
measurement data snap rate
Vehicle position vector used in R _RESID Statevector | V DP ft Filter
measurement residual calculation interpolation rate
after interpolation to time of
measurement
Earth—fixed MLS elevation R _ELMLS EF (b) \% DP ft Filter
scanner position vector rate
Time of tag of current MSBLS T EF ELMLS RTLSsensor | F DP sec Filter
€levation measurement data snap rate
MSBLS elevation instrument VAR ELMLS (@ F S rad? Filter
variance rate
Filter current Shuttle position R _FILT RTLSstate | V DP ft Filter
vector in M50 coordinates and rate

covariance

measurement

incorporation
Minimum angle below which MSBLS EL IHoad F S rad Filter
MSBLS data are not used to ANGLE_CUTOFF rate
update state vector
Current Shuttle velocity vector in V_FILT RTLSstate | V S ft/ Filter
M50 coordinates and sec rate

covariance

measurement

incorporation
Difference between accumulated DV_FILT RTLS nav \% S ft/ Filter
sensed IMU readings on present state sec rate
and previous cycle propagation
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Table4.3.2.7.7-1. MSBLS Elevation Measurement Input Parameters
Input Sample
Description Symbol Sources Type | Precision Range | Units | Rate
Gravity acceleration associated G_OLD RTLS nav \% S ft/ Filter
with current position vector state sec? rate
propagation
Scale factor on filter mean square | K_EDIT_MLSEL RTLS F S Filter
residual used in residual edit test control rate
for MSBLS elevation measurement
Time of the filter state vector T LAST FILT RTLS nav F DP sec Filter
state rate
propagation
Interval over which the stateis DT_FILT RTLS nav F S sec Filter
propagated state rate
propagation
Criterion for difference between EPS TAG @ F S sec Filter
measurement time and state time, rate
above which the filter state willbe
interpolated
Flag used (ON) to override MLS MLS EDIT _ RTLSsensor | D - ON/OFF | -- Filter
residual edit test OVERRIDE measurement rate
selection
Flag indicating (ON) that MLS MLS STAT RTLSsensor | D -- ON/OFF | -- Filter
data are to be processed for measurement rate
statistical display only selection
#See RTL S navigation principal function K—oad and constant tables.
P See RTLS navigation principal function input parameter table.
Table4.3.2.7.7-2. MSBLS Elevation Measurement Output Parameters
Output Comp
Description Symbol Destination Type | Precision| Range | Units Rate
Measurement first partial derivative B RTLSstateand | V DP vary | Filter
with respect to filter state covariance rate
measurement
incorporation
MLS elevation measurement residual DELQ RTLSstateand | F rad Filter
covariance rate
measurement
incorporation
General sensor variance VAR RTLSstateand | F rad®> | Filter
covariance rate
measurement
incorporation
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Table4.3.2.7.7-2. MSBLS Elevation Measurement Output Parameters

Output Comp
Description Symbol Destination | Type | Precison| Range | Units Rate
Scale factor on filter mean square K_RES EDIT RTLSstateand | F S Filter
residual used in residua edit test covariance rate
measurement
incorporation
Flagindicating MSBLS elevation data | MSBLS EL _ RTLS D - ON/OFF | — Filter
processing is cutoff INHIBIT measurement rate
processing
statistics
Table4.3.2.8-1. RTLS Measurement Processing Statistics Input Parameters
Input Sample
Description Symbol Sources Type | Precision| Range | Units Rate
Value of criterion used to set the edit K_MAX @ I S 0.25
history indicators
Measurement residual for TACAN SENSOR_DELQ(1) | RTLS F S rad 0.25
bearing data navigation state
and covariance
measurement
incorporation
Measurement residual for TACAN SENSOR_DELQ(2) | RTLS F S ft 0.25
range data navigation state
and covariance
measurement
incorporation
Measurement residual for baro SENSOR _DELQ(3) | RTLS F S ft 0.25
altimeter navigation state
and covariance
measurement
incorporation
Four—valued flag defining use of SENSOR_EDIT(1) | RTLS Char 0.25
TACAN bearing data by the navigation state
navigation filter. OFF —no processing and covariance
attempted. ON — rejected by residual measurement

edit test. PROCESSED — used to
update state vector. STAT — used for
stat display purpose

incorporation
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Table4.3.2.8-1. RTLS Measurement Processing Statistics Input Parameters
Input Sample
Description Symbol Sources Type | Precison| Range | Units | Rate
Four—valued flag defining use of SENSOR_EDIT(2) | RTLS Char 0.25
TACAN range data by the navigation navigation state
filter. OFF — no processing attempted. and covariance
ON —rejected by residual edit test. measurement
PROCESSED - used to update state incorporation
vector. STAT —used for stat display
purpose
Four—valued flag defining use of baro | SENSOR_EDIT(3) | RTLS Char 0.25
altimeter data by the navigation filter; navigation state
OFF — no processing attempted; and covariance
ON —rgjected by residual edit test; measurement
PROCESSED - used to update state incorporation
vector; STAT —used only for stat
display purpose
Four—valued flag defining use of drag | SENSOR_EDIT(4) | RTLS Char 0.25
altitude data by the navigation filter; navigation state
OFF — no processing attempted; and covariance
ON —rejected by residual edit test; measurement
PROCESSED - used to update state incorporation
vector. STAT — used only for stat
display purpose
Altitude to rear wheels ALT_WHEELS (b) F S ft 0.25
Flag indicating (ON) the availability of | MLS AVAIL (b) F ON/OFF 0.25
MSBLS transmitter atthe current
selected runway
Flag indicating (ON) that MSBLS data| DO_MLS NAV RTLS sensor D OFF/ON 0.25
areto be processed select
Four—valued flag defining use of SENSOR_EDIT(5) | RTLS Char 0.25
MSBL S azimuth data by the navigation state
navigation filter; OFF — no processing and covariance
attempted; ON — rejected by residual measurement
edit test; PROCESSED — used to incorporation
update state vector; STAT — used only
for stat display purpose
Four—valued flag defining use of SENSOR_EDIT(6) | RTLS Char 0.25
MSBL S range data by the navigation navigation state
filter; OFF — no processing attempted; and covariance
ON —rejected by residual edit test; measurement

PROCESSED - used to update state
vector. STAT — used only for stat

display purpose
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Table4.3.2.8-1. RTLS Measurement Processing Statistics Input Parameters
Input Sample
Description Symbol Sources Type | Precision| Range Units Rate

Four—valued flag defining use of SENSOR_EDIT(7) | RTLS Char 0.25
MSBLS elevation data by the navigation state
navigation filter; OFF — no processing and covariance
attempted; ON — rejected by residual measurement
edit test; PROCESSED — used to incorporation
update state vector. STAT — used only
for stat display purpose
Value of criterion used in navigation SENSOR_RESID_ | RTLS F S rad? 0.25
filter for residual edit test for TACAN | TEST(1) navigation state
bearing measurement and covariance

measurement

incorporation
Value of criterion used in navigation SENSOR_RESID_ | RTLS F S ft? 0.25
filter for residual edit test for TACAN | TEST(2) navigation state
range measurement and covariance

measurement

incorporation
Value of criterion used in navigation SENSOR_RESID_ | RTLS F S ft? 0.25
filter for residual edit test for baro TEST(3) navigation state
altimeter measurement and covariance

measurement

incorporation
Flag indicating (ON) that the vehicleis| IN_CONE_FLAG TACAN D 0.25
in the cone of confusion for the current bearing
TACAN station measurement
Number of sequential failures of the N_SEQ MAX (b) I S 0.25
test criteria allowed beforeactivating
the nav event lamp
Altitude regions for nav event lamp ALT NAV_EVLT \Y S ft 0.25
processing
Feet to nautical miles conversion NAUTMI_PER FT | (@ F S nmi/ft | 0.25
Current orbiter altitude above ALT (b) S ft 0.25
reference elipsoid
Measurement residual for drag altitude | SENSOR_DELQ(4) | RTLS F S ft 0.25
data navigation state

and covariance

measurement

incorporation
Measurement residual for MSBLS SENSOR DELQ(5) | RTLS F S rad 0.25
azimuth data navigation state

and covariance

measurement

incorporation
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Table4.3.2.8-1. RTLS Measurement Processing Statistics Input Parameters
Input Sample
Description Symbol Sources Type | Precision| Range | Units Rate

Measurement residual for MSBLS SENSOR_DELQ(6) | RTLS F S ft 0.25
range data navigation state

and covariance

measurement

incorporation
Measurement residual for MSBLS SENSOR_DELQ(7) | RTLS F S rad 0.25
elevation data navigation state

and covariance

measurement

incorporation
Value of criterion used in navigation SENSOR _RESID | RTLS F S ft? 0.25
filter for residual edit test for drag TEST(4) navigation state
altitude measurement and covariance

measurement

incorporation
Value of criterion used in navigation SENSOR RESID | RTLS F S rad? 0.25
filter for residual edit test for MSBLS | TEST(5) navigation state
azimuth measurement and covariance

measurement

incorporation
Value of criterion used in navigation SENSOR RESID | RTLS F S ft? 0.25
filtersfor residua edit test for MSBLS | TEST(6) navigation state
range measurement and covariance

measurement

incorporation
Value of criterion used in navigation SENSOR RESID | RTLS F S rad? 0.25
filtersfor residual edit test for MSBLS | TEST(7) navigation state
elevation measurement and covariance

measurement

incorporation
Flag indicating (ON) that altitude data | H_INHIB Sensor D ON/OFF 0.25
have been inhibited because of an selection
altitude constraint
Flag indicating (ON) that MSBLS EL | MSBLS EL RTLS D ON/OFF | — Filter
data state updates are inhibited INHIBIT navigation state rate

and covariance

measurement

incorporation

& See RTLS navigation principal function K—oad and constant table.

P See RTL S navigation principal function input parameter table.
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Table4.3.2.8-2. RTLS Measurement Processing Statistics Output Parameters
Output Comp
Description Symbol Destination Type | Precision| Range | Units Rate
Display measurement residual for DISP_DELQ(1) €)] F S rad 0.25
TACAN bearing
Display measurement residual for DISP_DELQ(2) €] F S nmi 0.25
TACAN range
Display measurement residual for baro | DISP_DELQ(3) €)] F S ft 0.25
altimeter
Display edit history indicator for DISP_EDIT(1) (a Char 0.25
TACAN bearing measurement
Display edit history indicator for DISP_EDIT(2) €) Char 0.25
TACAN range measurement
Display edit history indicator for baro | DISP_EDIT(3) €) Char 0.25
altimeter measurement
Display residual edit ratio for TACAN | DISP_SIG(1) €)] F S 0.25
bearing
Display residual edit ratio for TACAN | DISP_SIG(2) (a F S 0.25
range
Display residua edit ratio for baro DISP_SIG(3) €)] F S 0.25
altimeter
Display measurement residual for drag | DISP_DELQ(4) €)] F S ft 0.25
altitude
Display measurement residual for DISP_DELQ(5) @ F S rad 0.25
MSBL S azimuth
Display measurement residual for DISP_DELQ(6) €] F S ft 0.25
MSBLS range
Display measurement residual for DISP_DELQ(7) €)] F S rad 0.25
MSBLS elevation
Display residual edit ratio for drag DISP_SIG(4) €)] F S 0.25
altitude
Display residual edit ratio for MSBLS | DISP_SIG(5) (a F S 0.25
azimuth
Display residual edit ratio for MSBLS | DISP_SIG(6) (a F S 0.25
range
Display residual edit ratio for MSBLS | DISP_SIG(7) (a F S 0.25
elevation
Display edit history indicator for drag | DISP_EDIT(4) €) Char 0.25
altitude measurement
Display edit history indicator for DISP_EDIT(5) €) Char 0.25
MSBL S azimuth measurement
Display edit history indicator for DISP_EDIT(6) €) Char 0.25
MSBL S range measurement
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Table4.3.2.8-2. RTLS Measurement Processing Statistics Output Parameters
Output Comp
Description Symbol Destination Type | Precision| Range | Units Rate
Display edit history indicator for DISP_EDIT(7) €) Char 0.25
MSBLS elevation
Nav edit flag NAV_EDIT_IND | (@) D OFF/ON 0.25
Nav edit altitude crew alert NAV_ALT FLAG | (@ D OFF/ON 0.25
Nav edit TACAN crew alert NAV_TAC FLAG | (a) D OFF/ON 0.25
Nav edit MSBLS crew aert NAV_MLS FLAG | (@), RTLS D OFF/ON 0.25
control

& See RTL S navigation principal function output parameter table.
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TABLE 4.3.2.9-1. INPUT FUNCTIONAL PARAMETERS FOR RETURN-TO-LAUNCH SITE NAVIGATION (G4.205)

FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA P LASTCR R
TYPE R E
E \%
C
ACC_DRAG VO95A0160CA DRAG DECEL RTLS UPP 89979F
ACC_PROP_M N VI90A8938CA ACC THRESHOLD TEST FOR STATE PROP ASC NAV SEQ FT/ S2
ACC_PROP_M N VI90A8938CB ACC THRESHOLD TEST FOR STATE PROP A/ RTLS NAV SEQ FT/ S2
ADS_MJ VI95X3112X ADS MACH JUMP FLAG ADTA SOP BD 93017G *
ALPHA N VO0H2246C NAV DERI VED ANGLE OF ATTACK A E ATT PROC DEG SPL 93017G *
ALT VO5H0175CA CURR ORB ALT ABOVE REF ELLI PSO D RTLS UPP FT SPL 93017G *
ALT_DG VI95X3111X PRESSURE ALTI TUDE DATA GOOD FLAG ADTA SOP BD 93017G *
ALT_WHEELS VO5H0165CA ALT TO REAR WHEELS/ NAV BASE( ENTRY) RTLS UPP FT 93017G *
ANGLE_CORR_TNTOVAG_S1 VO0H1843CB MAGNETI C VARI ATI ON AT TACAN 1 SITE ASC SI TE LOOKUP RAD
ANGLE_CORR_TNTOVAG_S2 VIO0H1844CB MAGNETI C VARI ATI ON AT TACAN 2 SITE ASC SI TE LOOKUP RAD
ANGLE_CORR_TNTOVAG_S3 VO0H1845CB MAGNETI C VARI ATI ON AT TACAN 3 SITE ASC SI TE LOOKUP RAD
BARO_Al F V93J4473C ADTA A/I/F EDIT CVD HORI Z SIT DI SP HXS 93017G *
BETA N VO0H2249C | NERTI AL SI DESLI P ANGLE A E ATT PROC DEG SPL 93017G *
Bl AS_AZM.S VO0H1886CB MSBLS AZI MUTH MEASUREMENT BI AS ASC SI TE LOOKUP RAD
Bl AS_ELM.S VO0H1887CB MSBLS ELEVATI ON MEASUREMENT BI AS ASC SI TE LOOKUP RAD
Bl AS_RMLS VO0H1885CB MSBLS RANGE MEASUREMENT BI AS ASC SI TE LOOKUP FT
CORR_COEFF_GPS( 1) V90U3068C GPS COV U V CORR COEFF GPS RCVR STATE PROC SPL 92067D
CORR_COEFF_GPS( 2) V90U3069C GPS COV U UDOT CORR COEFF GPS RCVR STATE PROC SPL 92067D
CORR_COEFF_GPS( 3) V90U3070C GPS COV U VDOT CORR COEFF GPS RCVR STATE PROC SPL 92067D
CORR_COEFF_GPS( 4) VO0U3071C GPS COV V UDOT CORR COEFF GPS RCVR STATE PROC SPL 92067D
CORR_COEFF_GPS( 5) VO0U3072C GPS COV V VDOT CORR COEFF GPS RCVR STATE PROC SPL 92067D
CORR_COEFF_GPS( 6) V90U3073C GPS COV WWDOT CORR COEFF GPS RCVR STATE PROC SPL 92067D
CORR_COEFF_GPS(7) Vo0uU3074C GPS COV UDOT VDOT CORR COEFF GPS RCVR STATE PROC SPL 92067D
CREW METERI NG_OVERRI DE VI93X1534X CREW OVERRI DE UPP RESET MIRNG GPS STATUS DI SP BD 92067D
DELH MSL_ELLI PSO D_RW VO0H1819CB ALT OF MSL ABOVE REF ELLIP AT RW ASC SI TE LOOKUP FT
DO_DELTA_UPDATE VI93X5030X UPDATE DELTAS CMD HORI Z SIT DI SP BD
DO _DELTA_UPDATE_UP V91X8894X DO DELTA STATE UPDATE UPLI NK CVD SYS S/IW
DRAG_CONST VO0UB937CA ACC MODEL DRAG CONST FOR ST PROP ASC NAV SEQ FT2/ SLUG 90185A
DRAG_CONST VO0UB937CB ACC MODEL DRAG CONST FOR ST PROP A/ RTLS NAV SEQ FT2/ SLUG 90185A
DR_RW 1) VO3H5010CA NAV UPDATE DELTA X POSI TI ON HORI Z SIT DI SP FT
DR_RW 2) VO3H5011CA NAV UPDATE DELTA Y POSI TI ON HORI Z SIT DI SP FT
DR_RW 3) VO3H5012CA NAV UPDATE DELTA Z POSI TI ON HORI Z SIT DI SP FT
DR_RW UP( X) VI6UB554C NAV UPDATE DELTA X POS UPLI NK CMD UL FT 92237
DR_RW UP(Y) VI6UB555C NAV UPDATE DELTA Y POS UPLI NK CMD UL FT 92237
DR_RW UP( 2) VI6UB556C NAV UPDATE DELTA Z POS UPLI NK CMD UL FT 92237
DT_GPS_OFF_M N V94W)981C TI ME SI NCE LAST GPS SEL GPS RCVR STATE PROC M N SPL 93017G *
DV_RW 1) V93L5020CA NAV UPDATE DELTA X VELCCI TY HORI Z SIT DI SP FT/ S
DV_RW 2) VO3L5021CA NAV UPDATE DELTA Y VELCCI TY HORI Z SIT DI SP FT/ S
DV_RW 3) VIO3L5022CA NAV UPDATE DELTA Z VELCCITY HORI Z SIT DI SP FT/ S
DV_RW _UP( X) VI6UB557C NAV UPDATE DELTA X VEL UPLI NK CMD UL FT/ S 92237
DV_RW UP(Y) VI6UB558C NAV UPDATE DELTA Y VEL UPLI NK CMD UL FT/ S 92237
DV_RW UP( 2) VI6UB559C NAV UPDATE DELTA Z VEL UPLI NK CMD UL FT/ S 92237
E(1-1) VO0UO650CB COVARI ANCE MATRI X ELEMENT 1-1 A/ RTLS NAV SEQ
E(1-2) VO0U0651CB COVARI ANCE MATRI X ELEMENT 1-2 A/ RTLS NAV SEQ
E(1-3) VO0U0652CB COVARI ANCE MATRI X ELEMENT 1-3 Al RTLS NAV SEQ
E(1-4) VI0U0653CB COVARI ANCE MATRI X ELEMENT 1-4 Al RTLS NAV SEQ
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E(1-5) VOOUO654CB  COVARI ANCE MATRI X ELEMENT 1-5 A/ RTLS NAV SEQ
E(1- 6) VOOUO655CB  COVARI ANCE MATRI X ELEMENT 1-6 A/ RTLS NAV SEQ
E(2- 1) VOOUOB56CB  COVARI ANCE MATRI X ELEMENT 2-1 A/ RTLS NAV SEQ
E(2- 2) VOOUO657CB  COVARI ANCE MATRI X ELEMENT 2-2 A/ RTLS NAV SEQ
E(2- 3) VOOUO658CB  COVARI ANCE MATRI X ELEMENT 2-3 A/ RTLS NAV SEQ
E( 2- 4) VOOUO659CB  COVARI ANCE MATRI X ELEMENT 2-4 A/ RTLS NAV SEQ
E(2-5) VOOUO660CB  COVARI ANCE MATRI X ELEMENT 2-5 A/ RTLS NAV SEQ
E(2- 6) VOOUO661CB  COVARI ANCE MATRI X ELEMENT 2-6 A/ RTLS NAV SEQ
E(3-1) VOOUO662CB  COVARI ANCE MATRI X ELEMENT 3-1 A/ RTLS NAV SEQ
E(3-2) VOOUO663CB  COVARI ANCE MATRI X ELEMENT 3-2 A/ RTLS NAV SEQ
E(3- 3) VOOUO664CB  COVARI ANCE MATRI X ELEMENT 3-3 A/ RTLS NAV SEQ
E(3-4) VOOUO665CB  COVARI ANCE MATRI X ELEMENT 3- 4 A/ RTLS NAV SEQ
E(3- 5) VOOUOB666CB  COVARI ANCE MATRI X ELEMENT 3-5 A/ RTLS NAV SEQ
E(3- 6) VOOUO667CB  COVARI ANCE MATRI X ELEMENT 3-6 A/ RTLS NAV SEQ
E(4- 1) VOOUO668CB  COVARI ANCE MATRI X ELEMENT 4- 1 A/ RTLS NAV SEQ
E(4- 2) VOOUOB669CB  COVARI ANCE MATRI X ELEMENT 4- 2 A/ RTLS NAV SEQ
E(4- 3) VOOUO670CB  COVARI ANCE MATRI X ELEMENT 4-3 A/ RTLS NAV SEQ
E( 4- 4) VOOU0671CB COVARI ANCE MATRI X ELEMENT 4- 4 A/ RTLS NAV SEQ
E(4-5) VOOUO672CB  COVARI ANCE MATRI X ELEMENT 4-5 A/ RTLS NAV SEQ
E(4- 6) VOOUO673CB  COVARI ANCE MATRI X ELEMENT 4- 6 A/ RTLS NAV SEQ
E(5- 1) VOOUO674CB  COVARI ANCE MATRI X ELEMENT 5-1 A/ RTLS NAV SEQ
E(5- 2) VOOUO675CB  COVARI ANCE MATRI X ELEMENT 5-2 A/ RTLS NAV SEQ
E(5- 3) VOOUO676CB  COVARI ANCE MATRI X ELEMENT 5- 3 A/ RTLS NAV SEQ
E(5- 4) VOOUD677CB  COVARI ANCE MATRI X ELEMENT 5-4 A/ RTLS NAV SEQ
E(5- 5) VOOUO678CB  COVARI ANCE MATRI X ELEMENT 5-5 A/ RTLS NAV SEQ
E(5- 6) VOOUO679CB  COVARI ANCE MATRI X ELEMENT 5- 6 A/ RTLS NAV SEQ
E(6-1) VOOUO680CB COVARI ANCE MATRI X ELEMENT 6- 1 A/ RTLS NAV SEQ
E(6- 2) VOOUO681CB COVARI ANCE MATRI X ELEMENT 6-2 A/ RTLS NAV SEQ
E(6- 3) VOOUO682CB  COVARI ANCE MATRI X ELEMENT 6- 3 A/ RTLS NAV SEQ
E(6- 4) VOOUO683CB  COVARI ANCE MATRI X ELEMENT 6- 4 A/ RTLS NAV SEQ
E(6- 5) VOOUO684CB  COVARI ANCE MATRI X ELEMENT 6-5 A/ RTLS NAV SEQ
E( 6- 6) VOOUO685CB  COVARI ANCE MATRI X ELEMENT 6- 6 A/ RTLS NAV SEQ
EARTH_POLE( 1) VOOUO190C  X- COVP UNIT VCTR ALONG EARTH AXI'S  RNP MAT COMP ND DPL 93090E
EARTH_POLE( 2) VOOU0191C Y- COVP UNIT VCTR ALONG EARTH AXIS  RNP MAT COMP ND DPL 93090E
EARTH_POLE( 3) VOOU0192C  Z- COVP UNIT VCTR ALONG EARTH AXIS  RNP MAT COMP ND DPL 93090E
FOM SOP( 1) VOOH3009C GPS 1 FI GURE OF MERI T GPS SOP HXS 92067D
FOM_SOP( 2) VOOH3010C GPS 2 FI GURE OF MERI T GPS SOP HXS 92067D
FOM_SOP( 3) VOOH3011C GPS 3 FI GURE OF MERI T GPS SOP HXS 92067D
GPS_DG SOP( 1) V90X3012X  GPS 1 DATA GOOD FLAG GPS SOP BD 92067D
GPS_DG_SOP( 2) V90X3013X  GPS 2 DATA GOOD FLAG GPS SOP BD 92067D
GPS_DG_SOP( 3) V90X3014X  GPS 3 DATA GOOD FLAG GPS SOP BD 92067D
GPS_FAI L_FOM SOP( 1) VOOX3015X GPS 1 FOM THRESH FAI L FLAG GPS SOP BD 92067D
GPS_FAI L_FOM _SOP( 2) VOOX3016X GPS 2 FOM THRESH FAI L FLAG GPS SOP BD 92067D
GPS_FAI L_FOM_SOP( 3) VOOX3017X GPS 3 FOM THRESH FAI L FLAG GPS SOP BD 92067D
GPS_RATI O _FLAG VOOX0440X SEL GPS RESI D RATI O EDI T FLAG GPS RCVR STATE PROC BD 92132C
GPS_SV_SEL_AVAI L VOOX3081XC GPS SEL STATE VCTR AVAI L FLAG GPS RCVR STATE PROC BD 92132C
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GPS_SV_SEL_AVAI L VO0X3081XD GPS SEL STATE VCTR AVAI L FLAG ASC NAV SEQ BD 92067D
GPS_TO GC_AIF V93J1200CA GPS TO G&C A/ I/ F CVD HORI Z SI'T DI SP HXS 92067D
GPS_TO GC_AIF V93J1200CB GPS TO G&C A/ I/ F CVD GPS STATUS DI SP HXS 92067D
GPS_TO _NAV_Al VO3X1202XA GPS TO NAV AUTQ/ | NHI BI T CMD HORI Z SI'T DI SP BD 92067D
GPS_TO NAV_Al VO3X1202XB GPS TO NAV AUTQY | NHI BI T CMD GPS STATUS DI SP BD 92067D
GPS_TO_NAV_FORCE VO3X1201XA GPS TO NAV FORCE CMD HORI Z SIT DI SP BD 92067D
GPS_TO_NAV_FORCE VO3X1201XB GPS TO NAV FORCE CMD GPS STATUS DI SP BD 92067D
G GPS_SEL(1) VO0A3637C  X- COMP OF SEL GPS GRAV VECTCR GPS RCVR STATE PROC  FT/S2 SPL 92214A
G _GPS_SEL(2) VO0A3638C  Y-COVMP OF SEL GPS GRAV VECTCR GPS RCVR STATE PROC  FT/ S2 SPL 92214A
G_GPS_SEL(3) VO0A3639C  Z-COVMP OF SEL GPS GRAV VECTCR GPS RCVR STATE PROC  FT/ S2 SPL 92214A
HPC VO5H3001C  ADS CORRECTED PRESSURE ALTI TUDE ADTA SOP FT SPL 93017G  *
| MJ_SFC V90J2503C | MJ SELECTI ON FI LTER COMMAND I MU RM BSU S 93017G *
| N_CONE_FLAG VO0X3598X | NSI DE CONE FLAG TACAN RM
M_SAZ_DATA_GOOD VO0X3003X  MSBLS AZI MUTH DATA GOCD SF BD 93017G  *
M_SEL_DATA_GOOD VO0X3033X  MSBLS ELEVATI ON DATA GOOD SF BD 93017G  *
M_SRANGE_DATA GOCD VO0X3063X  MSBLS RANGE DATA GOOD SF BD 93017G  *
M.S Al F V93J1629C M.S A/I/F EDIT C\MD HORI Z SIT DI SP HXS 92571B
M.S_AVAI L VO0X3720XB M.S AVAI LABI LI TY ASC SI TE LOOKUP
MVl_CODE VO0QB001C  MAJOR MODE CODE ul HXS 93017G  *
VBBAZI MTI M VO5W6010C  MSBLS AZI MUTH MEASUREMENT TI ME VBBLS SOP s DPL 93017G  *
VBBELEVTI M VO5W6020C  MSBLS ELEVATI ON MEASUREMENT TIME ~ MBBLS SOP s DPL 93017G  *
VEBRANGTI M VO5WE000C  MSBLS RANGE MEASUREMENT TI ME VBBLS SOP s DPL 93017G  *
M EFTORAD_EL( 1- 1) VOOU1875CB EF TO MSBLS EL COORD, ELE 1-1 ASC SI TE LOOKUP
M_EFTORAD_EL( 1- 2) VOOU1876CB EF TO MSBLS EL COORD, ELE 1-2 ASC S| TE LOOKUP
M_EFTORAD_EL( 1- 3) VOOU1877CB EF TO MSBLS EL COORD, ELE 1-3 ASC SI TE LOOKUP
M_EFTORAD_EL( 2- 1) VOOU1878CB EF TO MSBLS EL COORD, ELE 2-1 ASC S| TE LOOKUP
M_EFTORAD_EL( 2- 2) VOOU1879CB EF TO MSBLS EL COORD, ELE 2-2 ASC S| TE LOOKUP
M_EFTORAD_EL( 2- 3) VOOU1880CB EF TO MSBLS EL COORD, ELE 2-3 ASC SI TE LOOKUP
M_EFTORAD_EL( 3- 1) VOOU1881CB EF TO MSBLS EL COORD, ELE 3-1 ASC SI TE LOOKUP
M_EFTORAD_EL( 3- 2) VOOU1882CB EF TO MSBLS EL COORD, ELE 3-2 ASC SI TE LOOKUP
M_EFTORAD_EL( 3- 3) VOOU1883CB EF TO MSBLS EL COORD, ELE 3-3 ASC SI TE LOOKUP
M_EFTORAD_R AZ( 1- 1) VOOU1865CB EF TO RNG AZ MSBLS RDR COORDY 1-1  ASC SI TE LOOKUP
M_EFTORAD_R_AZ(1-2) VOOU1866CB EF TO RNG AZ MSBLS RDR COORDY 1-2  ASC SI TE LOOKUP
M_EFTORAD_R_AZ(1-3) VOOU1867CB EF TO RNG AZ MSBLS RDR COORDY 1-3  ASC SI TE LOOKUP
M _EFTORAD_R_AZ( 2- 1) VOOU1868CB EF TO RNG AZ MSBLS RDR COORDY 2-1  ASC SI TE LOOKUP
M_EFTORAD_R_AZ( 2- 2) VOOU1869CB EF TO RNG AZ MSBLS RDR COORDY 2-2  ASC SI TE LOOKUP
M _EFTORAD_R_AZ( 2- 3) VOOU1870CB EF TO RNG AZ MSBLS RDR COORDY 2-3  ASC SI TE LOOKUP
M_EFTORAD_R_AZ( 3- 1) VOOU1871CB EF TO RNG AZ MSBLS RDR COORDY 3-1  ASC SI TE LOOKUP
M_EFTORAD_R_AZ( 3- 2) VOOU1872CB EF TO RNG AZ MSBLS RDR COORDY 3-2  ASC SI TE LOOKUP
M_EFTORAD_R_AZ( 3- 3) VO0U1873CB EF TO RNG AZ MSBLS RDR COORD/ 3-3  ASC SI TE LOOKUP
M_EFTORW( 1- 1) VOOU1805CB EF TO PRI ME RW XFORM MIRX ELE 1-1  ASC SI TE LOOKUP
M_EFTORW( 1- 2) VOOU1806CB EF TO PRI ME RW XFORM MIRX ELE 1-2  ASC SI TE LOOKUP
M_EFTORW( 1- 3) VOOU1807CB EF TO PRI ME RW XFORM MIRX ELE 1-3  ASC SI TE LOOKUP
M_EFTORW( 2- 1) VOOU1808CB EF TO PRI ME RW XFORM MIRX ELE 2-1  ASC SI TE LOOKUP
M_EFTORW( 2- 2) VOOU1809CB EF TO PRI ME RW XFORM MIRX ELE 2-2  ASC SI TE LOOKUP
M_EFTORW( 2- 3) VOOU1810CB EF TO PRI ME RW XFORM MIRX ELE 2-3  ASC SI TE LOOKUP
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M_EFTORW( 3- 1) Vo0U1811CB EF TO PRI ME RW XFORM MIRX ELE 3-1 ASC SI TE LOOKUP
M_EFTORW( 3- 2) Vo0U1812CB EF TO PRI ME RW XFORM MIRX ELE 3-2 ASC SI TE LOOKUP
M_EFTORW 3- 3) Vo0U1813CB EF TO PRI ME RW XFORM MIRX ELE 3-3 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL1(1-1) V90UL775CB EF TO TOPO COORD AT TA SITE 1/1-1 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL1( 1-2) V90U1776CB EF TO TOPO COORD AT TA SITE 1/1-2 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL1( 1-3) V90UL777CB EF TO TOPO COORD AT TA SITE 1/1-3 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL1(2-1) V90U1778CB EF TO TOPO COORD AT TA SITE 1/2-1 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL1( 2- 2) V90UL779CB EF TO TOPO COORD AT TA SITE 1/2-2 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL1( 2- 3) V90U1780CB EF TO TOPO COORD AT TA SITE 1/2-3 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL1( 3-1) V90U1781CB EF TO TOPO COORD AT TA SITE 1/3-1 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL1( 3-2) V90U1782CB EF TO TOPO COORD AT TA SITE 1/3-2 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL1( 3- 3) V90U1783CB EF TO TOPO COORD AT TA SITE 1/3-3 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL2(1-1) V90U1784CB EF TO TOPO COORD AT TA SITE 2/1-1 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL2( 1-2) V90U1785CB EF TO TOPO COORD AT TA SITE 2/1-2 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL2( 1- 3) V90U1786CB EF TO TOPO COORD AT TA SITE 2/1-3 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL2( 2-1) V90U1787CB EF TO TOPO COORD AT TA SITE 2/2-1 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL2( 2- 2) V90U1788CB EF TO TOPO COORD AT TA SITE 2/2-2 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL2( 2- 3) V90U1789CB EF TO TOPO COORD AT TA SITE 2/2-3 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL2( 3-1) VI90U1790CB EF TO TOPO COORD AT TA SITE 2/3-1 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL2( 3- 2) V90U1791CB EF TO TOPO COORD AT TA SITE 2/3-2 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL2( 3- 3) V90U1792CB EF TO TOPO COORD AT TA SITE 2/3-3 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL3(1-1) VI90U1793CB EF TO TOPO COORD AT TA SITE 3/1-1 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL3( 1-2) VI90U1794CB EF TO TOPO COORD AT TA SITE 3/1-2 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL3( 1- 3) VI90UL1795CB EF TO TOPO COORD AT TA SITE 3/1-3 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL3( 2-1) VI90UL1796CB EF TO TOPO COORD AT TA SITE 3/2-1 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL3( 2- 2) VI90U1797CB EF TO TOPO COORD AT TA SITE 3/2-2 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL3( 2- 3) V90U1798CB EF TO TOPO COORD AT TA SITE 3/2-3 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL3(3-1) VIO0UL1799CB EF TO TOPO COORD AT TA SITE 3/3-1 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL3( 3- 2) V90U1800CB EF TO TOPO COORD AT TA SITE 3/3-2 ASC SI TE LOOKUP
M _EFTOTD_TACAN_SL3( 3- 3) V90U1801CB EF TO TOPO COORD AT TA SITE 3/3-3 ASC SI TE LOOKUP
M _MbOTOEF_AT_EPOCH( 1, 1) V97U5738C  MbO TO EF TRANS MATRI X ELEM 1,1 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 1, 2) V97U5739C  MbO TO EF TRANS MATRI X ELEM 1, 2 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 1, 3) V97U5740C  MbO TO EF TRANS MATRI X ELEM 1,3 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 2, 1) V97U5741C  MbO TO EF TRANS MATRI X ELEM 2,1 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 2, 2) V97U5742C  MbO TO EF TRANS MATRI X ELEM 2, 2 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 2, 3) V97U5743C  MbO TO EF TRANS MATRI X ELEM 2, 3 RNP MAT COWP ND DPL 93090E
M _MbOTOEF_AT_EPOCH( 3, 1) V97U5744C  MbO TO EF TRANS MATRI X ELEM 3,1 RNP MAT COWP ND DPL 93090E
M_MbOTOEF_AT_EPOCH( 3, 2) V97U5745C  MbO TO EF TRANS MATRI X ELEM 3, 2 RNP MAT COWP ND DPL 93090E
M_MbOTOEF_AT_EPOCH( 3, 3) V97U5746C  MbO TO EF TRANS MATRI X ELEM 3, 3 RNP MAT COWP ND DPL 93090E
OUT_BRG_DG V90X3591X  BEARI NG DATA GOCD TACAN RM BD 93017G *
OUT_RNG_DG VI0X3593X  RANGE DATA GOCD TACAN RM BD 93017G *
QUT_SEL_BRG VO0H3590C  SELECTED BEARI NG DATA TACAN RM DEG DPL 93017G *
QUT_SEL_RNG VO0H3592C  SELECTED RANGE DATA TACAN RM FT DPL 93017G *
REL_VEL_MAG VO5L0151CA GND REL VEL MAGNI TUDE IN M60 SYS RTLS UPP FT/ S SPL 93017G *
R _AZM.S_EF(1) VO0H1828CB X- COWP EF PGS VCT OF MLS AZ ANT ASC SI TE LOOKUP
R_AZM.S_EF( 2) VO0H1829CB Y- COW EF PGS VCT OF MLS AZ ANT ASC SI TE LOOKUP
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R_AZM.S_EF( 3) VO0H1830CB Z- COWP EF PGS VCT OF MLS AZ ANT ASC SI TE LOOKUP

R _COV_LAST(1) VO0H0581CB X-COWP OF POS VCT W CURR COV MIRX  ASC NAV FT

R _COV_LAST( 2) VO0H0582CB Y- COWP OF POS VCT W CURR COV MIRX  ASC NAV FT

R_COV_LAST( 3) VO0H0583CB Z- COWP OF POS VCT W CURR COV MIRX  ASC NAV FT

R ELM.S_EF(1) VO0H1825CB X- COWP EF POS VCT MLS ELEV ANT ASC SI TE LOOKUP FT

R_ELM.S_EF(2) VO0H1826CB Y- COWP EF POS VCT MLS ELEV ANT ASC SI TE LOOKUP FT

R_ELM.S_EF(3) VO0H1827CB Z- COMP EF POS VCT MLS ELEV ANT ASC SI TE LOOKUP FT

R FILT(1) VO0HO584CA X-COW OF FLTR S CURR PGS VECTOR ASC NAV FT

R FILT(2) VO0HO585CA  Y-COW OF FLTR S CURR POS VECTOR ASC NAV FT

R _FILT(3) VO0HO586CA Z-COW OF FLTR S CURR PGS VECTOR ASC NAV FT

R _GPS_ECEF_SOP(1, 1) VO0H3036C  GPS 1 WGS84 POS VECTOR X- COWP GPS SOP FT DPL 92067D

R _GPS_ECEF_SOP(1, 2) VO0H3037C  GPS 1 WGS84 POS VECTOR Y- COWP GPS SOP FT DPL 92067D

R _GPS_ECEF_SOP(1, 3) VO0H3038C  GPS 1 WGS84 PGS VECTOR Z- COWP GPS SOP FT DPL 92067D

R _GPS_ECEF_SOP(2, 1) VO0H3039C GPS 2 WGS84 POS VECTOR X- COWP GPS SOP FT DPL 92067D

R _GPS_ECEF_SOP( 2, 2) VO0H3040C GPS 2 WGS84 PGS VECTOR Y- COWP GPS SOP FT DPL 92067D

R _GPS_ECEF_SOP( 2, 3) VO0H3041C  GPS 2 WGS84 PGS VECTOR Z- COWP GPS SOP FT DPL 92067D

R _GPS_ECEF_SOP(3, 1) VO0H3042C  GPS 3 WGS84 POS VECTOR X- COWP GPS SOP FT DPL 92067D

R _GPS_ECEF_SOP( 3, 2) VO0H3043C  GPS 3 WGS84 PGS VECTOR Y- COWP GPS SOP FT DPL 92067D

R _GPS_ECEF_SOP( 3, 3) VO0H3044C  GPS 3 WGS84 PGS VECTOR Z- COWP GPS SOP FT DPL 92067D

R _GPS_SEL(1) VO0H3082C  X-COWP OF SEL GPS PGS VECTOR GPS RCVR STATE PRCC FT DPL 92067D

R _GPS_SEL(2) VO0H3083C  Y-COW OF SEL GPS PGS VECTOR GPS RCVR STATE PRCC FT DPL 92067D

R _GPS_SEL(3) VO0H3084C  Z-COWP OF SEL GPS PGS VECTOR GPS RCVR STATE PRCC FT DPL 92067D

R _RMLS_EF(1) VO0H1831CB X-COWP EF POS VCT OF MLS RNG ANT ASC SI TE LOOKUP

R_RMLS_EF(2) VO0H1832CB Y-COW EF POS VCT OF MLS RNG ANT ASC SI TE LOOKUP

R_RMLS_EF(3) VO0H1833CB Z- COWP EF POS VCT OF MLS RNG ANT ASC SI TE LOOKUP

R_TACAN_EFSL1(1) VO0H1834CB X- COMP EF POS VECTOR CF TACAN 1 ASC SI TE LOOKUP FT

R_TACAN_EFSL1(2) VI0H1835CB Y- COMP EF POS VECTOR CF TACAN 1 ASC SI TE LOOKUP FT

R_TACAN_EFSL1(3) VO0H1836CB Z- COMP EF POS VECTOR COF TACAN 1 ASC SI TE LOOKUP FT

R_TACAN_EFSL2( 1) VO0H1837CB X- COMP EF POS VECTCOR COF TACAN 2 ASC SI TE LOOKUP FT

R_TACAN_EFSL2( 2) VO0H1838CB Y- COMP EF POS VECTOR CF TACAN 2 ASC SI TE LOOKUP FT

R_TACAN_EFSL2( 3) VO0H1839CB Z- COMP EF POS VECTCR CF TACAN 2 ASC SI TE LOOKUP FT

R_TACAN_EFSL3( 1) V90H1840CB X- COMP EF POS VECTOR CF TACAN 3 ASC SI TE LOOKUP FT

R_TACAN_EFSL3( 2) VO0H1841CB Y- COWP EF POS VECTOR CF TACAN 3 ASC SI TE LOOKUP FT

R_TACAN_EFSL3( 3) VO0H1842CB Z- COMP EF POS VECTCOR CF TACAN 3 ASC SI TE LOOKUP FT

SEL_LRU I D V90J3595C  SELECTED LRU ID TACAN RM

SEL_V_Mb0( 1) V90L2557C  SEL TOTAL X VEL MO I MJ RM FT/ S DPL 93017G *

SEL_V_Mb0( 2) V90L2558C  SEL TOTAL Y VEL MO I MJ RM FT/ S DPL 93017G *

SEL_V_Mb0( 3) V90L2559C  SEL TOTAL Z VEL MO I MJ RM FT/ S DPL 93017G *

SI G_DI AG_GPS(1) VI0H3094C  GPS NAV RESET COV DI AG ELEM 1 GPS RCVR STATE PRCC FT SPL 92067D

SI G_DI AG_GPS( 2) VI0H3095C  GPS NAV RESET COV DI AG ELEM 2 GPS RCVR STATE PRCC FT SPL 92067D

SI G_DI AG_GPS( 3) VO0H3096C  GPS NAV RESET COV DI AG ELEM 3 GPS RCVR STATE PRCC FT SPL 92067D

SI G_DI AG_GPS(4) VI0L3097C  GPS NAV RESET COV DI AG ELEM 4 GPS RCVR STATE PRCC FT/ S SPL 92067D

SI G_DI AG_GPS( 5) V90L3098C  GPS NAV RESET COV DI AG ELEM 5 GPS RCVR STATE PRCC FT/ S SPL 92067D

S| G_DI AG_GPS( 6) VI0L3099C  GPS NAV RESET COV DI AG ELEM 6 GPS RCVR STATE PRCC FT/ S SPL 92067D

SQ AZM.S VO5H6021C  SELECTED MSBLS AZI MUTH- SCLD MBBLS SOP RAD 89137C

SQ ELM.S VO5H6022C  SELECTED MSBLS ELEVATI ON- SCLD MBBLS SOP RAD 89137C
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TABLE 4.3.2.9-1. INPUT FUNCTIONAL PARAMETERS FOR RETURN-TO-LAUNCH SITE NAVIGATION (G4.205)

FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA LASTCR R

TYPE E
\%

SQ_RANGE VO5H6023C  SELECTED MSBLS RANGE- SCLD MBBLS SOP FT 89137C

TACAN_AI F V93J4470C TAC A/I/F EDIT CVD HORI Z SIT DI SP HXS 93017G *

TACAN_CHAN_VALI D_SL1 VI90X1858XB TACAN CHANNEL VALI DI TY FLAG TAC 1) ASC SI TE LOOKUP 92522D

TACAN_CHAN_VALI D_SL2 VI90X1859XB TACAN CHANNEL VALI DI TY FLAG TAC 2) ASC SI TE LOOKUP

TACAN_CHAN_VALI D_SL3 V90X1860XB TACAN CHANNEL VALI DI TY FLAG TAC 3) ASC SI TE LOOKUP

TACAN_I D( 1) Vo0U1802CB TACAN 1 GND STA CHAN ASC SI TE LOOKUP

TACAN_I D( 2) Vo0U1803CB TACAN 2 GND STA CHAN ASC SI TE LOOKUP

TACAN_I D( 3) Vo0U1804CB TACAN 3 GND STA CHAN ASC SI TE LOOKUP

THETA/ THETA_TOPO VO0H2217C  BODY PI TCH ATTI TUDE EULER ANGLE A E ATT PROC DEG SPL 93017G *

T_EPOCH VO7We528C  TI ME TAG FOR M_MOTOEF_AT_EPOCH RNP MAT COWP S DPL 93090E

T_GPS_LAST_UPDATE VO0OWB556CF TIME OF NAV RESET W TH SEL GPS ASC NAV SEQ S DPL 92369B

T_GPS_SEL VO0WB561C  GPS SEL SV TIME TAG GPS RCVR STATE PRCC S DPL 92067D

T_GPS_SOP(1) VO0WB045C  GPS 1 STATE TI ME TAG GMI) GPS SOP S DPL 92067D

T_GPS_SOP( 2) VOOWB046C  GPS 2 STATE TI ME TAG GMI) GPS SOP S DPL 92067D

T_GPS_SOP( 3) VO0WB047C  GPS 3 STATE TI ME TAG GMI) GPS SOP S DPL 92067D

T_HPC VO5WB400C  ADS CORRECTED PRESS ALT TI ME TAG ADTA SOP S DPL 93017G *

T_I MJS VO5W002C | MJ I NPUT TRANS TI ME TAG I MJ I NT PRCC S DPL 93017G *

T_I MJ_SAVE_SOP( 1) VO0WB048C I MJ TI ME TAG FOR CURNT GPS 1 STATE GPS SOP S DPL 92067D

T_I MJ_SAVE_SOP( 2) VO0WB049C I MJ TI ME TAG FOR CURNT GPS 2 STATE GPS SOP S DPL 92067D

T_I MJ_SAVE_SOP( 3) VO0WB050C I MJ TI ME TAG FOR CURNT GPS 3 STATE GPS SOP S DPL 92067D

T_LAST_FILT VO0OW8522CA TIME OF FILTER STATE VECTOR ASC NAV SEQ S

T_LAST_FILT VO0W8522CB  TIME OF FILTER STATE VECTOR ASC NAV S 92165A

T_TACAN VI0WB596CB TACAN TI ME TAG TACAN SOP S

V_FILT(1) VI0L0624CA X-COW OF FLTR S CURR VEL VECTOR ASC NAV FT/ S SPL

V_FILT(2) VO0L0625CA  Y-COW OF FLTR S CURR VEL VECTOR ASC NAV FT/ S SPL

V_FI LT(3) VO90L0626CA Z-COW OF FLTR S CURR VEL VECTOR ASC NAV FT/ S SPL

V_GPS_ECEF_SOP(1, 1) VO0L3051C GPS 1 WGS84 VEL VECTOR X- COWP GPS SOP FT/ S SPL 92067D

V_GPS_ECEF_SOP(1, 2) V90L3052C GPS 1 WGS84 VEL VECTOR Y- COWP GPS SOP FT/ S SPL 92067D

V_GPS_ECEF_SOP( 1, 3) VO0L3053C GPS 1 WGS84 VEL VECTOR Z- COWP GPS SOP FT/ S SPL 92067D

V_GPS_ECEF_SOP( 2, 1) VO0L3054C GPS 2 WGS84 VEL VECTOR X- COWP GPS SOP FT/ S SPL 92067D

V_GPS_ECEF_SOP( 2, 2) V90L3055C GPS 2 WGS84 VEL VECTOR Y- COWP GPS SOP FT/ S SPL 92067D

V_GPS_ECEF_SOP( 2, 3) V90L3056C  GPS 2 WGS84 VEL VECTOR Z- COWP GPS SOP FT/ S SPL 92067D

V_GPS_ECEF_SOP( 3, 1) V90L3057C  GPS 3 WGS84 VEL VECTOR X- COWP GPS SOP FT/ S SPL 92067D

V_GPS_ECEF_SOP( 3, 2) V90L3058C  GPS 3 WGS84 VEL VECTOR Y- COWP GPS SOP FT/ S SPL 92067D

V_GPS_ECEF_SOP( 3, 3) V90L3059C GPS 3 WGS84 VEL VECTOR Z- COWP GPS SOP FT/ S SPL 92067D

V_GPS_SEL(1) V90L3108C  X-COWP OF SEL GPS VEL VECTOR GPS RCVR STATE PRCC FT/ S DPL 92244A

V_GPS_SEL(2) VO0L3109C  Y-COW OF SEL GPS VEL VECTOR GPS RCVR STATE PRCC FT/ S DPL 92244A

V_GPS_SEL(3) Vo0L3110C Z-COWP OF SEL GPS VEL VECTOR GPS RCVR STATE PRCC FT/ S DPL 92244A

V_I MJ_SAVE_SOP(1, 1) V95L0133C | MJ ACCUM X VEL FOR CURRENT GPS 1 GPS SOP FT/ S DPL 92067D

V_I MJ_SAVE_SOP( 1, 2) V95L0134C I MJ ACCUM Y VEL FOR CURRENT GPS 1 GPS SOP FT/ S DPL 92067D

V_I MJ_SAVE_SOP( 1, 3) V95L0135C | MJ ACCUM Z VEL FOR CURRENT GPS 1 GPS SOP FT/ S DPL 92067D

V_I MJ_SAVE_SOP( 2, 1) V95L0136C | MJ ACCUM X VEL FOR CURRENT GPS 2 GPS SOP FT/ S DPL 92067D

V_I MJ_SAVE_SOP( 2, 2) V95L0137C I MJ ACCUM Y VEL FOR CURRENT GPS 2 GPS SOP FT/ S DPL 92067D

V_I MJ_SAVE_SOP( 2, 3) V95L0138C | MJ ACCUM Z VEL FOR CURRENT GPS 2 GPS SOP FT/ S DPL 92067D

V_I MJ_SAVE_SOP( 3, 1) V95L0139C | MJ ACCUM X VEL FOR CURRENT GPS 3 GPS SOP FT/ S DPL 92067D

V_I MJ_SAVE_SOP( 3, 2) V95L0140C I MJ ACCUM Y VEL FOR CURRENT GPS 3 GPS SOP FT/ S DPL 92067D



TABLE 4.3.2.9-1. INPUT FUNCTIONAL PARAMETERS FOR RETURN-TO-LAUNCH SITE NAVIGATION (G4.205)

FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA P LASTCR R
TYPE R E
E \%
C
V_I MJ_SAVE_SOP( 3, 3) V95L0141C I MJ ACCUM Z VEL FOR CURRENT GPS 3 GPS SOP FT/' S DPL 92067D
V_LAST_FILT(1) VO0L0621CA X-COWP VEL W COV MIRX & FLTR UPDTE ASC NAV FT/' S
V_LAST_FI LT(2) V90L0622CA Y-COWP VEL W COV MIRX & FLTR UPDTE ASC NAV FT/' S
V_LAST_FI LT(3) V90L0623CA Z-COWP VEL W COV MIRX & FLTR UPDTE ASC NAV FT/' S
V93J5013C DRAG H A/I/F EDIT CVD HORI Zz SIT DI SP HXS 93017G *
NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
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TABLE 4.3.2.9-2. OUTPUT FUNCTIONAL PARAMETERS FROM RETURN-TO-LAUNCH SITE NAVIGATION (G4.205)
FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E \Y
C
BARO_MARK_NUM V90J8843CA COUNTER- BARO MEAS BEI NG PROCESSED TLM
COV_POs_SI G VO0H0438CD RSS OF COVARI ANCE POS ELEMENTS DL FMI 21/1 FT SPL 93017G *
COV_VEL_SI G VO0L0439CD RSS OF COVARI ANCE VEL ELEMENTS DL FMI 21/1 FT/ S SPL 93017G *
DI SP_DELQ 1) VO0OH0212CA TAC AZ/ OPTICS H X/ AZ MEAS RESIDUAL DL FMI 21/1 RAD 93017G *
HORI Z SI T DI SP
DI SP_DELQ 2) VO0H0214CA TAC R/ OPTICS V/ Y/ EL MEAS RESI DUAL DL FMI 21/1 NM 93017G *
HORI Z SI T DI SP
DI SP_DELQ 3) VO0H0221CA BARO ALT/ RR RNG MEAS RESI DUAL DL FMI 21/1 FT 93017G *
HORI Z SI T DI SP
DI SP_DELQ 4) VO90A0711CB DRAG ALT/ RR R DOT MEAS RESI DUAL DL FMI 21/1 FT 93017G *
HORI Z SI T DI SP
DI SP_DELQ 5) VO0U0231CB MSBLS AZ/ SHAFT RATE MEAS RESI DUAL DL FMI 21/1 93017G *
DI SP_DELQ 6) VO0U0232CB MSBLS R/ TRUN RATE MEAS RESI DUAL TLM
DI SP_DELQ 7) VO0U0233CB MSBLS EL MEAS RESI DUAL DL FMI 21/1 93017G *
DI SP_EDI T(1) VO0X0213XA TAC AZ/ OPTICS HX/AZ EDIT H ST IND DL FMI 21/1 93017G *
HORI Z SI T DI SP
DI SP_EDI T( 2) VO0X0215XA TAC RIOPTICS VY EL EDIT H ST I ND DL FMI 21/1 93017G *
HORI Z SI T DI SP
DI SP_EDI T( 3) VO0X0223XA BARO ALT/RR RNG EDIT HI ST | ND DL FMI 21/1 93017G *
HORI Z SIT DI SP
DI SP_EDI T( 4) VO0X0712XB DRAG ALT/RR R DOT EDI T H ST | ND HORI Z SI T DI SP
TLM
DI SP_EDI T(5) VO0X0218XB MSBLS AZ/ SHAFT RATE EDIT H ST | ND TLM
DI SP_SI (1) VI0U0216CA TAC AZ/ OPTICS H X/ AZ RESI D RATI O DL FMIr 21/1 93017G *
HORI Z SI T DI SP
DI SP_SI (( 2) VO0UD217CA TAC R/ OPTICS V/ Y/ EL RESI D RATI O DL FMIr 21/1 93017G *
HORI Z SI T DI SP
DI SP_SI ( 3) VO0U0222CA BARO ALT/ RR RNG RESI D RATI O DL FMI 21/1 93017G *
HORI Z SI T DI SP
DI SP_SI (( 4) VO0UO713CB DRAG ALT/RR R DOT RESI D RATI O HORI Z SIT DI SP
TLM
DI SP_SI ¢ 5) VO0UD253CB MSBLS AZ/ SHAFT RATE RESI D RATI O TLM
DI SP_SI 4 6) VO0U0254CB MSBLS R/ TRUN RATE RESI D RATI O TLM
DI SP_SI G 7) VO0U0255CB MSBLS EL RESI D RATI O TLM
DO_BARO_NAV VIO0X0259XB FLAG | ND BARO ALT BElI NG PROCESSED DL FMIr 21/1 93017G *
DO_DRAG_NAV VO0U8847CA FLAG | ND DRAG ALT BElI NG PROCESSED DL FMIr 21/1 93017G *
DO_M.S_NAV VIO0X0234XB FLAG | ND MLS BEI NG PROCESSED DL FMIr 21/1 93017G *
DO_TACAN_NAV VO0U8846CA FLG | ND TACAN DATA BEI NG PROCESSED DL FMI 21/1 93017G *
DRAG_MARK_NUM V90J8844CA COUNTER- DRAG MEAS BElI NG PROCESSED TLM
DR_RW 1) VO3H5010CD NAV UPDATE DELTA X PGCSI TI ON HORI Z SIT DI SP FT
DR_RW 2) VO3H5011CD NAV UPDATE DELTA Y PGCSI TI ON HORI Z SI T DI SP FT
DR_RW3) VIO3H5012CD NAV UPDATE DELTA Z PGCSI TI ON HORI Z SI T DI SP FT
DV_RW 1) VI93L5020CD NAV UPDATE DELTA X VELOCI TY HORI Z SIT DI SP FT/ S
DV_RW 2) VO93L5021CD NAV UPDATE DELTA Y VELOCI TY HORI Z SI T DI SP FT/ S
DV_RW 3) VI93L5022CD NAV UPDATE DELTA Z VELOCI TY HORI Z SIT DI SP FT/ S
ELEV_ANG VO0UO720CC TACAN SHUTTLE ELEV ANG DL FMI 21/1 93017G *



TABLE 4.3.2.9-2. OUTPUT FUNCTIONAL PARAMETERS FROM RETURN-TO-LAUNCH SITE NAVIGATION (G4.205)

FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E \%
C
FI LT_UPDATE VI90X0224XG FLAG I ND NAV FI LTER PROC COVPLETE RTLS UPP 92297B
FOM 1) V94H0982CD GPS 1 FOM SNAPPED GPS RCVR STATE PROC HXS 92067D
FOM 2) V94H0983CD GPS 2 FOM SNAPPED GPS RCVR STATE PROC HXS 92067D
FOM 3) V94H0984CD GPS 3 FOM SNAPPED GPS RCVR STATE PROC HXS 92067D
GPS_Al F_EXEC VI94X1041XD GPS TO G&C EXEC STATUS GPS STATUS DI SP BD 92067D
HORI Z SIT DI SP
GPS_Al F_RCVD V94J1042CD GPS TO G&C AUT/ | NH/ FOR FLAG FDBK GPS RCVR STATE PROC HXS 92067D
GPS STATUS DI SP
HORI Z SIT DI SP
GPS_DGE( 1) VI0X3450XD GPS 1 DG SNAPPED GPS RCVR STATE PROC BD 92067D
GPS_DG 2) VI0X3451XD GPS 2 DG SNAPPED GPS RCVR STATE PROC BD 92067D
GPS_DGE 3) VI0X3452XD GPS 3 DG SNAPPED GPS RCVR STATE PROC BD 92067D
GPS_FAIL_FOM 1) VI0X3453XD GPS 1 FAIL FOM SNAPPED GPS RCVR STATE PROC BD 92067D
GPS_FAI L_FOM 2) VI0X3454XD GPS 2 FAIL FOM SNAPPED GPS RCVR STATE PROC BD 92067D
GPS_FAI L_FOM 3) VI0X3455XD GPS 3 FAIL FOM SNAPPED GPS RCVR STATE PROC BD 92067D
GPS_TO _NAV_AI F V90J3463CD GPS TO NAV AUTQ | NHI Bl T/ FORCE/ FDBK GPS RCVR STATE PROC HXS 92132C
GPS STATUS DI SP
HORI Z SIT DI SP
GPS_TO_NAV_FORCE_RCVD VI0X3461XD GPS TO NAV FORCE FLAG FDBK GPS RCVR STATE PROC BD 92067D
GPS_TO_NAV_RCVD V90X3462XD GPS TO NAV AUT/ | NH FLAG FDBK GPS RCVR STATE PROC BD 92067D
GPS_UPP_UPDATE VI0X3643XC GPS UPP DI SP RES STATE AVAI L FLAG RTLS UPP BD 92067D
G GPS_ INIT(1) VI90A2619CG X GRAV ACC FOR GPS REF STATE INIT GPS REF STATE PRCC FT/ S2 SPL 92214A
G GPS_INIT(2) VI90A2620CG Y GRAV ACC FOR GPS REF STATE INIT GPS REF STATE PRCC FT/ S2 SPL 92214A
G GPS_INIT(3) VI90A2621CG Z GRAV ACC FOR GPS REF STATE INIT GPS REF STATE PRCC FT/ S2 SPL 92214A
G _GPS_UPP(1) VI90A3630CC SELECTED GPS STATE X GRAV RTLS UPP FT/ S2 SPL 92214A
G_GPS_UPP(2) VI90A3631CC SELECTED GPS STATE Y GRAV RTLS UPP FT/ S2 SPL 92214A
G_GPS_UPP( 3) VI90A3632CC SELECTED GPS STATE Z GRAV RTLS UPP FT/ S2 SPL 92214A
G_RESET(1) V90A0243CF SEL X- COW OF GRAV ACCEL VCTR RST RTLS UPP FT/ S2 92214A
G_RESET( 2) V90A0244CF SEL Y-COW OF CGRAV ACCEL VCTR RST RTLS UPP FT/ S2 92214A
G_RESET( 3) V90A0245CF SEL Z- COW OF CGRAV ACCEL VCTR RST RTLS UPP FT/ S2 92214A
METER_FLAG VI0X3678XC UPP RES STTE METERI NG FLAG GPS RCVR STATE PROC BD 92067D
METER_SF VI0U3677CC UPP RES STTE METERI NG SCALE FACTOR GPS RCVR STATE PROC SPL 92067D
MLS_Al F_RCVD V94J6039CB M.S AUTQ | NH/ FOR FLAG FDBK GPS RCVR STATE PROC HXS 92571B
MLS_MARK_NUM V90J0242CB COUNTER- MLS MEAS BEI NG PROCESSED TLM
NAV_ALT_FLAG VI0X8901XC NAV EDI T ALTI TUDE CREW ALERT E/L EV AN PROC
HUD PROC
NAV_EDI T_I ND VI95X0305XC NAV EDI T | NDI CATOR FLAG DL FMI 21/1 93017G *
NAV_M.S FLAG VI0X8903XC NAV EDI T MSBLS CREW ALERT HUD PROC
NAV_MVI_ CODE V90J4263CD NAV MM CODE GPS RCVR STATE PROC HXS 92067D
NAV_TAC_FLAG VI0X8902XC NAV EDI T TACAN CREW ALERT E/L EV AN PROC
HUD PROC
ONE_BRG_LOCK V90X0769XC TACAN RM 1 LRU BRG LOCKON RQMI FLG DL FMr 21/1 93017G *
TACAN RM
ONE_RNG_LOCK V90X0768XC TACAN RM 1 LRU RNG LOCKON RQMI FLG DL FMr 21/1 93017G *
TACAN RM
PROCESSI NG_M_S VI94X6041XB FLAG | ND MLS BEI NG PROCESSED HORI Z SIT DI SP BD 92067D
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TABLE 4.3.2.9-2. OUTPUT FUNCTIONAL PARAMETERS FROM RETURN-TO-LAUNCH SITE NAVIGATION (G4.205)

FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R

TYPE R E
E \Y
C

Q_BARO VO0P8871CA DATA SNAP- ADS CORR PRESSURE ALT TLM

Q _DRAG VO0U8848CA DRAG MEASUREMENT DL FMIr 21/1 93017G *

Q_TAC_BRG VOOH8868CA DATA SNAP- SELECTED TACAN BEARI NG TLM

Q TAC R VOOH8867CA DATA SNAP- SELECTED TACAN RANGE TLM

R FILT(1) VIO0HO584CG X-COW OF FLTR S CURR PCS VECTOR GPS RCVR STATE PROC FT DPL 92067D

R FILT(2) VO90HO585CG Y-COW OF FLTR' S CURR PCS VECTOR GPS RCVR STATE PROC FT DPL 92067D

R _FILT(3) VO90HO586CG Z-COW OF FLTR' S CURR PCS VECTOR GPS RCVR STATE PROC FT DPL 92067D

R _GPS_ECEF(1, 1) VO0H3467CD GPS 1 WGS84 PCS X- COWP GPS RCVR STATE PROC FT DPL 92067D

R _GPS_ECEF(1, 2) VO0H3468CD GPS 1 WGS84 PCS Y- COWP GPS RCVR STATE PROC FT DPL 92067D

R _GPS_ECEF(1, 3) VO0H3469CD GPS 1 WGS84 PCS z- COWP GPS RCVR STATE PROC FT DPL 92067D

R _GPS_ECEF(2, 1) VO0H3470CD GPS 2 WGS84 PCS X- COWP GPS RCVR STATE PROC FT DPL 92067D

R _GPS_ECEF( 2, 2) VO0H3471CD GPS 2 WGS84 PCS Y- COWP GPS RCVR STATE PRCC FT DPL 92067D

R _GPS_ECEF( 2, 3) VO0H3472CD GPS 2 WGS84 PCS z- COWP GPS RCVR STATE PROC FT DPL 92067D

R _GPS_ECEF(3, 1) VO0H3473CD GPS 3 WGS84 PCS X- COWP GPS RCVR STATE PROC FT DPL 92067D

R _GPS_ECEF( 3, 2) VO0H3474CD GPS 3 WGS84 PCS Y- COWP GPS RCVR STATE PROC FT DPL 92067D

R_GPS_ECEF(3, 3) VOOH3475CD GPS 3 WGS84 PCS Z- COVP GPS RCVR STATE PROC  FT DPL 92067D

R GPS_INIT(1) VIO0OH3476CG GPS INIT POS VECTOR X- COVP GPS REF STATE PROC FT DPL 92067D

R GPS_INIT(2) VIOOH3477CG GPS INIT POS VECTOR Y- COWP GPS REF STATE PROC FT DPL 92067D

R GPS_I NI T(3) VO0H3478CG GPS INIT POCS VECTOR Z- COWP GPS REF STATE PROC FT DPL 92067D

R_GPS_UPP( 1) VO0H3624CC SELECTED GPS STATE X PGS RTLS UPP FT DPL 92067D

R_GPS_UPP( 2) VO0H3625CC SELECTED GPS STATE Y PCS RTLS UPP FT DPL 92067D

R_GPS_UPP( 3) VO0H3626CC SELECTED GPS STATE Z PGS RTLS UPP FT DPL 92067D

R _RESET(1) VIO0HO0235CF SEL X- COMP OF UPDATED POS VCTR RST RTLS UPP FT DPL 92214A

R _RESET( 2) VIO0HO0236CF SEL Y- COWP OF UPDATED POS VCTR RST RTLS UPP FT DPL 92214A

R_RESET( 3) VIO0H0237CF SEL Z- COMP OF UPDATED POS VCTR RST RTLS UPP FT DPL 92214A

SEL_LRU_I D V90J8864CA DATA SNAP- TACAN LRU NUMBER TLM

SENSOR_EDI T( 1) VI0U8841CC TAC AZ/ OPTICS H X/ AZ FI LTER FLAG DL FMIr 21/1 93017G *

SENSOR_EDI T( 2) V90J8880CC TAC R/ OPTICS V/Y/EL FILTER FLAG DL FMIr 21/1 93017G *

SENSOR_EDI T( 3) V90J8881CC BARO ALT/ RR RNG FI LTER FLAG DL FMI 21/1 93017G *

SENSOR_EDI T( 4) V90J8882CB DRAG ALT/RR R DOT FI LTER FLAG DL FMI 21/1 93017G *

SENSOR_EDI T( 5) V90J8883CB MSBLS AZ/ SHAFT RATE FI LTER FLAG DL FMI 21/1 93017G *

SENSOR_EDI T( 6) V90J8884CB MSBLS R/ TRUN RATE FI LTER FLAG DL FMI 21/1 93017G *

SENSOR_EDI T( 7) V90J8885CB MSBLS EL- FI LTER FLAG DL FMIr 21/1 93017G *

TACAN_ID FILT VO0US8S50CA DATA SNAP- SEL TAC CHANNEL W MODE DL FMIr 21/1 93017G *

TACAN_MARK_NUM V90J8842CA COUNTER- TACAN MEAS BEI NG PROCESSED TLM

TAC_BRG_DATA_GOOD VIO0OX0718XC SNAPPED TAC BRG DATA GOOD TLM

T_CURRENT_FI LT VOOWA749CE SNAP TI ME TAG CURR | MJ ATT DATA GPS RCVR STATE PRCC S DPL 92067D

T_GPS(1) VOOWB479CD GPS 1 STATE TI ME GPS RCVR STATE PRCC S DPL 92067D

T_GPS(2) VOOWB480CD GPS 2 STATE TI ME GPS RCVR STATE PRCC S DPL 92067D

T_GPS(3) VOOWB481CD GPS 3 STATE TI ME GPS RCVR STATE PRCC S DPL 92067D

TGS INT VOOWB482CG GPS I NI T STATE TI ME TAG GPS REF STATE PROC S DPL 92067D

T_GPS_LAST_UPDATE VOOWB556CG TI ME OF NAV RESET W TH SEL GPS GPS RCVR STATE PRCC S DPL 92067D

T_GPS_UPP VOOWB636CC Tl ME OF SELECTED GPS STATE RTLS UPP S DPL 92067D

T_LAST_GPS(1) VOOWB483CD CURRENT GPS 1 STATE | MJ TI ME TAG GPS RCVR STATE PRCC S DPL 92067D

T_LAST_GPS(2) VOOWB484CD CURRENT GPS 2 STATE | MJ TI ME TAG GPS RCVR STATE PRCC S DPL 92067D

T_LAST_GPS(3) VO0OWB485CD CURRENT GPS 3 STATE | MJ TI ME TAG GPS RCVR STATE PRCC S DPL 92067D



TABLE 4.3.2.9-2. OUTPUT FUNCTIONAL PARAMETERS FROM RETURN-TO-LAUNCH SITE NAVIGATION (G4.205)

FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E \%
C
T_RESET VO0OW225CF TIME OF FILTER STATE VCTR GPS RCVR STATE PRCC S 92132C
RTLS UPP
TLM
USE_| MJ_DATA V90X0538XC FLAG TO USE | MJ ACCUM VEL OR NOT DL FMI 21/1 93017G *
V_CURRENT_FI LT(1) V90L8927CB SNAPPED SEL TOTAL X VEL MO TLM
V_CURRENT_FI LT(1) VO0L8927CG SNAPPED SEL TOTAL X VEL MO GPS RCVR STATE PRCC FT/ S DPL 92067D
V_CURRENT_FI LT( 2) V90L8928CB SNAPPED SEL TOTAL Y VEL MO TLM
V_CURRENT_FI LT(2) V90L8928CG SNAPPED SEL TOTAL Y VEL MO GPS RCVR STATE PRCC FT/ S DPL 92067D
V_CURRENT_FI LT( 3) V90L8929CB SNAPPED SEL TOTAL Z VEL MO TLM
V_CURRENT_FI LT( 3) V90L8929CG SNAPPED SEL TOTAL Z VEL MO GPS RCVR STATE PRCC FT/ S DPL 92067D
V_FILT(1) V90L0624CG X-COWP OF FLTR S CURR VEL VECTOR GPS RCVR STATE PRCC FT/ S SPL 92067D
V_FILT(2) V90L0625CG  Y-COW OF FLTR S CURR VEL VECTOR GPS RCVR STATE PRCC FT/ S SPL 92067D
V_FI LT(3) V90L0626CG Z-COWP OF FLTR S CURR VEL VECTOR GPS RCVR STATE PRCC FT/ S SPL 92067D
V_GPS_ECEF(1,1) VO0L3486CD GPS 1 WGS84 VEL X- COWP GPS RCVR STATE PRCC FT/ S SPL 92067D
V_GPS_ECEF(1, 2) VO0L3487CD GPS 1 WGS84 VEL Y- COWP GPS RCVR STATE PRCC FT/ S SPL 92067D
V_GPS_ECEF(1, 3) Vo0L3488CD GPS 1 WGS84 VEL Z- COWP GPS RCVR STATE PRCC FT/ S SPL 92067D
V_GPS_ECEF( 2, 1) VO0L3489CD GPS 2 WGS84 VEL X- COWP GPS RCVR STATE PRCC FT/ S SPL 92067D
V_GPS_ECEF( 2, 2) VO0L3490CD GPS 2 WGS84 VEL Y- COWP GPS RCVR STATE PRCC FT/ S SPL 92067D
V_GPS_ECEF( 2, 3) VO0L3491CD GPS 2 WGS84 VEL Z- COWP GPS RCVR STATE PRCC FT/ S SPL 92067D
V_GPS_ECEF(3, 1) VO0L3492CD GPS 3 WGS84 VEL X- COWP GPS RCVR STATE PRCC FT/ S SPL 92067D
V_GPS_ECEF( 3, 2) VO0L3493CD GPS 3 WGS84 VEL Y- COWP GPS RCVR STATE PRCC FT/ S SPL 92067D
V_GPS_ECEF( 3, 3) VO0L3494CD GPS 3 WGS84 VEL Z- COWP GPS RCVR STATE PRCC FT/ S SPL 92067D
V_GPS_INIT(1) VO0L3495CG GPS INIT VEL VECTOR X- COWP GPS REF STATE PROCC FT/ S SPL 92067D
V_GPS_I NI T(2) VO0L3496CG GPS INIT VEL VECTOR Y- COW GPS REF STATE PROCC FT/ S SPL 92067D
V_GPS_I NI T(3) VO0L3497CG GPS INIT VEL VECTOR Z- COW GPS REF STATE PRCC FT/ S SPL 92067D
V_GPS_UPP( 1) V90L3627CC SELECTED GPS STATE X VEL RTLS UPP FT/ S SPL 92067D
V_GPS_UPP( 2) V90L3628CC SELECTED GPS STATE Y VEL RTLS UPP FT/ S SPL 92067D
V_GPS_UPP( 3) VI0L3629CC SELECTED GPS STATE Z VEL RTLS UPP FT/ S SPL 92067D
V_IMJ_GPS_INT(1) VI0L3506CG | MJ ACCUM X VEL FOR GPS INI'T GPS REF STATE PRCC FT/ S DPL 92369B
V_IMJ_GPS_IN T(2) VI0L3507CG I MJ ACCUMY VEL FOR GPS INI'T GPS REF STATE PRCC FT/ S DPL 92369B
V_IMJ_GPS_I NI T(3) V90L3508CG | MJ ACCUM Z VEL FOR GPS INI'T GPS REF STATE PROCC FT/ S DPL 92369B
V_I MJ_GPS_UPP(1) VI0L3633CC SELECTED GPS STATE X ACCUM VEL CNT RTLS UPP FT/ S DPL 92067D
V_I MJ_GPS_UPP( 2) VO0L3634CC SELECTED GPS STATE Y ACCUM VEL CNT RTLS UPP FT/ S DPL 92067D
V_I MJ_GPS_UPP( 3) VI0L3635CC SELECTED GPS STATE Z ACCUM VEL CNT RTLS UPP FT/ S DPL 92067D
V_I MJ_RESET( 1) V90L0247CF SEL X-COWP OF ACCUM SENSED VEL RST RTLS UPP FT/ S
V_I MJ_RESET( 2) V90L0248CF SEL Y-COW OF ACCUM SENSED VEL RST RTLS UPP FT/ S
V_I MJ_RESET( 3) V90L0249CF SEL Z- COW OF ACCUM SENSED VEL RST RTLS UPP FT/ S
V_LAST_GPS(1, 1) V90L3515CD | MJ ACCUM X VEL FOR GPS 1 GPS RCVR STATE PRCC FT/ S DPL 92067D
V_LAST_GPS( 1, 2) V90L3516CD I MJ ACCUM Y VEL FOR GPS 1 GPS RCVR STATE PRCC FT/ S DPL 92067D
V_LAST_GPS( 1, 3) V90L3517CD | MJ ACCUM Z VEL FOR GPS 1 GPS RCVR STATE PRCC FT/ S DPL 92067D
V_LAST_GPS(2, 1) V90L3518CD | MJ ACCUM X VEL FOR GPS 2 GPS RCVR STATE PRCC FT/ S DPL 92067D
V_LAST_GPS( 2, 2) V90L3519CD | MJ ACCUM Y VEL FOR GPS 2 GPS RCVR STATE PRCC FT/ S DPL 92067D
V_LAST_GPS( 2, 3) V90L3520CD | MJ ACCUM Z VEL FOR GPS 2 GPS RCVR STATE PRCC FT/ S DPL 92067D
V_LAST_GPS(3, 1) V90L3521CD | MJ ACCUM X VEL FOR GPS 3 GPS RCVR STATE PRCC FT/ S DPL 92067D
V_LAST_GPS( 3, 2) V90L3522CD I MJ ACCUM Y VEL FOR GPS 3 GPS RCVR STATE PRCC FT/ S DPL 92067D
V_LAST_GPS( 3, 3) V90L3523CD | MJ ACCUM Z VEL FOR GPS 3 GPS RCVR STATE PRCC FT/ S DPL 92067D
ST'S 83-0005-34
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TABLE 4.3.2.9-2. OUTPUT FUNCTIONAL PARAMETERS FROM RETURN-TO-LAUNCH SITE NAVIGATION (G4.205)

FSSR NAME M/SID

NOMENCLATURE DESTINATION

UNITS DATA P LASTCR
TYPE R
E
C

V_RESET(1) VO0L0239CF
V_RESET( 2) VO0L0240CF
V_RESET( 3) VOOL0241CF
VOOMR852PC
VOOM2932PB
VOOMR2933PA
VOOM2990PC
VOOM2991PC
VOOMR2993PC

SEL X- COVP OF UPDATED VEL VCTR RST
SEL Y- COVP OF UPDATED VEL VCTR RST
SEL Z- COVP OF UPDATED VEL VCTR RST
LG3_FLAG2_LFE
CONTROL_FLAGS

CGNB_DI SP_EDI T

LOCK_LFES$(2:)
LOCK_LFES$( 1:)

FT/ S 92214A
FT/ S 92214A
FT/ S 92214A
93017G
93017G
93017G
93017G
93017G
93017G

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.

Rate Codes: (HDR Only) 1 =1 sample/sec 2 =5 samples/sec 3 =12.5 samples/sec 4 = 25 samples/sec 5= 100 samples/sec
(HDR and LDR) A =1 sample/sec B =5 sampleg/sec C = 12.5 samples/sec D = 25 samples/sec E = 100 samples/sec

<mz=x

E I S



FSSR NAME

TABLE 4.3.2.9-3. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) I-LOADS

MSID

ENG UNITS

DT PR D S PRFCIN

MC

CAT

LASTCR R

ALT_BARO CUTOFF_HI GH

ALT_BARO CUTOFF_LOW

BASE_DEN( 1)

BASE_DEN( 2)

BASE_DEN( 3)

BASE_DEN( 4)

Bl AS_DRAG_LAYER( 1)

Bl AS_DRAG_LAYER(2)

Bl AS_DRAG_LAYER( 3)

Bl AS_DRAG_LAYER( 4)

C_DRAG ONE

C_DRAG TWO

237

Vo9U8719C

Vo9U8720C

V97U5235C

V97U5236C

V97U5237C

V97U5238C

V97U5243C

V97U5244C

V97U5245C

V97U5246C

Vo7U5277C

Vo7U5278C

FT

FT

SLUGS/ FT**3

SLUGS/ FT**3

SLUGS/ FT**3

SLUGS/ FT**3

FT

FT

FT

FT

RAD** - 1

RAD* * - 2

RRRQRRRARARIRLARARIVRARARIVRLIVRARIVRIRRRRIARRIVRRRALY

00

00

01
03

01

01
03

01
03

01

01
03

01

03

01

00

00

ZFT

ZFT

PR4
PE4

PR4
PE4

PR4
PE4

PR4
PE4

PR4
PE4

PR4
PE4

PR4
PE4

PR4
PE4

DC0617

91051K

DC0599

DC0599

DC0599

DC0599

DC0599

DC0599

DC0599

DC0599

DC0599

DC0599
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TABLE 4.3.2.9-3. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R

C_DRAG_ZERO V97U5279C  ND F S M C 127 00 DRN  DC0599

127 01 ZFT  93045A
144 03 ZFT

DEL_TI ME_STEP V97U6548C  SEC F S D P

DENSI TY_LIM T(1) V97U5310C  FT F S M C 127 01 PRA DC0599

144 03 PE4

127 01 PR4 DC0599
144 03 PE4

DENSI TY_LI M T(2) V97U5311C  FT F S M C

127 01 PRA4 DC0599
144 03 PE4

DENSI TY_LI M T( 3) Vo7U5312C  FT F S M C

127 01 PR4 DC0599
144 03 PE4

DENSI TY_LI M T(4) V97U5313C  FT F S M C

205 00 XS7 92287B
127 00 GP3 93201 *

DRAG_CONST_RTLS VO7U9010C  FT**2/ SLUG F D MC
GPS_ALT_FOR HI GH_RATE_NAV VO7U3621C  FT F S D C

GPS_SEL_AGE_MAX V97U3672C MN F S D P 127 00 GP3 92274

GPS_UPDATE_ALT_FLOOR V97U3622C  FT F S D P 127 00 GP3 92178C

K_MAX V97U5348C  ND | S D C 127 00 ZFT DC0617

K_UND_WGT V97U5350C  ND F S M X 126 01 ZFT DC0617

144 03 ZFT

RRRQRRARYRIRLVQRARIARLIRRARARIVLIARRARIARIVRRARQARIY



TABLE 4.3.2.9-3. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R
E
v
METERI NG_CUTOFF_VEL VO7U3258C  FT/ SEC F S D P G4 127 00 GPM 92469A
4. 144
4. 15
G4. 205
M.S_DROPOUT_DT_LI M VO7U3246C  SEC F S D P &4 144 00 GP3 92178C
G4. 205
VBBLS_EL_ANGLE_CUTOFF VO9U7593C  RAD F S D P G4 144 00  ZFV  DO0617
G4. 205
MS_PCS_UND_WGT VO7US411C  FT**2 F S D X G4.126 01 ZFT  DCO617
& 127 02 ZPA
4. 144 03 ZFT
4. 15
G4. 205
RV_MAX VO9U7596C  FT/ SEC F S D C &.15 00  ZFT  92080B
4. 17
G4. 205
SCALE_HT( 1) VO7Us501C  FT F S M C &4 127 01 PR4  DC0599
4. 144 03 PE4
4. 15
G4. 205
SCALE_HT( 2) VO7U5502C  FT F S M C &4 127 01 PR4  DC0599
4. 144 03 PE4
4. 15
G4. 205
SCALE_HT( 3) VO7U5503C  FT F S M C &4127 01 PR4A  DC0599
4. 144 03 PE4
4. 15
G4. 205
SCALE_HT( 4) VO7U5504C  FT F S M C &4 127 01 PR4  DC0599
4. 144 03 PE4
. 15
G4. 205
T _GPS CYCLE VO7U2926C  SEC F S D P 4126 03 GP3  92178C
&4 127 08 GP2
G4. 144 02 P2
G4. 205 01 GP3
T_GPS_CYCLE_FOR_H GH_RATE_NAV VO7U3247C  SEC F S D C &4127 00 GP3 93201 @ *
G4. 144
G4. 205
UA( 1) VO7U5951C  ND F S D P G4 127 01 GPM  92469A
G4. 144 03 GPM
. 15
G4. 205
UA(2) VO7U5952C  ND F S D P G4 127 01 GPM  92469A
G4. 144 03 GPM
4. 15
G4. 205
ST S 83-0005-34
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TABLE 4.3.2.9-3. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) I-LOADS

ST S 83-0005-34

December 14, 2007

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R
E
\%
UB( 1) VO7U5953C  FT F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
UB( 2) VO7U5954C  FT F S D P &4 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
UBKPOI NT VO7U5955C  FT F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
UDA( 1) V97U5972C  SEC**-1 F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
UDA( 2) V97U5973C  SEC**-1 F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
UDB( 1) V97U5974C  FT/ SEC F S D P &4 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
UDB( 2) V97U5975C  FT/ SEC F S D P &4 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
UDBKPOI NT V97U5976C  FT F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
UDMETER_MAX V97U5977C  FT/ SEC F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&. 15
4. 205
UDMETER_M N V97U5978C  FT/ SEC F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
UMETER_MAX V97U5956C  FT F S D P 4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205



TABLE 4.3.2.9-3. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
E
\
UMETER_M N VI7U5957C FT F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
VA(1) VI7U5958C ND F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
VA( 2) VI7U5959C ND F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
VAR_H1 Vo9U7594C FT**2 F S D C 4.15 00 ZFT DC0617
4. 205
VAR_H2 VI99U7595C ND F S D C 4.15 00 ZFT DC0617
4. 205
VB(1) VI7U5960C FT F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
VB( 2) VI7U5961C FT F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
VBKPO NT VI7U5962C FT F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
VDA( 1) VI7U5979C SEC**-1 F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
VDA( 2) V97U5980C SEC**-1 F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
VDB( 1) Vo7U5981C FT/ SEC F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
VDB( 2) Vo7U5982C FT/ SEC F S D P 4.127 01 GPM 92469A
4. 144 03 GPM
4. 15
4. 205
STS 83-0005-34
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TABLE 4.3.2.9-3. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) I-LOADS

ST S 83-0005-34

December 14, 2007

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R
E
\%
VDBKPOI NT VO7U5983C  FT &4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
VDMETER_MAX V97U5984C  FT/ SEC &4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
VDMETER_M N V97U5985C  FT/ SEC &4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
VMETER_MAX VO7U5963C  FT &4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
VMETER_M N Vo7U5964C  FT &4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
WA( 1) V97U5965C  ND &4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
WA( 2) V97U5966C  ND &4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
WB( 1) VO7U5967C  FT &4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
WB( 2) VO7U5968C  FT &4. 127 01 GPM  92469A
4. 144 03 GPM
&. 15
4. 205
VBKPOI NT VO7U5969C  FT &4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205
WDA( 1) V97U5986C  SEC**-1 &4. 127 01 GPM  92469A
4. 144 03 GPM
&4. 15
4. 205



TABLE 4.3.2.9-3. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
E
v
WDA( 2) V97U5987C  SEC**-1 *4. 127 01 GPM  92469A
4. 144 03 GPM
&. 15
G4. 205
WDB( 1) V97U5988C  FT/ SEC G4. 127 01 GPM  92469A
*4. 144 03 GPM
&. 15
G4. 205
WDB( 2) V97U5989C  FT/ SEC G4. 127 01 GPM  92469A
4. 144 03 GPM
&. 15
G4. 205
VDBKPOI NT V97U5990C  FT *4. 127 01 GPM  92469A
4. 144 03 GPM
&. 15
G4. 205
WDVETER_MAX V97U5991C  FT/ SEC *4. 127 01 GPM  92469A
4. 144 03 GPM
&. 15
G4. 205
WDNVETER_M N V97U5992C  FT/ SEC *4. 127 01 GPM  92469A
4. 144 03 GPM
&. 15
G4. 205
WETER_MAX Vo7U5970C  FT *4. 127 01 GPM  92469A
4. 144 03 GPM
&. 15
G4. 205
WETER_M N Vo7U5971C  FT *4. 127 01 GPM  92469A
*4. 144 03 GPM
&. 15
G4. 205
NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
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TABLE 4.3.2.9-4. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) K-LOADS

FSSR NAME MSID MC KLOAD VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

A3_TCL vo8U9425C 00 -3.0 E- 03 RAD F S C 127 93090E

ACC_DRAG M

N V97U5200C 00  +1.1000000  E+01 FT/ SEC**2 F s C
ACC_DRAG M N_REF

127 59971

ACC_PROP_M N_REF V97U5700C 00 +3. 20 E- 02 FT/ SEC** 2 F S C
ACCEL MAG ABVE VENT & DRAG

ALT_EL(1) Vv97U5212C 00 +1. 4000000 E+05 FT F S P
ALT REG ONS NAV EV LAMP PROCESSI NG

15 59971

127 89661A

ALT_EL(2) V97U5213C 00 +1. 2000000 E+04 FT F S P
ALT REG ONS NAV EV LAMP PROCESSI NG

127 89661A

ALT_EL(3) V97U5214C 00 +5.0 E+03 FT F S P
ALT REG ONS NAV EV LAMP PROCESSI NG

127 90291B

ALT_ZONE_CHANGE V97U5718C 00 +5. 0000000 E+05 FT F S C 127 89661A

ALT MODEL ATMOS DEN CHANGED

Bl AS_BARO Vo7U5242C 00 +0.0 E+00 FT F S C
BAROVETRI C DETERM NI STI C BI AS

127 89661A

CORR_COEFF_UPDATE( 1) V97U5291C 00 +0.0 E+00 ND F D C
COVAR CORRELATI ON COEFFI Cl ENTS

127 89661A

RRRQRRRARARIRRARARIVRARARIVLIVLARIVRIVRRRIAGRIRRRALY



TABLE 4.3.2.9-4. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) K-LOADS

FSSR NAME MSID MC KLOAD VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E
\

CORR_COEFF_UPDATE( 2) V97U5292C 00 +0.0 E+00 ND F D C &4.127 89661A
COVAR CORRELATI ON COEFFI CI ENTS 4. 144

4. 205
CORR_COEFF_UPDATE( 3) V97U5293C 00 +0.0 E+00 ND F D C &4.127 89661A
COVAR CORRELATI ON COEFFI CI ENTS 4. 144

4. 205
CORR_COEFF_UPDATE( 4) VI7U5294C 00 +0.0 E+00 ND F D C &4.127 89661A
COVAR CORRELATI ON COEFFI CI ENTS 4. 144

4. 205
CORR_COEFF_UPDATE( 5) V97U5295C 00 +0.0 E+00 ND F D C &4.127 89661A
COVAR CORRELATI ON COEFFI CI ENTS 4. 144

4. 205
CORR_COEFF_UPDATE( 6) V97U5296C 00 +0.0 E+00 ND F D C &4.127 89661A
COVAR CORRELATI ON COEFFI CI ENTS 4. 144

4. 205
CORR_COEFF_UPDATE( 7) VI7U5297C 00 +0.0 E+00 ND F D C 4.127 89661A
COVAR CORRELATI ON COEFFI CI ENTS 4. 144

4. 205
DENSE( 1) V97U5304C 00 -3.9570 E+01 ND F S C 4. 127 89661A
DENSI TY MODEL CONST 4. 144

4. 15

4. 205

4. 223

4. 236
DENSE( 2) V97U5305C 00 +1. 0440 E- 05 FT**-1 F S C 4. 127 89661A
DENSI TY MODEL CONST 4. 144

4. 15

4. 205

4. 223

4. 236
DENSE( 3) V97U5306C 00 +6. 9560000 E+06 FT F S C 4. 127 89661A
DENSI TY MODEL CONST 4. 144

4. 15

4. 205

4. 223

4. 236
DENSE( 4) V97U5307C 00 -2.420 E+01 ND F S C 4. 127 89661A
DENSI TY MODEL CONST 4. 144

4. 15

4. 205

4. 223

4. 236

STS 83-0005-34
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TABLE 4.3.2.9-4. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) K-LOADS

FSSR NAME
DESCRIPTION

MSID

MC

KLOAD VALUE

ENG UNITS DT

P S
R

PRFCTN

ST S 83-0005-34

December 14, 2007

LASTCR R

DENSE( 5)
DENSI TY MODEL CONST

DENSE( 6)
DENSI TY MODEL CONST

DI FCD1

DI FCD2

DI FCD3

DI FCD4

H_DRAG LOW
ALT BELOW DRAG DATA NOT PROC
K_EDI T_BARO

K_EDI T_DRAG

K_EDI T_M.SAZ_MAX
MAXI MUM VALUE OF K_EDI T_M.SAZ

V97U5308C

V97U5309C

VI6U9743C

Vo6U9744C

V96U9745C

VI6U9746C

V97U5336C

Vo8U7977C

Vo8U7978C

Vo8U7980C

00

00

00

00

00

00

00

00

00

00

+2.

