W AT TR TR RTINS -and o i T - R . o . T . EE L - . . R SR
> £y W F . N I N T Y Vg . RN A% - L T nuadl Sl S
el SN g Dy T L T, : e i e N
B k. N i An A T AN T T G O R T PO TS £ s R T4 . o R . h
i
.
>
l

79-FM-10 JSC.14713
Rev. 2 SEP 1 ¢ 1980

S Level C j
i

. ° ‘. . :
| Navigation Requirements
i |
» Onorbit i

4
) i
¢;Mamwé<o /50~ 05370 I
C f‘
(NASA-TM-8221) SHUTTLE OFT LEVEL C N80-33457
NAVIGATION REQUIREMENTS (NASA) 682 p
HC A99/4F A01 cscL 176
Unclas
G3/16 333863
Mission Planning and Analysis Division
‘ September 1980
\
National Aeronautics and
Space Administration
Lyndon B. Johnson Space Center
Houston, Texas




-
e ot

-

,m

e Ny

M
e

T9=-FM=-10
Rev. 2

SHUTTLE PROGRAM
SHUTTLE OFT

LEVEL C

NAVIGATION REQUIREMENTS

ONORBIT

By Mathematical Physics Branch, JSC;
and McDonnell Douglas Technical Services Co.

Approved: ?,/\ét;,\\\_gm,;\ ~

Emil R. Schiesser, Chief
Mathematical Physics Branch

Approved: M

Ronald L. Berry, Chief
Mission Planning and Analys vision

Mission Planning and Analysis Division
National Aeronautics and Space Administration
Lyndon B. Johnson Space Center

Houston, Texas

September 1980

"*’"!!!Huﬂﬂﬂw*auw"w-mwwnwr«w?‘!

TIFM10
JSC-14713




Section

1.0

1.2

1.3

CONTENTS

INTRODUCTION & « « o « = o o o o o o = o « o « s o o + «

PURPOSE..I...l.l....'..l.......‘
ORGANIZATION AND STRUCTURE . » & « v o o o ~ o o o & « &
THE CHANGE LOG « « v + » o o o o o o o o s o o v o o o

APPLICABLE DOCUMENTS . . . . ¢ & o ¢ o ¢ o o o o o o =«

OVERVEW . . L] . . . - L] e -0 L * . . . . L] LJ . . . L) . L

OPERATIONAL NAVIGATION PROGRAM . . . . ¢« . « « ¢ &« ¢ & &

GN&C SOFTWARE MAJOR FUNCTIONS . . . . . & ¢ ¢ ¢ ¢ o o o o

NAVIGATION SYSTEM OVERVIEW . . . ¢ . ¢ ¢ o o ¢ ¢ o o o &

Navigation Functions . . . . . . . .
Navigation-Related Functions . . . .
General Requirements . . . . . . .

Requirements and Assumptions Overview

e o & 0

. .
» & o @
s & e o
s o o »
e e o @

.

3

.

.

TRACE”RITY . L4 L] L d L4 . L - L] - . - . L] . L) . L) L . . L

OPERATIONAL SEQUENCES AND MAJOR MODES . . . . . . . « . .

IMPLEMENTATION CONSTRAINTS . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o« o o &

DETAILED REQUIREMENTS . . . ¢ & ¢ ¢ ¢ &+ o ¢ ¢ o o o o o

ONORBIT/RENDEZVOUS NAVIGATION SEQUENCER PRINCIPAL

F‘mCTION - . . - - L] . L] - . . . . L4 L » . L] - L L - L - . -

Sequencing Operations and Major Mode Transitions
(ONORBIT—REND..{AV.SEQUENCER) . . &« = ¢ + ¢ « ¢ o o o & &

Operation Sequence Initialization (OPS_2.ORB..INITIALIZE)

ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL FUNCTION . . . . .

Navigation Control (NAV._ONORBIT_RENDEZVOUS) . . . . . . .

Navigation Data Snap . . « ¢ ¢ ¢ 4 o ¢ ¢ ¢ o ¢ o 5 o o o o &

State and Covariance Matrix Updates . . . « « + ¢« « & - &«
Position and Velocity State Prgpagﬁtion

(ONORBIT_REND.R_V_STATE_PROP) . e s s s s e e e e e e e e

Unmodeled Acceleration State and Covariance Matrix

Propagation (REND_BIAS_AND_COU_PROP) . . . « + + + + « « .

iii

PRECEDING PAGE BLANK NOT FRMED

p— I A AT

it

T9FM10

Page

. 1-1
. 1=t
1-3

o 17
. 2e1
3-1

. 3-1
. 32
. 33
. 34
. 36
. 347
. 38
. 3-18
. 3-19
. 3=20
R T
4-2

. U-16
. 4-28
. W57
4-80
4-92

. 4-100
4-115

. 4..155

gaiey

PR

ERT TSI R e

Ll
S, 3

..-»,.-@'L.L.' e A

B e s T



4.5
4.5.1
4.5.2

4.6

4.7
4.8
4.9
4.9.1
4.9.2
4.9.3
4.9.4
4.9.5

4.9.6
4.9.7

Ny 4.10

P i —
e o & &
- d b =
OO0
« o o

EWNN -

torahdba b N o o2 ade iy
T9FM10
Page
Rendezvous Sensor Measurement Selection (REND_SENSOR..
sELEﬂ).....lI....lnbltl....l..l‘"“BS
Sensor Measurement Injitialization (REND_NAV_SENSOR-INIT) . U4-193
State and Covariance Measurement Incorporation . . . . . . 4-203
Heasurement Progessing Statistics (NERLFROCESSING,.
STATISTICSQREND) L] - L) L) * . L) L] L] . » - - L] » L) L] L] - - u-zso
ONORBIT PRECISION STATE PREDICTION PRINCIPAL FUNCTION . . H-256
Integration of the Equations of Motion (RK GILL) . . . . . 4-266
Equatiom Of Motion (PINES METHOD) e & & ¢ 8 & & = s @ . u"271
ONORBIT/RENDEZVOUS USER PARAMETER PROCESSING SEQUENCER
PRINCIPAL FUNCTION (ONORBIT REND UPP_SEQ) . . . . . . . . 4=278
USER PARAMETER PROCESSING PRINCIPAL FUNCTION . . . . . . 42283
User Parameter State Propagation (ONORBIT_REND_USER_
PARAM_.STATE_PROP) s e s e s b s s e e s e s s s s e s s o 4288
Onorbit User Paraneter Calculations (ONORBIT.USER-
PARAMETER_.CALCULATIONS) . . . - ¢« &« ¢ v o &« = o « o « » . 4-299
LANDING SITE UPDATE PRINCIPAL FUNCTION (LANDING SITE_
UPDATE_PRINCIPAL_FUNCTION) . . . . . ¢ o ¢ v ¢ » « & « « . U4=302
INITIALIZATION OF SPECIFIC OPS 2 NAVIGATION PARAMETERS . 4-316
mmIST REQUIREIBNTS e & ® & e e 4 o e+ & » & 3 e & x » . u-317
UPLINK REQUIREMENTS T« s 83 8 & 8 & & & * o e & 8 s ° & . u-3'8
Orbiter State Vector Uplink Parameters (ORBITER.STATE.-
VECTOR—UPLINK) ® & & & o & o+ s * & s o s & 4 s e . u-319
Rendezvous Vehicle State Vector Uplink Parameters
zRENDEZVOUS_STA‘l‘E-VECTOR—UPLINK) ¢ s s 6 e e s s e s . . 4323
Vent/RCS Body Force Vector Uplink Parameters
(VENT-RCS.MODEL_PARAM_UPLINK) . . . . . « « « ¢ & o o & 4327
Drag Model Correction Factor Uplink Parameters
(DRAG-MODEL-PARAM.UPLINK) . . . . « ¢ « « + « o « o « &« §-331
Covariance Matrix Uplink Parameters (COV_.MATRIX-
PARAM“UPLINK)..-.....-.o-c-ouooo-- .u-33“
Landing/TACAN Site Table Uplink Processing . . . . . . . . 4-337
Landing Site Selection Parameters . . . . . . . . . .. 4345
COORDINATE TRANSFORMATIONS . & &« ¢ 4 o o o o o « o o & . 4<350
Transformation From Aries Mean of 1950 to Earth-Fixed . . 4=351
Earth-Fixed to M50 (EARTH-FIXED-TQ-M50_OOORD) . . . . . . B-352
Geodetic to Earth-Fixed (GEODETICZIO-EF) . . . . . . . . . U=356
Earth-Fixed to Topodetiec (EF-TO.TOPDET) . . . . . . . . . 4-360