+3.

+3.

+6.

+8.

+8.

+4

+64

+40

. 8890

6050000

9589

3962

5414

3589

5200000

0

E- 06

E+06

E-01

E+00

E-01

E-01

E+04

FT**-1 F

FT F

ND F

ND F

ND F

FT F

ND

ND

ND

RRRQRRRARQARLIVRARARIVRRARARIVRLIALARIVRIRRRRIARIVRRRALY

89661A

89661A

89661A

89661A

89661A

89661A

89661A

89661A

89661A

694511



TABLE 4.3.2.9-4. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) K-LOADS

FSSR NAME MSID MC  KLOAD VALUE ENG UNITS DT P S PRFCIN LASTCR R
DESCRIPTION R E
v
K_EDI T_M.SAZ_M N Vo8UB722C 00  +16 ND [ S P G4 144 694511
M NI MUM VALUE OF K_EDI T_M.SAZ G4. 205
K_EDI T_M_SEL_MAX VO8U7981C 00  +400 ND [ S P G4 144 694511
MAXI MUM VALUE OF K_EDI T_M.SEL G4. 205
K_EDIT_M.SEL_M N Vo8UB723C 00  +9 ND | S P G4 144 694511
M NI MUM VALUE OF K_EDI T_M.SEL G4. 205
K_EDI T_M_SR_MAX VO8U7979C 00  +400 ND [ S P G4 144 694511
MAXI MUM VALUE OF K_EDI T_M.SR G4. 205
K_EDI T_M.SR_ M N Vo8UB724C 00  +36 ND [ S P G4 144 694511
M NI MUM VALUE OF K_EDI T_M.SR G4. 205
K_EDI T_TACBR VO8U7976C 00  +1 ND [ S X G4 127 89661A
GA. 144
G4. 205
K_EDI T_TACR VO8U7975C 00  +64 ND [ S X G4 127 89661A
GA. 144
G4. 205
MLSANT_ANG VO8U7434C 00  +3.2686 E-01 RAD F S P G4 144 89661A
ANGLE MLS AND X- BODY AXIS G4. 205
MLSANT_NB_DI ST VO8U7433C 00  +1.389 E+01 FT F S P G4 144 89661A
DI ST FROM NB TO M.S ANTENNA G4. 205
RNG_ VAR BEARI NG _STEP VO7US467C 00  +9.1141700  E+05 FT F S C G4 127 89661A
RNG CRIT SEL TACAN AZ | NSTR 4. 144
G4. 205
RNG_ VAR RNG_STEP VO7U5468C 00  +3.0380500  E+05 FT F S C G4 127 89661A
RNG CRIT SEL TACAN RNG VAR G4. 144
G4. 205
R_AZ_COUNT_MAX VO7U5429C 00  +2 ND | S P G4 144 89661A
DATA GOOD FAILS | NH B M.S PROC G4. 205
SEA_LEVEL_DENSI TY V97U5505C 00  +2.3768840  E-03 SLUGS/ FT**3 F S C G4 127 89661A
SEA LEVEL ATOMOSPHERI C DENSI TY 4. 144
4. 15
G4. 205
4. 223
4. 236
SI G_DI AG_UPDATE( 1) VO7US506C 00  +2.0 E+03 FT F D C G4 127 89661A
VEH POS & VEL DEVI ATI ONS G4. 144
G4. 205
SI G_DI AG_UPDATE( 2) VO7US507C 00  +2.0 E+03 FT F D C G4 127 89661A
VEH POS & VEL DEVI ATI ONS G4. 144
G4. 205
SI G_DI AG_UPDATE( 3) VO7U5508C 00  +2.0 E+03 FT F D C G4 127 89661A
VEH POS & VEL DEVI ATI ONS G4. 144
G4. 205
SI G_DI AG_UPDATE( 4) VO7US509C 00  +3.0 E+01 FT/ SEC F D C G4 127 89661A
VEH POS & VEL DEVI ATI ONS G4. 144
G4. 205
ST S 83-0005-34
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TABLE 4.3.2.9-4. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) K-LOADS

FSSR NAME MSID MC KLOAD VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E
\%

S| G_DI AG_UPDATE( 5) V97U5510C 00 +3.0 E+01 FT/ SEC F D C &4 127 89661A
VEH POS & VEL DEVI ATI ONS 4. 144

4. 205
S| G_DI AG_UPDATE( 6) V97U5511C 00 +3.0 E+01 FT/ SEC F D C &4 127 89661A
VEH PCS & VEL DEVI ATI ONS 4. 144

4. 205
TACAN_BRG_CONVERG_TEST vo8u9807C 00 +1.0 E- 02 RAD* * 2 F S P 4. 127 89661A

4. 144

G4. 205
TACAN_RNG_CONVERG_TEST vo8u9808C 00 +4. 0000000 E+07 FT**2 F S P 4. 127 89661A

4. 144

4. 205
TI ME_BI AS_BARO V97U5544C 00 +1. 790 E-01 SEC F D C &4 127 92069B
PAD Bl AS CORR BARO TI ME TAG 4. 144

.17

4. 205
TI ME_BI AS_M.S V97U5545C 00 -1.0 E-01 SEC F D P 4.144 89661A
PAD BI AS CORR MSBLS TI ME TAG G4. 205
TI ME_BI AS_TACAN V97U5543C 00 +2.90 E- 02 SEC F D P 4. 127 89661A
PAD LOADED CORR TACAN TI ME LAG 4. 144

4. 205
VAR_ACC_QUANT V97U9036C 00 +9.0 E- 05 FT**2/ SEC**4 F S P 4205 89661A
VAR_AZM.S V97U5551C 00 +1.0 E- 05 RAD* * 2 F S P 4. .144 89661A
MBBLS AZI MUTH MEAS | NSTRU VAR 4. 205
VAR_DRAG V97U5552C 00 +1. 0000000 E+08 FT**2 F S C &4 127 89661A
DRAG ALT MEASURE ERROR VARI ANCE 4. 205
VAR_ELM.S V97U5553C 00 +1.0 E- 05 RAD* * 2 F S P 4. .144 89661A
MBBLS ELEV | NSTR VARI ANCE 4. 205
VAR_RMLS V97U5556C 00 +5. 7500000 E+02 FT**2 F S P 4. .144 89661A
MSBLS RANGE MEASURE | NSTR VAR 4. 205
VAR_TAC_BRG_HI GH V97U5557C 00 +1.0 E- 02 RAD* * 2 F S C &4 127 89661A
TACAN BRG | NSTR VAR AT RANGE 4. 144

4. 205
VAR_TAC_BRG_LOW V97U5558C 00 +1.0 E- 02 RAD* * 2 F S C &4 127 89661A
VAR TACAN BRGN | NSTRUMENT ERROR 4. 144

4. 205
VAR _TAC_R HI GH V97U5559C 00 +3. 6000000 E+05 FT**2 F S C &4 127 89661A
TACAN RNG | NSTR VAR AT RANGE 4. 144

4. 205
VAR _TAC_R LOW V97U5560C 00 +3.6 E+05 FT**2 F S C &4 127 89661A
VAR TACAN RANGE | NSTR ERROR 4. 144

G4. 205
VAR_UNMOD_ACC_DT V97U5781C 00 +2. 5000000 E-01 FT**2/ SEC**3 F S P 4. .205 89661A

VAR UNMODELED ACCEL SCALE TI ME



TABLE 4.3.2.9-4. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) K-LOADS

FSSR NAME MSID MC KLOAD VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
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FSSR NAME

TABLE 4.3.2.9-5. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) CONSTANTS

DESCRIPTION

MSID

MC

CONSTANT VALUE

ENG UNITS

ST S 83-0005-34

December 14, 2007

P S PRFCTN

LASTCR R

&(01)
TESSERAL
1

(02)
TESSERAL
2

(03)
TESSERAL
3

C(04)
TESSERAL
4

&(05)
TESSERAL
5

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

V97U6104C

V97U6105C

V97U6106C

V97U6107C

V97U6108C

00

00

00

00

00

-2.7635957

+1.5711423

+2.1907694

+3. 0466825

+9. 7966803

E-10

E- 06

E- 06

E- 07

E- 08

ND

ND

ND

ND

ND

RRRQRRARZRIVLARARZRLIVRVRIARERXQARARIVIVQRARIRIRS

236

90374C

90374C

90374C

90374C

90374C



TABLE 4.3.2.9-5. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) CONSTANTS

FSSR NAME
DESCRIPTION

MSID

MC

CONSTANT VALUE

ENG UNITS

P S PRFCTN

R

LASTCR R

&(06)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
6

(07)
TESSERAL HARMONI C CCEFFI CI ENT ELEM
7

&(08)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
8

&(09)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
9

251

V97U6109C

V97U6110C

V97U6111C

V97U6112C

00

00

00

00

-5. 0552749

+7.8842515

+5. 9073749

-4.1542493

E- 07

E- 08

E- 08

E- 09

ND

ND

ND

ND

RRRQRRRARZRLIVRARARZRQVRARIVRERQRARIALIRS

©

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

90374C

90374C

90374C

90374C
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TABLE 4.3.2.9-5. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R

DESCRIPTION R E
\%

EARTH_MJ V97U4378C 00 +1. 40764487566E+16 FT**3/ SEC**2 F D C A6.9 93090E

EARTH GRAVI TATI ONAL CONSTANT

EARTH_RADI US_EQUATOR V97U5324C 00 +2.09257414698E+07 FT F D C
EARTH EQUATORI AL RADI US

9 93090E

FRARRRRARRARIVLARARIARLIRRZHAARARIRRRRIARIRRARQARIY



TABLE 4.3.2.9-5. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) CONSTANTS

FSSR NAME
DESCRIPTION

MSID

MC

CONSTANT VALUE

ENG UNITS

DT

P S PRFCTN LASTCR R

R

EARTH_RADI US_GRAV
EARTH RADI US( GRAV ACCEL)

EARTH_RATE
EARTH S ROTATI ONAL RATE

ELLI PT
EARTH S ELLI PTI CI TY CONSTANT

253

V97U5325C

VO7U4379C

V97U5332C

00

00

00

+2. 09256561680E+07

+7.29211514646E- 05

+3. 352329869 E-03

FT

RAD/ SEC

ND

FRARRRRRRARIAVRLVRARARZARRARARIVLIRRARIARIVIVRQARIRLRS

9 90374C

9 93090E

9 93090E
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TABLE 4.3.2.9-5. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) CONSTANTS

ST S 83-0005-34

December 14, 2007

FSSR NAME MSID MC  CONSTANT VALUE ENG UNITS P S PRFCTN LASTCR R
DESCRIPTION E
vV
EPS_TAG VO7U6122C 00  +5. E-04 SEC &4 127 90374C
LIMT FOR THE DI FFERENCE BETWEEN 4. 144
MEAS TI ME TAG &4. 205
| D_MATRI X_3X3(01) VO7U6196C 00  +1. E+00 ND 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(1,1) 4. 144
.15
4. 205
| D_MATRI X_3X3(02) VO7U6197C 00  +0. E+00 ND 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(1,2) 4. 144
. 15
4. 205
| D_MATRI X_3X3(03) VO7U6198C 00  +0. E+00 ND 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(1,3) 4. 144
. 15
&4. 205
| D_MATRI X_3X3(04) VO7U6199C 00  +0. E+00 ND 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(2,1) 4. 144
. 15
4. 205
| D_MATRI X_3X3( 05) VO7U6200C 00  +1. E+00 ND 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(2,2) 4. 144
4. 15
&4. 205
| D_MATRI X_3X3( 06) VO7U6201C 00  +0. E+00 ND 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(2,3) 4. 144
4. 15
4. 205
| D_MATRI X_3X3(07) VO7U6202C 00  +0. E+00 ND 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(3,1) 4. 144
. 15
4. 205
| D_MATRI X_3X3( 08) V97U6203C 00  +0. E+00 ND 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(3,2) 4. 144
4. 15
4. 205



TABLE 4.3.2.9-5. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) CONSTANTS

FSSR NAME MSID MC  CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E
vV

| D_MATRI X_3X3( 09) VO7U6204C 00  +1.0 E+00 ND F s 4. 126 90374C
COVPONENT OF 3X3 | DENTI TY MATRI X &4 127
(3,3) 4. 144

. 15

4. 205
KNL VO7U6206C 00  -1.7980000  E+00 ND F s &4 127 90374C
CONSTANTS USED TO COMPUTE LOG OF G4. 144
KNUDSEN NUMBER .15

&4. 205

4. 236
KN2 VO7U6207C 00  +6.6670000  E-06 FT+*-1 F s 4. 127 90374C
CONSTANTS USED TO COMPUTE LOG OF 4. 144
KNUDSEN NUMBER . 15

4. 205

4. 236
KN3 V97U6208C 00  -5.7890000  E-12 FT**-2 F s 4. 127 90374C
CONSTANTS USED TO COMPUTE LOG OF G4. 144
KNUDSEN NUMBER . 15

&4. 205

4. 236
KN4 VO7U6209C 00  +2.7518150  E+01 ND F s 4. 127 90374C
CONSTANTS USED TO COMPUTE LOG OF G4. 144
KNUDSEN NUMBER . 15

4. 205

4. 236
KNS VO7U6210C 00  -1.4990900  E-04 FT+*-1 F s 4. 127 90374C
CONSTANTS USED TO COMPUTE LOG OF 4. 144
KNUDSEN NUMBER . 15

4. 205

4. 236
KN6 VO7U6211C 00  +2.0490000  E-10 FT**-2 F s 4. 127 90374C
CONSTANTS USED TO COMPUTE LOG OF G4. 144
KNUDSEN NUMBER . 15

4. 205

4. 236

ST S 83-0005-34
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TABLE 4.3.2.9-5. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

NAUTM _PER_FT V97U5423C 00 +1. 6457884 E- 04 NM / FT F S C A6.9 93090E
FEET TO NAUTI CAL M LES CONVERSI ON
FACTOR

PI vog8u8725C 00 +3. 14159265358E+00 ND F D C
RATI O OF Cl RCUMFERENCE TO DI AMETER

9 93090E

BREHRRRRRARIRRARARIVRLARARIAZHRIRARARIRRRARQARIY



TABLE 4.3.2.9-5. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

RAD_PER_DEG V97U0383C 00 +1. 7453293 E- 02 RAD/ DEG F S C A6.9 93090E
DEGREE TO RADI AN CONVERSI ON FACTOR .1

126

127

128

144

158
175

201
204
205
209
210
211
213
220
223
226
227
236
237

S(01) V97U5492C 00 -5.2357454 E- 09 ND F D C
TESSERAL HARMONI C CCEFFI CI ENT ELEM
1

9 90374C
126
127
139
144
148

205
236

RREQRRARZARRLARARIVRLIRRARARLIRRARARIRLXL
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FSSR NAME

TABLE 4.3.2.9-5. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) CONSTANTS

DESCRIPTION

MSID

MC

CONSTANT VALUE

ENG UNITS

ST S 83-0005-34

December 14, 2007

P S PRFCTN

LASTCR R

S(02)
TESSERAL
2

S(03)
TESSERAL
3

S( 04)
TESSERAL
4

S(05)
TESSERAL
5

S(06)
TESSERAL
6

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

V97U5493C

V97U5494C

V97U5495C

V97U5496C

V97U5497C

00

00

00

00

00

-9.0231337

+2.7267074

-2.1259298

+1. 9681077

-4.4125015

E- 07

E- 07

E- 07

E- 07

E- 07

ND

ND

ND

ND

ND

RRRQRRARZRIVLARARZRLIVRVRIARERXQARARIVIVQRARIRIRS

236

90374C

90374C

90374C

90374C

90374C



TABLE 4.3.2.9-5. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) CONSTANTS

FSSR NAME
DESCRIPTION

MSID

MC

CONSTANT VALUE

ENG UNITS

P S PRFCTN

R

LASTCR R

S(07)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
7

S(08)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
8

S(09)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
9

ZONAL( 01)
ZONAL HARMONI CS COEFFI Cl ENT ELEM 1

ZONAL( 02)
ZONAL HARMONI CS COEFFI Cl ENT ELEM 2

259

V97U5498C

V97U5499C

V97U5500C

V97U5582C

V97U5583C

00

00

00

00

00

+1. 4818958

-1.2140873

+6. 3163541

+0.0

+1. 0826271

E- 07

E- 08

E- 09

E+00

E- 03

ND

ND

ND

ND

ND

RRRQRRARZRIVLARRARZRRIVRVRIARERQARARIVIRQRARIRIRS

©

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

90374C

90374C

90374C

90374C

90374C

ST S 83-0005-34
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FSSR NAME
DESCRIPTION

TABLE 4.3.2.9-5. RETURN-TO-LAUNCH SITE NAVIGATION (G4.205) CONSTANTS

MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN

R

ST S 83-0005-34

December 14, 2007

LASTCR R

ZONAL( 03)

Vo7U5584C 00 -2.5358868 E- 06 ND F D

ZONAL HARMONI CS COEFFI CI ENT ELEM 3

ZONAL( 04)

V97U5585C 00 -1. 6246180 E- 06 ND F D

ZONAL HARMONI CS COEFFI CI ENT ELEM 4

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.

RRRQIRRARZRIARIRRRRSE

90374C

90374C
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44  SUBFUNCTIONSCOMMON TO SEVERAL NAVIGATION-RELATED
PRINCIPAL FUNCTIONS

This section documents detailed requirements for subfunctions identified as being common to two or more
navigation—related principal functions or their major subfunctions. The detailed requirements specified
here will be referenced from the sections to which they are common and, where referenced, may be
regarded as insertsto paragraph A, Detailed Requirements, in these sections.

441 User Parameter State Propagation

During the ascent/RTL S operational sequence (OPS-1, 6), the navigation state propagation subfunction
advances the navigation state vector at relatively large intervals, at the end of which external measurement
data processed by the filter are incorporated when appropriate. Users such as guidance and displays,
however, regquire a knowledge of the state vector at shorter intervals. The user parameter state propagation
subfunction will satisfy the requirements of its users by performing the integration of the equations of
motion in an M50 coordinate system within the intervals of the navigation propagation, with use of the
most recent navigation—computed accel eration vector in conjunction with asmall step size and the

accumul ated sensed velocity snapped from the accelerometers. During those periods when drag
accelerations are being modeled, the accelerometer readings shall beignored. These integration processes
shall be restarted at the completion of each navigation cycle with the navigation state.

On entry into the ascent operational sequence, theflag, FILT_UPDATE, will be set to ON by the ascent
navigation sequencer principal function. The flag setting indicates that the user parameter stateisto be

initialized asin Item 2 below. Thereafter, theinitial value of the state that isto be advanced (integrated

forward in time) may be from either of two sources (the one used depends on the tested value of the flag
FILT_UPDATE, which indicates the availability of an updated state from the navigation function):

1. If an update from the navigation function is not available (FILT_UPDATE = OFF), the
propagated state, saved from the previous cycle, isto be advanced. A constant value of gravity
acceleration is used between updates, and sensed acceleration is computed from IMU vel ocity
data.

2. If an update from the navigation function is available (FILT_UPDATE = ON), the navigation
updated state, together with itstime tag, gravity acceleration and associated accumulated sensed
velocity, replaces the previous propagated state, time tag, gravity acceleration and accumul ated
velocity. Advancement isto bethesameasin Item 1.

This mechanism permits independent computation rates for IMU and gravity only propagation and the
incorporation of usualy less frequent external measurements data.

The general computational flow of the state propagator isto first compute derived sensed acceleration from
IMU velocity data, incorporate the updated navigation state vector if FILT_UPDATE = ON, and then
propagate the state to current time.

The derived sensed acceleration is computed as follows:

1. Theaccumulated sensed velocity and time tag are read and the time since the last IMU data are
computed:
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SNAP_ IMU(V _IMU_CURRENT, T_IMU)
DT_IMU=T_IMU-T_IMU_LAST

2. If thedataread in by the SNAP_IMU are new, defined by DT_IMU > 0, the derived sensed
acceleration is computed and the ‘last’ IMU data are updated to the current values:

DV_S=V IMU_CURRENT -V _IMU_LAST
A _SENSED =DV_S/DT_IMU

T IMU_LAST=T_IMU

V _IMU_LAST =V _IMU_CURRENT

3. If anavigation state vector update is available (FILT_UPDATE = ON), the new state data are
read in, the earth—relative velocity is computed, the FILT _UPDATE flag is turned OFF to
inhibit areset until it is again set to ON in the navigation function and the UPP_UPDATE flag
isset ON to indicate that the UPP state has been updated by the navigation filter:

G _OLD=G _RESET

R_AVGG=R _RESET

V_AVGG=V RESET

V_IMU OLD=V _IMU_RESET

T _STATE=T_RESET

V_RHO=V REL(V_AVGG,R_AVGQG)
FILT_UPDATE = OFF

UPP_UPDATE = ON

4. On every passthrough the state propagator the current time is obtained, the state vector,
accumul ated sensed velacity inertial velocity magnitude and earth—réelative velocity magnitude
are computed:

READ CURRENT TIME (T_CURRENT)

DT =T_CURRENT - T_STATE

DV =DT (A_SENSED + G _OLD)

R _AVGG=R _AVGG +DT (V_AVGG + 0.5DV)
V_AVGG=V AVGG +DV

V_IMU OLD=V _IMU_OLD +DTA_SENSED
V_INERTIAL_MAG = ABVAL(V _AVGG)
V_RHO=V _RHO +DV

T _STATE=T_CURRENT
REL_VEL_MAG=ABVAL(V _RHO)
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442 Coordinate Transfor mations

These eight subfunctions provide the capability to transform parameters specified (or computed) in one
coordinate system to another coordinate system. Coordinate system definitions are provided in Section 5.3.

Each of the eight subfunctions described in Sections 4.4.2.2 through 4.4.2.9 may be executed separately.
The subfunctions do not actually perform the coordinate transformation; only the transformation matrix is
computed.

For consistency, it is assumed that al coordinate systems located on the surface of the earth are specified in
terms of geodetic parameters (i.e., geodetic latitude, longitude, and altitude above the reference ellipsoid)
and that all azimuth angles are referenced to true (not magnetic) north.

It should be noted that the coordinate transformation M50 to earth—fixed and earth—fixed to topodetic are
also required for use by the IMU SOP and must be made available in any OPS load that allows IMU
alignment, even if navigation is not active.

Input and output parameters for al subfunctions are listed in Tables 4.4.2-1 and 4.4.2-2.

4421 Deleted

44272 Earth-Fixed to M50.

The purpose of this subfunction is to propagate the matrix M_M50TOEF AT _EPOCH from the last
epoch timeto the time of interest. This propagation accounts for the earth’ s rotation effects only.

For adescription of M_M50TOEF_AT_EPOCH, see Section 4.11.

Formulation: A simple Z—axisrotation is performed through the angle defined by the product of the earth’s
mean rotationa rate (EARTH_RATE) relative to the mean—of—date system, and the difference between the
time (T_EPOCH) associated with the matrix (M_M50TOEF_AT_EPOCH) and the time (TIME) of this
requested matrix. Thus, for the defined

DELT = TIME - T_EPOCH
the angle of rotation is

LAM = (EARTH_RATE) DELT
and the rotation matrix, M, is defined by the equation

[COS(LAM) -SIN(LAM) 0

M = SSIN(LAM) COS(LAM) 0OF )
H O 0 18
F® Thisequation shall be protected against return value of sine or cosine with magnitude
greater than unity (Section 3.5).
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The matrix is then used to compute a current transformation matrix from earth—fixed to M50 coordinates:
EARTH_FIXED_TO M50 COORD =M_MS50TOEF AT_EPOCH'M

Because of the sparseness of the matrix M, both core and execution time will be conserved by use of the
following formulation. For notational convenience, let N denote the matrix M_M50TOEF _AT_EPOCH.
The sine and cosine of LAM will be computed once and denoted by CLAM = COS (LAM) and

SLAM = SIN (LAM). Then EARTH_FIXED_TO_M50 COORD will be computed as follows:

EARTH_FIXED_TO_M50_COORD;; = Ni; CLAM + N,; SLAM
EARTH_FIXED_TO_M50_COORD;, = —N;; SLAM + N,; CLAM
EARTH_FIXED_TO_M50_COORD;5 = N3,
EARTH_FIXED_TO_M50_COORD,; = N1, CLAM + N,, SLAM
EARTH_FIXED_TO_M50_COORD,, = —N;, SLAM + N,, CLAM
EARTH_FIXED_TO_M50_COORD,s = N3,
EARTH_FIXED_TO_M50_COORDs; = Ny CLAM + N3 SLAM
EARTH_FIXED_TO_M50_COORDs, = —N; 3 SLAM + N,3 CLAM
EARTH_FIXED_TO_M50_COORD33 = N33

This subfunction may be executed as needed. Thetime (TIME) for which the output transformation matrix
(EARTH_FIXED_TO_M50_COORD) isvalid must be supplied by the user in elapsed seconds from 0.0
hours 31 December prior to the launch year to the desired time.

A vaidM_M50TOEF AT _EPOCH must be available before this subfunction can be executed.

The Aries-mean—0f—1950 and the earth—fixed coordinate systems are shown in Section 5.3.

4423 Geodetic to Earth-Fixed.

This submodul e accepts the geodetic parameters of a point and computes the earth—fixed Cartesian
coordinates of that point.
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Formulation: Theinput angles must bein radians. The equations necessary to transform geodetic
parameters to earth—fixed coordinates are as follows:

0 0
R_EF = EARTH_RADIUS_EQUATOR - + ALTgcosLAT_GEOD cosLON
Hcos” (LAT_GEOD) + (1-ELLIPT)? sin? (LAT_GEOD))2 |
(F F, P
0 0
R_EF, = 3 EARTH_RADIUS_EQUATOR - + ALTcosLAT_GEOD sin LON
Hcos® (LAT_GEOD) + (1- ELLIPT)? sin? (LAT_GEOD))? =i
(F, F, P)
. 1- ELLIPT)? EARTH_RADIUS EQUATOR .
REF = (- ) _RADIUS_EQU r + ALTsinLAT_GEOD
Hcos? (LAT_GEOD) + (1-ELLIPT)? sin? (LAT_GEOD))?2 &|
(F, F, P)

F* Thisequation shall be protected against divisions by zero (Section 3.5).

F* Thisequation shall be protected against square roots of a negative number
(Section 3.5).

F°  Thisequation shall be protected against return value of sine or cosine with magnitude
greater than unity (Section 3.5).

4424 Earth-Fixed to Topodetic.

This subfunction accepts the geodetic latitude and longitude of a point and computes the rotation matrix
from earth—fixed coordinates to a topodetic coordinate system for the input location.

Formulation: This subfunction creates the rotation matrix asan Euler Z, Y sequence through the longitude
angle (LON) and the negative of geodetic |atitude angle minus 90 degrees
(i.e, LAT_GEOD + Tt/ 2, respectively). The necessary equationis

0(— cosLON sSnLAT_GEOD) (— sinLONSnLAT_GEOD) (cosLAT_GEOD) O

M= 0O (— sinLON) (cos LON) 0 O (F)
H(— cosLON cosLAT_GEOD) (- sinLON cosLAT_GEOD) (- sinLAT_GEOD)H
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4425 Earth-Fixed to Runway.

This subfunction accepts the geodetic latitude, longitude, and azimuth of the runway and computes the
rotation matrix from the earth—fixed coordinate system to the runway coordinate system.

Formulation: The earth—fixed to topodetic subfunction is used to obtain an earth—fixed to topodetic
rotation matrix. Then the earth—fixed to topodetic matrix is multiplied by an Euler Z rotation matrix
through the runway azimuth angle (AZ). The equationis

O(cosAZ) (snAz) 00O
M = Q(sinAZ) (cosAZ) O (F)
g 0 0 10

F® Thisequation shall be protected against return value of sine or cosine with magnitude
greater than unity (Section 3.5).

where AZ isthe runway azimuth angle measured clockwise from true north to the +X—axis of the runway.
Then the transformation matrix is computed by

EF TO_RUNWAY =M EF_TO_TOPDET
Input angles must be in radians.

The runway and topodetic coordinate systems are shown in Section 5.3.

4426 Earth-Fixed to Scanner.

The purpose of this subfunction isto compute the rotation matrix from earth—fixed to scanner coordinates.

Formulation: The earth—fixed to runway subfunction is executed, with use of the geodetic latitude and
longitude of the scanner and the azimuth of the scanner boresight (AZ) from the true north to obtain a
rotation matrix. The rotation matrix is then multiplied by a rotation matrix representing a 180-degree
rotation about the X—axis. The necessary equationis

EF_TO_SCANNER =M _XROTPI EF_TO_RUNWAY

where

0l 0 0
M_XROTPI = 00 -1 0 [J
H0 0 -1

and EF_TO_RUNWAY isthe rotation matrix computed by the earth—fixed to runway subfunction.

All computations are performed in double precision.
Input angles must be in radians.
The scanner and earth—fixed coordinates systems are shown in Section 5.3.
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4427 Body to M50.

The transformation matrix from structural body to M50 coordinates (MAT) is computed by
postmultiplying the transformation matrix from body to M50 coordinates by a matrix representing a 180°
rotation about the y—axis.

The transformation from body to M50 coordinates is derived from the inlisted quaternion
Q_FIFTY_BODY by employing the general purposes matrix function QUAT _TO_MAT.

QUAT_TO_MAT computes the transformation matrix, A, associated with a quaternion, Q, as
QUAT_TO_MAT (Q) = A, where A is computed by

P2=Q,+Q;
P3=Q3+ Qs
P4=Q,+ Qq
P5=P2 Q>
P6 = P4 Q,
Temp=1.0-P3 Qs
Ai1=Temp-P6
A, =1.0-P5-P6
Azz=Temp—-P5
P5=P2 Q3
P6 =P4 Q,
A, =P5-P6
Az, =P5+ P6
P5=P2Q,
P6 =P3 Q,
Ai3=P5+P6
Az =P5-P6
P5=P3Q,
P6 =P2 Q,
A3 =P5-P6
Az, =P5+ P6

The structural body to M50 coordinates, MAT, is then computed as

MATRIX = QUAT_TO_MAT (Q_FIFTY_BODY)
MAT.: = -MATRIXy;

MAT.,= MATRIX,,

MAT.3=-MATRIX3;

MAT,: = -MATRIXy,

MAT,, = MATRIX,,

MAT,3=-MATRIX3,
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MAT;; =-MATRIX 3

MAT;, = MATRIX,3
MAT;3=-MATRIX33

This subfunction may be executed as needed.

Coordinate system definitions and the suggested implementation are shown in Section 5.3.

4428 Earth-Fixed to Geodetic.

Thisfunction is required to transform a Cartesian position vector in the earth—fixed (Greenwich) coordinate
system to the geodetic parameters. geodetic altitude, longitude, and geodetic latitude.

Formulation: The equations necessary to transform the Cartesian position vector to geodetic parameters
areasfollows.

The computation for longitudeiis:

R EF
LON = tan? —=—2 :0<LON<2m (F, F)
R _EF

1

Computations for geodetic latitude, LAT_GEOD, and height above the reference ellipsoid, ALT, are as
follows:

R XY =R _EF? + R_EF,?
R=(R XY + R_EF?)*¥

SIN.P=R _EFJR (F)

COS P=(R_XY)"R (F)

RAD_P = RE / /1 + FLATCON SIN_P? / (1.0- FLATCON) (F, F4)

opL - FLATCON SIN_PCOS_E’ ")
1.0 - FLATCON COS_P

DEL_LAT = %RPDEL (F)

@ = ARCTAN (SIN_P / COS _P)

LAT_GEOD = @ + DEL_LAT ;(inradians)

ALT = (R-RAD _P)(1.0-05DEL DEL_LAT) ; (infeet)
where

FLATCON = 1.0 — (1.0 — ELLIPT)?, the eccentricity squared of the ellipsoid

LAT_GEOD = geodetic latitude
LON = longitude
ALT = geodetic altitude
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ELLIPT = flattening of the reference dlipsoid (ELLIPT)
RE = equatoria radius of the reference dlipsoid (EARTH_RADIUS EQUATOR)
This subfunction may be executed on demand.

The earth—fixed coordinate system and geodetic parameters are defined in Section 5.3.

F° Thisequation shall be protected against divisions by zero (Section 3.5).

F* Thisequation shall be protected against square roots of a negative number
(Section 3.5).

F’  Thisequation shall protect against arc tangents with both arguments equal to zero
(Section 3.5).

4.4.2.9 UVW to M50.

The purpose of this subfunction isto compute the transformation matrix from UVW coordinatesto Aries
M50 coordinates, given the position and vel ocity of the vehicle.

Formulation: The orientation of the U, V, W system is determined by the orbiter inertial position and
velocity vectors (R, V) at the point (or time) of interest. Define

U=R/[R] ()
W=®xV) [RxV| (F)
Z=WxU

All computations are to be performed in double precision.

F° Thisequation shall be protected against divisions by zero (Section 3.5).

The transformation matrix from UVW coordinates to Aries-mean—of—1950 is then given by

| v W)

The UVW coordinate system and the Aries M50 system are defined in Section 5.3.

443 User Parameter Ascent/RTL S Computations

There are several variables, more specifically, atitude and altitude rate, which are required in both first and
second stage ascent aswell asin powered and glide RTLS; furthermore, dynamic pressure, equivalent
airspeed and the magnitude of the total sensed acceleration are needed in first stage ascent, second stage
ascent and powered RTLS. It isthe purpose of this section to unify all of these requirementsin one
subfunction called ASCENT_RTLS COMPS.

The altitude, altitude rate and vertical acceleration will be calculated by employing position and velocity

vectorsin M50 coordinates asinput data. First, the absolute value of the position vector R _AVGG is
computed and renamed for output purposes:
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R VEH_MAG = ABVAL(R _AVGG)
R VEH_MAG_UPP=R VEH_MAG

Then, aunit vector along the Shuttle position vector is determined:
VNOR=-R _AVGG/R _VEH MAG

Next, certain quantities are computed in order to obtain atopodetic unit vector in the Zp — direction:

UK = VNOR * EARTH_POLE
TEMP=(A_0+FLATCON UK?
RAD_P=EARTH_RADIUS EQUATOR (A_0/ TEMP)*?

The parameters A_0 and FLATCON are related to the earth dllipticity, ELLIPT, and are defined by

A_0=(1L0—-ELLIPT)?
FLATCON=1-A_0

The parameter ELLIPT is a constant whose value is specified in the level A CPDS.
The altitude above the élipsoid is then computed:
ALT=R VEH_MAG-RAD_P

Since the dltitude rate is referenced to different directionsin ascent and RTLS, amajor modetest is
required at this point to differentiate the forms employed. If the mgjor modeis either 102 or 103, denoted
by the major mode flags being set ON;

MM_CODE_102 = ON
or
MM_CODE_103 = ON

then the altitude rate is given by
H_DOT =-V_RHO* VNOR

If the current OPSis either OPS 1 or OPS 6, then computations are made to cal culate atitude rate relative
tothedlipsoid. Inthis case one quantity varies dowly with time and, hence, is calculated only when the
UPP state is updated by the navigation filter; that is, when

UPP_UPDATE = ON
then

UX = (EARTH_POLE — UK VNOR) (FLATCON UK RAD_P/(TEMP
R VEH_MAG))

If UPP_UPDATE = OFF, UX isheld to its previous value.
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H_DOT_ELLIPSOID =-V _RHO * (UX + VNOR)
If the mgjor mode is neither 102 nor 103, the atitude with reference to the runway is computed from
ALT WHEELS=ALT-ALT_RW

If the mgjor modeis either 602 or 603 denoted by MM _CODE_602 = ON or MM_ CODE_603 = ON,
then the altitude and atitude rate are modified to account for the rotation of the nav base with respect to the
c.g. in the following manner:

ALT WHEELS=ALT_WHEELS—(X_NB_WH SINTH + Z_NB_WH COSTH)
H_DOT_ELLIPSOID = H_DOT_ELLIPSOID - WBR, RAD_PER_DEG (X_NB_CG
COSTH -Z_NB_CG SINTH)

where X_NB_CG and Z_NB_CG arethe positive X and Z structura body axis distances between the
navigation base and the vehiclec.g. and X_NB_WH and Z_NB_ WH are the (positive) X and Z structural
body axis distance between the navigation base and the bottom of the rear whedls. The term WBR; isthe
vehicle pitch rate in degrees per second, and SINTH and COSTH are the sine and cosine of the pitch angle.

Furthermore, for the glide RTL S phases, the vertical acceleration must be cal culated; therefore the
following scheme must be incorporated. The vertical acceleration will be determined in one of two ways.
(a) if the navigation filter has updated the state, denoted by UPP_UPDATE = ON, then the vertical
acceleration will be computed by extrapolating the previous vaues:

ACC_VERT = ACC_VERT OLD + @DELTA—ACC—VERTg(T_STATE - T_STATE_LAST)
DELTA T

where ACC_VERT_OLD isthe previous value of ACC_VERT, DELTA_ACC VERT isthe difference
between the two most recent values of ACC_VERT excluding any navigation filter update value and
DELTA_T isthe difference between the times associated with those values of ACC_VERT employed to
compute DELTA_ACC_VERT; and (b) if the update flag UPP_UPDATE = OFF, indicating no navigation
update of the state, then, vertical acceleration is computed as follows:

ACC_VERT = (H_DOT_ELLIPSOID —H_DOT_LAST) /(T_STATE—T_STATE_LAST)

Also, when UPP_UPDATE = OFF, the values of ACC_VERT and T_STATE are employed to calculate
values of DELTA_ACC VERT and DELTA_T aswell asvaluesof T_STATE _OLD and
ACC_VERT_OLD

DELTA_ACC_VERT = ACC_VERT —ACC_VERT_OLD
DELTA_T =T _STATE-T_STATE OLD
T_STATE_OLD =T_STATE

ACC_VERT OLD = ACC_VERT

Finally, previous vaues of atitude rate and state time are set to current values and total load factor is
calculated (for GRTLS phases):
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H_DOT_LAST =H_DOT_ELLIPSOID
T _STATE_LAST =T_STATE
LOAD_TOTAL = ABVAL (A_SENSED) / (GRAV_SEA_LEVEL)

During MM's 102, 103 and 601, the dynamic pressure, equivalent airspeed, and total sensed acceleration
will be calculated. First, the dynamic pressure, based on an exponential atmosphere model, will be
computed as a function of atmospheric density and earth—relative velocity. Local density is calculated by
using the premission—determined constants RHO B, and ALT_S;, the exponential atmosphere base density,
and scale height, respectively. A premission determined table of altitudesis compared with the current
dtitude, ALT, to find theindex | for the altitude region of interest. Theindex | is determined as follows:

Increment | from 1to IMAX until ALT < ALT_TAB, or | = IMAX
Loca density isthen calculated by

RHO A = RHO B, EXP(-ALT/ALT_S)
The dynamic pressure will then be calculated:

Q BAR A=05RHO A REL_VEL_MAG?
wherethe REL_VEL_MAG isthe magnitude of the vehicle's earth—relative velocity vector.

The equivalent airspeed and total sensed acceleration follow from

EAS = SQRT(Q BAR_A /(0.5 RHO_B(1)))
LOAD_TOTAL = ABVAL(A SENSED)/ (GRAV_SEA_LEVEL)

Finally, independent of major mode, the update flag, UPP_UPDATE isreset to OFF.

Supplemental Information. Constants defining the exponential atmosphere can be determined as follows:

ALT_S = (his =) / In(py/ pr-a)
RHO_B| = p|_1/ EX P(—h|_1/ALT_S|)

where hi_; and h, are the lower and upper geometric altitudes defining the desired range of applicability of
the exponential atmosphere and p,_; and p, are the corresponding densities at those atitudes. Note that
h,=0and py = pr=0. Seven layers are used to approximate the atmospheric density from sealevel to about
400,000 feet. Tabular valuesfor RHO B, and ALT_S must be computed and premission stored with
corresponding atitudes, ALT_TAB,.

Tables of density versus geometric atitude are available at the launch site (such as the Patrick reference
amosphere) or can be found in the U. S. Standard Atmosphere, 1962, and in the U. S. Standard
Atmosphere Supplements, 1966.

These calculations have been simplified to conserve memory locations and execution time. The
assumptions are as follows:

1. Position and velocity are defined with respect to the vehicle navigation base rather than the c.g.
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2. A correction factor has been applied to the altitude and altitude rate calculation to correct for
pitch and pitch rate errors introduced because of the first assumption. Roll and roll rate are not
included.

Theterms X_NB_CG and Z_NB_CG used in the atitude rate correction are positive numbers equal to the
X and Z structura body axis distance between the navigation base and the vehicle c.g.

X_NB_CG=X_CG-X_NB
Z NB_ CG=Z NB-Z CG
Theterms X_NB_WH and Z_ NB_WH used in the rear whed altitude correction are positive numbers

equal to the X and Z structural body axis distance between the navigation base and the bottom of the rear
whesdls.

X_NB_WH = X_WHEELS-X_NB
Z NB_WH =Z_NB -Z_ WHEELS
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444 Powered HSI Computations

During first and second stage ascent as well as powered RTLS, the HSI will be employed to present to the
crew angular relationships formed by certain vectors and the orbit plane. This plane, which is defined by
the unit vector I _YD_MH50, is used as the reference direction on the HSI throughout MM 102, 103 and
601.

The following computations shall be performed throughout MM 102, 103 and 601.

The secondary bearing pointer will be used to indicate the angle formed by the inertial velocity vector and
the orbit plane. Sincethisangleissmall, it is assumed that the angle and the sine of the angle are
equivaent; hence, the heading of theinertial velocity vector is given by

HEADING V | =(V_AVGGe+I_YD _M50)/V_INERTIAL_MAG

The course pointer will be used to indicate the angle formed by the relative velocity vector and the orbit
plane. In order to avoid computational problems at lift—off, atest is made on the relative velocity. If the
relative velocity is greater than 200 ft/sec, that is, if REL_VEL_MAG > 200, then the heading of the
relative velocity vector is given by

HEADING V_REL =(V_RHO<«I_YD _M50)/ REL_VEL_MAG
Again the small angle approximation for the sine has been employed in this formula.
If MM_CODE_601 = OFF then determine the current plane

IYC=UNIT (V_AVGG x R_AVGG)

If MM_CODE 601 = OFF and TAL_ABORT_DECLARED = OFF then begin calculations to assist
situational awareness on the MEDS HSI.

During ATO after guidance has recal culated the target plane (S ATO _1Y = ON) set the plane
for crosstrack calculationsto the new ATO target plane, and determine the heading of the new
ATO target plane with respect to the nominal target insertion plane.

IY_XTRK =1Y
HEADING _ATO =ARCCOS(I_YD_M50¢IY_XTRK)
If IY_XTRK_ >I_YD_MS50, then HEADING_ATO =~HEADING_ATO

Otherwise set the plane for crosstrack cal culations to the nominal target insertion plane, and set
the heading of the ATO planeto zero.