iv

PR TR? AT T Ty L e

-

T R T N U PUr T AN I . ey Jhr e

D I TN L P S PO

B Y Cry PP L T S

Lt




R Gk S e L Pt 3 oA e o s/ A tiati il Ealai e 4 i v comtunnes

{ Section
E N
:r u-1°.5 Eal‘th-Fixed tO Run EF—TO-R‘N"AY * s e 8 e & 8
4.10.6 Earth-Fixed to Scanner (EF-TO-SCANNER) . . . . . . . .
« §.10.7 Transformation From Structural Body to M50
: Coordinates (SBODY.TO.MBO) . « & ¢ v ¢ ¢ s « ¢ « o o &
: 4.10.8 Conversion of a Quaternion to a Matrix (QUAT.TO-MAT) .
s 4.10.9 Earth-Fixed to Geodetic (EF-TO-GEODETIC) . . . . . . .
{:’ u.10.10 wutOMSO(UV”O—‘BO)-‘-..........-.-
* APPENDIX A - GENERAL REQUIREMENTS FUNCTIONS . ¢ v ¢ ¢ « « ¢ « o o o « « A«
. APPENDIX B - NAVIGATION SEQUENCER PRINCIPAL FUNCTION AND NAVIGATION
PROCESSING PRINCIPAL FUNCTION FLOWCHARTS . . . . « « « « & B-1
F
’ APPENDIX C - GENERAL REQUIREMENT FUNCTIONS FLOWCHARTS, VARIABLE NAMES,
f. AND DESCRIPTIONS e » . . - . . . Y . . . e . e 0 s o . e . c-1
. APPENDIX D - USER PARAMETER FLOWCHARTS, VARIABLE NAMES, AND
DESCRIPTIONSo..clloot.oo'.l.ol.l... D-1
APPENDIX E - LANDING SITE UPDATE PRINCIPAL FUNCTION FLOWCHEARTS AND
NAME DESCRIPTIONS . & & ¢ ¢ ¢ ¢ v & ¢ s o « o « o o s o o » E-1
APPENDIX F - NAVIGATION UPLINK PROCESSING FUNCTIONS: FLOWCHARTS,
VARIABLE NAMES, AND DESCRIPTIONS . . & « v ¢ ¢ o o o o o » F-1
{ ) APPENDIX G - INTERFACE DIAGRAMS FOR THE ONORBIT/RENDEZVOUS

NAVIGATION SEQUENCER PRINCIPAL FUNCTION, THE ONORBIT/
RENDEZVOUS NAVIGATION PRINCIPAL FUNCTION AND THE
ONORBIT PRECISION STATE PREDICTION PRINCIPAL FUNCTION . . . G-1

o+ Sy
-

2




T ot - Rt LT T

Table
1.3
3.4
3.5
b, 1-1
4,12

4.1.1
4.1.1.1
4.1.1.2
4.1.2
4.1.2.1
4.1.2.2
§.1,2.2.1
4.1.2.2.1.1
4.1.2.2.1.2
4.1.2.2.1.3
k.1.2.2.2

4.2

4.2.1

4.2.2.1

u.2.2.2-1

4.2.2,2-2

T R Y T A A I AR T R TR N MR T LR, TSRy

TABLES

ONORBIT/RENDEZVOUS CHANGE LOG ¢ « « ¢ « ¢ o ¢ ¢ .0 ¢ o &
SOFTWARE REQUIREMENT TRACBABILITY . . . « ¢ o ¢ ¢ o o
OPERATION SEQUENCE MAJOR MODES . « . « & ¢ ¢ o o & & &
ONORBIT /RENDEZVOUS NAVIGATION SEQUENCER EVENTS . . . .
ONORBIT/RENDEZVOUS NAVIGATION SEQUENCER PRINCIPAL

chTIm INPUT /OUTPM L] . L] . . . L] L] . . . L] [ 2 L] L] L L]

ONORBIT_REND_NAV_SEQUENCER INPUT/OUTPUT . . . + « + .« .
RAEND_NAV_EXIT INPUT/OUTPUT . . o ¢ o v @ o o o o o o s
NAV_EXIT INPUT/OUTPUT . + « « o o o o o o o o o o o o &
OPS_2 OR 8_INITIALIZE INPUT/OUTPUT . . . . . + o « . .
SHUTTLE_RESET INPUT/OUTPUT . o ¢ v v o o v o o o o & &
REND NAV_INIT INPUT/OUTPUT . . o « & o o o o o o s o &
REND_COV_INIT INPUT/OUTPUT . . . o o o v ¢ o « o o o &
COVINIT UVW INPUT/OUTPUT . . v o « o o o « o o o o o
DISPLAY COUNT INIT INPUT/OUTPUT . « . « « « o « « o o &
COV_LAST RESET INPUT/OUTPUT . . . . o . « o o o o « . .
TARGET_RESET INPUT/OUTPUT . . . v o & o o o o o v o o &

ONORB IT /RENDEZVOUS NAVIGATION PRINCIPAL FUNCTION
mpm/ompm . . . L] L4 L] L ] L] L] . L] * L] . . L] . L L] L] *

NAV_ONORBIT RENDEZVOUS INPUT/OUTPUT . . . . . . . « . .
PARAMETER CROSS REFERENCE TABLE BETWEEN IMU RM/SOP,
ONORBIT/REND NAVIGATION VARIABLES, AND USER PARAMETER
PROCESSING VARIABLES . . . ¢ ¢ ¢ ¢ & o o o s s o o o &

PARAMETER CROSS REFERENCE TABLE BETWEEN RR SOP AND
ONORBIT/REND NAV VARIABLES . . . . . . ¢ & o ¢ o o o &

PARAMETER NAME CROSS REFERENCE TABLE BETWEEN STAR TRACK
SOP AND ONORBIT/REND NAV VARIABLES . . . .. . . . ..

vi

"r“ bl

T T

WL AT

e £ Yl P T WA b s

T9MM10

. 461
. 4-87
. 4-9y
. 14-98

. U-99

———n



T T T e L T T R e T R, R R T e T R e L St o adabai a1 e il i A A ekl

BB et e s it o B K PRI T s <, 1y
s TN e - e AT TS sap e

¢
!
T9FM10
! t : Table Page
- 4.2.3.1 ONORBIT_REND_AUTO_INFLIGHT_UPDATS INPUT/OUTBUT . . . . . . H-104-
4.2.3.1.1  STATE_VECTOR_PREDICT_TASK INPUT/OUTPUT . . « o + o « . . . 4-110

T e T XI min one G wAe

3 4.2.3.2 REL_NAV_DISPLAY_UPDATES INPUT/OUTPUT . . . . o » « o . . . H=114

‘\@ 4.2.4 ONORBIT_REND_R_V_STATE_PROP INPUT/OUTPUT . . . . « . . . . 4-120

_ 4.2.4.1 SUPER_G INPUT/OUTPUT . « o o v v o e e e e e e e e o . He125

: 4.2.4,1.1  ACCEL_ONORBIT INPUT/OUTPUT . . « « o + o o v o o o o « . . =140
4.2.4.1.1.1 H_ELLIPSOID INPUT/OUTPUT . . « o o v v o o « o o o o o . . B=106
4.2.4.1.1.2 V_REL INPUT/OUTPUT . . & o o o o o o o o s o o s o'a o o o Hellig
4,2.4.1.1.3 SOLAR EPHEM INPUT/OUTPUT . . o & o « o o o o o o o + + . . 4-153