IY_XTRK =1_YD_M50
HEADING_ATO=0

Determine the cross track distance in nautical milesto the target insertion plane for display on
the course deviation indicator and MEDS:

XTRK =—(R_AVGG *IY_XTRK) NAUTMI_PER_FT
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XTRK_CDI = XTRK

Also, determine the appropriate scale for the CDI. Note the smallest scale factor is reserved for
the time near MECO:

MET = T_CURRENT - T_GMTLO
CDI_SCALE =50
If ABS (XTRK) < 10 then CDI_SCALE = 10

If (ABS (XTRK) < 1 and MET = 390 sec.) then CDI_SCALE =1

Also, determine the current inclination delta from the target plane for display.
IYC_EF = EARTH_FIXED_TO_M50 COORD (T_STATE)"IYC
IYT_EF = EARTH_FIXED_TO M50 COORD (T_STATE)"IY_XTRK
INCL_TARGET = ARCCOS (-IYT_EF))

MEDS D_INCL = INCL_TARGET - ARCCOS (-IYC_EF))

The remaining computations are made only if the magjor mode is 601 or if a TAL abort has been declared.
First, if MM_CODE_601=ON or TAL_ABORT_DECLARED = ON then, a unit vector contained in the
orbit plane and directed downrange is calcul ated:

IX=R_AVGGxI_YD M50/ABVAL(R AVGGxI_YD_M50)

Then, the landing site position vector, R _LS EF, will be transformed from earth—fixed coordinates to M50
coordinates:

R LS M50=EARTH_FIXED TO M50 COORD(T_STATE)R LS EF

Next, avector normal to the great circle plane containing the Shuttle and the landing site position vectorsis
computed:

VNORM =R _AVGG xR LS M50
Then, the bearing from the Shuttle position to the landing site referenced to the orbit plane is determined:

HEADING_RW = ARCTAN2(VNORM ¢ IX, — VNORM «1_YD_M50)

Finally, atest is made to determine if the velocity vectors have reversed direction, that is,
if V_RHO ¢ IX <0, then the heading of relative velocity will be modified asfollows:

HEADING_V _REL =Pl —-HEADING_V_REL

Furthermore, if V._AVGG » IX < 0, then the heading of theinertia velocity will be changed in asimilar
manner:

HEADING_V_| = Pl —HEADING_V_|
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Cdculate the delta azimuth as the angle between the relative velocity vector and the line to the landing site.
Also, determine the distance to the landing site.

MEDS D_AZ = MOD (ABS (HEADING_RW —HEADING_V_REL), 2*Pl)
IF (MEDS D_AZ > Pl) then

MEDS D_AZ =2*Pl -MEDS D _AZ
PW_RANGE = ABVAL (R_LS EF) ARCCOS (UNIT (R_AVGG)

UNIT (R_LS M50)) * NAUTMI_PER_FT

If TAL_ABORT_DECLARED = ON then calculate for display on the MEDS the cross range to the
landing site. The course deviation indicator displays the cross range to acircle of radius of CR_MAX
centered at the landing site; if this cross range is less than the guidance maximum crossrange value,
CR_MAX, then no crossrange steering is necessary and the CDI will be centered.

XRNG = (R_LS M50 +1YC)
XTRK = XRNG NAUTMI_PER_FT
If ABS (XRNG) = CR_MAX then

XTRK_CDI = (XRNG - SGN (XRNG) * CR_MAX) NAUTMI_PER_FT
Otherwise
XTRK_CDI =0
Set the CDI scale factor to 500 nm. for TAL.

CDI_SCALE =500

Also, determine the heading to the maximum cross range circle about the landing site for
display viathe HSI course pointer.

If (CR_MAX NAUTMI_PER_FT) < PW_RANGE and PW_RANGE # 0 then

HEADING_TAL = ARCSIN (XTRK/PW_RANGE) — SGN (XRNG) ARCSIN
((CR_MAX NAUTMI_PER_FT)/PW_RANGE)

Otherwise

HEADING_TAL =—SGN (XRNG) PI/2

445 Utility Subfunctions

The following subfunctions are utilized by various users. They are mutualy independent, that is, the
execution of any one of these functions neither requires the previous execution nor precludes the future
execution of another. They may be utilized at regular intervas or only upon request.

Input and output parameters for these subfunctions are contained in Tables 4.4.5-1 and 4.4.5-2,
respectively.
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4451 Altitude Above the Reference Ellipsoid.

The purpose of this subfunction isto calculate the atitude, above the Fisher ellipsoid, of a point with M50
position vector R. The altitude obtained is approximate, with the error increasing with atitude. The
accuracy obtained in near—earth work (and this covers the range of orbiter atitudes) is considered
adequate. The equationis

H_ELLIPSOID (ﬁ) - |R| - (L~ ELLIPT) EARTH_RADIUS_EQUATOR
J 1+[ (L-ELLIPT)2 -1 [1 -(UNIT(R)  EARTH_POLE)? ]

where ELLIPT and EARTH_RADIUS _EQUATOR are the éllipticity constant (or “flattening”) and the
equatorial radius of the 1960 Fisher elipsoid, respectively, and EARTH_POLE isthe unit vector in the
direction of the earth's spin axis, expressed in M50 coordinates.

A flow chart for this function may be found in Section 5.2, under the name H_ELLIPSOID.

4452 Velocity Relative to the Windless, Rotating Atmosphere.

This function computes the velocity, relative to the atmosphere, of avehicle with M50 position and velocity
vectors respectively R and V. The following assumptions are made: there are no winds and the
amosphere rotates rigidly with the earth at all atitudes. The relative velocity is expressed in M50
coordinates.

The equation that accomplishesthisis:
V _REL(V,R) = V-EARTH_RATE (EARTH_POLE x R)

where EARTH_RATE isthe earth’s angular velocity with respect to the M50 (inertial) axes and
EARTH_POLE isthe unit vector in the direction of the earth’ s axis of rotation, expressed in M50
coordinates.

A flow chart for this function may be found in Section 5.2 under thenameV_REL.

4453 Partial Derivatives of an Angular M easur ement with Respect to the State Vector.

This routine calculates a6 component vector, B, the components of which are the partia derivatives of an
angular measurement (a scalar) with respect to the components of the position and vel ocity vectors of the
vehicle relative to the measurement device.

The function takes as inputs the M50 position vector of the vehicle at the time of the measurement

(R _RESID), the M50 position vector of the measurement device at the sametime (R _SENSOR) and a
unit vector (I _Z) that represents, in the M50 coordinate system, the direction relative to which the angular
measurement istaken (local north for azimuth, the zenith direction for the complement of elevation).

The following cal culations are then made:
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REL_R=R _RESID-R _SENSOR
REL_R HORZ=REL_R-(REL_R*1 _2)1 _Z
Biws=(_Zx_REL_R HORZ)/ REL_R _HORZ?

The other three components of the 6—vector B areidentically zero.
§4 to6 — 0.

A flow chart for this function, with the name ANGLE_PARTIALS, may be found in Section 5.2. The flow
chart contains equations derived from those above but optimized for computation in that they eliminate the
calculation of the intermediate vector REL_R_HORZ and thereby avoid the calculation of the zero vector
obtained by the crossproduct of I_Z and (REL_Re1_Z7) 1_Z.

4454 Derivative of the Gravitational Acceleration Vector With Respect to the Position
Vector.

Thisfunction calculates a 3 x 3 matrix, the components of which are the partial derivatives of the
gravitational acceleration vector with respect to the position vector R. Thisis used in the generation of the
state transition matrix, which is required for covariance matrix propagation. The dominant part of the
gravitational acceleration vector isthe central term, which computes the earth's attraction asif al its mass
were concentrated at the center. Thisisthe only term utilized in the calculation of the partia derivatives.
A vehicle moving under the influence of such a gravity field would travel in a conic orbit. The state
transition matrix obtained is based on Keplerian motion as the reference trgjectory.

Theeguationis
GRAVITY_GRADIENT(R) = (EARTH_MU / |RF) B3R R "= |RF ID_MATRIX_3x3)
where EARTH_MU isthe earth's gravitational constant and ID_MATRIX_3x3 isthe 3x3 identity matrix.

A flow chart for this function, with the name GRAVITY_GRADIENT, may be found in Section 5.2.
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Table 4.4.2-1.Coordinate Transformations Input Parameters
Input Sample
Description Symbol Source | Type|Precision| Range | Units Rate
EARTH_FIXED_TO M50 _
COORD
Earth rotation rate EARTH_RATE (a) F DP As
needed
Timetag for T_EPOCH (b) F DP Sec As
M_M50TOEF AT _EPOCH needed
and EARTH_POLE
Transformation matrix from | M_M50TOEF_AT_| (b) M DP As
M50 to earth fixed at EPOCH needed
T_EPOCH
General time variable TIME User F DP SeC As
subfunction needed
EF TO_TOPDET
Geodetic latitude of R _EF LAT_GEOD User F S rad As
subfunction needed
Geodetic longitude of LON User F S rad As
Shuttle’ s position vector subfunction needed
EF TO RUNWAY
Geodetic latitude of R _EF LAT_GEOD User F S rad As
subfunction needed
Geodetic longitude of LON User F S rad As
Shuttle’ s position vector subfunction needed
Bearing from true north AZ User F S rad As
subfunction needed
EF_TO_SCANNER
Geodetic latitude of R _EF LAT_GEOD User F S rad As
subfunction needed
Geodetic longitude of LON User F S rad As
Shuttle’ s position vector subfunction needed
Bearing from true north AZ User F S rad As
subfunction needed
EF _TO_GEODETIC
General position vector in R _EF User \% DP ft As
Earth—fixed coordinates subfunction needed
Earth ellipticity constant ELLIPT @ DP
Earth equatoria radius EARTH_RADIUS | (9 F DP ft As
EQUATOR needed
GEODETIC_TO_EF
Geodetic latitude of R _EF LAT_GEOD User F S rad As
subfunction needed
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Table 4.4.2-1.Coordinate Transformations Input Parameters

Input Sample
Description Symbol Source | Type|Precision| Range | Units Rate
Geodetic longitude of LON User F S rad As
Shuttle’s position vector subfunction needed
Current orbiter atitude above| ALT User F S ft As
reference ellipsoid subfunction needed
Earth ellipticity constant ELLIPT €) F DP As
needed
Earth equatorial radius EARTH_RADIUS_| (8 F DP ft As
EQUATOR needed
UVW_TO_M50
Input position vector in M50 | R User v DP ft As
coords subfunction needed
Input velocity vector inM50 | V User Y, S ft/ sec | As
coords subfunction needed
SBODY_TO_M50
M50 to body coordinates Q _FIFTY_BODY User \% DP — As
transformation quaternion subfunction needed

& See ascent or RTLS navigation principal function |-Joad and constant tables.

P See ascent or RTLS navigation principal function input parameter tables.
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Table 4.4.2-2.Coordinate Transformations Output Parameters
Output Comp
Description Symbol Destination | Type | Precision | Range | Units| Rate

EARTH_FIXED TO
M50 _COORD
Earth—fixed to M50 coordinate M_EFTOMS0 User M DP As
transformation matrix subfunction needed
EF TO_TOPDET
Transformation from earth—fixed| M_EFTOTD User M S As
to topodetic subfunction needed
EF TO RUNWAY
Earth_fixed to prime RW M_EFTORW User M S As
transformation matrix subfunction needed
EF TO_SCANNER
Transformation matrix from M_ User M S As
earth—fixed to scanner EFTOSCANNER | subfunction needed
coordinates
EF TO _GEODETIC
Geodetic latitude of R _EF LAT_GEOD User F S rad | As

subfunction needed
Geodetic longitude of Shuttle's | LON User F S rad | As
position vector subfunction needed
Current orbiter altitude above ALT User F S ft As
reference ellipsoid subfunction needed
GEODETIC TO_EF
General position vector in earth—-| R _EF User \% DP ft As
fixed coordinates subfunction needed
UVW_TO_M50
UVW to M50 coordinate M_UVW _TO_ User M S As
transformation matrix M50 subfunction needed
SBODY_TO_M50
Structural body to M50 MAT User M S As
coordinate transformation subfunction needed
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Table 4.4.5-1. Utility Subfunctions Input Parameters

Input Sample
Description Symbol Source | Type [Precision| Range | Units | Rate
Earth’s gravitational constant EARTH_MU (@ F DP it | As
sec® | needed
Unit vector in the direction of EARTH_POLE (b) Vv DP — As
the earth’s axis of rotation needed
Equatorial radius of the earth EARTH_RADIUS | (a) F DP ft As
EQUATOR needed
Rotationa rate of the earth EARTH_RATE @ F DP rad/ | As
SeC needed
Earth's ellipticity constant ELLIPT @ F DP — As
needed
| dentity matrix (3x3) ID_MATRIX 3x3 | (@ M S — As
needed
Unit vector of reference direction| I_Z User \% S — As
function needed
Generic position vector R User \Y; DP ft As
function needed
Position vector of vehicleat time | R _RESID User \% DP ft As
of measurement function needed
Position vector of sensor at time | R _SENSOR User \% DP ft As
of measurement function needed
Generic velocity vector Y User \% S ft/sec | As
function needed
& See ascent or RTLS navigation principal function constant tables.
® See ascent or RTLS navigation principal function input parameter tables.
Table 4.4.5-2. Utility Subfunctions Output Parameters
Output Comp
Description Symbol Destination | Type| Precision | Range | Units Rate
Partial derivative of angular B User function| V DP vay | As
measurement wrt state vector needed
Gradient of central gravity wrt GRAVITY _ User function| M DP sec? | As
position vector GRADIENT needed
Altitude above reference H_ELLIPSOID| User function| F S ft As
elipsoid needed
Velacity relative to rotating, V_REL User function| V S ft/lsec | As
windless atmosphere needed
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45 GENERAL REQUIREMENT PRINCIPAL FUNCTIONS

This section delineates software requirements in the category of service, single use or multiple use, that are
not specifically function related. The general requirement principal functionsinclude, but are not limited
to, the following:

1. Ascent precise predictor principa function (sec. 4.5.1)

2. Ascent site lookup principal function (sec. 4.5.2)

45.1 Ascent Precise Predictor (4.236)

A capability will be provided for predicting the position and velocity of the orbiter at sometimein the
future or past when an initial state and time are given, provided an OPS transition has not been requested.

The ascent precise predictor principal function will make no use of the IMU—-accumulated sensed velocities
and therefore is afree—flight prediction process even though it may be performed during periods of flight in
which navigation is using accumulated sensed velocities.

A. Detailed Requirements. The position and velocity of the orbiter at the end of agiven interval of time
shall be computed in an M50 coordinate system by integration of the equations of motion, including gravity
and drag accelerations (when appropriate).

The accuracy regquirements and type of the atmosphere and gravity potential models used by this prediction
function may vary according to the orbiter's distance to the surface of the earth and utilization for the
prediction being requested. The user of the predictor function specifies the environmental models desired
by means of input parameters, as described in the paragraphs that follow.

The predictor function will be called with the following input parameters.
1. T _FINAL, thetime at which the final stateis desired.

2. GMD_PRED, GMO_PRED, indicators of the gravitational and drag acceleration models that
will be considered valid for the duration of the prediction interval.

3. R _INIT, V_INIT, and T_INIT, theinitia state and time.
4. DT_MAX, an upper bound for the integration step size.
5.  OTREQ, OPS transition request flag.
It will then perform asfollows:
1. ObtainR _INIT, V_INIT, and renamethemasR _FINAL, V_FINAL.
2. Proceed only if an OPS transition has not been requested (OTREQ).
3. ObtanT_INIT andrenameasT.

4. Establish thefixed integration STEP_SIZE by dividing the timeinterva into the smallest
number (NUMBER_STEPS) of subintervals consistent with DT_MAX:
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T_FINAL - T_INIT| O
DT_MAX

O O
NUMBER_STEPS = MAX EROUND@ , 15
T_FINAL - T_INIT

STEP_SIZE =
- NUMBER_STEPS

5. Check the input parameter GMD_PRED. If the value of this parameter is zero (a setting which
indicates the user wants to use a conic approximation), the accel eration vector
G _PREVIOUSwill contain only the central force term. Thiswill be achieved by acall to a
special routine, CENTRAL (which isdocumented in Section 4.2.1.2).

CALL: CENTRAL
INLIST: R_FINAL
OUTLIST: G_PREVIOUS, R_INV
If GMD_PRED has anon—zero value (a setting that indicates a more complete gravity model and possibly

adrag model are desired by the user), the angles of attack and sideslip will be obtained from the attitude
processing principal function and converted to radians.

SNAPATTITUDE: ALPHAIN, BETAIN
ALPHA = ALPHAIN RAD_PER_DEG
BETA = BETAIN RAD_PER_DEG

and the acceleration vector G _PREVIOUS will be obtained by acall to the ACCEL function (instead of
the function CENTRAL). Detailed requirements for the ACCEL function are contained in Section 4.2.1.2.

G _PREVIOUS=ACCEL (GMD_PRED, GMO_PRED, R _FINAL,V_FINAL, T,
ALPHA, BETA)

Next, for the necessary number of times to cover the whole prediction interval, this function will perform as
follows:

1. Aloca variable, STEP_COUNTER, isinitiaized to 10. The STEP_COUNTER is
decremented by 1 after each prediction integration step. If the STEP_COUNTER is zero, then
the OPS transition flag (OTREQ) is assigned the value of the MSC version of the flag
(OPS_TRANS REQUEST) and the STEP_COUNTER is set to 10. Should the OPS
transition flag (OTREQ) be ON, terminate the prediction.

2. Advancethetime by an amount equa to STEP_SIZE
T=T+ STEP_SIZE
and advance the position by means of the equation

R _FINAL =R _FINAL + STEP _SIZEV _FINAL + 0.5 (STEP_SIZE)*G _PREVIOUS

3. Obtainanew value (G _FINAL) for the acceleration corresponding to the new position. Again,
the subfunction called to provide this acceleration will depend on the value of the flag
GMD_PRED: if GMD_ PRED = 0, the function CENTRAL will be called. Otherwise, the
function ACCEL will compute the acceleration. Inthislast case, if adrag accelerationis
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required, it will be computed on the basis of the ALPHA and BETA angles abtained previously.
In other words, the model assumes a fixed attitude.

4. Advancethe veocity:

V_FINAL =V _FINAL + STEP_SIZE 0.5(G _PREVIOUS+ G _FINAL)
5. Obtain acorrected value for the position by the “super—g" agorithm:

R _FINAL =R _FINAL + STEPSIZE?(G _FINAL -G _PREVIOUS) /6

6. Savethevalueof G_FINAL for thenextcycle G _PREVIOUS=G _FINAL. Thevalues of
R _FINAL,V _FINAL, and G _FINAL, after these operations have been performed the
appropriate number of times (NUMBER STEPS), being the desired position, velocity and
approximate acceleration vectorsat T_FINAL, will be output.

B. Interface Requirements. Input and output parameters are listed in Tables 4.5.1-1 and 4.5.1-2,
respectively. The principal function input and output parameter table along with the IHoad, K- oad, and
constant tables, are presented in Section 4.5.1.1.

C. Processing Requirements. None.

D. Condraints. If the precision prediction algorithm is not implemented as a reentrant procedure,
execution of the algorithm may not be interrupted by calls from subsequent users. Users of the precision
prediction algorithm are required to initialize the input parameters DT_MAX, GMD_PRED,
GMO_PRED, R _INIT, V_INIT, T_INIT, and T_FINAL prior to the call, and are required to off load or
snap the output parametersR _FINAL, V_FINAL, and G _FINAL after execution is complete. The
parameter DT_MAX must be greater than zero.

The acceleration consisting of the central force term aone (required in conic prediction cases) could be
obtained by calling the function ACCEL with the parameter GMD_PRED set equal to zero. The reason
for the existence of the specia routine CENTRAL for conic prediction isthat its use will optimize the
predictor of CPU (if the ACCEL function isimplemented as a reentrant procedure, additional CPU would
beinvolved in acall to ACCEL instead of acall to CENTRAL). This CPU optimization is a requirement
only in the conic prediction mode.

E. Supplementary Information. A suggested implementation in the form of a detailed flow chart may be
found in Section 5.3.

Thefollowing tableisintended for general information concerning how to set up the various flags for use
of the predictor:

Type of Prediction
Desired GMD_PRED GMO_PRED DT_MAX (sec)
Conic (central gravity, only) 0 0 4,
Simplified (central + J, 2 0 4,
gravity, only)
Precise (4 x 4 gravity plus drag) 4 4 4,
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4511 Ascent Precise Predictor (4.236) Principal Function Tables.

The ascent precise predictor principa function input and output parameters, along with the [ oads,
K- oads, and constants, are presented in Tables 4.5.1.1-1 through 4.5.1.1-5. The values for the |-loads
are contained in the |- oads reguirements document (JSC-19350). Cross—References are shown below:

Ascent Precise Predictor (4.236)
Cross—Reference
FSSR Name Source Name
No requirements No requirements
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Table 4.5.1-1. Ascent Precise Predictor Input Parameters
Input Sample
Description Symbol Source | Type|Precision| Range Units Rate
Maximum allowable step size DT_MAX €) F S SeC As
needed
Flag indicating the degree of the | GMD_PRED €) I S 04 — As
gravity potential model needed
Shuttle position vector at R_INIT (@ \% DP ft As
T_INIT needed
Flag indicating the order of the | GMO_PRED (a I S 04 — As
gravity potential model needed
Time at which state is desired T_FINAL @ F DP Sec As
needed
Time at beginning of prediction | T_INIT (a F DP Sec As
needed
Shuttle velocity vector at T_INIT| V _INIT @ \% S ft/sec | As
needed
Angle of attack ALPHAIN (a F S deg As
needed
Angle of sidedlip BETAIN (a) F S deg As
needed
Degrees to radians conversion RAD_PER_DEG| (b) F S rad/ As
deg needed
Flag indicating that an OPS OPS TRANS_ | (& D ON/OFF | — As
transition has been requested REQUEST needed
OPS transition request flag OTREQ @ D ON/OFF | — As
(initialized by calling routine) needed
Unit vector in direction of earth's| EARTH_POLE | (a) \% DP — As
axis of rotation needed
&See ascent precise predictor principal function input parameter table.
® See ascent precise predictor principal function constant table.
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Table 4.5.1-2. Ascent Precise Predictor Output Parameters

Output Comp
Description Symbol Destination | Type | Precision| Range Units Rate
Shuttle position vector at end of | R_FINAL (@ \% DP ft As
prediction needed
Shuttle velocity vector at end of | V_FINAL (@ \% S ft/sec | As
prediction needed
OPS transition request flag OTREQ (@ D ON/OFF | N/A As
needed

& See ascent precise principal function output parameter table.
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TABLE 4.5.1.1-1. INPUT FUNCTIONAL PARAMETERS FOR ASCENT PRECISE PREDICTOR (G4.236)

FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA P LASTCR R

TYPE R E
E \%
C

ALPHA N VO0H2246C NAV DERI VED ANGLE OF ATTACK A E ATT PROC DEG SPL 93017G *

BETA N VI0H2249C | NERTI AL SI DESLI P ANGLE A E ATT PROC DEG SPL 93017G *

DT_MAX VO0UB500CA NMAX ALLOW TI ME STEP SI ZE ASC 2STG GUI D S

DT_MAX VO0UB500CB MAX ALLOW TI ME STEP SI ZE ORB INS GUI D S

DT_MAX VO0UB500CC MAX ALLOW TI ME STEP SI ZE AQA/ ATO TGT S

DT_MAX VO0UB500CE MAX ALLOW TI ME STEP SI ZE ASC MNVR DI P S

DT_MAX VO0UB500CG MAX ALLOW TI ME STEP SI ZE PW RTLS GUI D S

DT_MAX VI0UB500CK MAX ALLOW TI ME STEP SI ZE ASC NAV S

EARTH_POLE( 1) Vo0U0190C X-COW UNIT VCTR ALONG EARTH AXI S RNP MAT COWP ND DPL 93090E

EARTH_POLE( 2) Vo0Uu0191C Y-COW UNI T VCTR ALONG EARTH AXI S RNP MAT COWP ND DPL 93090E

EARTH_POLE( 3) Vo0u0192C Z-COWP UNIT VCTR ALONG EARTH AXI S RNP MAT COWP ND DPL 93090E

GVD_PRED VO0UB501CA GRAVITY MODEL DEGREE ASC 2STG GUI D

GVD_PRED VO0UB501CB GRAVI TY MODEL DEGREE ORB INS GUI D

GVD_PRED VO0UB501CC GRAVI TY MODEL DEGREE AQA/ ATO TGT

GVD_PRED VO0UB501CE GRAVI TY MODEL DEGREE ASC MNVR DI P

GVD_PRED VO0UB501CH GRAVI TY MODEL DEGREE PW RTLS GUI D

GVD_PRED VO0UB501CK GRAVI TY MODEL DEGREE ASC NAV

GVO_PRED VO0UB502CA GRAVI TY MODEL ORDER ASC 2STG GUI D

GVO_PRED VO0U8502CB GRAVI TY MODEL ORDER ORB INS GU D

GVO_PRED VI0UB502CC GRAVI TY MODEL ORDER AQA/ ATO TGT

GVO_PRED VO0UB502CE GRAVI TY MODEL ORDER ASC MNVR DI P

GVO_PRED VO0UB502CH GRAVI TY MODEL ORDER PW RTLS GUI D

GVO_PRED VO0UB502CK GRAVI TY MODEL ORDER ASC NAV

OPS_TRANS_REQUEST VI90X0892X OPS TRANSI TI ON REQUEST | ND MSC BD 90121B

OTREQ VI0X0893XH OPS TRANSI TI ON REQUEST FLAG ASC 2STG GUI D BD 90121B

OTREQ VI0X0893XI OPS TRANSI TI ON REQUEST FLAG ORB INS GU D BD 90121B

OTREQ VI0X0893XJ OPS TRANSI TI ON REQUEST FLAG AQA/ ATO TGT BD 90121B

OTREQ VI0X0893XK OPS TRANSI TI ON REQUEST FLAG PW RTLS GUI D BD 90121B

OTREQ VI0X0893XL OPS TRANSI TI ON REQUEST FLAG ASC MNVR DI P BD 90121B

R_I NI T( X) VO0OH38508CA X- COVP SHUTTLE POS VECTR AT T_INIT ASC 2STG GUI D FT

R_I NI T( X) VIO0H3508CB X- COVP SHUTTLE POS VECTR AT T_INIT ORB INS GU D FT

R_I NI T( X) VI90H3508CC X- COWP SHUTTLE POS VECTR AT T_INIT PWRTLS GU D FT

R_I NI T( X) VO0H8508CD X- COVP SHUTTLE PCS VECTR AT T_INIT AOA ATO TGT FT

R_I NI T( X) VO0OH3508CE X- COVP SHUTTLE POS VECTR AT T_INIT ASC MNVR DI P FT 89461

R_I NI T( X) VIO0OH3508CK X- COVP SHUTTLE POS VECTR AT T_INIT ASC NAV FT

R INT(Y) VOOH8509CA Y- COWP SHUTTLE POS VECTR AT T_INIT ASC 2STG GUI D FT

R INT(Y) VIO0OH3509CB Y- COWP SHUTTLE POS VECTR AT T_INIT ORB INS GU D FT

R INT(Y) VI90OH3509CC Y- COWP SHUTTLE POS VECTR AT T_INIT PWRTLS GU D FT

R INT(Y) VO0H8509CD Y- COVP SHUTTLE PCS VECTR AT T_INIT AOA ATO TGT FT

R INT(Y) VIO0OH8509CE Y- COWP SHUTTLE POS VECTR AT T_INIT ASC MNVR DI P FT 89461

R INT(Y) VOOH3509CK Y- COWP SHUTTLE POS VECTR AT T_INIT ASC NAV FT

R INT(2) VO0OH8510CA Z- COWP SHUTTLE POS VECTR AT T_INIT ASC 2STG GUI D FT

R INIT(2) VI90H38510CB Z- COWP SHUTTLE POS VECTR AT T_INIT ORB INS GU D FT

R INT(2) VI90H38510CC Z- COWP SHUTTLE POS VECTR AT T_INIT PWRTLS GU D FT

R INIT(2) VO0H8510CD Z- COVP SHUTTLE PCS VECTR AT T_INIT AOA ATO TGT FT

R INT(2) VO0H8510CE Z- COWP SHUTTLE POS VECTR AT T_INIT ASC MNVR DI P FT 89461
STS 83-0005-34
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TABLE 4.5.1.1-1. INPUT FUNCTIONAL PARAMETERS FOR ASCENT PRECISE PREDICTOR (G4.236)

FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA P LASTCR R

TYPE R E
E \%
C

R INIT(Z2) VI0H8510CK Z- COMP SHUTTLE POS VECTR AT T_INIT ASC NAV FT

T_FI NAL VIOWB506CA TI ME AT WHI CH STATE | S DESI RED ASC 2STG GUI D S

T_FI NAL VO0WB506CB  TI ME AT WHI CH STATE | S DESI RED ORB INS GUI D S

T_FI NAL VO0WB506CD TI ME AT WHI CH STATE | S DESI RED AQA/ ATO TGT S

T_FI NAL VOOWB506CE TI ME AT WHI CH STATE | S DESI RED ASC M\VR DI P S

T_FI NAL VI0WB506CG  TI ME AT WHI CH STATE | S DESI RED PW RTLS GU D S

T_FI NAL VO0OWB506CK  TI ME AT WHI CH STATE | S DESI RED ASC NAV S

TINT VO0WB512CA TI ME AT BEG NNI NG OF PRED ASC 2STG GUJI D S

TINT VO0W8512CB Tl ME AT BEG NNI NG OF PRED ORB INS GUI D S

TINT VO0W8512CD TI ME AT BEG NNI NG OF PRED AQA/ ATO TGT S

TINT VO0W8512CG  TI ME AT BEG NNI NG OF PRED PW RTLS GU D S

TINT VO0W8512CK TI ME AT BEG NNI NG OF PRED ASC NAV S

T_I NI T/ T_NAV, TGD VOOWB512CE TI ME AT BEG NNI NG OF PRED ASC M\VR DI P S

V_I NI T(X) VO0L8513CA X-COWP SHUTTLE VEL VECTR AT T_INIT ASC 2STG GUI D FT/ S

V_I NI T(X) V90L8513CB X-COWMP SHUTTLE VEL VECTR AT T_INIT ORB INS GUID FT/ S

V_I NI T( X) V90L8513CC X-COWP SHUTTLE VEL VECTR AT T_INIT PWRTLS GUID FT/ S

V_I NI T(X) V90L8513CD X- COVWP SHUTTLE VEL VECTR AT T_INIT AOQA/ ATO TGT FT/ S

V_I NI T(X) VO0L8513CE X-COWP SHUTTLE VEL VECTR AT T_INIT ASC M\VR DI P FT/ S 89461

V_I NI T(X) VO0L8513CK X-COWP SHUTTLE VEL VECTR AT T_INIT ASC NAV FT/ S

V_INIT(Y) VO0L8514CA Y-COWP SHUTTLE VEL VECTR AT T_INIT ASC 2STG GUI D FT/ S

V_INIT(Y) V90L8514CB Y-COWP SHUTTLE VEL VECTR AT T_INIT ORB INS GUID FT/ S

V_INIT(Y) V90L8514CC Y-COWP SHUTTLE VEL VECTR AT T_INIT PWRTLS GUID FT/ S

V_INIT(Y) V90L8514CD Y- COWP SHUTTLE VEL VECTR AT T_INIT AOQA ATO TGT FT/ S

V_INIT(Y) VO0L8514CE Y-COW SHUTTLE VEL VECTR AT T_INIT ASC M\VR DI P FT/ S 89461

V_INIT(Y) VO0L8514CK Y-COWP SHUTTLE VEL VECTR AT T_INIT ASC NAV FT/ S

V_INIT(2) VO0L8515CA Z- COMP SHUTTLE VEL VECTR AT T_INIT ASC 2STG GUI D FT/ S

V_INIT(2) VO0L8515CB Z- COMP SHUTTLE VEL VECTR AT T_INIT ORB INS GUID FT/ S

V_INIT(2) V90L8515CC Z- COWP SHUTTLE VEL VECTR AT T_INIT PWRTLS GUID FT/ S

V_INIT(2) VI90L8515CD Z- COVWP SHUTTLE VEL VECTR AT T_INIT AOA/ ATO TGT FT/ S

V_INIT(2) VO0L8515CE Z- COWP SHUTTLE VEL VECTR AT T_INIT ASC M\VR DI P FT/ S 89461

V_INIT(2) VO0L8515CK Z- COWP SHUTTLE VEL VECTR AT T_INIT ASC NAV FT/ S

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.



FSSR NAME

TABLE 4.5.1.1-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT PRECISE PREDICTOR (G4.236)

M/SID

NOMENCLATURE

DESTINATION

UNITS

DATA
TYPE

LASTCR R

OmXTo
<

OTREQ

R_FI NAL( 1)

R_FI NAL( 2)

R_FI NAL( 3)

V_FI NAL( 1)

V_FI NAL( 2)

V_FI NAL( 3)

201

V90X0893XB

V90H0881CB

V90H0882CB

VO0H0883CB

V90L0885CB

V90L0886CB

V90L0887CB

OPS TRANSI TI ON REQUEST FLAG

X- COVWP PREDI CTED SHUTTLE POS VECTR

Y- COWP PREDI CTED SHUTTLE POS VECTR

Z- COVWP PREDI CTED SHUTTLE POS VECTR

X- COVWP PREDI CTED SHUTTLE VEL VECTR

Y- COWP PREDI CTED SHUTTLE VEL VECTR

Z- COVWP PREDI CTED SHUTTLE VEL VECTR

AQA/ ATO TGT
ASC NAV

AQA/ ATO TGT
ASC 2STG @QUJI D
ASC M\VR DI P
ASC NAV

ORB INS GUI D
PW RTLS GU D
AQA/ ATO TGT
ASC 2STG GQUI D
ASC M\VR DI P
ASC NAV

ORB INS GUI D
PW RTLS GU D
AQA/ ATO TGT
ASC 2STG GUI D
ASC M\VR DI P
ASC NAV

ORB INS GUI D
PW RTLS GU D
AQA/ ATO TGT
ASC 2STG @QUJI D
ASC M\VR DI P
ASC NAV

ORB INS GUI D
PW RTLS GU D
AQA/ ATO TGT
ASC 2STG @QUJI D
ASC M\VR DI P
ASC NAV

ORB INS GUI D
PW RTLS GU D
AQA/ ATO TGT
ASC 2STG @QUI D
ASC M\VR DI P
ASC NAV

ORB INS GUI D
PW RTLS GU D

FT

FT

FT

FT/ S

FT/ S

FT/ S

BD 90121B

STS 83-0005-34
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TABLE 4.5.1.1-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT PRECISE PREDICTOR (G4.236)

FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA
TYPE

LASTCR R

OmXTo
<

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.

Rate Codes: (HDR Only) 1 =1 sample/sec 2 =5 samples/sec 3 =12.5 samples/sec 4 = 25 samples/sec 5= 100 samples/sec
(HDR and LDR) A =1 sample/sec B =5 sampleg/sec C = 12.5 samples/sec D = 25 samples/sec E = 100 samples/sec



TABLE 4.5.1.1-3. ASCENT PRECISE PREDICTOR (G4.236) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
E
v
CDA V97U5281C  ND F D D X 4.126 01 ZFJ  DC0617
G4. 223 02 ZFJ
*4.224 03 ZF)
G4. 236 08 ZF)
CDF V97U6002C  ND F D D X 4.126 01 ZFJ  DC0617
G4. 223 02 ZFJ
*4.224 03 ZF)
G4. 236 08 ZF)
CDN V97U5282C  ND F D D X 4126 01 ZFJ  DC0617
G4. 223 02 ZFJ
*4.224 03 ZF)
G4. 236 08 ZF)
CDS V97U6010C  ND F D D X 4.126 01 ZFJ  DC0617
G4. 223 02 ZFJ
*4.224 03 ZF)
G4. 236 08 ZF)
DRAG_CONST VO7U5317C  FT**2/ SLUG F D M C &4.123 01 DC1  92287B
*4. 127 03 DC3
4. 144
&. 15
G4. 223
G4. 236
EXP_SHAPE_FACTOR V97U5334C  ND F D D X 4.126 01 ZFJ  DC0617
G4. 223 02 ZFJ
*4.224 03 ZFJ
G4. 236 08 ZFJ
NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
ST S 83-0005-34
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FSSR NAME
DESCRIPTION

MSID

MC

KLOAD VALUE

TABLE 4.5.1.1-4. ASCENT PRECISE PREDICTOR (G4.236) K-LOADS

ENG UNITS

PRFCTN

ST S 83-0005-34

December 14, 2007

LASTCR R

ALT_ZONE_CHANGE

ALT MODEL ATMOS DEN CHANGED

DENSE( 1)
DENSI TY MODEL

DENSE( 2)
DENSI TY MODEL

DENSE( 3)
DENSI TY MODEL

DENSE( 4)
DENSI TY MODEL

DENSE( 5)
DENSI TY MODEL

DENSE( 6)
DENSI TY MODEL

CONST

CONST

CONST

CONST

CONST

CONST

V97U5718C

V97U5304C

V97U5305C

V97U5306C

V97U5307C

V97U5308C

V97U5309C

00

00

00

00

00

00

00

+5.

+1.

+6.

+2.

0000000

. 9570

0440

9560000

. 420

. 8890

6050000

E+05

E+01

E- 05

E+06

E+01

E- 06

E+06

FT

ND

FT*-1

FT

ND

FT*-1

FT

RRRQIRRRARYRIVRARARIVRIRRARIAVRLIRRARIARIVRRRARRARIY

89661A

89661A

89661A

89661A

89661A

89661A

89661A



FSSR NAME
DESCRIPTION

TABLE 4.5.1.1-4. ASCENT PRECISE PREDICTOR (G4.236) K-LOADS

MSID

MC

KLOAD VALUE

ENG UNITS

PRFCTN LASTCR R

DI FCD1

DI FCD2

DI FCD3

DI FCD4

SEA_LEVEL_DENSI TY
SEA LEVEL ATOMOSPHERI C DENSI TY

295

VI6U9743C

Vo6U9744C

VI6U9745C

VI6U9746C

V97U5505C

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.

00

00

00

00

00

+3

+3

+6

+8

+2

. 9589

. 3962

. 5414

. 3589

. 3768840

E-01

E+00

E-01

E-01

E- 03

ND

ND

ND

SLUGS/ FT**3

RRRQIRRYRYRIARIVRARARIRIRRARIARIY

127 89661A

127 89661A

127 89661A

127 89661A

127 89661A

STS 83-0005-34
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FSSR NAME

TABLE 4.5.1.1-5. ASCENT PRECISE PREDICTOR (G4.236) CONSTANTS

ENG UNITS

DESCRIPTION

MSID

MC

CONSTANT VALUE

PRFCTN

ST S 83-0005-34

December 14, 2007

LASTCR R

&(01)
TESSERAL
1

(02)
TESSERAL
2

(03)
TESSERAL
3

C(04)
TESSERAL
4

&(05)
TESSERAL
5

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

V97U6104C

V97U6105C

V97U6106C

V97U6107C

V97U6108C

00

00

00

00

00

-2.7635957

+1.5711423

+2.1907694

+3. 0466825

+9. 7966803

E-10

E- 06

E- 06

E- 07

E- 08

ND

ND

ND

ND

ND

RRRQRRARZRIVLARARZRLIVRVRIARERXQARARIVIVQRARIRIRS

236

90374C

90374C

90374C

90374C

90374C



TABLE 4.5.1.1-5. ASCENT PRECISE PREDICTOR (G4.236) CONSTANTS

FSSR NAME
DESCRIPTION

MSID

MC

CONSTANT VALUE

ENG UNITS

DT

p
R

PRFCTN

LASTCR R

&(06)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
6

(07)
TESSERAL HARMONI C CCEFFI CI ENT ELEM
7

&(08)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
8

&(09)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
9

297

V97U6109C

V97U6110C

V97U6111C

V97U6112C

00

00

00

00

-5. 0552749

+7.8842515

+5. 9073749

-4.1542493

E- 07

E- 08

E- 08

E- 09

ND

ND

ND

ND

RRRQRRRARZRLIVRARARZRQVRARIVRERQRARIALIRS

©

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

90374C

90374C

90374C

90374C

ST S 83-0005-34

December 14, 2007



298

FSSR NAME
DESCRIPTION

TABLE 4.5.1.1-5. ASCENT PRECISE PREDICTOR (G4.236) CONSTANTS

MSID

MC

CONSTANT VALUE

ENG UNITS

DT

P S PRFCTN

ST S 83-0005-34

December 14, 2007

LASTCR R

EARTH_MJ
EARTH GRAVI TATI ONAL CONSTANT

EARTH_RADI US_EQUATOR
EARTH EQUATORI AL RADI US

V97U4378C

V97U5324C

00

00

+1. 40764487566E+16

+2.09257414698E+07

FT**3/ SEC**2

FT

F

FRARRRRARRARIVLARARIARLIRRZHAARARIRRRRIARIRRARQARIY

93090E

93090E



FSSR NAME
DESCRIPTION

TABLE 4.5.1.1-5. ASCENT PRECISE PREDICTOR (G4.236) CONSTANTS

MSID

MC

CONSTANT VALUE

ENG UNITS

DT

P S
R

PRFCTN LASTCR R

EARTH_RADI US_GRAV
EARTH RADI US( GRAV ACCEL)

EARTH_RATE
EARTH S ROTATI ONAL RATE

ELLI PT
EARTH S ELLI PTI CI TY CONSTANT

299

V97U5325C

VO7U4379C

V97U5332C

00

00

00

+2. 09256561680E+07

+7.29211514646E- 05

+3. 352329869 E-03

FT

RAD/ SEC

ND

FRARRRRRRARIAVRLVRARARZARRARARIVLIRRARIARIVIVRQARIRLRS

9 90374C

9 93090E

9 93090E

STS 83-0005-34
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TABLE 4.5.1.1-5. ASCENT PRECISE PREDICTOR (G4.236) CONSTANTS

ST S 83-0005-34

December 14, 2007

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS PRFCTN LASTCR R
DESCRIPTION E
\

KN1 V97U6206C 00 -1. 7980000 E+00 ND &4. 127 90374C
CONSTANTS USED TO COWPUTE LOG OF 4. 144
KNUDSEN NUMBER &4. 15

4. 205

4. 236
KN2 V97U6207C 00 +6. 6670000 E- 06 FT**-1 &4. 127 90374C
CONSTANTS USED TO COWPUTE LOG OF 4. 144
KNUDSEN NUMBER &4. 15

4. 205

4. 236
KN3 V97U6208C 00 -5.7890000 E-12 FT**-2 &4. 127 90374C
CONSTANTS USED TO COWPUTE LOG OF 4. 144
KNUDSEN NUMBER &4. 15

4. 205

4. 236
KN4 V97U6209C 00 +2. 7518150 E+01 ND &4. 127 90374C
CONSTANTS USED TO COWPUTE LOG OF 4. 144
KNUDSEN NUMBER &4. 15

4. 205

4. 236
KN5 V97U6210C 00 -1.4990900 E- 04 FT**-1 &4. 127 90374C
CONSTANTS USED TO COWPUTE LOG OF 4. 144
KNUDSEN NUMBER &4. 15

G4. 205

4. 236
KNG V97U6211C 00 +2. 0490000 E-10 FT**-2 &4. 127 90374C
CONSTANTS USED TO COWPUTE LOG OF 4. 144
KNUDSEN NUMBER &4. 15

4. 205

4. 236



TABLE 4.5.1.1-5. ASCENT PRECISE PREDICTOR (G4.236) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

\%
PI vo8u8725C 00 +3. 14159265358E+00 ND F D C A6.9 93090E

RATI O OF Cl RCUMFERENCE TO DI AMETER

BRAHRRRRARIVRRARRARIARLIRQRALY

ST S 83-0005-34
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TABLE 4.5.1.1-5. ASCENT PRECISE PREDICTOR (G4.236) CONSTANTS

FSSR NAME
DESCRIPTION

MSID

MC

CONSTANT VALUE

ENG UNITS

DT

P S PRFCTN

R

ST S 83-0005-34

December 14, 2007

LASTCR R

RAD_PER_DEG
DEGREE TO RADI AN CONVERSI ON FACTOR

S(01)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
1

V97U0383C

V97U5492C

00

00

+1. 7453293

-5.2357454

E- 02

E- 09

RAD/ DEG

ND

F

S C A6.