: 4.2.5 REND_BIAS_AND_COV_PROP INPUT/OUTPUT . . . . . . . . . . . . 4=163
4.2.5.1 U_A_BIAS_AND_COVINIT INPUT/OUTPUT . . . . . o o o . .. . 4-168

4.2.5.2 MEAN_CONIC_PARTIAL_TRANSITION MATRIX 6X6 INPUT/OUTPUT . . . 4-174

{ 4.2.5.2.1 F_AND G INPUT/OUTPUT . . « « & « « « o o o o o v o o « « . U=181
;o 4.2.6 REND_SENSOR_SELECT INPUT/OUTPUT . . . . « . « » + o . . . . =191

| 4.2.7 REND_NAV_SENSOR_INIT INPUT/OUTPUT . . . . . « o o . . . . . 4-196

| §.2.7.1 SETUP INPUT/OUTPUT . » « v v v v o o o v o o o o o o = o . 4=200
’ 4,2.8.1 RRDOT_NAV INPUT/OUTPUT .+ + o o o o v o v o v o o o o o . . 8207

' 4.2.8.1.1  REND NAV_INTERP INPUT/OUTPUT . . + o + o o o o o o o . . . 4=212
4.2.8.1.1.1 ONORBIT SV_INTERP INPUT/OUTPUT . . . . « « « o « « « . . . 4=218
‘ 4,2.8.1.2  REND_NAV_FILTER INPUT/OUTPUT . . . . o o + o s o « o . . . 4225
e 4.2.8.2 RR_ANGLE NAV INPUT/OUTPUT . . v + v « o o o o o v o o « « o 4232
ki 5> 4.2.8.2.1  REND_ANGLE_PARTIALS INPUT/OUTPUT . . « « o « o & & « o . . 4235
h 3* 4.2.8.3 STAR_TRACKER_NAV INPUT/OUTPUT . . o & o o o « o o o « + . . 4-239
; 4.2.8.3.1  ANGLE NAV INPUT/OUTPUT . . « + & v o v v v v v v o v o . . W2l
;, 4.2.8.4 COAS NAV INPUT/OUTPUT . « & v v o v o v o v o o o o o « o . U-2uB

vii




AR GRS - R L AL RN et Lt AR b Sl ol it BEC Al A - RS T E - thal = Sablbantbib ol e i o A R S (e B £ A RREEASI G R AL

P AL ey .