RREQRRARZALRLARARIVRIRRARIARIRRARRARIRLXL

9

236

93090E

90374C



FSSR NAME

TABLE 4.5.1.1-5. ASCENT PRECISE PREDICTOR (G4.236) CONSTANTS

ENG UNITS

DESCRIPTION

MSID

MC

CONSTANT VALUE

PRFCTN

LASTCR R

S(02)
TESSERAL
2

S(03)
TESSERAL
3

S(04)
TESSERAL
4

S(05)
TESSERAL
5

S(06)
TESSERAL
6

303

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

HARMONI C COEFFI Cl ENT ELEM

V97U5493C

V97U5494C

V97U5495C

V97U5496C

V97U5497C

00

00

00

00

00

-9.0231337

+2.7267074

-2.1259298

+1. 9681077

-4.4125015

E- 07

E- 07

E- 07

E- 07

E- 07

ND

ND

ND

ND

ND

RRRQIRRRARZRIVLARARZRIVRARIAVRERXQARARIVIRQRARIRIRS

©

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

126
127
139
144
148

205
236

90374C

90374C

90374C

90374C

90374C

ST S 83-0005-34
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TABLE 4.5.1.1-5. ASCENT PRECISE PREDICTOR (G4.236) CONSTANTS

ENG UNITS

FSSR NAME
DESCRIPTION

MSID

MC

CONSTANT VALUE

PRFCTN

ST S 83-0005-34

December 14, 2007

LASTCR R

S(07)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
7

S(08)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
8

S(09)
TESSERAL HARMONI C COEFFI Cl ENT ELEM
9

ZONAL( 01)
ZONAL HARMONI CS COEFFI Cl ENT ELEM 1

ZONAL( 02)
ZONAL HARMONI CS COEFFI Cl ENT ELEM 2

V97U5498C

V97U5499C

V97U5500C

V97U5582C

V97U5583C

00

00

00

00

00

+1. 4818958

-1.2140873

+6. 3163541

+0.0

+1. 0826271

E- 07

E- 08

E- 09

E+00

E- 03

ND

ND

ND

ND

ND

RREQIRRARZRIVRLARRARZLIVRARIARERQARARIVIVQRARIRIRS

236

90374C

90374C

90374C

90374C

90374C



TABLE 4.5.1.1-5. ASCENT PRECISE PREDICTOR (G4.236) CONSTANTS

FSSR NAME MSID MC CONSTANT VALUE ENG UNITS DT P S PRFCTN LASTCR R
DESCRIPTION R E

©

ZONAL( 03) Vo7U5584C 00 -2.5358868 E- 06 ND F D C 90374C

ZONAL HARMONI CS COEFFI CI ENT ELEM 3 126
127
139
144

148

205
236
ZONAL( 04) V97U5585C 00 -1. 6246180 E- 06 ND F D C 90374C
ZONAL HARMONI CS COEFFI CI ENT ELEM 4 126
127
139
144

148

205
236

RRRQIRRARZRIARRRRRRSE

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.
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45.2 Ascent Site L ookup (4.238)

This principal function provides the capability to retrieve specified information from an appropriate site
location table and to perform necessary computations to obtain the site position vector(s) and/or associated
transformation matrices and data. The design of the site data management principal function isbased on an
areaconcept. An areais defined as any potential landing site which is appropriate. Associated with each
area are two runways called primary and secondary, two MSBLS's (if existing) each one supporting one of
the two runways, and two TACAN's called primary and secondary. It is permissible to have more than one
area associated with a given ground location, such as Edwards Air Force Base, whenever more than two
runways must be supported (for example, one area might have EDW 04 and EDW 22 runways while a
second area might have EDW 17 and EDW 35 runways). A common runway and TACAN table of 45
landing areas will be supported for both OPS 1/6 and OPS 3. This means that atotal of 90 runways and
90 TACANSs exist in both OPS 1/6 and OPS 3. There will be acommon table of 15 MSBL S sitesto
support both OPS 1/6 and OPS 3. There will also be acommon table of 45 pairs of alternate landing area
(site) indexes, one pair for each landing area (site), to support both OPS 1/6 and OPS 3. There are three
subfunctions which make up this principa function, and they are described in Sections 4.5.2.1 through
4.5.2.3. Section 4.5.2.1 describes the site lookup initialization subfunction, which providesinitialization of
the selected area, runway/M SBL S parameters for the selected runway and auto TACAN channel command
which is output to the TACAN SOP. Also, it provides for crew interface to support area redesignation,
runway selection within a given area, and TACAN changes within agiven area. Section 4.5.2.2 describes
the entry runway lookup subfunction, which retrieves all necessary information related to a selected runway
including runway parameters and MSBL S parameters (if existing). Section 4.5.2.3 describes the ascent
TACAN lookup subfunction, which retrieves all necessary information related to a specified TACAN
receiver (that is, information is output as a function of LRU number aswell as TACAN station channel
number). Notably, the TACAN site lookup function executes on the basis of which channel each of the
three LRU’ sis actually tuned to receive, regardless of whether the LRU is tuned by GPC (auto) mode or by
thumbwhedl (manua) mode. There are, however, only two TACAN channelsin any selected area;
consequently, valid TACAN site data is restricted to either of two possible TACAN' sin each selected area.
Section 4.5.2.4 presents the input and output parameter table, along with the |- oads, K- oads, constants,
and cross—eferences, of this principal function.

4521 Ascent Site Lookup Initialization.

The purpose of this subfunction isto provide a crew interface to support selection of any of 45 landing
areas and, further, to support the choice of either of two runways within that area. Appropriate landing
aids (two TACANSs and up to two M SBL Ss) are supported in each area. Upon OPS 1 initidization, a
default choice for areais automatically selected in order to support nominal end—of—mission (or TAL) and
RTLS as appropriate. Furthermore, this subfunction provides runway/M SBL S site data val ue assignments
by means of acall to the Ascent Runway/MSBL S Site Lookup subfunction. These data are used by all
other software elementsincluding CRT and dedicated displays, guidance, havigation, and SOPs (subsystem
operating programs). Next, auto TACAN channel commands are supported by initialization and crew
requested changes. Findly, this subfunction cal culates data corresponding to the auto selected TACAN
station for usage by the GPS display computations subfunction. MSC will invoke the site lookup
initialization subfunction after transition to OPS 1 or whenever a TAL abort is declared at such atime so
that initialization of parametersis completed before first execution of any user of those parameters. This
subfunction will also be invoked whenever the crew selects the current area or anew area, selectsthe
current runway or the other runway, or switches TACANS by means of item entries or thumbwheel
switches.
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A. Detailed Reguirements. The design of this subfunction is based on the following considerations.
Whenever OPS 1 is entered, the default value for the areawill be an 1Hoad value

(AREA_SEL = RTLS PRIME_AREA) which represents the designated RTLS site. In addition, if aTAL
abort has been declared, the initial TAL site value will bethe TAL selected area

(AREA_SEL = TAL_SELECT). The default value for the selected runway will be the primary runway (the
first of two choices) associated with the given area. The default value for the auto TACAN channel will be
the primary TACAN (thefirst of the two possible choices) associated with the given area. Subsequent to
the default initialization, the crew may select by means of an item entry on the HSD or Ascent Bearing
Display anew areaat any time. For each new area selected, the values of the runway and TACAN will
again be the primary runway and TACAN (thefirst of two possible choices). Since each area contains two
runways and two TACAN's, the crew may at any time, independently, select either runway and either
TACAN by means of any of threeitem entries on the HSD. With these design conceptsin mind, the
detailed requirements can be expressed under the following five headings: (1) first pass logic when entering
OPS 1 and when a TAL abort isdeclared, (2) landing arearedesignation, (3) runway selection, (4)
TACAN switch, and (5) auto selected TACAN station data.

*  Initidly, TAL_SELECT isset to an I-4oad value and, thereafter, can be changed to
another TAL areaprior to the setting of TAL_ DECLARED_FIRST_PASS by means
of anitem entry 40 on the HSD.

1. First passlogic when entering OPS 1 or a TAL abort is declared.

If thefirst pass flag, FIRST_PASS, or the TAL abort declared first pass flag,
TAL_DECLARED_FIRST_PASS, isset equal to an |-oad value, RTLS PRIME_AREA
(TAL_SELECT), the selected runway index, PRIME_RUNWAY _ INDEX, is set equa to one;
and thefirst passflagisreset. Therefore, if

FIRST _PASS=ON or TAL_DECLARED_FIRST PASS=ON
then

AREA_SEL =RTLS PRIME_AREA

PRIME_RUNWAY _INDEX =1

FIRST_PASS = OFF
Next, the TAL abort declared first pass flag istested and, if set, then the selected areais set
equal to the TAL selected area, TAL_ SELECT, and the OPS transition carryover value for the

selected area, AREA_SEL_OPS1, and the selected runway, RW_SEL_OPS1, are defined; that
is, if

TAL_DECLARED_FIRST_PASS=ON
then

TAL_DECLARED_FIRST_PASS= OFF

AREA_SEL=TAL_SELECT

AREA_SEL_OPS1 = AREA_SEL
RW_SEL_OPSL = PRIME_RUNWAY_INDEX
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Regardless of the value of the selected area, the selected TACAN index, TAC _SEL, isaways
the first of the two possible choices of TACAN's. The auto TACAN channel humber,
AUTO_CHANNEL _ID, is set to the selected channel number and the OPS transitition
carryover value for the auto TACAN channel, TAC _SEL_OPSL, isdefined. Therefore,

TAC_SEL =2 AREA_SEL —1
AUTO_CHANNEL_ID = TACAN_ID_MAXI(TAC_SEL)
TAC_SEL_OPSL=TAC_SEL

Finally, the ascent runway site lookup subfunction is called in order to assign valuesto dl
necessary runway/MSBL S parameters used by other software functions, that is,

CALL ASCENT_RUNWAY_SITE_LOOKUP

2. Landing arearedesignation.

Whenever the crew desiresto select anew areathey will make an item entry on the HSD or
Ascent Bearing Display along with the value for the desired area, AREA_SEL. The HSD or
Ascent Bearing Display will in turn set NEW_AREA = 1. Inresponse to this request, the
selected runway index, PRIME_RUNWAY _INDEX, will be set to the first of the two possible
choicesfor the new area, the selected TACAN index, TAC_SEL, will be set to the first of two
possible choices, the overhead TAEM targeting initidization flag, RW_ID_ UPP, will be set to
zero, and the auto TACAN channel number, AUTO_CHANNEL _ID, is set to the selected
channel number. The TACAN SOP parameters, TAC_CHAN_ OLD,;, TAC_CHAN_OLD,,
and TAC_CHAN_OLD3, are set in order to ensure that the SOP will invoke the TACAN site
lookup subfunction*; the OPS transition carryover values for the selected area,

AREA_SEL OPS1, the selected runway, RW_SEL OPS1, and the auto TACAN channel,
TAC_SEL_OPS], are defined; and NEW_AREA isreset to zero. Therefore, if

NEW_AREA =1

then

PRIME_RUNWAY _INDEX =1
TAC_SEL =2 AREA_SEL —1

RW_ID_UPP=0

AUTO_CHANNEL_ID = TACAN_ID_MAXI(TAC_SEL)
TAC_CHAN_OLD; =0

TAC_CHAN_OLD, =0

TAC_CHAN_OLD;=0

AREA_SEL_OPS1 = AREA_SEL

RW_SEL_OPSL = PRIME_RUNWAY _INDEX
TAC_SEL_OPSL=TAC_SEL

NEW_AREA =0

Finally, the ascent runway site lookup subfunction is called to complete the runway/MSBLS
value assignments, that is,
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CALL ASCENT_RUNWAY_SITE_LOOKUP

*  Thisisnecessary in order to handle the case where a new uplinked TACAN channel
number isidentical to the current channel number of one of the LRU’s. If the area
which has this uplinked TACAN is requested by the crew, the TACAN SOP would
not be able to recognize that the TACAN station had changed without this artifice.

Runway selection.

For each given area, there are two runways which may be selected for landing. The primary,
which isthefirst of two, isthe default selection whenever anew areais requested, but either
primary or secondary runway may be selected by the crew at any time. The appropriate item
entry on the HSD will cause the setting of the flag, PRI_SEL, which in turn will result in the
selection of the primary runway. Another item entry on the HSD will cause the setting of the
flag, SEC_SEL, which in turn will result in the selection of the secondary runway. If theflag,
PRI_SEL, isset ON, then the selected runway index, PRIME_RUNWAY _INDEX, issetto
one, the OPS transition carryover value, RW_SEL_OPSL, is set to one, and theflag,
PRI_SEL, isreset OFF. Also, the aternate sites reset inhibit flag

(ALT_SITES RESET_INH) isset ON. Thatis, if

PRI_SEL = ON
then

PRIME_RUNWAY _INDEX =1
RW_SEL_OPS1=1

PRI_SEL = OFF

ALT_SITES RESET_INH =ON

Finally, the ascent runway site lookup functionis called in order to complete the
runway/M SBL S value assignments, that is,

CALL ASCENT_RUNWAY_SITE_LOOKUP

If, on the other hand, the flag, SEC_SEL, is set on, then the selected runway index,
PRIME_RUNWAY _INDEX, is set to two, the OPS transition carryover value,
RW_SEL_OPSL, is set to two, and the flag, SEC_SEL isreset OFF. Also, the alternate sites
reset inhibit flag (ALT_SITES RESET_INH) isset ON. That is, if

SEC SEL =ON

then
PRIME_RUNWAY INDEX =2
RW SEL_OPSl1= 2

SEC_SEL = OFF
ALT_SITES RESET_INH =ON

Finally the ascent runway site lookup function is called in order to complete the
runway/M SBL S value assignments; that is,
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CALL ASCENT_RUNWAY_SITE_LOOKUP

TACAN switch. For each given area, there are two TACAN stations which may be selected for
the auto TACAN channel command. Thefirst TACAN isthe default selection whenever anew
areais selected, but either one may be selected by the crew at any time. The appropriate item
entry on the HSD will cause the setting of the flag, TAC_CHANGE, which in turn will result in
the selection of the other TACAN by testing on the current value of the selected TACAN index,
TAC_SEL. If TAC_SEL isequal tothefirst TACAN index, denoted by 2 AREA SEL -1,
then TAC_SEL is set equd to the second TACAN index, denoted by 2 AREA_SEL ; otherwise,
itisset equal tothefirstindex, 2 AREA_SEL —1. The auto TACAN channel command,
AUTO_CHANNEL _ID, is set to the selected TACAN channel number, the OPS transition
carryover value, TAC_SEL_OPSL, isset equa to TAC_SEL, and the flag, TAC_CHANGE,
isreset OFF. Therefore, if

TAC_CHANGE = ON
then, test the selected TACAN index. If

TAC_SEL =2 AREA_SEL -1
then

TAC_SEL =2 AREA_SEL

otherwise

TAC_SEL =2 AREA_SEL -1
Finally,

AUTO_CHANNEL_ID = TACAN_ID_MAXI(TAC_SEL)
TAC_SEL_OPSL=TAC_SEL
TAC_CHANGE = OFF

Auto selected TACAN station data. The earth-fixed position, magnetic variation and the
corresponding earth-fixed to topodetic transformation matrix of the auto selected TACAN
station (R_TACAN_EF_AUTO, ANGLE_CORR _TNTOMAG_AUTO and
M_EFTOTD_TACAN_AUTO) areto be obtained for usage by the GPS User Parameter
Display Computation function.

If thereisachange in the auto selected TACAN station, perform the following:

IF TAC_SEL_LAST # TAC_SEL

Redefine the latitude, longitude, altitude and magnetic variation of the newly selected TACAN
station:

LAT_TACAN_AUTO = LATITUDE_GEODETIC_MAXI(TAC_SEL)
LONG_TACAN_AUTO = LONGITUDE_EAST_MAXI(TAC_SEL)
ALT TACAN_AUTO=ALT ABOVE_ELLIPSOID_MAXI(TAC_SEL)
ANGLE_CORR TNTOMAG_AUTO =
MAGNETIC_VARIATION_MAXI(TAC_SEL)
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Next, compute the earth-fixed position of the auto selected TACAN station and the
corresponding earth-fixed to topodetic transformation matrix:

R_TACAN_EF AUTO = GEODETIC_TO_EF(LAT_TACAN_AUTO,
LONG_TACAN_AUTO, ALT_TACAN_AUTO)

M_EFTOTD_TACAN_AUTO = EF_TO TOPDET(LAT_TACAN_AUTO,
LONG_TACAN_AUTO)

Finally, save the current value of TAC_SEL for future usage to determine when thereisa
change in selected TACAN dtation:

TAC_SEL_LAST =TAC_SEL

B. Interface Requirements. Theinput and output parameters are shown in Tables 4.5.2.1-1 and
45.2.1-2.

C. Processing Requirements. All necessary initialization will be completed before execution of any user of
sitelookup data. The parameters, TAL_ABORT_DECLARED, RW_SEL_OPS1, TAC_SEL_OPS1, and
AREA_SEL OPS1, must be protected and carried over during OPS transition from OPSL1 to OPS3.
TAC_SEL_LAST shal beinitialized to zero.

Additionally, site parameter updates, that is, datafor new areas, runways, MSBLS, TACAN's, should be
computed as a homogeneous set and should not be available to users until the entire set is compatible. The
value of the TAL area selection parameter, TAL_SELECT, isinitialized to an I-Hoad value
(TAL_PRIME_AREA) by the HSD.

D. Condgraints. The OPS 3 and OPS 1/6 versions are identical with the following exceptions:

1. InOPS1, the default value for the prime RTLS landing site areais an |I-Hoad value,
RTLS PRIME_AREA, whereasin OPS 3, the default value for anon-TAL landing site areais
one. In OPS 1, the value of the TAL landing site areaisinitially an I-Hoad value but,
subsequently, can be changed by an item entry 40 on the HSD prior to the setting of the TAL
abort declared flag. 1n OPS 3, the values of the TAL landing site area, selected runway, and
selected auto TACAN channel are the values carried over from OPS 1, AREA_SEL OPS1,
RW_SEL_OPS1, and TAC_SEL_OPSL.

2. TheOPS 1 version sendsthe selected area, AREA_SEL, and the landing site position vector,
R_LS EF, to the guidance principal function 4.2 and 4.4. The OPS 3 version does not require
thisinterface.

E. Supplemental Information. A suggested implementation of these requirementsisillustrated in Section
5.3 in theflow chart ASCENT_SITE_LOOKUP_INIT.

In OPS 1, the prime RTLS landing site areaiisinitialy an IHoad value, RTLS PRIME_AREA. The crew
may, subsequently, select another RTL S site by means of an item entry 41 on the HSD. Item entry 41 will
cause the flag NEW_ AREA to be set, and the keyboard interface processor will call

ASCENT_SITE LOOKUP_INIT in order to process the request for the new area. In OPS 1, the prime
TAL landing site area, TAL_SELECT, isinitialized to an I-Hoad value and, subsequently, can be changed
by an item entry 40 on the HSD until the TAL abort declared flag is set. After thistime, adifferent TAL
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landing site areais selected in the same manner asthe RTLS|anding site area, that is, by means of anitem
entry 41 on the HSD.

A common runway and TACAN table of 45 landing areas will be supported for both OPS 1/6 and OPS 3.
This means that atotal of 90 runways and 90 TACANSs exist in both OPS 1/6 and OPS 3. There will bea
common table of 15 MSBL S sites to support both OPS 1/6 and OPS 3. There will also be acommon table
of 45 pairs of aternate landing areaindexes, one pair for each landing area, to support both OPS 1/6 and
OPS 3.

External to the site lookup function, certain “illegal entry” logic may exist to preclude selection of a TAL
sitefor RTLSor an RTLS sitefor aTAL. There isno such lockout in the site lookup function.

Two guidance IHoads, RTLS PRIME_AREA and TAL_PRIME_AREA, are used to designate the prime
RTLS landing area and the prime TAL landing area. In ASCENT_SITE_LOOKUP_INIT, the IHoad
RTLS PRIME_AREA isused, whereasthe IHoad TAL_PRIME_AREA isused by the HSD to initialize
the parameter TAL_SELECT.

4522 Ascent Runway/M SBL S Site L ookup.

The purpose of this subfunction isto retrieve information related to a specified runway for a given selected
area. For purposes of designation, there are 45 choices of areas and, for each area, there are two choices of
runways available referred to as the primary and the secondary. Either one of these two may be identified
as the selected runway; however, the default designation will be the primary. The primary and secondary
runway data shall include a parameter which isa pointer indicating which one of 15 MSBLS sis
associated with the selected runway.

A. Detailed Requirements. This subfunction will accept from the ascent site lookup initialization
subfunction a parameter, AREA_SEL, whose value indicates the area that has been selected and a
parameter, PRIME_RUNWAY _INDEX, which indicates which one of the two runway choices has been
identified asthe selected runway. If PRIME_RUNWAY _INDEX = 1, then the primary runway is selected.
If PRIME_RUNWAY _INDEX = 2, then the secondary runway is selected. The subfunction will also
accept the alternate sites reset inhibit flag (ALT_SITES RESET _INH) from the ascent site lookup
initialization subfunction. Thisflag when set indicates the call to ascent runway/MSBL S site lookup is for
arunway selection. In this case, the alternate site indexes are to retain their values and not be reset to
I-Loads.

First, the local area parameter, J, is set equal to the selected area, AREA_SEL, the alternate site indexes
are updated, and the primary and secondary runway names are defined for display on the HSD. Next, the
local sitetable index parameter, L, is determined based on the value of the selected runway index. |If
PRIME_RUNWAY _INDEX isequa to one, then L isset equal to 2J-1, RW_SELECT isset to ON, and
RW_NAME_SEL isset to the primary runway name RW_NAME _PSL, otherwise, L isset to 2],
RW_SELECT isset to OFF, and RW_NAME_SEL is set to the secondary runway name
RW_NAME_SSL.

J=AREA_SEL
RW_NAME_PSL = RUNWAY_NAME (2J-1)
RW_NAME_SSL = RUNWAY_NAME (2J)
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if
ALT _SITES RESET INH = OFF
then
ALT _SITE INDEX(1) = ALTERNATE_SITE_1(J)
ALT_SITE INDEX(2) = ALTERNATE_SITE_2(J)
otherwise
ALT _SITES RESET INH = OFF

PRIME_RUNWAY INDEX =1
then

L = 2J—1 and RW_SELECT = ON and RW_NAME_SEL = RW_NAME_PSL

otherwise

L = 2Jand RW_SELECT = OFF and RW_NAME_SEL = RW_NAME_SSL

Once the site table index parameter, L, is determined, then the runway parameters are redefined for the
selected runway

SEL_SITE_ID = RUNWAY_NAME(L)
RW_NAME=L

LAT =RW_LAT(L)

LON = RW_LON(L)

LAT_RW = LAT

LON_RW = LON

ALT RW = RUNWAY_ALT(L)
AZIMUTH_RW = RW_AZIMUTH(L)
LENGTH_RW = RW_LENGTH(L)
DELH_MSL_ELLIPSOID_RW = RW_DELH(L)
ANGLE_CORR TNTOMAG_RW = RW_MAG_VAR(L)
K = RW_MSBLS_INDEX(L)

and theflag, MLS AVAIL, isinitially reset OFF, that is,
MLS AVAIL = OFF

Next, the earth—fixed position vector, earth—fixed to selected runway transformation matrix and the earth-
fixed to runway topodetic transformation matrix shall be computed:

R_LS EF = GEODETIC_TO_EF(LAT,LON,ALT_RW)
M_EFTORW = EF_TO_RUNWAY (LAT,LON,AZIMUTH_RW)
M_EFTOTD_RW = EF_TO_TOPDET (LAT, LON)
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Then, the position vector (originating at the origin of the EF coordinate system) of the HAC center for both
sides of the runway centerline will be determined in earth—fixed coordinates:

R _CC L PRI
R _CC R PRI

R LS EF+M_EFTORW'R _HAC RW L
R LS EF+M _EFTORW'R _HAC RW R

whereR _HAC RW_L and R _HAC_RW._R are the position vectors (originating at the origin of the RW
coordinate system) of these two pointsin runway coordinates (see Section 4.9).

Then, the magnitude of these two position vectors will be determined:
R_CC_LMAG_PRI=|R _CC_L_PRI|

R_CC_RMAG_PRI =R _CC_R PRI|

Next, atest will be made to determine if the selected runway hasaMSBLS. If the selected runway
MSBLS pointer, K, is zero, then the runway hasno MSBLS. However, if K isa positive integer

(1 = K £15), then the parameters associated with the MSBL S site will be redefined for the designated
selection and an earth—fixed position vector and an earth—fixed to scanner transformation matrix shall be
computed for the M SBL S range—azimuth antenna and the MSBL S elevation antenna locations; therefore if

K>0
then

LAT_MLS R AZ=LAT_MLS R AZ(K)

LONG_MLS R AZ =LONG_MLS R AZ(K)

ALT MLS R AZ=ALT_MLS R AZ(K)

R_AZ_SCANNER BEARING =R_AZ_RADAR_BEARING(K)

LAT_MLSEL = LAT_MLSEL(K)

LONG_MLSEL = LONG_MLSEL(K)

ALT_MLSEL = ALT_MLSEL(K)

EL_SCANNER BEARING = EL_SCANNER_BEARING(K)

BIAS MLS RANGE = BIAS MLS_RANGE(K)

BIAS ELMLS=BIAS ELMLS(K)

BIAS AZMLS=BIAS AZMLS(K)

X_DMEAZ_RW = X_DMEAZ_RW(K)

X_EL_RW = X_EL_RW(K)

Y_DMEAZ_RW =Y_DMEAZ_RW(K)

MLS_AVAIL = ON

M_EFTORAD R AZ = EF TO_SCANNER(LAT MLS R AZ LONG_MLS R AZ,

R_AZ_SCANNER BEARING)

M_EFTORAD EL = EF_TO_SCANNER(LAT_MLSEL, LONG_MLSEL,
EL_SCANNER_BEARING)

R_RMLS EF = GEODETIC_TO EF(LAT_MLS R AZ,LONG_MLS R AZ,
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ALT MLS R AZ)
R_AZMLS EF=R_RMLS EF
R_ELMLS EF = GEODETIC_TO_EF(LAT_MLSEL, LONG_MLSEL, ALT _MLSEL)

B. Interface Requirements. Theinput and output parameters are shown in Tables 4.5.2.2-1 and 4.5.2.2-2.

C. Processing Requirements. Parameters output from this subfunction should be provided asa
homogeneous set and not be available to users until the entire set is compatible. The parameter
SEL_SITE ID must be protected and carried across all GN& C OPS transitions.

D. Condgraints. No error checking is performed. The selected runway must be indicated by an integer
from 1 to 2 and the selected area by an integer from 1 to 45. Both must be properly derived and limited by
software external to this subfunction.

E. Supplementary Information. A suggested implementation of these requirementsisillustrated in Section
5.3, ASCENT_RUNWAY_SITE_LOOKUP.
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4523 Ascent TACAN Site L ookup.

The purpose of this subfunction isto retrieve information for a specified TACAN channd,
NEW_STATION_ID, associated with agiven TACAN receiver, LRU_ID, from the TACAN site location
table and to compute the corresponding geodetic radius at the site, an earth—fixed position vector and an
earth—fixed to topodetic transformation matrix. There will be amaximum of two TACAN sites available
for each selected area.

A. Detailed Requirements. This subfunction will accept from the ascent site lookup initialization
subfunction an index, AREA_SEL, which indicates the selected area; furthermore, it will accept from the
TACAN SOP the current TACAN channel number, NEW_STATION_ID, and its associated receiver
number, LRU_ID. First, thelocal area parameter, J, is set equal to the selected area, AREA_SEL, the
TACAN channel valid flag, TAC_CHAN_VALID_SL ry ip, isinitially reset OFF and thelocal TACAN
channel number, TACAN_ID,ry b, Set equal to the current channel number, NEW_STATION_ID. Then,
asearch is performed to determine if the specified channel, TACAN_ID, ry ip, IS One of the two possible
choices which are fixed by means of the selected area, AREA_ SEL. If the channel, TACAN_ID,ry b, IS
not one of the two possible TACAN's, then the flag, TAC_CHAN_VALID_SL, ry b, remains OFF and
the present TACAN information for this LRU is not updated. On the other hand, if the channel is one of
the two possible choices, then the following parameters are redefined for the new TACAN from values
supplied by the TACAN site location table

LAT_TACAN_SL ry o = LATITUDE_GEODETIC_MAXI(l)
LONG_TACAN_SL gy 1o = LONGITUDE_EAST MAXI(1)
ALT_TACAN_SL ry o =ALT_ABOVE_ELLIPSOID_MAXI(l)
DH_TACAN_SL gy 1o = MSL_ABOVE_ELLIPSOID_MAXI(l)
ANGLE_CORR_TNTOMAG_SLry 10 = MAGNETIC_VARIATION_MAXI(1)

Furthermore, the corresponding geodetic radius at the site, an earth—fixed position vector and an
earth—fixed to topodetic transformation matrix are computed

RD_TAC MSL_SL gy o = (L—ELLIPT)? EARTH_RADIUS EQUATOR /
(1. + SIN? (LAT_TACAN_SL gy ip) ELLIPT

(ELLIPT—2))"2+ DH_TACAN_SL sy 10

R _TACAN_EF SL gy o

GEODETIC_TO_EF(LAT_TACAN_SL gy in,
LONG_TACAN_SL gy 1o, ALT_TACAN_SL gy p)

M_EFTOTD_TACAN_SL gy o = EF_TO_TOPDET(LAT_TACAN_SL gy o,

LONG_TACAN_SL gy p)

Finally, the TACAN channel valid flagisset ON, that is,

TAC_CHA N_VAL | D_SL LRU_ID = ON

B. Interface Requirements. The input and output parameters are shown in Tables 4.5.2.3-1 and 4.5.2.3-2,
respectively.
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C. Processing Requirements. Output parameters from this subfunction are employed by avariety of users.
Consequently, this subfunction isinvoked only by the TACAN SOP. Parameters output from this
subfunction should be provided as a homogeneous set and not be available to users until the entire set is
compatible.

D. Constraints. None

E. Supplementary Information. A suggested implementation of these requirementsisillustrated in Section
5.3, ASCENT_TACAN_SITE LOOKUP. TACAN sitelookup constraints: The TACAN
transmitters/receivers (T/R) provide a selection of 126 X—mode channels and 126 Y—mode channels; the
TACAN control head permits the crew to manually select anyone of these 252 T/R fregquency pairs.
However, asdlection is of no value to certain of the onboard software unless the ground station location for
the tuned channel isaso available. Consequently, atable of limited sizeis provided to supply this
information for two unique channels/modes for each area. The parameters,

TAC_CHAN_VALID_ SL gy p Serve astheindicators of whether the station location is known or not
known.

4524 Ascent Site Lookup (4.238) Principal Function Tables.

The ascent site lookup principal function input and output parameters, along with the |4 oads, K- oads,
and constants, are presented in Tables 4.5.2.4-1 through 4.5.2.4-5. The valuesfor the I-Hoads are
contained in the |- oads requirements document (JSC-19350). The Cross—References are shown below:

Ascent Site Lookup (4.238)
Cross—Reference
FSSR Name Source Name
TAL_DECLARED FIRST PASS TAL_DECL_FRST PASS
TAL_ABORT DECLARED TAL_SELECT CMD
M_EFTOTD_TACAN_SL(1) M_EFTOTD TACAN_SL1
M_EFTOTD_TACAN_SL(2) M_EFTOTD _TACAN_SL2
M_EFTOTD_TACAN_SL(3) M_EFTOTD_TACAN_SL3
R TACAN_EF SL(1) R TACAN _EFSL1
R TACAN_EF SL(2) R TACAN_EFSL2
R TACAN_EF SL(3) R TACAN_EFSL3
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Table4.5.2.1-1. Ascent Site Lookup Initidization Input Parameters
Input Sample
Description Symbol Source | Type | Precision | Range | Units Rate
Selected area AREA_SEL @ I — 145 — As needed
New landing area request NEW_AREA (a) D — OFF/ON | — Asneeded
flag
Primary runway select PRI_SEL (a) D — OFF/ON | — Asneeded
command
Secondary runway select SEC _SEL (@ D — OFF/ON | — As needed
command
Three—digit channel/mode TACAN_ID_ (b) I — +126 — Asneeded
designation unique for each | MAXI(I)
TACAN station
Primary/secondary TACAN | TAC_CHANGE| (a) D — OFF/ON | — Asneeded
select commands
Desired TAL landing site TAL_SELECT | (8 I — 145 — As needed
area
Prime RTLSlanding sitearea| RTLS PRIME_ | (c) I — 1-45 — Asneeded
AREA
TAL abort declared first pass | TAL_ (a D — OFF/ON | — Asneeded
flag DECLARED _
FIRST_PASS
TACAN station atitude ALT_ABOVE_ | (b) F S — ft As needed
ELLIPSOID_
MAXI(I)
TACAN site geodetic latitude| LATITUDE_ (b) F S -rth, ik | rad | Asneeded
GEODETIC_
MAXI(I)
TACAN site longitude LONGITUDE_ | (b) F S T, TT rad | Asneeded
EAST_MAXI(I)
Variation of magnetic north | MAGNETIC_ | (b) F S 0- 2Tt rad | Asneeded
from true north at TACAN VARIATION_
site MAXI(I)

& See ascent site lookup principal function input parameter table.
P See ascent site lookup principal function 1-oad table.

° Thisis aguidance I-load
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Table4.5.2.1-2. Ascent Site Lookup Initialization Output Parameters
Output Comp
Description Symbol Destination | Type | Precision | Range | Units| Rate

Selected area AREA_SEL ASCENT _ I — 1-45 — | As

RUNWAY _ needed

SITE

LOOKUP,

ASCENT _

TACAN_

SITE

LOOKUP, (a)
Vaueof AREA_SEL AREA_SEL OPS1 | (a) I — 1-45 — | As
which is carried over needed
fromOPS1to3
Channel/mode identifier | AUTO_ @ I — +126 — As
for the automatically CHANNEL_ID needed
selected TACAN station
New landing arearequest [ NEW_AREA (a D — OFF/ON | — As
flag needed
Indicator of which PRIME RUNWAY [ ASCENT_ I — 1-2 — | As
landing site choiceis INDEX RUNWAY _ needed
selected SITE

LOOKUP
Primary runway select PRI_SEL (a) D — OFF/ON | — As
command needed
Local runway index RW_ID_UPP €) I — 090 — | As
parameter; also first pass needed
flag
Secondary runway select | SEC_SEL @ D — OFF/ON | — As
command needed
Primary/secondary TAC CHANGE @ D — OFFION| — | As
TACAN select command needed
Previous value of TAC_CHAN_ @ \% — +126 — As
channel/ mode indicator | OLD(l) needed
for each TACAN station
Value of RW_SEL OPS1 ) I — 1-2 — | As
PRIME_RUNWAY _IND needed
EX
whichis carried over
from OPS1 to OPS3
Vaueof AUTOTACAN | TAC SEL_OPS1 @ I — 1-90 — | As
Channel needed
which is carried over
from OPS1 to OPS3
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Table4.5.2.1-2. Ascent Site Lookup Initialization Output Parameters
Output Comp
Description Symbol Destination | Type | Precision | Range | Units| Rate
Transformation matrix M_EFTOTD_ (a M DP — — As
from earth-fixed to TACAN_AUTO needed
topedetic coordinates of
the auto selected TACAN
site
Auto selected TACAN R_TACAN_EF (@ \Y; DP — ft As
station earth-fixed AUTO needed
position vector
Variation of magnetic ANGLE CORR _ @ F S 0- 271 rad | As
north from true northat | TNTOMAG_AUTO needed
the auto selected TACAN
site
Alternate sites reset ALT SITES ASCENT _ D — OFF/ON | — As
inhibit flag RESET_INH RUNWAY _ needed
SITE_
LOOKUP

& See ascent site lookup principal function output parameter table.
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Table4.5.2.2-1. Ascent Runway/MSBLS Site Lookup Input Parameters

Input Sample
Description Symbol Source Type | Precision | Range | Units| Rate
Current landing site PRIME_ ASCENT_SITE_ | | S 12 [— | As
selection RUNWAY_INDEX | LOOKUP_INIT needed
Selected area AREA_SEL ASCENT_SITE_| | S 145 | — | As
LOOKUP_INIT needed
Bearing from true north | RW_AZIMUTH(L) | (b) F S — rad | As
of runway coordinate needed
system +x axis
Altitude above reference | RUNWAY_ALT(L) | (b) F S — ft As
ellipsoid of runway needed
reference point
Altitude of mean sea— RW_DELH(L) (b) F S — ft As
level above reference needed
ellipsoid of runway
Variation of runway RW_MAG_VAR(L) | (b) F S — rad | As
magnetic north from needed
true north
Runway geodetic RW_LAT(L) (b) F S — rad | As
latitude needed
Runway longitude RW_LON(L) (b) F S — rad | As
needed
Length of runway RW_LENGTH(L) | (b) F S — ft As
needed
Runway MSBLS pointer | RW_MSBLS (b) F S 015 | — | As
index INDEX(L) needed
MSBLS azimuth BIAS AZMLS(K) | (b) F S — rad | As
antenna measurement needed
bias
MSBLS elevation BIAS ELMLS(K) | (b) F S — rad | As
antenna measurement needed
bias
MSBLSrangeantenna | BIAS MLSRANGE | (b) F S — ft As
measurement bias (K) needed
X component of X_DMEAZ_RW(K) | (b) F S — ft As
range/azimuth antenna needed
in runway coordinates
Y component of Y_DMEAZ_RW(K) | (b) F S — ft As
range/azimuth antenna needed
in runway coordinates
X component of X_EL_RW(K) (b) F S — ft As
elevation antennain needed
runway coordinates
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Table4.5.2.2-1. Ascent Runway/MSBLS Site Lookup Input Parameters
Input Sample
Description Symbol Source Type | Precision | Range | Units| Rate

MSBLSrange/azimuth | LAT MLS R AZ | (b) F S — rad | As
geodetic latitude (K) needed
MSBLSrange/azimuth | LONG_ MLS R | (b) F S — rad | As
longitude AZ(K) needed
MSBLSrange/azimuth | ALT MLS R AZ | (b) F S — ft As
geodetic altitude (K) needed
MSBL S azimuth R AZ RADAR_ | (b) F S — rad | As
boresight relative to true | BEARING(K) needed
north
MSBLS elevation LAT_MLS EL(K) | (b) F S — rad | As
geodetic latitude needed
MSBLS elevation LONG_MLS EL (b) F S — rad [ As
longitude (K) needed
MSBLS elevation ALT MLS EL(K) |(b) F S — ft As
geodetic altitude needed
MSBLS elevation EL_SCANNER_ | (b) F S — rad | As
boresight relative to true | BEARING(K) needed
north
Position vector of HAC | R_HAC RW_L (b) v S — ft As
center for the left side of needed
the runway centerline
Position vector of HAC | R_HAC RW_R (b) Y, S — ft As
center for theright side needed
of the runway centerline
Name of the selected RUNWAY_NAME | (b) CHAR — | — — | As
landing site (L) needed
Alternate Landing Site 1| ALTERNATE_ (b) INT S 045 | — | As

SITE_1(J) needed
Alternate Landing Site2| ALTERNATE (b) INT S 045 | — | As

SITE 2(J) needed
Alternate sites reset ALT_SITES ASCENT_SITE_| D — OFF | — As
inhibit flag RESET_INH LOOKUP_INIT ON needed
P See ascent site lookup principal function 1-oad table.
J=1to45
K=1to15
L=1to90
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Table4.5.2.2-2. Ascent Runway/MSBLS Site Lookup Output Parameters
Output Comp
Description Symbol Destination | Type | Precision| Range | Units | Rate
Current landing site selection| RW_NAME (a I S 190 | — As
index needed
Alternate site 1 index ALT_SITE_ (a) I S 045 | — As
INDEX(1) needed
Alternate site 2 index ALT_SITE_ (a) I S 045 | — As
INDEX(2) needed
Altitude above reference ALT RW @ F S — ft As
ellipsoid of runway reference needed
point
Bearing from true north of AZIMUTH_RW €) F S — rad As
runway coordinate system +x needed
axis
Geodetic latitude of runway | LAT_RW (a F S -2 | rad As
to w2 needed
Length of runway LENGTH_RW (a) F S — ft As
needed
Longitude of runway LON_RW (a F S 0-2mt | rad As
needed
Altitude of mean sea-level DELH_MSL_ (a) F S — ft As
above reference lipsoid of ELLIPSOID_RW needed
runway
Variation of runway ANGLE_CORR_ (a) F S 0-2mt | rad As
magnetic north from true TWTOMAG_RW needed
north
Earth—fixed to select runway | M_EFTORW (a M S — — As
transformation matrix needed
Earth-fixed to topodetic M_EFTOTD_RW* | (a) M DP As
transformation needed
Position vector of landing R _LSEF @ \% DP | — ft As
sitein earth—fixed needed
coordinates
Position vector of HAC R_CC L_PRI @ \% S — ft As
center on the left—side of the needed
runway centerlinein earth—
fixed coordinates
Position vector of HAC R_CC R PRI (@ \% S — ft As
center on the right—side of needed
the runway centerlinein
earth—fixed coordinates
Magnitudeof R_CC L_PRI | R_CC LMAG_PRI |(a) F S — ft As
needed
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Table4.5.2.2-2. Ascent Runway/MSBLS Site Lookup Output Parameters
Output Comp
Description Symbol Destination | Type | Precision| Range | Units | Rate
Magnitude of R_CC R PRI | R_CC RMAG PRI |(a) F S — ft As
needed
Flag indicating (ON) the MLS_AVAIL €] D OFF/ As
availability of MSBLS sites ON needed
at the currently chosen
runway
MSBLS azimuth antenna BIAS AZMLS (a) F S — rad As
measurement bias needed
MSBLS elevation antenna BIAS ELMLS €) F S — rad As
measurement bias needed
MSBLS range antenna BIAS MLSRANGE | (a) F S — ft As
measurement bias needed
X component of X_DMEAZ_RW (a) F S — ft As
range/azimuth antennain needed
runway coordinates
Y component of Y_DMEAZ_RW (a) F S — ft As
range/azimuth antennain needed
runway coordinates
X component of elevation X_EL_RW (a) F S — ft As
antennain runway needed
coordinates
Earth—fixed position vector | R_RMLS EF (@ \% DP | — ft As
of MSBL S range scanner needed
Earth-fixed position vector | R _AZMLS EF (@ \% DP | — ft As
of MSBL S azimuth scanner needed
Earth—fixed position vector | R_ELMLS EF @ \% DP | — ft As
of MSBLS elevation scanner needed
Transformation matrix from | M_EFTORAD_ €) M DP — — As
earth-fixed to MSBLSrange | R AZ needed
azimuth radar coordinate
frame
Transformation matrix from | M_EFTORAD_EL ((a) M S — ft As
earth—fixed to MSBLS needed
elevation radar coordinate
frame
Runway Selection Indicator | RW_SELECT €) D — ON/ | — As
OFF needed
Primary runway name for the| RW_NAME_PSL (a CHAR — — — As
selected areawhich is used needed
for display
Secondary runway namefor | RW_NAME_SSL (a CHAR — — — As
the selected areawhich is needed

used for display
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Table4.5.2.2-2. Ascent Runway/MSBLS Site Lookup Output Parameters
Output Comp
Description Symbol Destination | Type | Precision| Range | Units | Rate
Runway name for the RW_NAME_SEL €) CHAR — — — As
selected area runway which needed
isused for display
Runway name for the SEL_SITE_ID (a CHAR — — — As
selected landing site needed
& See ascent site lookup principal function output parameter table.
Table4.5.2.3-1. Ascent TACAN Site Lookup Input Parameters
Input Sample
Description Symbol Source Type | Precision | Range | Units| Rate
Selected area AREA_SEL ASCENT_SITE_| | S 145 [ — | As
LOOKUP_INIT, needed
@
Current TACAN NEW_ @ I S 126 | — | As
channel/mode identifier | STATION_ID needed
LRU number for output | LRU_ID €) I S 13 [ — | As
parameters needed
TACAN channel/mode | TACAN_ID (b) I S 126 | — | As
identifier MAXI(I) needed
TACAN site geodetic LATITUDE_ (b) F S —m, | rad | As
latitude GEODETIC_ 22 needed
MAXI(I)
TACAN sitelongitude | LONGITUDE_ (b) F S -m, | rad | As
EAST_MAXI(I) needed
TACAN station dtitude | ALT_ABOVE_ (b) F S — ft As
ELLIPSOID_ needed
MAXI(I)
Altitude of mean sea MSL_ABOVE_ (b) F S — ft As
level above reference ELLIPSOID needed
ellipsoid at TACAN MAXI(I)
station
Variation of magnetic MAGNETIC_ (b) F S 0-2m | rad | As
north from true northat | VARIATION_ needed
TACAN site MAXI(I)
Earth dllipticity constant | ELLIPT (b) F DP — — | As
needed
Earth Equatorial radius | EARTH_RADIUS_ | (b) F DP - ft As
EQUATOR needed
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Table4.5.2.3-1. Ascent TACAN Site Lookup Input Parameters
Input Sample
Description Symbol Source Type | Precision | Range | Units| Rate
& See ascent site lookup principal function input parameter table.
P See ascent site lookup principal function I-load and constant tables.
Table4.5.2.3-2. Ascent TACAN Site Lookup Output Parameters
Output Comp
Description Symbol Destination Type | Precision| Range | Units Rate
TACAN station identifier code TACAN_IDru i @ | S +126 — As
needed
TACAN site geodetic latitude LAT_TACAN_ @ F S -l T rad As
SLiru D 2,2 needed
TACAN sitelongitude LONG_ (b) F S -7, T rad As
TACAN_SL ry b needed
TACAN station altitude ALT_ (b) F S — ft As
TACAN_SL ry b needed
Altitude of mean sealevel above DH_ (b) F S — ft As
reference ellipsoid at TACAN station TACAN_SL gy p needed
Variation of magnetic north from true ANGLE_CORR_ (b) F S 0-2 rad As
north at TACAN site TNTOMAG_ needed
SLLRU_|D
Geodetic radius at TACAN site RD_TAC_MSL_ €) F DP — ft As
SLiruiD needed
TACAN station earth—fixed position R _TACAN_EF_ (a) \% DP — ft As
vector SL LRU_ID needed
Transformation matrix from M_EFTOTD_ (a) M S — — As
earth—fixed to topodetic coordinates at TACAN_SL gy p needed
the TACAN site
TACAN channel validity flag TAC_CHAN_ €) D — OFF/ON | — As
VALID_SLry ip needed

& See ascent site lookup principal function output parameter table.

326




TABLE 4.5.2.4-1. INPUT FUNCTIONAL PARAMETERS FOR ASCENT SITE LOOKUP (G4.238)

FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA P LASTCR R
TYPE R E
E \%
C
AREA_SEL V93J4392C SELECTED AREA HORI Z SIT DI SP 93090E
AREA_SEL V93J4392CC SELECTED AREA ASC BRG DI SP 93090E
LRU_I D V95J5021C TACAN LRU NUMBER TACAN SOP
NEW_AREA V93J4396C NEW LANDI NG AREA SELECT CMD HORI Z SIT DI SP HXS 92354
NEW_AREA V93J4396CA NEW LANDI NG AREA SELECT CMD ASC BRG DI SP HXS 93090E
NEW _STATI ON_I D V95J5020CA TACAN 1, 2, OR 3 NEW STATI ON CHAN NO TACAN SOP
PRI _SEL VI93X4393X PRI MARY RUNWAY SEL CMD HORI Z SIT DI SP BD 90000E
SEC_SEL VI93X4394X SECONDARY RUNWAY SEL CMD HORI Z SIT DI SP BD 90000E
TAC_CHANGE VI93X4395X PRI / SEC TACAN SELECT CMD HORI Z SIT DI SP BD 90000E
TAL_DECL_FRST_PASS VI0X8657X TAL ABORT DECLARED FI RST PASS FLAG MsC
TAL_SI TE_SEL_CMD V93J4399C TAL SI TE SELECT CMD HORI Z SIT DI SP HXS 93017G *
VI0H3760C RUNWAY LENGTH UL FT HXU 92237
VI6H0081C MSBLS AZ/ RNG STATI ON GECDETI C LAT UL RAD SPL 92237
V96H0082C MSBLS AZ/ RNG STATI ON GECDETI C LON UL RAD SPL 92237
V96H0083C MSBLS AZ/ RNG STATI ON GECDETI C ALT UL FT SPL 92237
VI6H0084C MSBLS AZ/ RNG STATI ON ANT BORESI GHT UL RAD SPL 92237
VI6H0085C MSBLS ELEV STATI ON GECDETI C LAT UL RAD SPL 92237
VI6H0086C MSBLS ELEV STATI ON GECDETI C LON UL RAD SPL 92237
VI6H0087C MSBLS ELEV STATI ON GECDETI C ALT UL FT SPL 92237
V96H0088C MSBLS ELEV STATI ON ANT BORESI GHT UL RAD SPL 92237
V96H0089C MSBLS RANGE BI AS UL FT SPL 92237
VI6H0090C MSBLS AZI MUTH ANGLE BI AS UL RAD SPL 92237
VI6H0091C MSBLS ELEVATI ON ANGLE BI AS UL RAD SPL 92237
VI6H0092C MSBLS AZ/ RNG STATI ON X- RW COORD UL FT SPL 92237
VI96H0093C MSBLS ELEV STATI ON X- RW COORD UL FT SPL 92237
VI6H0094C MSBLS AZ/ RNG STATI ON Y- RW COORD UL FT SPL 92237
VI6H0096C TACAN MAGNETI C VARI ATl ON UL RAD SPL 92237
VI6H0097C TACAN GEODETI C SEPARATI ON UL FT SPL 92237
VI6H0098C TACAN ALT ABOVE REF. ELLI PSO D UL FT SPL 92237
V96HO099C  TACAN CEODETI C LONG TUDE UL RAD SPL 92237
V96H0100C TACAN GEODETI C LATI TUDE UL RAD SPL 92237
VI6H0102C RUNWAY GEODETI C SEPARATI ON UL FT SPL 92237
VI6H1210C RUNWAY GEODETI C LATI TUDE UL DEG SPL 92237
VI6H1211C RUNWAY GEOCDETI C LONG TUDE UL DEG SPL 92237
VI6H1212C RUNWAY TRUE AZI MUTH UL DEG SPL 92237
VI6H1213C RUNVWAY MAGNETI C VARI ATI ON UL DEG SPL 92237
VI6H1214C RUNWAY ALT ABOVE REF. ELLIPSO D UL FT SPL 92237
V96J0080C MSBLS TABLE SLOT | D UL HXU 92237
V96J0095C TACAN TABLE SLOT ID UL HXU 92237
V96J0101C TACAN CHANNEL/ MODE UL HXU 92237
V96J0103C RUNWAY NMSBLS | NDEX UL HXU 92237
V96J1207C LDG SI TE TABLE SLOT I D UL HXU 92237
V96J1208C RUNWAY NAME | D UL VAR 92237
V96J1209C RUNWAY NAME I D FILL UL VAR 92237
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TABLE 4.5.2.4-1. INPUT FUNCTIONAL PARAMETERS FOR ASCENT SITE LOOKUP (G4.238)

FSSR NAME M/SID NOMENCLATURE SOURCE UNITS DATA
TYPE

LASTCR R

OmXTo
<

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.



TABLE 4.5.2.4-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT SITE LOOKUP (G4.238)

FSSR NAME

M/SID

NOMENCLATURE

DESTINATION

UNITS

DATA
TYPE

LAST CR

<mz=x

ALT_RW

ALT_SI TE_I NDEX( 1)

ALT_SI TE_I NDEX( 2)

ALT_TACAN_SL(1)
ALT_TACAN_SL(2)
ALT_TACAN_SL( 3)
ANGLE_CORR_TNTOMAG AUTO
ANGLE_CORR_TNTOMAG_RW

ANGLE_CORR_TNTOMAG S1

ANGLE_CORR TNTOMAG S2

ANGLE_CORR_TNTOVAG_S3

AREA_SEL

AREA_SEL_OPS1
AUTO_CHANNEL_| D

AZlI MUTH_RW

Bl AS_AZM.S
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V90H1818CB

V94U5524CB

V94U5525CB

VO0H1846CB
VO0H1847CB
VO0H1848CB
V90H0393CB
VO0H1820CB

VO0H1843CB

VO0H1844CB

VO0H1845CB

V93J4392CB

Vo3U4389C
V95J5022CB

VO0H1817CB

V90H1886CB

ALTI TUDE OF RWWRT REF ELLI PSO D

ALTERNATE SI TE 1 | NDEX

ALTERNATE SI TE 2 | NDEX

ALTI TUDE OF TACAN 1 STATI ON

ALTI TUDE OF TACAN 2 STATI ON

ALTI TUDE OF TACAN 3 STATI ON
MAGNETI C VARI ATI ON AT AUTO SEL TAC
MAGNETI C VARI ATI ON OF RW

MAGNETI C VARI ATI ON AT TACAN 1 SITE

MAGNETI C VARI ATI ON AT TACAN 2 SITE

MAGNETI C VARI ATI ON AT TACAN 3 SITE

SELECTED AREA

AREA- SEL CARRYOVER TO CPS 3
AUTO TACAN CHANNEL SELECTI ON

AZI MUTH OF RW FROM TRUE NORTH

MBBLS AZI MUTH MEASUREMENT BI AS

ASC AREA NAV
AWI PROC
ENT BRG SPEC
RTLS UPP
ASC BRG DI SP
ASC BRG SPEC
ENT BRG DI SP
ENT BRG SPEC

ENT SI TE LOOKUP

ASC BRG DI SP
ASC BRG SPEC
ENT BRG DI SP
ENT BRG SPEC

ENT SI TE LOOKUP

ASC AREA NAV
ASC AREA NAV
ASC AREA NAV
RTLS UPP

A E ATT PROC
ASC AREA NAV
HSI PRCC
HUD PRCC
ASC AREA NAV
RTLS NAV
RTLS UPP
ASC AREA NAV
RTLS NAV
RTLS UPP
ASC AREA NAV
RTLS NAV
RTLS UPP
ASC 2STG @QUJI D
ASC BRG DI SP
ASC BRG SPEC
DL FMI 21/1

HORI Z SIT DI SP

PW RTLS GU D

ENT SI TE LOOKUP
HORI Z SIT DI SP

TACAN SOP
ASC AREA NAV
HSI PROCC
HUD PRCC
RTLS UPP
RTLS NAV

FT

ND

ND

HXS

HXS

SPL

93155B

93167A

93167A

92049C
92297B

93017G

90072
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TABLE 4.5.2.4-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT SITE LOOKUP (G4.238)

FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E \%
C
BI AS_ELM.S VO0H1887CB MSBLS ELEVATI ON MEASUREMENT BI AS RTLS NAV RAD
RTLS UPP
BI AS_RMLS VO0H1885CB MSBLS RANGE MEASUREMENT BI AS RTLS NAV FT
DELH _MSL_ELLI PSO D_RW VO0H1819CB ALT OF MSL ABOVE REF ELLIP AT RW ASC AREA NAV FT
AWI PRCC
RTLS NAV
DH_TACAN_SL(1) VO0H1849CB ALT OF MSL ABV REF ELLIP AT TAC 1 ASC AREA NAV FT
DH_TACAN_SL( 2) VO0H1850CB ALT OF MSL ABV REF ELLIP AT TAC 2 ASC AREA NAV FT
DH_TACAN_SL( 3) VO0H1851CB ALT OF MSL ABV REF ELLIP AT TAC 3 ASC AREA NAV FT
HUD_RW LENGTH V72HA163CB  HUD RUNWAY LENGTH HUDE1 FT
HUDE2
LAT_RW V94H5526C  GECDETI C LATI TUDE OF RUNWAY ASC BRG SPEC RAD SPL 93090E
LON_RW V94H5527C  LONG TUDE OF RUNVWAY ASC BRG SPEC RAD SPL 93090E
M.S_AVAI L V90X3720XB M.S AVAI LABI LI TY A/ RTLS NAV SEQ
RTLS NAV
RTLS UPP
M EFTORAD_EL( 1-1) Vo0U1875CB EF TO MSBLS EL COCRD, ELE 1-1 RTLS NAV
M _EFTORAD_EL( 1- 2) Vo0U1876CB EF TO MSBLS EL COCRD, ELE 1-2 RTLS NAV
M _EFTORAD_EL( 1- 3) Vo0U1877CB EF TO MSBLS EL COCRD, ELE 1-3 RTLS NAV
M _EFTORAD_EL( 2-1) Vo0U1878CB EF TO MSBLS EL COCRD, ELE 2-1 RTLS NAV
M _EFTORAD_EL( 2- 2) Vo0U1879CB EF TO MSBLS EL COCRD, ELE 2-2 RTLS NAV
M _EFTORAD_EL( 2- 3) Vo0U1880CB EF TO MSBLS EL COCRD, ELE 2-3 RTLS NAV
M _EFTORAD_EL( 3-1) Vo0U1881CB EF TO MSBLS EL COCRD, ELE 3-1 RTLS NAV
M _EFTORAD_EL( 3- 2) Vo0U1882CB EF TO MSBLS EL COCRD, ELE 3-2 RTLS NAV
M _EFTORAD_EL( 3- 3) Vo0U1883CB EF TO MSBLS EL COCRD, ELE 3-3 RTLS NAV
M EFTORAD_R_AZ(1-1) VI0U1865CB EF TO RNG/ AZ MSBLS RDR COORD/ 1-1 RTLS NAV
M EFTORAD_R_AZ( 1-2) VI0U1866CB EF TO RNG/ AZ MSBLS RDR COORD/ 1-2 RTLS NAV
M EFTORAD_R_AZ( 1- 3) V90U1867CB EF TO RNG/ AZ MSBLS RDR COORD/ 1-3 RTLS NAV
M EFTORAD_R_AZ(2-1) VI0U1868CB EF TO RNG/ AZ MSBLS RDR COORD/ 2-1 RTLS NAV
M EFTORAD_R_AZ( 2- 2) VI0U1869CB EF TO RNG/ AZ MSBLS RDR COORD/ 2- 2 RTLS NAV
M EFTORAD_R_AZ( 2- 3) V90U1870CB EF TO RNG/ AZ MSBLS RDR COORD/ 2-3 RTLS NAV
M EFTORAD_R_AZ(3-1) V90U1871CB EF TO RNG/ AZ MSBLS RDR COORD/ 3-1 RTLS NAV
M EFTORAD_R_AZ( 3- 2) V90U1872CB EF TO RNG/ AZ MSBLS RDR COORD/ 3- 2 RTLS NAV
M EFTORAD_R_AZ( 3- 3) V90U1873CB EF TO RNG/ AZ MSBLS RDR COORD/ 3-3 RTLS NAV
M _EFTORW( 1- 1) V90U1805CB EF TO PRI ME RW XFORM MIRX ELE 1-1 ASC AREA NAV
ASC NAV
RTLS NAV
RTLS UPP
M_EFTORW( 1- 2) V90U1806CB EF TO PRI ME RW XFORM MIRX ELE 1-2 ASC AREA NAV
ASC NAV
RTLS NAV
RTLS UPP
M_EFTORW( 1- 3) Vo0U1807CB EF TO PRI ME RW XFORM MIRX ELE 1-3 ASC AREA NAV
ASC NAV
RTLS NAV

RTLS UPP



TABLE 4.5.2.4-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT SITE LOOKUP (G4.238)

FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E \%
C
M EFTORW 2- 1) Vo0U1808CB EF TO PRI ME RW XFORM MIRX ELE 2-1 ASC AREA NAV
ASC NAV
RTLS NAV
RTLS UPP
M _EFTORW 2- 2) VO0U1809CB EF TO PRI ME RW XFORM MIRX ELE 2-2 ASC AREA NAV
ASC NAV
RTLS NAV
RTLS UPP
M _EFTORW 2- 3) VO0U1810CB EF TO PRI ME RW XFORM MIRX ELE 2-3 ASC AREA NAV
ASC NAV
RTLS NAV
RTLS UPP
M _EFTORW 3- 1) VO0U1811CB EF TO PRI ME RW XFORM MIRX ELE 3-1 ASC AREA NAV
ASC NAV
RTLS NAV
RTLS UPP
M _EFTORW 3- 2) Vo0U1812CB EF TO PRI ME RW XFORM MIRX ELE 3-2 ASC AREA NAV
ASC NAV
RTLS NAV
RTLS UPP
M _EFTORW 3- 3) VO0U1813CB EF TO PRI ME RW XFORM MIRX ELE 3-3 ASC AREA NAV
ASC NAV
RTLS NAV
RTLS UPP
M EFTOTD_RW 1, 1) VI0U3644CB EF TO TOPO COORD AT RW1-1 RTLS UPP DPL 92067D
M EFTOTD_RW 1, 2) VI0U3645CB EF TO TOPO COORD AT RW 1-2 RTLS UPP DPL 92067D
M EFTOTD_RW 1, 3) VI0U3646CB EF TO TOPO COORD AT RW 1-3 RTLS UPP DPL 92067D
M EFTOTD_RW 2, 1) VI0U3647CB EF TO TOPO COORD AT RW 2-1 RTLS UPP DPL 92067D
M EFTOTD_RW 2, 2) VI0U3648CB EF TO TOPO COORD AT RW 2-2 RTLS UPP DPL 92067D
M EFTOTD_RW 2, 3) VI0U3649CB EF TO TOPO COORD AT RW 2-3 RTLS UPP DPL 92067D
M EFTOTD_RW 3, 1) VI0U3650CB EF TO TOPO COORD AT RW 3-1 RTLS UPP DPL 92067D
M EFTOTD_RW( 3, 2) VI0U3651CB EF TO TOPO COORD AT RW 3-2 RTLS UPP DPL 92067D
M EFTOTD_RW 3, 3) VI0U3652CB EF TO TOPO COORD AT RW 3-3 RTLS UPP DPL 92067D
M _EFTOTD_TACAN_AUTQ(1, 1) VI0U3566CB EF TO TOPO COORD, AUTO SEL TAC 1-1 RTLS UPP DPL 92105B
M _EFTOTD_TACAN_AUTQ( 1, 2) VI0U3567CB EF TO TOPO COORD, AUTO SEL TAC 1-2 RTLS UPP DPL 92105B
M _EFTOTD_TACAN_AUTQ( 1, 3) VI0U3568CB EF TO TOPO COORD, AUTO SEL TAC 1-3 RTLS UPP DPL 92105B
M _EFTOTD_TACAN_AUTQ( 2, 1) VI0U3569CB EF TO TOPO COORD, AUTO SEL TAC 2-1 RTLS UPP DPL 92105B
M _EFTOTD_TACAN_AUTQ( 2, 2) VI0U3570CB EF TO TOPO COORD, AUTO SEL TAC 2-2 RTLS UPP DPL 92105B
M _EFTOTD_TACAN_AUTQ( 2, 3) VO0U3571CB EF TO TOPO COORD, AUTO SEL TAC 2-3 RTLS UPP DPL 92105B
M _EFTOTD_TACAN_AUTQ( 3, 1) VO0U3572CB EF TO TOPO COORD, AUTO SEL TAC 3-1 RTLS UPP DPL 92105B
M _EFTOTD_TACAN_AUTQ( 3, 2) VO0U3573CB EF TO TOPO COORD, AUTO SEL TAC 3-2 RTLS UPP DPL 92105B
M _EFTOTD_TACAN_AUTQ( 3, 3) VI0U3574CB EF TO TOPO COORD, AUTO SEL TAC 3-3 RTLS UPP DPL 92105B
M _EFTOTD_TACAN_SL1(1-1) V90U1775CB EF TO TOPO COORD AT TA SITE 1/1-1 ASC AREA NAV
RTLS NAV
RTLS UPP
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TABLE 4.5.2.4-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT SITE LOOKUP (G4.238)

FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA

TYPE

LASTCR R

OMm?2>XT

M _EFTOTD_TACAN_SL1( 1- 2)

M EFTOTD_TACAN_SL1( 1-3)

M _EFTOTD_TACAN_SL1(2- 1)

M _EFTOTD_TACAN_SL1(2- 2)

M EFTOTD_TACAN_SL1( 2- 3)

M EFTOTD_TACAN_SL1(3- 1)

M EFTOTD_TACAN_SL1(3-2)

M EFTOTD_TACAN_SL1(3- 3)

M _EFTOTD_TACAN_SL2( 1- 1)

M _EFTOTD_TACAN_SL2( 1- 2)

M EFTOTD_TACAN_SL2( 1- 3)

M _EFTOTD_TACAN_SL2( 2- 1)

M _EFTOTD_TACAN_SL2( 2- 2)

M EFTOTD_TACAN_SL2( 2- 3)

M EFTOTD_TACAN_SL2( 3- 1)

VO0U1776CB

Vo0U1777CB

Vo0U1778CB

Vo0U1779CB

Vo0U1780CB

Vo0U1781CB

Vo0U1782CB

Vo0U1783CB

Vo0U1784CB

Vo0U1785CB

Vo0U1786CB

Vo0U1787CB

Vo0U1788CB

Vo0U1789CB

Vo0U1790CB

EF

EF

EF

EF

EF

EF

EF

EF

EF

EF

EF

EF

EF

EF

EF

TO TOPO COORD

TO TOPO COORD

TO TOPO COORD

TO TOPO COORD

TO TOPO COORD

TO TOPO COORD

TO TOPO COORD

TO TOPO COORD

TO TOPO COORD

TO TOPO COORD

TO TOPO COORD

TO TOPO COORD

TO TOPO COORD

TO TOPO COORD

TO TOPO COORD

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

TA

TA

TA

TA

TA

TA

TA

TA

TA

TA

TA

TA

TA

TA

TA

SI TE

SI TE

SI TE

SI TE

SI TE

SI TE

SI TE

SI TE

SI TE

SI TE

SI TE

SI TE

SI TE

SI TE

SI TE

1/1-2

1/1-3

1/2-1

1/2-2

1/2-3

1/3-1

1/3-2

1/3-3

2/1-1

2/1-2

2/1-3

2/2-1

2/2-2

2/2-3

2/3-1

ASC AREA
RTLS NAV
RTLS UPP
ASC AREA
RTLS NAV
RTLS UPP
ASC AREA
RTLS NAV
RTLS UPP
ASC AREA
RTLS NAV
RTLS UPP
ASC AREA
RTLS NAV
RTLS UPP
ASC AREA
RTLS NAV
RTLS UPP
ASC AREA
RTLS NAV
RTLS UPP
ASC AREA
RTLS NAV
RTLS UPP
ASC AREA
RTLS NAV
RTLS UPP
ASC AREA
RTLS NAV
RTLS UPP
ASC AREA
RTLS NAV
RTLS UPP
ASC AREA
RTLS NAV
RTLS UPP
ASC AREA
RTLS NAV
RTLS UPP
ASC AREA
RTLS NAV
RTLS UPP
ASC AREA
RTLS NAV
RTLS UPP

NAV

NAV

NAV

NAV

NAV

NAV

NAV

NAV

NAV

NAV

NAV

NAV

NAV

NAV

NAV



TABLE 4.5.2.4-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT SITE LOOKUP (G4.238)

FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E \%
C
M _EFTOTD_TACAN_SL2( 3-2) V90U1791CB EF TO TOPO COORD AT TA SITE 2/3-2 ASC AREA NAV
RTLS NAV
RTLS UPP
M _EFTOTD_TACAN_SL2( 3- 3) V90U1792CB EF TO TOPO COORD AT TA SITE 2/3-3 ASC AREA NAV
RTLS NAV
RTLS UPP
M _EFTOTD_TACAN_SL3( 1-1) V90U1793CB EF TO TOPO COORD AT TA SITE 3/1-1 ASC AREA NAV
RTLS NAV
RTLS UPP
M _EFTOTD_TACAN_SL3( 1-2) V90U1794CB EF TO TOPO COORD AT TA SITE 3/1-2 ASC AREA NAV
RTLS NAV
RTLS UPP
M _EFTOTD_TACAN_SL3( 1-3) V90U1795CB EF TO TOPO COORD AT TA SITE 3/1-3 ASC AREA NAV
RTLS NAV
RTLS UPP
M _EFTOTD_TACAN_SL3(2-1) V90U1796CB EF TO TOPO COORD AT TA SITE 3/2-1 ASC AREA NAV
RTLS NAV
RTLS UPP
M _EFTOTD_TACAN_SL3( 2-2) V90U1797CB EF TO TOPO COORD AT TA SITE 3/2-2 ASC AREA NAV
RTLS NAV
RTLS UPP
M _EFTOTD_TACAN_SL3( 2- 3) V90U1798CB EF TO TOPO COORD AT TA SITE 3/2-3 ASC AREA NAV
RTLS NAV
RTLS UPP
M _EFTOTD_TACAN_SL3( 3-1) V90U1799CB EF TO TOPO COORD AT TA SITE 3/3-1 ASC AREA NAV
RTLS NAV
RTLS UPP
M _EFTOTD_TACAN_SL3( 3-2) V90U1800CB EF TO TOPO COORD AT TA SITE 3/3-2 ASC AREA NAV
RTLS NAV
RTLS UPP
M _EFTOTD_TACAN_SL3( 3- 3) V90U1801CB EF TO TOPO COORD AT TA SITE 3/3-3 ASC AREA NAV
RTLS NAV
RTLS UPP
RD TAC SL(1) VO0H1861CB GEODETI C RADI US AT TACAN SITE 1 ASC AREA NAV FT
RD TAC SL(2) VIO0H1862CB GEODETI C RADI US AT TACAN SI TE 2 ASC AREA NAV FT
RD TAC SL(3) VO0H1863CB GEODETI C RADI US AT TACAN SI TE 3 ASC AREA NAV FT
RUNWAY_NAME_PSL VO7U5681CB  RUNWAY NAME PRI ME LND SI TE HORI Z SIT DI SP
RUNWAY_NAME_SSL VI7U5682CB  RUNWAY NAME SEC LND SI TE HORI Z SIT DI SP
RW I D_UPP VI95X0234XB OTT FI RST PASS FLAG RTLS UPP 90072
RW NAVE VO0U1916CB CURRENT LANDI NG SI TE SELECTED RTLS UPP
RW NAME_SEL V94U5528C RUNWAY NAME SELECTED LANDI NG SI TE ASC BRG DI SP ND VAR 93090E
RW SELECT V93X4523XB PRI/ SEC RUNWAY SELECTI ON | NDI CATOR HORIZ SIT DI SP
RW SEL_OPS1 VO3W4356C RUNWAY SEL CARRYOVER TO OPS3 ENT SI TE LOOKUP 79865D
R AZMLS EF(1) VO0H1828CB X- COVWP EF POS VCT OF MLS AZ ANT RTLS NAV
R AZMLS_EF(2) VO0H1829CB Y- COWP EF POS VCT OF MLS AZ ANT RTLS NAV
R AZMLS_EF(3) VO0H1830CB Z- COWP EF POS VCT OF MLS AZ ANT RTLS NAV
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FSSR NAME

M/SID

NOMENCLATURE

DESTINATION
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TABLE 4.5.2.4-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT SITE LOOKUP (G4.238)

UNITS DATA
TYPE

LASTCR R

R CC LMAG PRI
R CC_L_PRI (1)
R CC_L_PRI (2)
R CC L_PRI(3)
R_CC_RMAG PRI
R CC_R PRI (1)
R_CC_R PRI (2)
R CC R PRI (3)
R ELM.S_EF(1)
R_ELM.S_EF(2)

R_ELM.S_EF(3)
R LS EF(1)

R LS _EF(2)

R LS EF(3)

R_RM.S_EF( 1)
R_RM.S_EF( 2)
R_RMLS_EF(3)

R_TACAN_EFSL1( 1)

R_TACAN_EFSL1(2)

VO0H1931CB
VO0H1925CB
VO0H1926CB
VO0H1927CB
VO0H1932CB
VO0H1928CB
VI0H1929CB
V90H1930CB
VI0H1825CB
VO0H1826CB

VO0H1827CB
V90H1900CB

VI0H1901CB

V90H1902CB

VO0H1831CB
VO0H1832CB
VO0H1833CB
VO0H1834CB

VI0H1835CB

MAG OF

X- COWP

Z- COWP

MAG OF

X- COWP

Z- COWP

X- COWP
Y- COWP

X- COWP

Y- COWP

Z- COWP

X- COWP
Y- COWP

X- COWP

Y- COWP

PCS VCT HAC LFT SIDE RW
PCS VCT HAC LFT SIDE RW
PCS VCT HAC LFT SIDE RW
PCS VCT HAC LFT SIDE RW
PCS VCT HAC RHT SI DE RW
PCS VCT HAC RHT SI DE RW
PCS VCT HAC RHT SI DE RW
PCS VCT HAC RHT SI DE RW
EF POS VCT MLS ELEV ANT
EF POS VCT MLS ELEV ANT

EF POS VCT MLS ELEV ANT
LDG SI TE PCS VCT- EF COORD

LDG SI TE PCS VCT- EF COORD

LDG SI TE PCS VCT- EF COORD

EF PCS VCT S

EF PCS VCT S RNG ANT
EF PCS VCT OF S RNG ANT
EF POS VECTOR OF TACAN 1

RNG ANT

RQ

M
M
M

EF POS VECTOR OF TACAN 1

ASC AREA NAV
RTLS UPP
ASC AREA NAV
RTLS UPP
ASC AREA NAV
RTLS UPP
ASC AREA NAV
RTLS UPP
ASC AREA NAV
RTLS UPP
ASC AREA NAV
RTLS UPP
ASC AREA NAV
RTLS UPP
ASC AREA NAV
RTLS UPP
RTLS NAV
RTLS NAV
RTLS NAV
ASC 2STG GUI D
ASC AREA NAV
ASC BRG SPEC
ASC UPP

RTLS UPP
ASC 2STG GUJI D
ASC AREA NAV
ASC BRG SPEC
ASC UPP

RTLS UPP
ASC 2STG GUJI D
ASC AREA NAV
ASC BRG SPEC
ASC UPP

RTLS UPP
RTLS NAV
RTLS NAV
RTLS NAV
ASC AREA NAV
RTLS NAV
RTLS UPP
TACAN RM
ASC AREA NAV
RTLS NAV
RTLS UPP
TACAN RM

FT

FT

FT

FT

FT

FT

FT

FT

FT

FT

FT

90291B

90291B

90291B

90291B

90291B

90291B

90291B

90291B

93090E

93090E

93090E



TABLE 4.5.2.4-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT SITE LOOKUP (G4.238)

FSSR NAME

M/SID

NOMENCLATURE

DESTINATION

UNITS DATA
TYPE

OMm?2>XT

LASTCR R

R TACAN_EFSL1(3)

R_TACAN_EFSL2( 1)

R_TACAN_EFSL2( 2)

R TACAN_EFSL2(3)

R TACAN_EFSL3(1)

R TACAN_EFSL3(2)

R TACAN_EFSL3(3)

R_TACAN_EF_AUTO( 1)
R_TACAN_EF_AUTQ( 2)
R_TACAN_EF_AUTQ( 3)
SEL_SITE_I D

TACAN_CHAN VALI D_SL1

TACAN_CHAN VALI D_SL2

TACAN_CHAN VALI D SL3

TACAN_| D( 1)

335

V90H1836CB

VO0H1837CB

VO0H1838CB

VO0H1839CB

V90H1840CB

VO0H1841CB

VO0H1842CB

VI0H3575CB
VI0H3576CB
VO0H3577CB
VI0UO378CA

V90X1858XB

V90X1859XB

V90X1860XB

Vo0uU1802CB

Z- COMP EF POS VECTOR OF TACAN

X- COW EF POS VECTOR OF TACAN

Y- COWP EF POS VECTOR OF TACAN

Z- COMP EF POS VECTOR OF TACAN

X- COW EF POS VECTOR OF TACAN

Y- COW EF POS VECTOR OF TACAN

Z- COMP EF POS VECTOR OF TACAN

X-COW, EF POS VCTR, AUTO SEL
Y- COW, EF POS VCTR, AUTO SEL
Z- COWP, EF PCS VCTR, AUTO SEL
SELECTED LANDI NG SI TE I D

TAC
TAC
TAC

TACAN CHANNEL VALIDITY FLAG( TAC 1)

TACAN CHANNEL VALIDITY FLAG TAC 2)

TACAN CHANNEL VALI DI TY FLAG TAC 3)

TACAN 1 GND STA CHAN

ASC AREA NAV
RTLS NAV
RTLS UPP
TACAN RM
ASC AREA NAV
RTLS NAV
RTLS UPP
TACAN RM
ASC AREA NAV
RTLS NAV
RTLS UPP
TACAN RM
ASC AREA NAV
RTLS NAV
RTLS UPP
TACAN RM
ASC AREA NAV
RTLS NAV
RTLS UPP
TACAN RM
ASC AREA NAV
RTLS NAV
RTLS UPP
TACAN RM
ASC AREA NAV
RTLS NAV
RTLS UPP
TACAN RM
RTLS UPP
RTLS UPP
RTLS UPP

GPS SOP

MEDS FC GNC XFER
ASC AREA NAV
MEDS FC GNC XFER
RTLS NAV
RTLS UPP
ASC AREA NAV
RTLS NAV
RTLS UPP
ASC AREA NAV
RTLS NAV
RTLS UPP
HORI Z SIT DI SP
RTLS NAV
TLM

FT

FT

FT

FT

FT

FT

FT

FT DPL

FT DPL

92105B
92105B
92105B
92522D

92522D
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TABLE 4.5.2.4-2. OUTPUT FUNCTIONAL PARAMETERS FROM ASCENT SITE LOOKUP (G4.238)

FSSR NAME M/SID NOMENCLATURE DESTINATION UNITS DATA P LASTCR R
TYPE R E
E \%
C
TACAN_I D( 2) Vo0U1803CB TACAN 2 GND STA CHAN HORI Z SIT DI SP
RTLS NAV
TLM
TACAN_I D( 3) Vo0U1804CB TACAN 3 GND STA CHAN HORI Z SIT DI SP
RTLS NAV
TLM
TAC_CHANGE V93J4464CB SELECTED TACAN CHANNEL HORI Z SIT DI SP
TAC_CHAN _OLD(1) V95U5023CB  PREV VALUE TAC CHAN FOR LRU 1 TACAN SOP
TAC_CHAN_OLD( 2) V95U5024CB  PREV VALUE TAC CHAN FOR LRU 2 TACAN SOP
TAC_CHAN_OLD( 3) V95U5025CB  PREV VALUE TAC CHAN FOR LRU 3 TACAN SOP
TAC_SEL_OPS1 VO3W4359C  TACAN SEL CARRYOVER TO OPS3 ENT SI TE LOOKUP 79865D
TAL_DECL_FRST_PASS VO0X8657XA TAL ABORT DECLARED FI RST PASS FLAG ASC BRG SPEC 93090E
X_DVEAZ_RW VIO0H1815CB X- COMP RNG/ AZ ANTENNA | N RW COORD  ASC AREA NAV FT 89137C
X_EL_RW VO0H1910CB X-COWMP OF ELEV ANTENNA I N RW COORD ASC AREA NAV FT 89137C
Y_DVEAZ_RW VIO0H1816CB Y- COVP RNG/ AZ ANTENNA | N RW COORD  ASC AREA NAV FT 89137C

NOTE: REFERENCE TABLE 1.3-1 FOR EXPLANATION OF DATA ELEMENTS.

Rate Codes: (HDR Only) 1 =1 sample/sec 2 =5 samples/sec 3 =12.5 samples/sec 4 = 25 samples/sec 5= 100 samples/sec
(HDR and LDR) A =1 sample/sec B =5 sampleg/sec C = 12.5 samples/sec D = 25 samples/sec E = 100 samples/sec



TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
ALTERNATE_SI TE_1(01) VO8US555C  ND S D 4. 124 00  ASl  93090E
ALTERNATE_SI TE_1(02) VO8US556C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_1( 03) VO8US557C  ND S D g: 533 00  ASl  93090E
ALTERNATE_SI TE_1( 04) VO8US558C  ND S D g: 533 00  ASI  93090E
ALTERNATE_SI TE_1( 05) VO8US559C  ND S D g: igi 00  ASI  93090E
ALTERNATE_SI TE_1( 06) VO8US560C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_1( 07) VO8US561C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_1( 08) VO8U8562C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_1( 09) VO8U8635C  ND S D g: gi 00  ASl  93090E
ALTERNATE_SI TE_1( 10) VO8US636C  ND S D g: gi 00  ASl  93090E
ALTERNATE_SI TE_1(11) VO8US637C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_1(12) VO8US638C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_1(13) VO8US669C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_1( 14) VO8US670C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_1( 15) VO8US671C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_1( 16) VO8US672C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_1(17) VO8US673C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_1(18) VO8US674C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_1(19) VO8US675C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_1( 20) VO8US676C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_1(21) VO8US677C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_1(22) VO8US678C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_1(23) VO8US679C  ND S D g: 533 00  ASl  93090E
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TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
ALTERNATE_SI TE_1( 24) VO8US680C  ND I S D P &.124 00  ASl  93090E
ALTERNATE_SI TE_1( 25) VO8US681C  ND I S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_1( 26) VO8U8682C  ND I S D P g: 533 00  ASl  93090E
ALTERNATE_SI TE_1(27) VO8US683C  ND Il S D P g: 533 00  ASl  93090E
ALTERNATE_SI TE_1( 28) VO8US684C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_1( 29) VO8U8685C  ND Il S D P g: igi 00  ASI  93090E
ALTERNATE_SI TE_1( 30) VO8US686C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_1(31) VO8US687C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_1(32) VO8US688C  ND Il S D P g: gi 00  ASl  93090E
ALTERNATE_SI TE_1(33) VO8US689C  ND Il S D P g: gi 00  ASl  93090E
ALTERNATE_SI TE_1( 34) VO8US690C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_1( 35) VO8US691C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_1( 36) VO8U8733C  ND |l S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_1( 37) VO8U8734C  ND |l S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_1( 38) VO8U8735C  ND |l S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_1( 39) VO8U8736C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_1( 40) VO8U8737C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_1(41) VO8U8738C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_1(42) VO8U8739C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_1(43) VO8US740C  ND |l S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_1(44) VO8US741C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_1(45) VO8U8742C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_2(01) VO8U8743C  ND Il S D P g: zgz 00  ASl  93090E



TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
ALTERNATE_SI TE_2(02) VO8US744C  ND S D 4. 124 00  ASl  93090E
ALTERNATE_SI TE_2( 03) VO8U8745C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_2( 04) VO8US746C  ND S D g: 533 00  ASl  93090E
ALTERNATE_SI TE_2( 05) VO8US747C  ND S D g: 533 00  ASI  93090E
ALTERNATE_SI TE_2( 06) VO8US748C  ND S D g: igi 00  ASI  93090E
ALTERNATE_SI TE_2( 07) VO8US749C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_2( 08) VO8US750C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_2( 09) VO8U8751C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_2( 10) VO8U8752C  ND S D g: gi 00  ASl  93090E
ALTERNATE_SI TE_2(11) VO8U8753C  ND S D g: gi 00  ASl  93090E
ALTERNATE_SI TE_2(12) VO8US754C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_2(13) VO8U8755C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_2( 14) VO8US756C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_2( 15) VO8US757C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_2( 16) VO8US758C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_2(17) VO8US759C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_2(18) VO8US760C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_2(19) VO8US761C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_2( 20) VO8U8762C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_2(21) VO8U8763C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_2(22) VO8US764C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_2(23) VO8US765C  ND S D g: igi 00  ASl  93090E
ALTERNATE_SI TE_2( 24) VO8US766C  ND S D g: 533 00  ASl  93090E
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TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
ALTERNATE_SI TE_2( 25) VO8USS56C  ND I S D P &.124 00  ASl  93090E
ALTERNATE_SI TE_2( 26) VO8USS57C  ND I S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_2(27) VO8USS58C  ND I S D P g: 533 00  ASl  93090E
ALTERNATE_SI TE_2( 28) VO8USS59C  ND Il S D P g: 533 00  ASl  93090E
ALTERNATE_SI TE_2( 29) VO8USS60C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_2( 30) Vo8U8862C  ND Il S D P g: igi 00  ASI  93090E
ALTERNATE_SI TE_2(31) VO8US863C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_2(32) VO8US864C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_2(33) VO8USS65C  ND Il S D P g: gi 00  ASl  93090E
ALTERNATE_SI TE_2( 34) VO8USS66C  ND Il S D P g: gi 00  ASl  93090E
ALTERNATE_SI TE_2( 35) VO8USS67C  ND |l S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_2( 36) VO8USS68C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_2( 37) VO8USS69C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_2( 38) Vo8USS70C  ND |l S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_2( 39) Vo8US871C  ND |l S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_2( 40) Vo8US872C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_2(41) Vo8US873C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_2(42) VO8USS74C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_2(43) VO8USS75C  ND Il S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_2(44) VO8USS76C  ND |l S D P g: igi 00  ASl  93090E
ALTERNATE_SI TE_2( 45) VO8USS77C  ND Il S D P g: igi 00  ASl  93090E
ALT_ABOVE_ELLI PSO D_MAXI (01) Vo8U8021C  FT F S D C g: igi 00  EO1  90000E
ALT_ABOVE_ELLI PSOl D_MAXI (02) Vo8U8022C  FT F S D C g: zgz 00  EO01  90000E
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FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
ALT_ABOVE_ELLI PSOl D_MAXI ( 03) Vo8U8023C  FT S D C &.124 00  E02 90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 04) Vo8U8024C  FT S D C g: igi 00  E02  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 05) VO8U8025C  FT S D C g: 533 00  E03  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 06) VO8U8026C  FT S D C g: 533 00  E03  90000E
ALT_ABOVE_ELLI PSOl D_MAXI (07) Vo8U8027C  FT S D C g: igi 00  E04  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 08) Vo8U8028C  FT S D C g: igi 00  E04  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 09) VO8U8029C  FT S D C g: igi 00  EO05 90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 10) VO8US030C  FT S D C g: igi 00  EO05 90000E
ALT_ABOVE_ELLI PSO D_MAXI ( 11) Vo8US031C  FT S D C g: gi 00  E06  90000E
ALT_ABOVE_ELLI PSO D_MAXI ( 12) Vo8U8032C  FT S D C g: gi 00  E06  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 13) VO8US033C  FT S D C g: igi 00  EO7  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 14) Vo8U8034C  FT S D C g: igi 00  EO7  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 15) VO8US035C  FT S D C g: igi 00  E08  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 16) VO8US036C  FT S D C g: igi 00  E08  90000E
ALT_ABOVE_ELLI PSO D_MAXI ( 17) Vo8US037C  FT S D C g: igi 00  E09  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 18) Vo8US038C  FT S D C g: igi 00  E09  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 19) VO8US039C  FT S D C g: igi 00  E10  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 20) Vo8US040C  FT S D C g: igi 00  E10 90000E
ALT_ABOVE_ELLI PSO D_MAXI ( 21) Vo8U8041C  FT S D C g: igi 00  E11  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 22) Vo8U8042C  FT S D C g: igi 00  E11  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 23) Vo8US043C  FT S D C g: igi 00  E12  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 24) Vo8US044C  FT S D C g: igi 00  E12  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 25) Vo8US045C  FT S D C g: 533 00  E13  90000E
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v
ALT_ABOVE_ELLI PSOl D_MAXI ( 26) VO8US046C  FT S D C &.124 00  E13  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 27) Vo8US047C  FT S D C g: igi 00 E14 DC2123
ALT_ABOVE_ELLI PSOl D_MAXI ( 28) Vo8US048C  FT S D C g: 533 00 E14 DC2123
ALT_ABOVE_ELLI PSOl D_MAXI ( 29) VO8US049C  FT S D C g: 533 00  E15 90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 30) VO8USO50C  FT S D C g: igi 00 E15  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 31) VO8US001C  FT S D C g: igi 00 E16  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 32) Vo8U8002C  FT S D C g: igi 00  E16  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 33) VO8US003C  FT S D C g: igi 00  E17  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 34) VO8US004C  FT S D C g: gi 00  E17  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 35) VO8US005C  FT S D C g: gi 00  E18  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 36) VO8US006C  FT S D C g: igi 00  E18  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 37) VO8US007C  FT S D C g: igi 00 E19  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 38) Vo8US008C  FT S D C g: igi 00 E19  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 39) VO8US009C  FT S D C g: igi 00  E20 90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 40) Vo8US010C  FT S D C g: igi 00 E20 90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 41) Vo8U8011C  FT S D C g: igi 00 E21  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 42) Vo8U8012C  FT S D C g: igi 00  E21  90000E
ALT_ABOVE_ELLI PSOl D_MAXI (43) Vo8US013C  FT S D C g: igi 00  E22 DC1923A
ALT_ABOVE_ELLI PSOl D_MAXI ( 44) Vo8U8014C  FT S D C g: igi 00  E22 DC1923A
ALT_ABOVE_ELLI PSOl D_MAXI ( 45) VO8US015C  FT S D C g: igi 00  E23  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 46) VO8US016C  FT S D C g: igi 00  E23  90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 47) Vo8US017C  FT S D C g: igi 00  E24 DC1923A
ALT_ABOVE_ELLI PSOl D_MAXI (48) Vo8U8018C  FT S D C g zgz 00 E24 DC1923A
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FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
ALT_ABOVE_ELLI PSOl D_MAXI ( 49) Vo8U8019C  FT S D C &.124 00  E25 90000E
ALT_ABOVE_ELLI PSOl D_MAXI ( 50) VO8US020C  FT S D C g: igi 00  E25 90000E
ALT_ABOVE_ELLI PSO D_MAXI ( 51) Vo7U5221C  FT S D C g: 533 00 E26 92517C
ALT_ABOVE_ELLI PSO D_MAXI ( 52) VO7U5222C  FT S D C g: 533 00 E26 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 53) VO7U5223C  FT S D C g: 533 00  E27 92517C
ALT_ABOVE_ELLI PSO D_MAXI ( 54) VO7U5224C  FT S D C g: 533 00  E27 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 55) VO7U5225C  FT S D C g: 533 00 E28 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 56) VO7U5226C  FT S D C g: 533 00  E28 92517C
ALT_ABOVE_ELLI PSO D_MAXI ( 57) VO7U5227C  FT S D C g: 533 00 E29 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 58) VO7U5228C  FT S D C g: 533 00 E29 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 59) VO7U5229C  FT S D C g: igi 00  E30 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 60) VO7U5230C  FT S D C g: igi 00 E30 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 61) VO7U5266C  FT S D C g: 533 00  E31 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 62) VO7U5267C  FT S D C g: 533 00  E31 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 63) VO7U5268C  FT S D C g: igi 00  E32 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 64) VO7U5269C  FT S D C g: igi 00  E32 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 65) VO7U5270C  FT S D C g: igi 00  E33 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 66) VO7U5271C  FT S D C g: igi 00  E33 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 67) VO7U5272C  FT S D C g: igi 00  E34 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 68) VO7U5273C  FT S D C g: igi 00  E34 92517C
ALT_ABOVE_ELLI PSO D_MAXI ( 69) VO7U5274C  FT S D C g: igi 00 E35 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 70) VO7U5275C  FT S D C g: igi 00 E35 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 71) VO7U5386C  FT S D C g: igi 00  E36 92517C
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v
ALT_ABOVE_ELLI PSOl D_MAXI ( 72) VO7U5387C  FT S D C &.124 00  E36 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 73) VO7U5388C  FT S D C g: igi 00  E37 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 74) VO7U5389C  FT S D C g: 533 00  E37 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 75) VO7U5390C  FT S D C g: 533 00  E38 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 76) VO7U5391C  FT S D C g: igi 00  E38 92517C
ALT_ABOVE_ELLI PSO D_MAXI ( 77) VO7U5392C  FT S D C g: igi 00 E39 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 78) VO7U5393C  FT S D C g: igi 00 E39 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 79) VO7U5394C  FT S D C g: 533 00  E40 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 80) VO7U5395C  FT S D C g: gi 00  E40 92517C
ALT_ABOVE_ELLI PSO D_MAXI ( 81) Vo7U5441C  FT S D C g: 533 00  E41  92517C
ALT_ABOVE_ELLI PSO D_MAXI ( 82) VO7U5442C  FT S D C g: 533 00  E41 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 83) VO7U5443C  FT S D C g: 533 00  E42 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 84) VO7U5444C  FT S D C g: 533 00  E42 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 85) VO7U5445C  FT S D C g: 533 00  E43 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 86) VO7U5446C  FT S D C g: igi 00  E43 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 87) VO7U5447C  FT S D C g: igi 00  E44 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 88) VO7U5448C  FT S D C g: igi 00  E44 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 89) VO7U5449C  FT S D C g: igi 00  E45 92517C
ALT_ABOVE_ELLI PSOl D_MAXI ( 90) VO7U5450C  FT S D C g: igi 00  E45 92517C
ALT_M.SEL(01) Vo8U8052C  FT S D P g: igi 00 EML  90000E
ALT_M.SEL(02) VO8US053C  FT S D P g: igi 00 EM.  90000E
ALT_M.SEL(03) VO8US054C  FT S D P g: igi 00 EML  90000E
ALT_M.SEL(04) VO8USO55C  FT S D P g: zgz 00 EML  90000E



TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
ALT_M.SEL( 10) VO9U7656C  FT S D &4 124 00 EML  90000E
ALT_M.SEL(11) Vo8U7971C  FT S D g: igi 00 EML  90000E
ALT_M.SEL(12) Vo8U7973C  FT S D g: 533 00 EML  90000E
ALT_M.SEL(13) VO8U7989C  FT S D g: 533 00 EML  90000E
ALT_M.SEL( 14) VO8US000C  FT S D g: igi 00 EML  90000E
ALT_M.SEL( 15) VO8US051C  FT S D g: igi 00 EML  90000E
ALT_M.SEL(5) VO8U9258CB  FT S D g: igi 00 EML  90000E
ALT_M.SEL( 6) VO8U9259CB  FT S D g: igi 00 EML  90000E
ALT_M.SEL(7) VO8U9258CC  FT S D g: gi 00 EML  90000E
ALT_M.SEL( 8) VO8U9259CC  FT S D g: igi 00 EML  90000E
ALT_M.SEL(9) VooU7642C  FT S D g: igi 00 EML  90000E
ALT_M.S_R AZ(01) VO8US064C  FT S D g: igi 00 EML  90000E
ALT_M.S_R AZ(02) VO8UBO65C  FT S D g: igi 00 EML  90000E
ALT_M.S_R AZ(03) VO8USO66C  FT S D g: igi 00 EML  90000E
ALT_M.S_R AZ(04) VO8USO67C  FT S D g: igi 00 EML  90000E
ALT_M.S_R AZ(10) VO9U7660C  FT S D g: igi 00 EML  90000E
ALT_M.S_R AZ(11) VO8U7925C  FT S D g: igi 00 EML  90000E
ALT_M.S R AZ(12) VO8U7926C  FT S D g: igi 00 EML  90000E
ALT_M.S_R AZ(13) VO8U7968C  FT S D g: igi 00 EML  90000E
ALT_M.S_R AZ(14) VO8U7969C  FT S D g: igi 00 EML  90000E
ALT_M.S_R_AZ(15) Vo8U7970C  FT S D g: igi 00 EM.  90000E
ALT_M.S_R AZ(5) VO8USO74CB  FT S D g: igi 00 EML  90000E
ALT_M.S_R AZ(6) VO8USO75CB  FT S D g: 533 00 EML  90000E
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v
ALT_M.S R AZ(7) VO8US074CC  FT F S D P 4124 00 EML  90000E
ALT_M.S_R AZ(8) VO8USO75CC  FT F S D P g: igi 00 EML  90000E
ALT_M.S_R_AZ(9) VOOU7646C  FT F S D P g: 533 00 EML  90000E
Bl AS_AZM.S( 01) VO8US268C  RAD F S D P g: 533 00 EML  90000E
Bl AS_AZM.S( 02) VO8US269C  RAD F S D P g: igi 00 EML  90000E
Bl AS_AZM_S( 03) VO8US270C  RAD F S D P g: igi 00 EML  90000E
Bl AS_AZM_S( 04) VO8U8271C  RAD F S D P g: 533 00 EML  90000E
Bl AS_AZM.S( 10) VO9U7662C  RAD F S DP g: igi 00 EML  90000E
Bl AS_AZM.S( 11) VO8US056C  RAD F S D P g: gi 00 EML  90000E
Bl AS_AZM.S( 12) VO8US057C  RAD F S D P g: igi 00 EML  90000E
Bl AS_AZM.S( 13) VO8US058C  RAD F S D P g: igi 00 EML  90000E
Bl AS_AZM.S( 14) VO8US059C  RAD F S D P g: igi 00 EML  90000E
Bl AS_AZM_S( 15) VO8US060C  RAD F S D P g: igi 00 EML  90000E
Bl AS_AZM.S( 5) VO8U9264CB  RAD F S DP g: 533 00 EML  90000E
Bl AS_AZM.S( 6) VO8U9265CB  RAD F S D P g: igi 00 EML  90000E
Bl AS_AZMLS( 7) VO8U9264CC  RAD F S DP g: igi 00 EML  90000E
Bl AS_AZM.S( 8) VO8U9265CC  RAD F S D P g: igi 00 EM.  90000E
Bl AS_AZM.S( 9) VO9U7648C  RAD F S D P g: igi 00 EML  90000E
Bl AS_ELM.S( 01) VO8U8280C  RAD F S D P g: igi 00 EML  90000E
Bl AS_ELM.S( 02) Vo8U8281C  RAD F S D P g: igi 00 EML  90000E
Bl AS_ELM.S( 03) Vo8U8282C  RAD F S D P g: igi 00 EM.  90000E
Bl AS_ELM.S( 04) Vo8U8283C  RAD F S DP g: igi 00 EML  90000E
Bl AS_ELM.S( 10) VO9U7663C  RAD F S D P g: zgz 00 EML  90000E
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Bl AS_ELM.S(11) VO8US061C  RAD F S D P &.124 00 EML  90000E
Bl AS_ELM.S( 12) VO8US062C  RAD F S D P g: igi 00 EML  90000E
Bl AS_ELM.S( 13) VO8US063C  RAD F S D P g: 533 00 EML  90000E
Bl AS_ELM.S( 14) VO8US068C  RAD F S D P g: 533 00 EML  90000E
Bl AS_ELM.S( 15) VO8US069C  RAD F S D P g: igi 00 EML  90000E
Bl AS_ELM.S( 5) VO7U5248CB  RAD F S D P g: 533 00 EML  90000E
Bl AS_ELM.S( 6) VO7U5249CB  RAD F S D P g: 533 00 EML  90000E
Bl AS_ELM.S(7) VO7U5248CC  RAD F S DP g: 533 00 EML  90000E
Bl AS_ELM.S( 8) VO7U5249CC  RAD F S DP g: 533 00 EML  90000E
Bl AS_ELM.S( 9) VO9U7649C  RAD F S D P g: igi 00 EML  90000E
Bl AS_M_SRANGE( 01) Vo8U8292C  FT F S D P g: igi 00 EML  90000E
Bl AS_M_SRANGE( 02) Vo8U8293C  FT F S D P g: igi 00 EML  90000E
Bl AS_M_SRANGE( 03) VO8U8294C  FT F S D P g: igi 00 EML  90000E
Bl AS_M_SRANGE( 04) VO8U8295C  FT F S D P g: igi 00 EML  90000E
Bl AS_M_SRANGE( 10) VOOU7664C  FT F S D P g: igi 00 EML  90000E
Bl AS_M_SRANGE( 11) Vo8US070C  FT F S DP g: igi 00 EML  90000E
Bl AS_M_SRANGE( 12) Vo8US071C  FT F S D P g: igi 00 EML  90000E
Bl AS_M_SRANGE( 13) Vo8U8072C  FT F S D P g: igi 00 EML  90000E
Bl AS_M_SRANGE( 14) Vo8US073C  FT F S DP g: igi 00 EML  90000E
Bl AS_M_SRANGE( 15) Vo8US076C  FT F S D P g: igi 00 EML  90000E
Bl AS_M_SRANGE( 5) VO8U9262CB  FT F S D P g: igi 00 EM.  90000E
Bl AS_M_SRANGE( 6) VO8U9263CB  FT F S D P g: igi 00 EML  90000E
Bl AS_M_SRANGE( 7) VO8U9262CC  FT F S DP g: igi 00 EML  90000E
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Bl AS_M_SRANGE( 8) V98U9263CC  FT S D P &.124 00 EML  90000E
Bl AS_M.SRANGE( 9) VO9U7650C  FT S D P g: igi 00 EML  90000E
EL_SCANNER_BEARI NG( 01) VO8US463C  RAD S D P g: 533 00 EML  90000E
EL_SCANNER_BEARI NG( 02) VO8US464C  RAD S D P g: 533 00 EML  90000E
EL_SCANNER_BEARI NG( 03) VO8US465C  RAD S D P g: igi 00 EML  90000E
EL_SCANNER_BEARI NG( 04) VO8US466C  RAD S D P g: igi 00 EML  90000E
EL_SCANNER_BEARI NG( 10) VO9U7657C  RAD S D P g: igi 00 EML  90000E
EL_SCANNER_BEARI NG( 11) VO8US077C  RAD S D P g: igi 00 EML  90000E
EL_SCANNER_BEARI NG( 12) Vo8US078C  RAD S D P g: gi 00 EML  90000E
EL_SCANNER_BEARI NG( 13) VO8US079C  RAD S D P g: gi 00 EML  90000E
EL_SCANNER_BEARI NG( 14) VO8US080C  RAD S D P g: igi 00 EML  90000E
EL_SCANNER_BEARI NG( 15) Vo8US081C  RAD S D P g: igi 00 EML  90000E
EL_SCANNER_BEARI NG( 5) VO8U9260CB  RAD S D P g: igi 00 EML  90000E
EL_SCANNER_BEARI NG( 6) VO8U9261CB  RAD S D P g: 533 00 EML  90000E
EL_SCANNER_BEARI NG( 7) VO8U9260CC  RAD S D P g: igi 00 EML  90000E
EL_SCANNER_BEARI NG&( 8) VO8U9261CC  RAD S D P g: igi 00 EML  90000E
EL_SCANNER_BEARI NG( 9) VO9U7643C  RAD S D P g: igi 00 EM.  90000E
LATI TUDE_GECDETI C_MAXI (01) VO8U8520C  RAD S D C g: igi 00  EO1  90000E
LATI TUDE_GECDETI C_MAXI ( 02) VO8U8521C  RAD S D C g: igi 00  EO1  90000E
LATI TUDE_GECDETI C_MAXI ( 03) VO8U8522C  RAD S D C g: igi 00  E02  90000E
LATI TUDE_GECDETI C_MAXI ( 04) VO8U8523C  RAD S D C g: igi 00  E02  90000E
LATI TUDE_GECDETI C_MAXI ( 05) VO8U8524C  RAD S D C g: igi 00  E03  90000E
LATI TUDE_GECDETI C_MAXI ( 06) VO8UB525C  RAD S D C g: zgz 00  E03  90000E



TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
LATI TUDE_GECDETI C_MAXI (07) VO8US526C  RAD S D C &.124 00  E04  90000E
LATI TUDE_GECDETI C_MAXI ( 08) VO8U8527C  RAD S D C g: igi 00  E04  90000E
LATI TUDE_GECDETI C_MAXI ( 09) VO8US528C  RAD S D C g: 533 00  EO05 90000E
LATI TUDE_GECDETI C_MAXI ( 10) VO8US529C  RAD S D C g: 533 00  EO05 90000E
LATI TUDE_GECDETI C_MAXI (11) VO8US530C  RAD S D C g: igi 00  E06  90000E
LATI TUDE_GECDETI C_MAXI (12) VO8U8531C  RAD S D C g: igi 00  E06  90000E
LATI TUDE_GECDETI C_MAXI ( 13) VO8U8532C  RAD S D C g: igi 00  EO7  90000E
LATI TUDE_GECDETI C_MAXI ( 14) VO8US533C  RAD S D C g: igi 00  EO7  90000E
LATI TUDE_GECDETI C_MAXI ( 15) VO8U8534C  RAD S D C g: gi 00  E08  90000E
LATI TUDE_GECDETI C_MAXI ( 16) VO8US535C  RAD S D C g: gi 00  E08  90000E
LATI TUDE_GECDETI C_MAXI (17) VO8US536C  RAD S D C g: igi 00  E09  90000E
LATI TUDE_GECDETI C_MAXI ( 18) VO8U8537C  RAD S D C g: igi 00  E09  90000E
LATI TUDE_GECDETI C_MAXI ( 19) VO8US538C  RAD S D C g: igi 00  E10  90000E
LATI TUDE_GECDETI C_MAXI ( 20) VO8US539C  RAD S D C g: igi 00  E10  90000E
LATI TUDE_GECDETI C_MAXI ( 21) VO8US540C  RAD S D C g: igi 00  E11  90000E
LATI TUDE_GECDETI C_MAXI ( 22) VO8US541C  RAD S D C g: igi 00  E11  90000E
LATI TUDE_GECDETI C_MAXI ( 23) VO8U8542C  RAD S D C g: igi 00  E12  90000E
LATI TUDE_GECDETI C_MAXI ( 24) VO8U8543C  RAD S D C g: igi 00  E12  90000E
LATI TUDE_GECDETI C_MAXI ( 25) VO8US544C  RAD S D C g: igi 00  E13  90000E
LATI TUDE_GECDETI C_MAXI ( 26) VO8U8545C  RAD S D C g: igi 00  E13  90000E
LATI TUDE_GECDETI C_MAXI ( 27) VO8US546C  RAD S D C g: igi 00 E14 DC2123
LATI TUDE_GECDETI C_MAXI ( 28) VO8US547C  RAD S D C g: igi 00 E14 DC2123
LATI TUDE_GECDETI C_MAXI ( 29) VO8US548C  RAD S D C g: 533 00 E15 90000E
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LATI TUDE_GECDETI C_MAXI ( 30) VO8US549C  RAD F S D C ®.124 00  E15  90000E
LATI TUDE_GECDETI C_MAXI (31) VO8US091C  RAD F S DC g: igi 00 E16  90000E
LATI TUDE_GECDETI C_MAXI ( 32) VO8US092C  RAD F S D C g: 533 00  E16  90000E
LATI TUDE_GECDETI C_MAXI ( 33) VO8US093C  RAD F S D C g: 533 00  E17  90000E
LATI TUDE_GECDETI C_MAXI ( 34) VO8US094C  RAD F S D C g: igi 00  E17  90000E
LATI TUDE_GECDETI C_MAXI ( 35) VO8US095C  RAD F S D C g: igi 00  E18  90000E
LATI TUDE_GECDETI C_MAXI ( 36) VO8US096C  RAD F S D C g: igi 00  E18  90000E
LATI TUDE_GECDETI C_MAXI ( 37) VO8US097C  RAD F S D C g: igi 00 E19  90000E
LATI TUDE_GECDETI C_MAXI ( 38) VO8US098C  RAD F S D C g: gi 00 E19  90000E
LATI TUDE_GECDETI C_MAXI ( 39) VO8US099C  RAD F S DC g: gi 00 E20 90000E
LATI TUDE_GECDETI C_MAXI ( 40) VO8US100C  RAD F S D C g: igi 00  E20 90000E
LATI TUDE_GECDETI C_MAXI (41) VO8US101C  RAD F S D C g: igi 00 E21  90000E
LATI TUDE_GECDETI C_MAXI (42) VO8U8102C  RAD F S D C g: igi 00 E21  90000E
LATI TUDE_GECDETI C_MAXI (43) VO8US103C  RAD F S D C g: 533 00  E22 DC1923A
LATI TUDE_GECDETI C_MAXI ( 44) VO8US104C  RAD F S D C g: igi 00  E22 DC1923A
LATI TUDE_GECDETI C_MAXI ( 45) VO8US105C  RAD F S DC g: igi 00  E23  90000E
LATI TUDE_GECDETI C_MAXI ( 46) VO8US106C  RAD F S DC g: igi 00  E23  90000E
LATI TUDE_GECDETI C_MAXI (47) VO8US107C  RAD F S D C g: igi 00  E24 DC1923A
LATI TUDE_GECDETI C_MAXI ( 48) VO8US108C  RAD F S D C g: igi 00  E24 DC1923A
LATI TUDE_GECDETI C_MAXI ( 49) VO8US109C  RAD F S D C g: igi 00  E25 90000E
LATI TUDE_GECDETI C_MAXI ( 50) VO8US110C  RAD F S DC g: igi 00 E25 90000E
LATI TUDE_GECDETI C_MAXI (51) VO7U5471C  RAD F S D C g: igi 00  E26 92517C
LATI TUDE_GECDETI C_MAXI (52) VO7U5472C  RAD F S D C g zgz 00  E26 92517C
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FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
LATI TUDE_GECDETI C_MAXI ( 53) VO7U5473C  RAD S D C ®.124 00  E27 92517C
LATI TUDE_GECDETI C_MAXI ( 54) VO7U5474C  RAD S D C g: igi 00  E27 92517C
LATI TUDE_GECDETI C_MAXI ( 55) VO7U5475C  RAD S D C g: 533 00 E28 92517C
LATI TUDE_GECDETI C_MAXI ( 56) VO7U5476C  RAD S D C g: 533 00  E28 92517C
LATI TUDE_GECDETI C_MAXI (57) VO7U5477C  RAD S D C g: 533 00 E29 92517C
LATI TUDE_GECDETI C_MAXI ( 58) VO7U5478C  RAD S D C g: 533 00 E29 92517C
LATI TUDE_GECDETI C_MAXI ( 59) VO7U5479C  RAD S D C g: igi 00  E30 92517C
LATI TUDE_GECDETI C_MAXI ( 60) VO7U5480C  RAD S D C g: igi 00  E30 92517C
LATI TUDE_GECDETI C_MAXI ( 61) VO7U5481C  RAD S D C g: 533 00  E31 92517C
LATI TUDE_GECDETI C_MAXI ( 62) VO7U5482C  RAD S D C g: 533 00  E31 92517C
LATI TUDE_GECDETI C_MAXI ( 63) VO7U5483C  RAD S D C g: 533 00  E32 92517C
LATI TUDE_GECDETI C_MAXI ( 64) VO7U5484C  RAD S D C g: 533 00  E32 92517C
LATI TUDE_GECDETI C_MAXI ( 65) VO7U5485C  RAD S D C g: igi 00  E33 92517C
LATI TUDE_GECDETI C_MAXI ( 66) VO7U5486C  RAD S D C g: igi 00  E33 92517C
LATI TUDE_GECDETI C_MAXI ( 67) VO7U5487C  RAD S D C g: igi 00  E34 92517C
LATI TUDE_GECDETI C_MAXI ( 68) VO7U5488C  RAD S D C g: igi 00  E34 92517C
LATI TUDE_GECDETI C_MAXI ( 69) VO7U5489C  RAD S D C g: igi 00 E35 92517C
LATI TUDE_GECDETI C_MAXI ( 70) VO7U5490C  RAD S D C g: igi 00  E35 92517C
LATI TUDE_GECDETI C_MAXI ( 71) VO7U5518C  RAD S D C g: igi 00  E36 92517C
LATI TUDE_GECDETI C_MAXI ( 72) VO7U5519C  RAD S D C g: igi 00  E36 92517C
LATI TUDE_GECDETI C_MAXI ( 73) VO7U5520C  RAD S D C g: igi 00  E37 92517C
LATI TUDE_GECDETI C_MAXI ( 74) VO7U5521C  RAD S D C g: igi 00  E37 92517C
LATI TUDE_GECDETI C_MAXI ( 75) VO7U5522C  RAD S D C g: 533 00  E38 92517C
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v
LATI TUDE_GECDETI C_MAXI ( 76) VO7U5523C  RAD F S D C ®.124 00  E38 92517C
LATI TUDE_GECDETI C_MAXI (77) VO7U5524C  RAD F S D C g: igi 00 E39 92517C
LATI TUDE_GECDETI C_MAXI ( 78) VO7U5525C  RAD F S D C g: 533 00 E39 92517C
LATI TUDE_GECDETI C_MAXI ( 79) VO7U5526C  RAD F S D C g: 533 00  E40 92517C
LATI TUDE_GECDETI C_MAXI ( 80) VO7U5527C  RAD F S D C g: 533 00  E40 92517C
LATI TUDE_GECDETI C_MAXI ( 81) VO7U5587C  RAD F S D C g: 533 00  E41 92517C
LATI TUDE_GECDETI C_MAXI ( 82) VO7U5588C  RAD F S D C g: 533 00  E41 92517C
LATI TUDE_GECDETI C_MAXI ( 83) VO7U5589C  RAD F S D C g: 533 00  E42 92517C
LATI TUDE_GECDETI C_MAXI ( 84) VO7U5590C  RAD F S D C g: 533 00  E42 92517C
LATI TUDE_GECDETI C_MAXI ( 85) VO7U5591C  RAD F S D C g: 533 00  E43 92517C
LATI TUDE_GECDETI C_MAXI ( 86) VO7U5592C  RAD F S D C g: 533 00  E43 92517C
LATI TUDE_GECDETI C_MAXI ( 87) VO7U5593C  RAD F S D C g: 533 00  E44 92517C
LATI TUDE_GECDETI C_MAXI ( 88) VO7U5594C  RAD F S D C g: 533 00  E44 92517C
LATI TUDE_GECDETI C_MAXI ( 89) VO7U5595C  RAD F S D C g: 533 00  E45 92517C
LATI TUDE_GECDETI C_MAXI ( 90) VO7U5596C  RAD F S D C g: igi 00  E45 92517C
LAT_M.SEL(01) VO8US498C  RAD F S DP g: igi 00 EML  90000E
LAT_M.SEL(02) VO8US499C  RAD F S D P g: igi 00 EM.  90000E
LAT_M.SEL(03) VO8US500C  RAD F S D P g: igi 00 EML  90000E
LAT_M.SEL( 04) VO8US501C  RAD F S D P g: igi 00 EML  90000E
LAT_M.SEL( 10) VO9U7654C  RAD F S D P g: igi 00 EML  90000E
LAT_M.SEL(11) VO8US087C  RAD F S D P g: igi 00 EM.  90000E
LAT_M.SEL(12) Vo8US088C  RAD F S DP g: igi 00 EML  90000E
LAT_M.SEL( 13) VO8US089C  RAD F S D P g: zgz 00 EML  90000E
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LAT_M.SEL( 14) VO8US090C  RAD S D &4 124 00 EML  90000E
LAT_M.SEL( 15) VO8US266C  RAD S D g: igi 00 EML  90000E
LAT_M.SEL(5) VO8U9254CB  RAD S D g: 533 00 EML  90000E
LAT_M_SEL(6) VO8U9255CB  RAD S D g: 533 00 EML  90000E
LAT_M.SEL(7) VO8U9254CC  RAD S D g: igi 00 EML  90000E
LAT_M_SEL(8) VO8U9255CC  RAD S D g: igi 00 EML  90000E
LAT_M.SEL(9) VO9U7640C  RAD S D g: igi 00 EML  90000E
LAT_M.S_R AZ(01) VO8US486C  RAD S D g: igi 00 EML  90000E
LAT_M.S_R AZ(02) VO8US487C  RAD S D g: gi 00 EML  90000E
LAT_M.S_R AZ(03) Vo8US488C  RAD S D g: igi 00 EML  90000E
LAT_M.S_R AZ(04) VO8US489C  RAD S D g: igi 00 EML  90000E
LAT_M.S_R AZ(10) VO9U7658C  RAD S D g: igi 00 EML  90000E
LAT_M.S_R AZ(11) Vo8US082C  RAD S D g: igi 00 EML  90000E
LAT_M.S_R AZ(12) VO8US083C  RAD S D g: igi 00 EML  90000E
LAT_M.S_R AZ(13) Vo8US084C  RAD S D g: igi 00 EML  90000E
LAT_M.S_R AZ(14) VO8US085C  RAD S D g: igi 00 EML  90000E
LAT_M.S_R AZ(15) VO8US086C  RAD S D g: igi 00 EML  90000E
LAT_M.S R AZ(5) VO8U9246CB  RAD S D g: igi 00 EML  90000E
LAT_M.S_R AZ(6) VO8U9247CB  RAD S D g: igi 00 EML  90000E
LAT_M.S_R AZ(7) VO8U9246CC  RAD S D g: igi 00 EML  90000E
LAT_M.S R AZ(8) VO8U9247CC  RAD S D g: igi 00 EM.  90000E
LAT_M.S R AZ(9) VO9U7644C  RAD S D g: igi 00 EML  90000E
LONGI TUDE_EAST_MAXI (01) VO8US585C  RAD S D g: 533 00  EO01  90000E
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LONG TUDE_EAST_MAXI (02) VO8US586C  RAD F S D C ®.124 00  EO01  90000E
LONG TUDE_EAST_MAXI ( 03) VO8US587C  RAD F S DC g: gi 00  E02  90000E
LONG TUDE_EAST_MAXI ( 04) VO8US588C  RAD F S D C g: gi 00  E02 90000E
LONG TUDE_EAST_MAXI ( 05) VO8UB589C  RAD F S D C g: gi 00  E03  90000E
LONG TUDE_EAST_MAXI ( 06) VO8UB590C  RAD F S D C g: gi 00  E03  90000E
LONG TUDE_EAST_MAXI (07) VO8US591C  RAD F S D C g: gi 00  E04  90000E
LONG TUDE_EAST_MAXI ( 08) VO8U8592C  RAD F S D C g: gi 00  E04  90000E
LONG TUDE_EAST_MAXI ( 09) VO8UB593C  RAD F S D C g: gi 00  EO05 90000E
LONG TUDE_EAST_MAXI ( 10) VO8US594C  RAD F S D C g: gi 00  EO05 90000E
LONG TUDE_EAST_MAXI ( 11) VO8US595C  RAD F S DC g: gi 00  E06  90000E
LONG TUDE_EAST_MAXI ( 12) VO8US596C  RAD F S D C g: gi 00  E06  90000E
LONG TUDE_EAST_MAXI ( 13) VO8US597C  RAD F S D C g: gi 00  EO7  90000E
LONG TUDE_EAST_MAXI ( 14) VO8US598C  RAD F S D C g: gi 00  EO7  90000E
LONG TUDE_EAST_MAXI ( 15) VO8US599C  RAD F S D C g: gi 00  E08  90000E
LONG TUDE_EAST_MAXI ( 16) VO8US600C  RAD F S DC g: gi 00  E08  90000E
LONG TUDE_EAST_MAXI (17) VO8US601C  RAD F S DC g: gi 00  E09  90000E
LONG TUDE_EAST_MAXI ( 18) VO8US602C  RAD F S DC g: gi 00  E09  90000E
LONG TUDE_EAST_MAXI ( 19) VO8US603C  RAD F S DC g: gi 00  E10  90000E
LONG TUDE_EAST_MAXI ( 20) VO8US604C  RAD F S DC g: igi 00  E10  90000E
LONG TUDE_EAST_MAXI ( 21) VO8US605C  RAD F S D C g: igi 00  E11  90000E
LONG TUDE_EAST_MAXI ( 22) VO8US606C  RAD F S D C g: igi 00  E11  90000E
LONG TUDE_EAST_MAXI ( 23) VO8US607C  RAD F S D C g: igi 00  E12  90000E
LONG TUDE_EAST_MAXI (24) VO8US608C  RAD F S D C g: zgz 00 E12  90000E
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LONGI TUDE_EAST_MAXI ( 25) VO8UBB09C  RAD S D C &.124 00  E13  90000E
LONGI TUDE_EAST_MAXI ( 26) VO8US610C  RAD S D C g: igi 00  E13  90000E
LONGI TUDE_EAST_MAXI ( 27) VO8US611C  RAD S D C g: 533 00 E14 DC2123
LONGI TUDE_EAST_MAXI ( 28) VO8U8612C  RAD S D C g: 533 00 E14 DC2123
LONGI TUDE_EAST_MAXI ( 29) VO8US613C  RAD S D C g: igi 00  E15  90000E
LONGI TUDE_EAST_MAXI ( 30) VO8US614C  RAD S D C g: igi 00  E15  90000E
LONGI TUDE_EAST_MAXI ( 31) VO8U8121C  RAD S D C g: igi 00 E16  90000E
LONGI TUDE_EAST_MAXI ( 32) VO8U8122C  RAD S D C g: igi 00 E16  90000E
LONGI TUDE_EAST_MAXI ( 33) VO8U8123C  RAD S D C g: gi 00  E17  90000E
LONG! TUDE_EAST_MAXI ( 34) VO8U8124C  RAD S D C g: gi 00  E17  90000E
LONGI TUDE_EAST_MAXI ( 35) VO8US125C  RAD S D C g: igi 00  E18  90000E
LONGI TUDE_EAST_MAXI ( 36) VO8US126C  RAD S D C g: igi 00  E18  90000E
LONGI TUDE_EAST_MAXI (37) VO8U8127C  RAD S D C g: igi 00 E19  90000E
LONGI TUDE_EAST_MAXI ( 38) VO8US128C  RAD S D C g: igi 00 E19  90000E
LONGI TUDE_EAST_MAXI ( 39) VO8U8129C  RAD S D C g: igi 00 E20 90000E
LONGI TUDE_EAST_MAXI ( 40) Vo8US130C  RAD S D C g: igi 00 E20 90000E
LONGI TUDE_EAST_MAXI ( 41) VO8US131C  RAD S D C g: igi 00 E21  90000E
LONGI TUDE_EAST_MAXI ( 42) Vo8U8132C  RAD S D C g: igi 00  E21  90000E
LONGI TUDE_EAST_MAXI ( 43) VO8US133C  RAD S D C g: igi 00  E22 DC1923A
LONGI TUDE_EAST_MAXI ( 44) VO8US134C  RAD S D C g: igi 00  E22 DC1923A
LONGI TUDE_EAST_MAXI ( 45) VO8U8135C  RAD S D C g: igi 00  E23  90000E
LONGI TUDE_EAST_MAXI ( 46) VO8US136C  RAD S D C g: igi 00  E23  90000E
LONGI TUDE_EAST_MAXI (47) VO8US137C  RAD S D C g: igi 00  E24 DC1923A
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LONGI TUDE_EAST_MAXI ( 48) VO8US138C  RAD F S D C 4124 00  E24 DC1923A
LONGI TUDE_EAST_MAXI ( 49) VO8US139C  RAD F S DC g: igi 00 E25 90000E
LONGI TUDE_EAST_MAXI ( 50) VO8US140C  RAD F S D C g: 533 00 E25 90000E
LONGI TUDE_EAST_MAXI ( 51) VO7U5719C  RAD F S D C g: 533 00  E26 92517C
LONGI TUDE_EAST_MAXI ( 52) VO7U5720C  RAD F S D C g: 533 00  E26 92517C
LONGI TUDE_EAST_MAXI ( 53) VO7U5721C  RAD F S D C g: 533 00  E27 92517C
LONGI TUDE_EAST_MAXI ( 54) VO7U5722C  RAD F S D C g: 533 00 E27 92517C
LONGI TUDE_EAST_MAXI ( 55) VO7U5723C  RAD F S D C g: 533 00  E28 92517C
LONGI TUDE_EAST_MAXI ( 56) VO7U5724C  RAD F S D C g: 533 00  E28 92517C
LONGI TUDE_EAST_MAXI (57) VO7U5725C  RAD F S D C g: 533 00 E29 92517C
LONGI TUDE_EAST_MAXI ( 58) VO7U5726C  RAD F S D C g: 533 00 E29 92517C
LONGI TUDE_EAST_MAXI ( 59) VO7U5727C  RAD F S D C g: 533 00 E30 92517C
LONGI TUDE_EAST_MAXI ( 60) VO7U5728C  RAD F S D C g: igi 00  E30 92517C
LONGI TUDE_EAST_MAXI ( 61) VO7U5752C  RAD F S D C g: 533 00  E31 92517C
LONGI TUDE_EAST_MAXI ( 62) VO7U5753C  RAD F S D C g: igi 00  E31 92517C
LONGI TUDE_EAST_MAXI ( 63) VO7U5754C  RAD F S D C g: igi 00  E32 92517C
LONGI TUDE_EAST_MAXI ( 64) VO7U5755C  RAD F S D C g: igi 00  E32 92517C
LONGI TUDE_EAST_MAXI ( 65) VO7U5756C  RAD F S D C g: igi 00  E33 92517C
LONGI TUDE_EAST_MAXI ( 66) VO7U5757C  RAD F S D C g: igi 00  E33 92517C
LONGI TUDE_EAST_MAXI (67) VO7U5758C  RAD F S D C g: igi 00  E34 92517C
LONGI TUDE_EAST_MAXI ( 68) VO7U5759C  RAD F S D C g: igi 00  E34 92517C
LONGI TUDE_EAST_MAXI ( 69) VO7U5760C  RAD F S D C g: igi 00 E35 92517C
LONGI TUDE_EAST_MAXI ( 70) VO7U5761C  RAD F S D C g: zgz 00  E35 92517C
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v
LONGI TUDE_EAST_MAXI ( 71) VO7U5770C  RAD F S D C 4124 00  E36 92517C
LONG TUDE_EAST_MAXI ( 72) VO7U5771C  RAD F S D C g: igi 00  E36 92517C
LONGI TUDE_EAST_MAXI ( 73) VO7U5772C  RAD F S D C g: 533 00  E37 92517C
LONGI TUDE_EAST_MAXI ( 74) VO7U5773C  RAD F S D C g: 533 00  E37 92517C
LONGI TUDE_EAST_MAXI ( 75) VO7U5774C  RAD F S D C g: 533 00  E38 92517C
LONGI TUDE_EAST_MAXI ( 76) VO7U5775C  RAD F S D C g: 533 00  E38 92517C
LONGI TUDE_EAST_MAXI ( 77) VO7U5776C  RAD F S D C g: 533 00  E39 92517C
LONGI TUDE_EAST_MAXI ( 78) VO7U5777C  RAD F S D C g: 533 00 E39 92517C
LONGI TUDE_EAST_MAXI ( 79) VO7U5778C  RAD F S D C g: 533 00  E40 92517C
LONGI TUDE_EAST_MAXI ( 80) VO7U5779C  RAD F S D C g: 533 00  E40 92517C
LONGI TUDE_EAST_MAXI ( 81) VO7U6011C  RAD F S D C g: 533 00  E41 92517C
LONGI TUDE_EAST_MAXI ( 82) VO7U6012C  RAD F S D C g: 533 00  E41 92517C
LONGI TUDE_EAST_MAXI ( 83) VO7U6013C  RAD F S D C g: 533 00  E42 92517C
LONGI TUDE_EAST_MAXI ( 84) VO7U6014C  RAD F S D C g: 533 00  E42 92517C
LONGI TUDE_EAST_MAXI ( 85) VO7U6015C  RAD F S D C g: igi 00  E43  92517C
LONGI TUDE_EAST_MAXI ( 86) VO7U6016C  RAD F S D C g: igi 00  E43  92517C
LONGI TUDE_EAST_MAXI ( 87) VO7U6017C  RAD F S D C g: igi 00  E44 92517C
LONGI TUDE_EAST_MAXI ( 88) VO7U6018C  RAD F S D C g: igi 00  E44 92517C
LONGI TUDE_EAST_MAXI ( 89) VO7U6019C  RAD F S D C g: igi 00  E45 92517C
LONGI TUDE_EAST_MAXI ( 90) VO7U6020C  RAD F S D C g: igi 00  E45 92517C
LONG M_SEL( 01) VO8US563C  RAD F S D P g: igi 00 EM.  90000E
LONG_M_SEL( 02) VO8US564C  RAD F S D P g: igi 00 EML  90000E
LONG_M_SEL( 03) VO8UB565C  RAD F S D P g: 533 00 EML  90000E
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FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
LONG_M_SEL( 04) VO8UB566C  RAD F S D P 124 00 EML  90000E
LONG_M_SEL( 10) VO9U7655C  RAD F S D P g: 533 00 EML  90000E
LONG MLSEL(11) VO8US116C  RAD F S D P g: 533 00 EML  90000E
LONG MLSEL(12) VO8US117C  RAD F S D P g: 533 00 EML  90000E
LONG_M_SEL( 13) VO8US118C  RAD F S D P g: igj 00 EML  90000E
LONG MLSEL( 14) VO8US119C  RAD F S D P g: 533 00 EML  90000E
LONG_M_SEL( 15) VO8U8120C  RAD F S D P g: igj 00 EML  90000E
LONG_M_SEL( 5) VO8U9256CB  RAD F S D P g: igj 00 EML  90000E
LONG_M_SEL( 6) VO8U9257CB  RAD F S D P g: igj 00 EML  90000E
LONG MLSEL(7) VO8U9256CC  RAD F S D P g: igj 00 EML  90000E
LONG_M_SEL( 8) VO8U9257CC  RAD F S D P g: igj 00 EML  90000E
LONG_ML_SEL( 9) VO9U7641C  RAD F S D P g: igj 00 EML  90000E
LONG M.S_R AZ(01) VO8U8551C  RAD F S D P g: igj 00 EML  90000E
LONG MLS_R_AZ(02) VO8U8552C  RAD F S DP g: igj 00 EML  90000E
LONG_M.S_R_AZ( 03) VO8UB553C  RAD F S D P g: igi 00 EML  90000E
LONG MLS_R_AZ(04) VO8US554C  RAD F S D P g: igi 00 EML  90000E
LONG MLS R AZ( 10) VO9U7659C  RAD F S D P g: igi 00 EM.  90000E
LONG MLS_R AZ(11) Vo8U8111C  RAD F S D P g: igi 00 EML  90000E
LONG MLS_R AZ(12) VO8U8112C  RAD F S D P g: igi 00 EML  90000E
LONG MLS R AZ(13) VO8US113C  RAD F S D P g: igi 00 EML  90000E
LONG MLS_R_AZ( 14) VO8US114C  RAD F S D P g: igi 00 EM.  90000E
LONG MLS R AZ( 15) VO8US115C  RAD F S DP g: igi 00 EML  90000E
LONG MLS R AZ(5) VO8U9248CB  RAD F S D P g: zgz 00 EML  90000E
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FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
LONG MLS R AZ(6) VO8U9249CB  RAD S D P &.124 00 EML  90000E
LONG MLS R AZ(7) VO8U9248CC  RAD S D P g: igg 00 EML  90000E
LONG MLS R AZ(8) VO8U9249CC  RAD S D P g: 533 00 EML  90000E
LONG MLS R AZ(9) VO9U7645C  RAD S D P g: 533 00 EML  90000E
MAGNETI C_VARI ATI ON_MAXI (01) VO8US639C  RAD S D C g: igi 00  EO1  90000E
MAGNETI C_VARI ATI ON_MAXI ( 02) VO8US640C  RAD S D C g: igi 00  EO1  90000E
MAGNETI C_VARI ATI ON_MAXI ( 03) VO8US641C  RAD S D C g: igi 00  E02  90000E
MAGNETI C_VARI ATI ON_MAXI ( 04) VO8U8642C  RAD S D C g: igi 00  E02 90000E
MAGNETI C_VARI ATI ON_MAXI ( 05) VO8US643C  RAD S D C g: gi 00  E03  90000E
MAGNETI C_VARI ATI ON_MAXI ( 06) VO8US644C  RAD S D C g: gi 00  E03  90000E
MAGNET! C_VARI ATI ON_MAXI ( 07) VO8U8645C  RAD S D C g: igi 00  E04  90000E
MAGNET! C_VARI ATI ON_MAXI ( 08) VO8US646C  RAD S D C g: igi 00  E04  90000E
MAGNETI C_VARI ATI ON_MAXI ( 09) VO8US647C  RAD S D C g: igi 00  EO05 90000E
MAGNET! C_VARI ATI ON_MAXI ( 10) VO8US648C  RAD S D C g: igi 00  EO05 90000E
MAGNETI C_VARI ATI ON_MAXI ( 11) VO8US649C  RAD S D C g: igi 00  E06  90000E
MAGNETI C_VARI ATI ON_MAXI ( 12) VO8US650C  RAD S D C g: igi 00  E06  90000E
MAGNETI C_VARI ATI ON_MAXI ( 13) VO8U8651C  RAD S D C g: igi 00  EO7  90000E
MAGNETI C_VARI ATI ON_MAXI ( 14) VO8U8652C  RAD S D C g: igi 00  EO7  90000E
MAGNET! C_VARI ATI ON_MAXI ( 15) VO8U8653C  RAD S D C g: igi 00  E08  90000E
MAGNETI C_VARI ATI ON_MAXI ( 16) VO8US654C  RAD S D C g: igi 00  E08  90000E
MAGNETI C_VARI ATI ON_MAXI ( 17) VO8U8655C  RAD S D C g: igi 00  E09  90000E
MAGNETI C_VARI ATI ON_MAXI ( 18) VO8US656C  RAD S D C g: igi 00  E09  90000E
MAGNETI C_VARI ATI ON_MAXI ( 19) VO8US657C  RAD S D C g: igi 00  E10  90000E
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FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
MAGNETI C_VARI ATI ON_MAXI ( 20) VO8US658C  RAD F S D C &.124 00  E10 90000E
MAGNETI C_VARI ATI ON_MAXI ( 21) VO8US659C  RAD F S D C g: igi 00  E11  90000E
MAGNETI C_VARI ATI ON_MAXI ( 22) VO8US660C  RAD F S D C g: 533 00  E11  90000E
MAGNETI C_VARI ATI ON_MAXI ( 23) VO8U8661C  RAD F S D C g: 533 00 E12  90000E
MAGNETI C_VARI ATI ON_MAXI ( 24) VO8U8662C  RAD F S D C g: igi 00  E12  90000E
MAGNETI C_VARI ATI ON_MAXI ( 25) VO8US663C  RAD F S D C g: igi 00  E13  90000E
MAGNETI C_VARI ATI ON_MAXI ( 26) VO8US664C  RAD F S D C g: igi 00  E13  90000E
MAGNET! C_VARI ATI ON_MAXI ( 27) VO8US665C  RAD F S D C g: 533 00 E14 DC2123
MAGNETI C_VARI ATI ON_MAXI ( 28) VO8US666C  RAD F S D C g: 533 00 E14 DC2123
MAGNETI C_VARI ATI ON_MAXI ( 29) VO8US667C  RAD F S DC g: gi 00  E15 90000E
MAGNET! C_VARI ATI ON_MAXI ( 30) VO8US668C  RAD F S D C g: igi 00  E15  90000E
MAGNETI C_VARI ATI ON_MAXI ( 31) VO8U8141C  RAD F S D C g: igi 00  E16  90000E
MAGNET! C_VARI ATI ON_MAXI ( 32) Vo8U8142C  RAD F S D C g: 533 00 E16  90000E
MAGNET! C_VARI ATI ON_MAXI ( 33) VO8U8143C  RAD F S D C g: igi 00  E17  90000E
MAGNET! C_VARI ATI ON_MAXI ( 34) VO8US144C  RAD F S D C g: igi 00  E17  90000E
MAGNET! C_VARI ATI ON_MAXI ( 35) VO8U8145C  RAD F S DC g: igi 00  E18  90000E
MAGNETI C_VARI ATI ON_MAXI ( 36) VO8US146C  RAD F S D C g: igi 00  E18  90000E
MAGNETI C_VARI ATI ON_MAXI ( 37) VO8U8147C  RAD F S D C g: igi 00 E19  90000E
MAGNET! C_VARI ATI ON_MAXI ( 38) VO8US148C  RAD F S DC g: igi 00 E19  90000E
MAGNETI C_VARI ATI ON_MAXI ( 39) VO8US149C  RAD F S DC g: igi 00 E20 90000E
MAGNETI C_VARI ATI ON_MAXI ( 40) VO8US150C  RAD F S D C g: igi 00 E20 90000E
MAGNETI C_VARI ATI ON_MAXI ( 41) VO8U8151C  RAD F S D C g: igi 00 E21  90000E
MAGNETI C_VARI ATI ON_MAXI ( 42) VO8U8152C  RAD F S D C g: zgz 00  E21  90000E



TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
MAGNETI C_VARI ATI ON_MAXI ( 43) VO8U8153C  RAD S D C ®.124 00  E22 DCl923A
MAGNETI C_VARI ATI ON_MAXI ( 44) VO8US154C  RAD S D C g: 533 00  E22 DCl923A
MAGNETI C_VARI ATI ON_MAXI ( 45) VO8US155C  RAD S D C g: 533 00  E23  90000E
MAGNET! C_VARI ATI ON_MAXI ( 46) VO8US156C  RAD S D C g: 533 00  E23  90000E
MAGNET! C_VARI ATI ON_MAXI (47) VO8US157C  RAD S D C g: 533 00  E24 DC1923A
MAGNETI C_VARI ATI ON_MAXI ( 48) VO8US158C  RAD S D C g: 533 00 E24 DC1923A
MAGNETI C_VARI ATI ON_MAXI ( 49) VO8US159C  RAD S D C g: 533 00  E25 90000E
MAGNETI C_VARI ATI ON_MAXI ( 50) VO8US160C  RAD S D C g: gi 00 E25 90000E
MAGNET! C_VARI ATI ON_MAXI ( 51) VO7U6076C  RAD S D C g: 533 00 E26 92517C
MAGNETI C_VARI ATI ON_MAXI ( 52) VO7U6077C  RAD S D C g: 533 00 E26 92517C
MAGNET! C_VARI ATI ON_MAXI ( 53) VO7U6078C  RAD S D C g: 533 00  E27 92517C
MAGNET! C_VARI ATI ON_MAXI ( 54) VO7U6079C  RAD S D C g: 533 00  E27 92517C
MAGNETI C_VARI ATI ON_MAXI ( 55) VO7U6080C  RAD S D C g: igi 00  E28 92517C
MAGNET! C_VARI ATI ON_MAXI ( 56) VO7U6081C  RAD S D C g: igi 00  E28 92517C
MAGNET! C_VARI ATI ON_MAXI ( 57) VO7U6082C  RAD S D C g: igi 00 E29 92517C
MAGNET! C_VARI ATI ON_MAXI ( 58) VO7U6083C  RAD S D C g: igi 00 E29 92517C
MAGNET! C_VARI ATI ON_MAXI ( 59) VO7U6084C  RAD S D C g: igi 00  E30 92517C
MAGNET! C_VARI ATI ON_MAXI ( 60) VO7U6085C  RAD S D C g: igi 00  E30 92517C
MAGNET! C_VARI ATI ON_MAXI ( 61) VO7U6086C  RAD S D C g: igi 00  E31 92517C
MAGNETI C_VARI ATI ON_MAXI ( 62) VO7U6087C  RAD S D C g: igi 00  E31 92517C
MAGNETI C_VARI ATI ON_MAXI ( 63) VO7U6088C  RAD S D C g: igi 00  E32 92517C
MAGNETI C_VARI ATI ON_MAXI ( 64) VO7U6089C  RAD S D C g: igi 00  E32 92517C
MAGNETI C_VARI ATI ON_MAXI ( 65) VO7U6090C  RAD S D C g: 533 00  E33 92517C
4. 238
ST S 83-0005-34

361

December 14, 2007



362 STS 83-0005-34
December 14, 2007

TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
MAGNETI C_VARI ATI ON_MAXI ( 66) VO7U6091C  RAD F S D C &.124 00  E33 92517C
MAGNETI C_VARI ATI ON_MAXI ( 67) VO7U6092C  RAD F S D C g: 533 00  E34 92517C
MAGNETI C_VARI ATI ON_MAXI ( 68) VO7U6093C  RAD F S D C g: 533 00  E34 92517C
MAGNETI C_VARI ATI ON_MAXI ( 69) VO7U6094C  RAD F S D C g: 533 00 E35 92517C
MAGNETI C_VARI ATI ON_MAXI ( 70) VO7U6095C  RAD F S D C g: 533 00 E35 92517C
MAGNETI C_VARI ATI ON_MAXI ( 71) VO7U6342C  RAD F S D C g: 533 00  E36 92517C
MAGNETI C_VARI ATI ON_MAXI ( 72) VO7U6343C  RAD F S D C g: 533 00  E36 92517C
MAGNETI C_VARI ATI ON_MAXI ( 73) VO7U6344C  RAD F S D C g: 533 00  E37 92517C
MAGNETI C_VARI ATI ON_MAXI ( 74) VO7U6345C  RAD F S D C g: 533 00  E37 92517C
MAGNETI C_VARI ATI ON_MAXI ( 75) VO7U6346C  RAD F S D C g: igi 00  E38 92517C
MAGNET! C_VARI ATI ON_MAXI ( 76) VO7U6347C  RAD F S D C g: 533 00  E38 92517C
MAGNETI C_VARI ATI ON_MAXI ( 77) VO7U6348C  RAD F S D C g: 533 00 E39 92517C
MAGNETI C_VARI ATI ON_MAXI ( 78) VO7U6349C  RAD F S D C g: igi 00 E39 92517C
MAGNET! C_VARI ATI ON_MAXI ( 79) VO7U6350C  RAD F S D C g: igi 00  E40 92517C
MAGNETI C_VARI ATI ON_MAXI ( 80) VO7U6351C  RAD F S D C g: igi 00  E40 92517C
MAGNET! C_VARI ATI ON_MAXI ( 81) VO7U6352C  RAD F S D C g: igi 00  E41 92517C
MAGNETI C_VARI ATI ON_MAXI ( 82) VO7U6353C  RAD F S D C g: igi 00  E41 92517C
MAGNET! C_VARI ATI ON_MAXI ( 83) VO7U6354C  RAD F S D C g: igi 00  E42 92517C
MAGNET! C_VARI ATI ON_MAXI ( 84) VO7U6355C  RAD F S D C g: igi 00  E42 92517C
MAGNETI C_VARI ATI ON_MAXI ( 85) VO7U6356C  RAD F S D C g: igi 00  E43  92517C
MAGNETI C_VARI ATI ON_MAXI ( 86) VO7U6357C  RAD F S D C g: igi 00  E43  92517C
MAGNETI C_VARI ATI ON_MAXI ( 87) VO7U6358C  RAD F S D C g: igi 00  E44 92517C
MAGNETI C_VARI ATI ON_MAXI ( 88) VO7U6359C  RAD F S D C g zgz 00  E44 92517C
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MAGNETI C_VARI ATI ON_MAXI ( 89) VO7U6360C  RAD S D C ®.124 00  E45 92517C
MAGNETI C_VARI ATI ON_MAXI ( 90) VO7U6361C  RAD S D C g: igi 00  E45 92517C
VBL_ABOVE_ELLI PSO D_MAXI (01) VO8U8692C  FT S D C g: 533 00  EO1  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 02) VO8U8693C  FT S D C g: 533 00  EO1  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 03) VO8U8694C  FT S D C g: igi 00  E02 90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 04) VO8US695C  FT S D C g: igi 00  E02 90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 05) VO8US696C  FT S D C g: igi 00  E03  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 06) VO8USE97C  FT S D C g: igi 00  E03  90000E
VBL_ABOVE_ELLI PSO D_MAXI (07) Vo8US698C  FT S D C g: gi 00  E04  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 08) VO8US699C  FT S D C g: gi 00  E04  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 09) VO8US700C  FT S D C g: igi 00  EO05 90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 10) Vo8U8701C  FT S D C g: igi 00  EO5 90000E
VBL_ABOVE_ELLI PSO D_MAXI (11) Vo8U8702C  FT S D C g: igi 00  E06  90000E
VBL_ABOVE_ELLI PSO D_MAXI (12) Vo8U8703C  FT S D C g: igi 00  E06  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 13) VO8US704C  FT S D C g: igi 00  EO7  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 14) VO8U8705C  FT S D C g: igi 00  EO7  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 15) VO8US706C  FT S D C g: igi 00  E08  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 16) Vo8U8707C  FT S D C g: igi 00  E08  90000E
VBL_ABOVE_ELLI PSO D_MAXI (17) Vo8U8708C  FT S D C g: igi 00  E09  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 18) VO8U8709C  FT S D C g: igi 00  E09  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 19) Vo8U8710C  FT S D C g: igi 00  E10  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 20) Vo8U8711C  FT S D C g: igi 00  E10  90000E
VBL_ABOVE_ELLI PSOl D_MAXI ( 21) Vo8U8712C  FT S D C g: igi 00  E11  90000E
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VBL_ABOVE_ELLI PSO D_MAXI ( 22) Vo8U8713C  FT S D C &.124 00  E11  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 23) Vo8U8714C  FT S D C g: igi 00  E12  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 24) VO8U8715C  FT S D C g: 533 00  E12  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 25) Vo8U8716C  FT S D C g: 533 00  E13  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 26) Vo8U8717C  FT S D C g: igi 00  E13  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 27) Vo8U8718C  FT S D C g: 533 00 E14 DC2123
VBL_ABOVE_ELLI PSO D_MAXI ( 28) Vo8U8719C  FT S D C g: 533 00 E14 DC2123
VBL_ABOVE_ELLI PSO D_MAXI ( 29) VO8U8720C  FT S D C g: igi 00  E15  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 30) Vo8U8721C  FT S D C g: gi 00 E15  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 31) Vo8U8161C  FT S D C g: gi 00  E16  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 32) Vo8U8162C  FT S D C g: igi 00  E16  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 33) VO8U8163C  FT S D C g: igi 00  E17  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 34) Vo8U8164C  FT S D C g: igi 00  E17  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 35) VO8U8165C  FT S D C g: igi 00  E18  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 36) VO8US166C  FT S D C g: igi 00  E18  90000E
VBL_ABOVE_ELLI PSO D_MAXI (37) VO8US167C  FT S D C g: igi 00 E19  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 38) VO8U8168C  FT S D C g: igi 00  E19  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 39) VO8US169C  FT S D C g: igi 00 E20 90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 40) Vo8U8170C  FT S D C g: igi 00  E20 90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 41) Vo8U8171C  FT S D C g: igi 00  E21  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 42) Vo8U8172C  FT S D C g: igi 00 E21  90000E
VBL_ABOVE_ELLI PSOl D_MAXI ( 43) Vo8U8173C  FT S D C g: igi 00  E22 DC1923A
VBL_ABOVE_ELLI PSO D_MAXI ( 44) Vo8U8174C  FT S D C g zgz 00  E22 DC1923A
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v
VBL_ABOVE_ELLI PSO D_MAXI ( 45) VO8U8175C  FT S D C &.124 00  E23  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 46) Vo8U8176C  FT S D C g: igi 00  E23  90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 47) Vo8U8177C  FT S D C g: 533 00  E24 DC1923A
VBL_ABOVE_ELLI PSO D_MAXI ( 48) Vo8U8178C  FT S D C g: 533 00  E24 DC1923A
VBL_ABOVE_ELLI PSO D_MAXI ( 49) Vo8U8179C  FT S D C g: igi 00  E25 90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 50) Vo8U8180C  FT S D C g: igi 00  E25 90000E
VBL_ABOVE_ELLI PSO D_MAXI ( 51) VO7U6362C  FT S D C g: 533 00 E26 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 52) VO7U6363C  FT S D C g: 533 00 E26 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 53) VO7U6364C  FT S D C g: 533 00  E27 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 54) VO7U6365C  FT S D C g: 533 00  E27 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 55) VO7U6366C  FT S D C g: 533 00  E28 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 56) VO7U6367C  FT S D C g: 533 00 E28 92517C
VBL_ABOVE_ELLI PSO D_MAXI (57) VO7U6368C  FT S D C g: 533 00 E29 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 58) VO7U6369C  FT S D C g: 533 00 E29 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 59) VO7U6370C  FT S D C g: igi 00  E30 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 60) VO7U6371C  FT S D C g: igi 00  E30 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 61) VO7U6372C  FT S D C g: igi 00  E31 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 62) VO7U6373C  FT S D C g: igi 00  E31 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 63) VO7U6374C  FT S D C g: igi 00  E32 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 64) VO7U6375C  FT S D C g: igi 00  E32 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 65) VO7U6376C  FT S D C g: igi 00  E33 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 66) VO7U6377C  FT S D C g: igi 00  E33 92517C
VBL_ABOVE_ELLI PSO D_MAXI (67) VO7U6378C  FT S D C g: igi 00  E34 92517C
4. 238
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TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

STS 83-0005-34
December 14, 2007

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
VBL_ABOVE_ELLI PSO D_MAXI ( 68) VO7U6379C  FT S D C ®.124 00  E34 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 69) VO7U6380C  FT S D C g: igi 00 E35 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 70) VO7U6381C  FT S D C g: 533 00 E35 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 71) VO7U6382C  FT S D C g: 533 00  E36 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 72) VO7U6383C  FT S D C g: igi 00  E36 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 73) VO7U6384C  FT S D C g: 533 00  E37 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 74) VO7U6385C  FT S D C g: 533 00  E37 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 75) VO7U6386C  FT S D C g: igi 00  E38 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 76) VO7U6387C  FT S D C g: gi 00  E38 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 77) VO7U6388C  FT S D C g: gi 00 E39 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 78) VO7U6389C  FT S D C g: igi 00 E39 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 79) VO7U6390C  FT S D C g: 533 00  E40 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 80) VO7U6391C  FT S D C g: 533 00  E40 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 81) VO7U6526C  FT S D C g: 533 00  E41  92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 82) VO7U6527C  FT S D C g: igi 00  E41 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 83) VO7U6528C  FT S D C g: igi 00  E42 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 84) VO7U6529C  FT S D C g: igi 00  E42 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 85) VO7U6530C  FT S D C g: igi 00  E43 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 86) VO7U6531C  FT S D C g: igi 00  E43 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 87) VO7U6532C  FT S D C g: igi 00  E44 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 88) VO7U6533C  FT S D C g: igi 00  E44 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 89) VO7U6534C  FT S D C g: igi 00  E45 92517C
VBL_ABOVE_ELLI PSO D_MAXI ( 90) VO7U6535C  FT S D C g: zgz 00  E45 92517C



TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R

RTLS_PRI ME_AREA Vo9U8961C  ND | S M C 2 00 AAP  DC0599

RUNWAY_ALT( 1) Vo8U9795C  FT F S D C 124 00 EO1 93090E

RUNWAY_ALT( 10) V97U6570C  FT F S D C 124 00 E05 90000E
RUNWAY_ALT(11) VO7U6574C  FT F S D C 124 00 E06 93090E
RUNWAY_ALT(12) Vo7U6582C  FT F S D C 124 00 E06 90000E
RUNWAY_ALT(13) VO7U6589C  FT F S D C 124 00 EO07 93090E
RUNWAY_ALT(14) VO7U6596C  FT F S D C 124 00 EO07 90000E
RUNWAY_ALT( 15) V97U6603C  FT F S D C 124 00 E08 93090E
RUNWAY_ALT( 16) V97U6610C  FT F S D C 124 00 E08 90000E
RUNWAY_ALT(17) V97U6617C  FT F S D C 124 00 E09 93090E
RUNWAY_ALT(18) Vo7U6624C  FT F S D C 124 00 E09 90000E
RUNWAY_ALT(19) V97U5684CC  FT F S D C 124 00 E10 93090E
RUNWAY_ALT( 2) VO7U6562C  FT F S D C 124 00 EO1 90000E
RUNWAY_ALT( 20) V97U5685CC  FT F S D C 124 00 E10 90000E
RUNWAY_ALT(21) V97U5686CC  FT F S D C 124 00 El1l 93090E

RUNWAY_ALT(22) V97U5684CB  FT F S D C 124 00 Ell 90000E
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TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R

RUNWAY_ALT( 23) V97U5685CB  FT F S D C 124 00 E12 93090E

RUNWAY_ALT( 24) V97U5686CB  FT F S D C 124 00 E12 90000E
RUNWAY_ALT( 25) Vo9U7364C  FT F S D C 124 00 E13 93090E
RUNWAY_ALT( 26) Vo9uU7371C  FT F S D C 124 00 E13 90000E
RUNWAY_ALT(27) Vvo9uU7378C  FT F S D C 124 00 E14 93090E
RUNWAY_ALT( 28) Vo9U7685C  FT F S D C 124 00 E14 DC2123
RUNWAY_ALT( 29) Vo9U7692C  FT F S D C 124 00 E15 93090E

RUNWAY_ALT( 3) V97U6563C  FT F S D C 124 00 E02 93090E

RUNWAY_ALT( 30) VO9U7699C  FT F S D C 124 00 E15 90000E
RUNWAY_ALT( 31) vogug8181C  FT F S D C 124 00 E16 93090E
RUNWAY_ALT( 32) vogug8182C  FT F S D C 124 00 E16 90000E
RUNWAY_ALT( 33) vo8u8183C  FT F S D C 124 00 E17 93090E
RUNWAY_ALT( 34) vogu8184C  FT F S D C 124 00 E17 90000E
RUNWAY_ALT( 35) vo8u8185C  FT F S D C 124 00 E18 93090E

RUNWAY_ALT( 36) vo8u8186C  FT F S D C 124 00 E18 90000E

RREGRQIRABLIRLVFARLIRLAHARRAGLRALRAARLIRRAARRLIRHRLR



TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR

<mz=x

RUNWAY_ALT(37) vogug8187C  FT F S D C 124 00 E19 93090E

RUNWAY_ALT( 38) vogug8188C  FT F S D C 124 00 E19 90000E
RUNWAY_ALT( 39) vog8u8189C  FT F S D C 124 00 E20 93090E
RUNWAY_ALT( 4) Vo7U6564C  FT F S D C 124 00 E02 90000E
RUNWAY_ALT( 40) vog8u8190C  FT F S D C 124 00 E20 90000E
RUNWAY_ALT(41) vo8u8191C  FT F S D C 124 00 E21 93090E
RUNWAY_ALT(42) vogu8192C  FT F S D C 124 00 E21 90000E
RUNWAY_ALT(43) Vvo8U8193C  FT F S D C 124 00 E22 93090E
RUNWAY_ALT( 44) vogu8194C  FT F S D C 124 00 E22 DC1923A
RUNWAY_ALT(45) Vo8U8195C  FT F S D C 124 00 E23 93090E
RUNWAY_ALT( 46) Vo8U8196C  FT F S D C 124 00 E23 90000E
RUNWAY_ALT(47) Vvo8uU8197C  FT F S D C 124 00 E24 93090E
RUNWAY_ALT(48) vo8u8198C  FT F S D C 124 00 E24 DC1923A
RUNWAY_ALT(49) Vo8U8199C  FT F S D C 124 00 E25 93090E

RUNWAY_ALT( 5) V97U6565C  FT F S D C 124 00 EO03 93090E
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TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R

RUNWAY_ALT(50) vo8u8200C  FT F S D C 124 00 E25 90000E

RUNWAY_ALT(51) VO7U6536C  FT F S D C 124 00 E26 93090E
RUNWAY_ALT(52) VO7U6537C  FT F S D C 124 00 E26 92517C
RUNWAY_ALT(53) V97U6538C  FT F S D C 124 00 E27 93090E
RUNWAY_ALT(54) VO7U6539C  FT F S D C 124 00 E27 92517C
RUNWAY_ALT(55) V97U6540C  FT F S D C 124 00 E28 93090E
RUNWAY_ALT(56) V97U6541C  FT F S D C 124 00 E28 92517C
RUNWAY_ALT(57) Vo7U6542C  FT F S D C 124 00 E29 93090E
RUNWAY_ALT(58) VO7U6543C  FT F S D C 124 00 E29 92517C
RUNWAY_ALT(59) Vo7U6544C  FT F S D C 124 00 E30 93090E
RUNWAY_ALT( 6) V97U6566C  FT F S D C 124 00 EO03 90000E
RUNWAY_ALT( 60) VO7U6545C  FT F S D C 124 00 E30 92517C
RUNWAY_ALT( 61) V97U7081C  FT F S D C 124 00 E31 93090E
RUNWAY_ALT( 62) Vvo7U7082C  FT F S D C 124 00 E31 92517C
RUNWAY_ALT(63) V97U7083C  FT F S D C 124 00 E32 93090E

RUNWAY_ALT( 64) V97U7084C  FT F S D C 124 00 E32 92517C

RREGRQARABLIRLALAHRLALARIRLRAARIRLIAARRIARARRRLR



FSSR NAME

TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

MSID

ENG UNITS

DT PR D S PRFCIN

MC

CAT

LASTCR R

RUNVAY_ALT( 65)

RUNVAY_ALT( 66)

RUNWAY_ALT( 67)

RUNVAY_ALT( 68)

RUNVAY_ALT( 69)

RUNWAY_ALT(7)

RUNWAY_ALT( 70)

RUNWAY_ALT(71)

RUNWAY_ALT(72)

RUNWAY_ALT( 73)

RUNWAY_ALT( 74)

RUNWAY_ALT( 75)

RUNWAY_ALT( 76)

RUNWAY_ALT(77)

RUNWAY_ALT( 78)

371

V97U7085C

V97U7086C

V97U7087C

V97U7088C

V97U7089C

V97U6567C

V97U7090C

V97U7091C

V97U7092C

V97U7093C

V97U7094C

V97U7095C

V97U7096C

V97U7097C

V97U7098C

FT

FT

FT

FT

FT

FT

FT

FT

FT

FT

FT

FT

FT

FT

FT

RREGRQALABLIRLVFARILRLAHARRILHARLRAARLIRRAARIRLIRHAALR

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

E33

E33

E34

E34

E35

E04

E35

E36

E36

E37

E37

E38

E38

E39

E39

93090E

92517C

93090E

92517C

93090E

93090E

92517C

93090E

92517C

93090E

92517C

93090E

92517C

93090E

92517C
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TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R

RUNWAY_ALT(79) V97U7099C  FT F S D C 124 00 E40  93090E

RUNWAY_ALT( 8) V97U6568C  FT F S D C 124 00 E04 90000E
RUNWAY_ALT( 80) V97U7100C  FT F S D C 124 00 E40 92517C
RUNWAY_ALT(81) V97U7235C  FT F S D C 124 00 E41 93090E
RUNWAY_ALT( 82) V97U7236C  FT F S D C 124 00 E41 92517C
RUNWAY_ALT( 83) Vo7U7237C  FT F S D C 124 00 E42 93090E
RUNWAY_ALT( 84) Vo7U7238C  FT F S D C 124 00 E42 92517C
RUNWAY_ALT( 85) V97U7239C  FT F S D C 124 00 E43 93090E
RUNWAY_ALT( 86) V97U7240C  FT F S D C 124 00 E43 92517C
RUNWAY_ALT(87) V97U7241C  FT F S D C 124 00 E44 93090E
RUNWAY_ALT( 88) Vo7U7242C  FT F S D C 124 00 E44 92517C
RUNWAY_ALT( 89) V97U7243C  FT F S D C 124 00 E45 93090E

RUNWAY_ALT( 9) VO7U6569C  FT F S D C 124 00 EO5  93090E

RUNWAY_ALT( 90) V97U7244C  FT F S D C 124 00 E45 92517C

RUNWAY_NAME( 01) Vo8U8767C  ND CH D C 124 00 EO1 93090E

BRRRRRAARREBLRALRAHARLRLAAIRLRAARIRIAHARRIARIRARLRR



FSSR NAME

TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

MSID

ENG UNITS

DT PR D S PRFCIN

MC

CAT

LASTCR R

RUNWAY _NAVE( 02)

RUNWAY_NAME( 03)

RUNWAY_NAVE( 04)

RUNWAY_NAME( 05)

RUNWAY_NAME( 06)

RUNWAY_NAVE( 07)

RUNWAY_NAME( 08)

RUNWAY_NAME( 09)

RUNWAY_NAVE( 10)

RUNWAY_NAVE( 11)

RUNWAY_NAVE( 12)

RUNWAY_NAVE( 13)

RUNWAY_NAVE( 14)

RUNWAY_NAVE( 15)

RUNWAY _NAVE( 16)

373

Vo8U8768C

Vo8U8769C

Vvo8uU8770C

Vvo8uU8771C

Vvo8u8772C

Vo8U8773C

Vo8uU8774C

Vo8U8775C

Vo8U8776C

V97U6571C

V97U6579C

V97U6586C

V97U6593C

V97U6600C

V97U6607C

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND
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00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

EO1

E02

E02

EO03

EO03

E04

E04

E05

E05

E06

E06

EO07

EO07

E08

E08

90000E

93090E

90000E

93090E

90000E

93090E

90000E

93090E

90000E

93090E

90000E

93090E

90000E

93090E

90000E
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TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R

RUNWAY_NAME( 17) V97U6614C  ND CH D C 124 00 E09 93090E

RUNWAY_NAME( 18) V97U6621C  ND CH D C 124 00 E09 90000E
RUNWAY_NAME( 19) V97U5681CC  ND CH D C 124 00 E10 93090E
RUNWAY_NAME( 20) V97U5682CC  ND CH D C 124 00 E10 90000E
RUNWAY_NAME( 21) V97U5683CC  ND CH D C 124 00 Ell 93090E
RUNWAY_NAME( 22) V97U5681CB ND CH D C 124 00 Ell 90000E
RUNWAY_NAME( 23) V97U5682CB  ND CH D C 124 00 E12 93090E
RUNWAY_ NAME( 24) V97U5683CB  ND CH D C 124 00 E12 90000E
RUNWAY_NAME( 25) V99U7363C  ND CH D C 124 00 E13 93090E
RUNWAY_NAVE( 26) Vo9U7370C  ND CH D C 124 00 E13 90000E
RUNWAY_NAME( 27) Vo9U7377C  ND CH D C 124 00 E14 93090E
RUNWAY_ NAME( 28) Vo9U7684C  ND CH D C 124 00 E14 DC2123
RUNWAY_ NAME( 29) Vo9U7691C  ND CH D C 124 00 E15 93090E
RUNWAY_NAME( 30) Vo9U7698C  ND CH D C 124 00 E15 90000E

RUNWAY_NAME( 31) vo8U8201C  ND CH D C 124 00 E16 93090E
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FSSR NAME

TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

MSID

ENG UNITS

DT PR D S PRFCIN

MC

CAT

LASTCR R

RUNWAY _NAVE( 32)

RUNWAY_NAME( 33)

RUNWAY _NAVE( 34)

RUNWAY_NAME( 35)

RUNWAY _NAME( 36)

RUNWAY_NAVE( 37)

RUNWAY_NAME( 38)

RUNWAY_NAME( 39)

RUNWAY _NAVE( 40)

RUNWAY _NAVE( 41)

RUNWAY _NAVE( 42)

RUNWAY _NAVE( 43)

RUNWAY _NAVE( 44)

RUNWAY _NAVE( 45)

RUNWAY _NAVE( 46)

375

vo8U8202C

Vo8U8203C

vo8uU8204C

Vo8U8205C

Vo8U8206C

Vvo8U8207C

Vvo8U8208C

Vo8U8209C

vo8U8210C

vo8uU8211C

vo8u8212C

Vo8U8213C

vo8U8214C

Vo8U8215C

Vo8U8216C

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND
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00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

E16

E17

E17

E18

E18

E19

E19

E20

E20

E21

E21

E22

E22

E23

E23

90000E

93090E

90000E

93090E

90000E

93090E

90000E

93090E

90000E

93090E

90000E

93090E

DC1923A

93090E

90000E
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TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R

RUNWAY_NAVE( 47) vo8uU8217C  ND CH D C 124 00 E24 93090E

RUNWAY_NAME( 48) vo8u8218C  ND CH D C 124 00 E24 DC1923A
RUNWAY_NAME( 49) vo8U8219C  ND CH D C 124 00 E25 93090E
RUNWAY_NAME( 50) vo8uU8220C  ND CH D C 124 00 E25 90000E
RUNWAY_NAME( 51) V97U7245C  ND CH D C 124 00 E26 93090E
RUNWAY_NAME( 52) V97U7246C  ND CH D C 124 00 E26 92517C
RUNWAY_NAME( 53) V97U7247C  ND CH D C 124 00 E27 93090E
RUNWAY_NAVE( 54) V97U7248C  ND CH D C 124 00 E27 92517C
RUNWAY_NAME( 55) V97U7249C  ND CH D C 124 00 E28 93090E
RUNWAY_NAVE( 56) V97U7250C  ND CH D C 124 00 E28 92517C
RUNWAY_NAME( 57) V97U7251C  ND CH D C 124 00 E29 93090E
RUNWAY_ NAME( 58) V97U7252C  ND CH D C 124 00 E29 92517C
RUNWAY_NAME( 59) V97U7253C  ND CH D C 124 00 E30 93090E
RUNWAY_NAVE( 60) V97U7254C  ND CH D C 124 00 E30 92517C

RUNWAY_NAME( 61) V97U7255C  ND CH D C 124 00 E31 93090E

BARRKRRAARRILHARLRIARIQHARLRRAGLRARAARIRRAARRLIRHARLR



FSSR NAME

TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

MSID

ENG UNITS

DT PR D S PRFCIN

MC

CAT

LASTCR R

RUNWAY _NAVE( 62)

RUNWAY_NAME( 63)

RUNWAY _NAVE( 64)

RUNWAY_NAME( 65)

RUNWAY_NAME( 66)

RUNWAY_NAVE( 67)

RUNWAY_NAME( 68)

RUNWAY_NAME( 69)

RUNWAY_NAVE( 70)

RUNWAY_NAVE( 71)

RUNWAY _NAVE( 72)

RUNWAY_NAVE( 73)

RUNWAY_NAVE( 74)

RUNWAY_NAVE( 75)

RUNWAY_NAVE( 76)

377

V97U7256C

V97U7257C

V97U7258C

V97U7259C

V97U7260C

V97U7261C

V97U7262C

V97U7263C

V97U7264C

V97U7265C

V97U7266C

V97U7267C

V97U7268C

V97U7269C

V97U7270C

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND
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00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

E31

E32

E32

E33

E33

E34

E34

E35

E35

E36

E36

E37

E37

E38

E38

92517C

93090E

92517C

93090E

92517C

93090E

92517C

93090E

92517C

93090E

92517C

93090E

92517C

93090E

92517C
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TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R

RUNWAY_NAMVE( 77) V97U7271C  ND CH D C 124 00 E39 93090E

RUNWAY_NAME( 78) Vo7U7272C  ND CH D C 124 00 E39 92517C
RUNWAY_NAME( 79) V97U7273C  ND CH D C 124 00 E40 93090E
RUNWAY_NAME( 80) V97U7274C  ND CH D C 124 00 E40 92517C
RUNWAY_NAME( 81) V97U7275C  ND CH D C 124 00 E41 93090E
RUNWAY_NAME( 82) V97U7276C  ND CH D C 124 00 E41 92517C
RUNWAY_NAME( 83) Vo7U7277C  ND CH D C 124 00 E42 93090E
RUNWAY_NAME( 84) V97U7278C  ND CH D C 124 00 E42 92517C
RUNWAY_NAME( 85) V97U7279C  ND CH D C 124 00 E43 93090E
RUNWAY_NAME( 86) V97U7280C  ND CH D C 124 00 E43 92517C
RUNWAY_NAME( 87) Vo7U7281C  ND CH D C 124 00 E44 93090E
RUNWAY_ NAME( 88) Vo7U7282C  ND CH D C 124 00 E44 92517C
RUNWAY_NAME( 89) Vo7U7283C  ND CH D C 124 00 E45 93090E
RUNWAY_NAVE( 90) V97U7284C  ND CH D C 124 00 E45 92517C

RW AZI MUTH( 01) vo8u8794C  RAD F S D C 124 00 EO1 93090E

RW AZ| MUTH( 02) Vo8U8795C  RAD F S D C 124 00 EO1 90000E

RREQLRLVAARIRLAHARRIARHABLRLRAARLIRLAGRRIRARLRARIGHRE



FSSR NAME

TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

MSID

ENG UNITS

DT PR D S PRFCIN

MC

CAT

LASTCR R

RW AZI MUTH( 03)

RW AZI MUTH( 04)

RW AZI MUTH( 05)

RW AZI MUTH( 06)

RW AZI MUTH( 07)

RW AZI MUTH( 08)

RW AZI MUTH( 09)

RW AZI MUTH( 10)

RW AZI MUTH( 11)

RW AZI MUTH( 12)

RW AZI MUTH( 13)

RW AZI MUTH( 14)

RW AZI MJTH( 15)

RW AZI MUTH( 16)

RW AZI MUTH( 17)

RW AZI MUTH( 18)

RW AZI MUTH( 19)

RW AZI MUTH( 20)

379

Vo8U8796C

Vo8uU8797C

Vo8U8798C

Vo8U8799C

vo8U8800C

vo8uU8801C

vo8uU8802C

Vo8U8803C

V97U6575C

V97U6583C

V97U6590C

V97U6597C

V97U6604C

V97U6611C

V97U6618C

V97U6625C

V97U5687CC

V97U5688CC

RAD

RAD

RREQLRRVERRIVHARLRRARLIRRARIRLARRARAIRRRARRIRHRE

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

E02

E02

EO03

EO03

E04

E04

E05

EO5

E06

E06

EO07

EOQ7

E08

E08

E09

E09

E10

E10

93090E

90000E

93090E

90000E

93090E

90000E

93090E

90000E

93090E

90000E

93090E

90000E

93090E

90000E

93090E

90000E

93090E

90000E
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TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R

RW AZ| MUTH( 21) V97U5689CC  RAD F S D C 124 00 Ell 93090E

RW AZ| MUTH( 22) V97U5687CB  RAD F S D C 124 00 Ell 90000E

RW AZ| MUTH( 23) V97U5688CB RAD F S D C 124 00 E12 93090E

RW AZ| MUTH( 24) V97U5689CB  RAD F S D C 124 00 E12 90000E

RW AZ| MUTH( 25) V99U7367C  RAD F S D C 124 00 E13 93090E

RW AZ| MUTH( 26) Vo9U7374C  RAD F S D C 124 00 E13 90000E

RW AZ| MUTH( 27) Vo9U7381C  RAD F S D C 124 00 E14 93090E

RW AZ| MUTH( 28) Vo9U7688C  RAD F S D C 124 00 E14 DC2123

RW AZ| MUTH( 29) Vo9U7695C  RAD F S D C 124 00 E15 93090E

RW AZ| MJUTH( 30) Vo9U7702C  RAD F S D C 124 00 E15 90000E

RW AZ| MUTH( 31) vo8uU8221C  RAD F S D C 124 00 E16 93090E

RW AZ| MUTH( 32) vo8u8222C  RAD F S D C 124 00 E16 90000E

RW AZ| MJUTH( 33) vo8uU8223C  RAD F S D C 124 00 E17 93090E

RW AZ| MUTH( 34) vo8u8224C  RAD F S D C 124 00 E17 90000E

RW AZ| MUTH( 35) vo8uU8225C  RAD F S D C 124 00 E18 93090E

RW AZ| MUTH( 36) Vo8U8226C  RAD F S D C 124 00 E18 90000E

RW AZl MUTH( 37) vo8ug8227C  RAD F S D C 124 00 E19 93090E

RW AZl MUTH( 38) vo8u8228C  RAD F S D C 124 00 E19 90000E

RREQLRRVARRIVHARLRRARLIRRARIRLIARARAIRLRARRIRHRE



FSSR NAME

TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

MSID

ENG UNITS

DT PR D S PRFCIN

MC

CAT

LASTCR R

RW AZI MUTH( 39)

RW AZI MUTH( 40)

RW AZI MUTH( 41)

RW AZI MUTH( 42)

RW AZI MUTH( 43)

RW AZI MUTH( 44)

RW AZI MUTH( 45)

RW AZI MUTH( 46)

RW AZI MUTH( 47)

RW AZI MUTH( 48)

RW AZI MUTH( 49)

RW AZI MUTH( 50)

RW AZI MJTH( 51)

RW AZI MUTH( 52)

RW AZI MUTH( 53)

RW AZI MUTH( 54)

RW AZI MUTH( 55)

RW AZI MUTH( 56)

381

Vvo8U8229C

Vvo8U8230C

vo8U8231C

Vvo8U8232C

Vo8U8233C

Vvo8U8234C

Vo8U8235C

Vo8U8236C

Vvo8U8237C

Vvo8U8238C

Vo8U8239C

vo8U8240C

V97U7285C

V97U7286C

Vo7U7287C

V97U7288C

V97U7289C

V97U7290C

RREQLRRVERRIVHARLRRARLIRRARIRLARRARAIRRRARRIRHRE

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

E20

E20

E21

E21

E22

E22

E23

E23

E24

E24

E25

E25

E26

E26

E27

E27

E28

E28

93090E

90000E

93090E

90000E

93090E

DC1923A

93090E

90000E

93090E

DC1923A

93090E

90000E

93090E

92517C

93090E

92517C

93090E

92517C
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382 STS 83-0005-34
December 14, 2007

TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R

RW AZ| MUTH( 57) V97U7291C  RAD F S D C 124 00 E29 93090E

RW AZ| MJUTH( 58) V97U7292C  RAD F S D C 124 00 E29 92517C

RW AZ| MUTH( 59) V97U7293C  RAD F S D C 124 00 E30  93090E

RW AZ| MUTH( 60) V97U7294C  RAD F S D C 124 00 E30 92517C

RW AZ| MUTH( 61) V97U7295C  RAD F S D C 124 00 E31 93090E

RW AZ| MUTH( 62) V97U7296C  RAD F S D C 124 00 E31 92517C

RW AZ| MUTH( 63) V97U7297C  RAD F S D C 124 00 E32 93090E

RW AZ| MUTH( 64) V97U7298C  RAD F S D C 124 00 E32 92517C

RW AZ| MUTH( 65) V97U7299C  RAD F S D C 124 00 E33 93090E

RW AZ| MUTH( 66) V97U7300C  RAD F S D C 124 00 E33 92517C

RW AZ| MUTH( 67) V97U7301C  RAD F S D C 124 00 E34 93090E

RW AZ| MUTH( 68) V97U7302C  RAD F S D C 124 00 E34 92517C

RW AZ| MUTH( 69) V97U7303C  RAD F S D C 124 00 E35  93090E

RW AZ| MJUTH( 70) V97U7304C  RAD F S D C 124 00 E35 92517C

RW AZI MUTH( 71) V97U7349C  RAD F S D C 124 00 E36 93090E

RW AZI MUTH( 72) V97U7350C  RAD F S D C 124 00 E36 92517C

RW AZl MUTH( 73) V97U7351C  RAD F S D C 124 00 E37 93090E

RW AZI MUTH( 74) V97U7352C  RAD F S D C 124 00 E37 92517C

RREQLRRVARRIVHARLRRARLIRRARIRLIARARAIRLRARRIRHRE



TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCIN MC CAT LASTCR R

RW AZ| MUTH( 75) V97U7353C  RAD F S D C 124 00 E38 93090E

RW AZ| MJUTH( 76) V97U7354C  RAD F S D C 124 00 E38 92517C

RW AZI MUTH( 77) V97U7355C  RAD F S D C 124 00 E39 93090E

RW AZ| MUTH( 78) V97U7356C  RAD F S D C 124 00 E39 92517C

RW AZ| MUTH( 79) V97U7357C  RAD F S D C 124 00 E40  93090E

RW AZ| MUTH( 80) V97U7358C  RAD F S D C 124 00 E40 92517C

RW AZ| MUTH( 81) V97U7359C  RAD F S D C 124 00 E41 93090E

RW AZ| MUTH( 82) V97U7360C  RAD F S D C 124 00 E41 92517C

RW AZ| MUTH( 83) V97U7361C  RAD F S D C 124 00 E42 93090E

RW AZ| MUTH( 84) V97U7362C  RAD F S D C 00 E42 92517C

RW AZ| MJUTH( 85) V97U7363C  RAD F S D C 124 00 E43 93090E

RW AZ| MJUTH( 86) V97U7364C  RAD F S D C 124 00 E43 92517C

RW AZ| MUTH( 87) V97U7365C  RAD F S D C 124 00 E44 93090E

RW AZ| MUTH( 88) V97U7366C  RAD F S D C 124 00 E44 92517C

RW AZl MUTH( 89) V97U7367C  RAD F

n
O
O

124 00 E4A5  93090E

RW AZI MUTH( 90) V97U7368C  RAD F 124 00 E45 92517C

RW DELH( 01) \Vo8UB807C  FT F 124 00  EO1  90000E

RW DELH( 02) \V98UBS08C  FT F 124 00  EO1  90000E

n o u un
o O O O
O O o O

RW DELH( 03) vo8uU8809C  FT F 124 00 E02 90000E

RRRQRRRARARLIRLALARIALARARLRARRIRARRRRARLIRRALY
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TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
RW DELH( 04) VO8US810C  FT S D C ®.124 00  E02  90000E
RW DELH( 05) Vo8U8811C  FT s D C g: igi 00  EO3  90000E
RW DELH( 06) Vo8US812C  FT s D C g: igi 00  EO3  90000E
RW DELH( 07) \VO8US813C  FT s D C g: igi 00  EO04  90000E
RW DELH( 08) \Vo8Us814C  FT s D C g: igi 00  E04  90000E
RW DELH( 09) VO8U8815C  FT S D C g: igi 00  EO5  90000E
RW DELH( 10) VO8US816C  FT S D C g: igi 00  EO5  90000E
RW DELH( 11) VO7UB576C  FT s D C g: igi 00  E06  90000E
RW DELH( 12) VO7UB584C  FT S D C g: igi 00  E06  90000E
RW DELH( 13) VO7UB591C  FT s D C g: igi 00  EO7  90000E
RW DELH( 14) VO7UB598C  FT s D C g: igi 00  EO7  90000E
RW DELH( 15) VO7U6605C  FT s D C g: igi 00  EO8  90000E
RW DELH( 16) VO7UB612C  FT s D C g: igi 00  E08  90000E
RW DELH( 17) VO7UB619C  FT S D C g: igi 00  E09  90000E
RW DELH( 18) VO7UB626C  FT s D C g: igi 00  E09  90000E
RW DELH( 19) VO7U5690CC  FT s D C g: igi 00 E10  90000E
RW DELH( 20) V97U5691CC  FT s D C g: igi 00 E10  90000E
RW DELH( 21) V97U5692CC  FT S D C g: igi 00  E11  90000E
RW DELH( 22) VO7U5690CB  FT S D C g: igi 00  E11  90000E
RW DELH( 23) VO7U5691CB  FT S D C g: igi 00  E12  90000E
RW DELH( 24) VO7U5692CB  FT S D C g: igi 00 E12  90000E
RW DELH( 25) VO9U7368C  FT s D C g: igi 00  E13  90000E
RW DELH( 26) VO9U7375C  FT s D C g: zgz 00  E13  90000E



TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
v
RW DELH( 27) VO9U7382C  FT S D C 4124 00  E14 DC2123
RW DELH( 28) VO9U7689C  FT S D C g: igi 00  E14 DC2123
RW DELH( 29) VO9U7696C  FT S D C g: igi 00  E15  90000E
RW DELH( 30) VO9U7703C  FT s D C g: igi 00  E15  90000E
RW DELH( 31) Vo8US241C  FT s D C g: igi 00  E16  90000E
RW DELH( 32) Vo8US242C  FT s D C g: igi 00  E16  90000E
RW DELH( 33) Vo8US243C  FT S D C g: igi 00  E17  90000E
RW DELH( 34) \Vo8US244C  FT S D C g: igi 00  E17  90000E
RW DELH( 35) VO8US245C  FT S D C g: igi 00  E18  90000E
RW DELH( 36) VO8US246C  FT s D C g: igi 00  E18  90000E
RW DELH( 37) Vo8Us247C  FT S D C g: igi 00 E19  90000E
RW DELH( 38) \VO8US248C  FT S D C g: igi 00  E19  90000E
RW DELH( 39) Vo8US249C  FT s D C g: igi 00 E20  90000E
RW DEL H( 40) VO8US250C  FT S D C g: igi 00 E20  90000E
RW DELH( 41) VO8US251C  FT S D C g: igi 00 E21  90000E
RW DELH( 42) VO8US252C  FT S D C g: igi 00 E21  90000E
RW DELH( 43) VO8US253C  FT S D C g: igi 00 E22 DCl923A
RW DELH( 44) \Vo8U8254C  FT S D C g: igi 00 E22 DCl923A
RW DELH( 45) VO8US255C  FT S D C g: igi 00  E23  90000E
RW DELH( 46) VO8US256C  FT S D C g: igi 00  E23  90000E
RW DELH( 47) Vo8U8257C  FT S D C g: igi 00  E24 DCl923A
RW DELH( 48) VO8US258C  FT S D C g: igi 00  E24 DCl923A
RW DELH( 49) VO8US259C  FT s D C g: zgz 00 E25 90000E
ST S 83-0005-34
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386 STS 83-0005-34
December 14, 2007

TABLE 4.5.2.4-3. ASCENT SITE LOOKUP (G4.238) I-LOADS

FSSR NAME MSID ENG UNITS DT PR D S PRFCTN MC CAT LASTCR R
E
Vv
RW DELH( 50) V98UB260C  FT S D C & 124 00  E25 90000E
4. 238
RW DELH(51) VO7U7563C  FT S D C & 124 00  E26 92517C
4. 238
RW DELH( 52) VO7U7564C  FT S D C Gi124 00  E26 92517C
4. 238
RW DELH( 53) V97U7565C  FT S D C G4124 00 E27 92517C
4. 238
RW DELH( 54) VO7U7566C  FT S D C G4124 00 E27 92517C
4. 238
RW DELH( 55) VO7U7567C  FT S D C G4124 00  E28 92517C
4. 238
RW DELH( 56) V97U7568C  FT S D C & 124 00  E28 92517C
4. 238
RW DELH(57) VO7U7569C  FT S D C G4124 00  E29 92517C
4. 238
RW DELH( 58) V97U7570C  FT S D C G4124 00  E29 92517C
4. 238
RW DELH( 59) VO7U7571C  FT S D C & 124 00  E30 92517C
4. 238
RW DELH( 60) VO7U7572C  FT S D C & 124 00  E30 92517C
4. 238
RW DELH( 61) VO7U7573C  FT S D C G4124 00  E31 92517C
4. 238
RW DELH( 62) VO7U7574C  FT S D C G4124 00  E31 92517C
4. 238
RW DELH( 63) VO7U7575C  FT S D C Gi124 00  E32 92517C
4. 238
RW DELH( 64) VO7U7576C  FT S D C Gi124 00  E32 92517C
4. 238
RW DELH( 65) VO7U7577C  FT S D C G4124 00  E33 92517C
4. 238
RW DELH( 66) V97U7578C  FT S D C G4124 00  E33 92517C
4. 238
RW DELH( 67) VO7U7579C  FT S D C G4124 0