T9FM10
: Table | Page
§ §.2.9 MBAS 'PROCESSING STATISTICS REND INPUT/OUTPUT . . . . . . . 4=254
| 4.3-1 ONORBIT PRECISION STATE PREDICTION PRINCIPAL FUNCTION
INPUT/OUTPUT & o« o o o v v o o o o v o v o oo oo oo 261
4,.3-2 ONORBIT_PREDICT INPUT/OUTPUT . . « « s o o o o « o« s » o+ » 4=264
‘ 4.3-3 PREDICTOR SUGGESTED FLAG SETTINGS . « . « « o o + o + . o . 4=265
4.3.1 RK_ GILL INPUT/OUTPUT . & « & o o« o « « = o o o o o o » » o 4269
4.3.2 PINES METHOD INPUT/GUTPUT . . « & v « v o o o o o o o o » . 42275
4,41 ONORBIT /RENDEZVOUS USER PARAMETER PROCESSING SEQUENCER
BVENTS . & & o o v o o o o o o o o o « o o s s o o s o+ o 4280
b,4-2 ONORBIT /RENDEZVOUS USER PARAMETER PROCESSING SEQUENCER
PRINCIPAL FUNCTION INPUT/OUTPUT . . & & &« o « « o o « « o .« U=282
4.5 USER PARAMETER PROCESSING PRINCIPAL FUNCTION INPUT/OUTPUT . 4-284
4.5.1 ONORBIT_REND_USER_PARAM_STATE PROP INPUT/OUTPUT . . . . . . U4-292
4.5.1.1 AVERAGE_G_INTEGRATOR INPUT/OUTPUT . . . + « & & « « « o . . 4206
4.5.2 ONORBIT_USER_PARAMETER_CALCULATIONS INPUT/OUTPUT . . . . . k=301
4.6-1 CORRESPONDENCE OF NOMINAL END OF MISSION I-LOAD
NAMES TO OPS-2 "USE TABLE"™ RAMBS . . . . « « + « « + + . » U=308
b.6-2 LANDING_SITE_UPDATE PRINCIPAL FUNCTION INPUT/OU'TPUT . . . . 4-309
4.6-3 LANDING SITE_UPDATE PRINCIPAL FUNCTION I-LOAD PARAMETERS . 4-311
4.9.1-1 ORBITER STATE VECTOR UPLINK DATA FORMAT . . . . . . . . . . 4=321
4.9.1-2 ORBITER STATE VECTOR UPLINK INPUT/OUTPUT . . . . . . . . . W4=322
4.9.2-1 RENDEZVOUS VEHICLE STATE VECTOR UPLINK DATA FORMAT . . . . 4-325
4.9.2-2 RENDEZVOUS VEHICLE STATE VECTOR UPLINK INPUT/OUTPUT . . . . 4-326
B* 4.9.3-1 VENT/RCS BODY FORCE VECTOR UPLINK DATA FORMAT . . . . . . . 4-329 -
X 4.9.3-2 VENT /RCS BODY FORCE VECTOR UPLINK INPUT/OUTPUT . . . . . . 4-330 ! Q‘
L 4.9.4-1 DRAG MODEL CORRECTION FACTOR UPLINK DATA FORMAT . . . . . . 4-332 ’
4,9.4-2 DRAG MODEL CORRECTION FACTOR UPLINK INPUT/QUTPUT . . . . . 4-333 ;

viitl




[ s

! (~ . Table
t P

| 3.9.5-1 COVARIANCE MATRIX UPLINK DATA FORMAT . . . . . .

4.9.5-2 COVARIANCE MATRIX UPLINK INPUT/OUTPUT . . . . . .

5 4.9.6-1 LANDING SITE UPLINK DATA FORMAT . . . . . . . . .

( P 4.9.6=2 TACAN SITE UPLINK DATA FORMAT . . . . . . . . . .

: 4.9.6-3 LANDING/TACAN SITE TABLE UPLINK INPUT . . . . . .

4.9.6-4 LANDING/TACAN SITE TABLE UPLINK OUTPUT . . . . .

- 4.9.7-1 LANDING SITE SELECTION UPLINK FORMAT (PEG 4 LOAD)

é | 4.9.7-2 LANDING SITE SELECTION UPLINK FORMAT (PEG 7 LOAD)

! 4.9.7-3 LANDING SITE SELECTION UPLINK PROCESSING INPUTS .

% 4.9.7-4 LANDING SITE SELECTICN UPLINK PROCESSING OUTPUT .

§ 4.10.2 EARTH_FIXED TO_M50_COORD FUNCTION INPUT/OUTPUT .

. 4.10.3 GEODETIC_TO_EF FUNCTION INPUT/OUTPUT . . . . . .

| {( 4.10.4 EF_TO_TOPDET FUNCTION INPUT/OUTBUT . . . . . . .

: 4.10.5 EF_TO_RUNWAY FUNCTION INPUT/OUTPUT . . . . . . .

4.10.6 EF_TO_SCANNER FUNCTION INPUT/OUTPUT . . . . . . .

4.10.7 SBODY_TO M5O INPUT/OUTEUT . . « » o o o o« o o .

: 5.10.8 QUAT_TO_MAT FUNCTION INPUT/OUTPUT . . . . . . . .

s 4.10.9 EF_TO_GEODE™IC INPUT/OUTRUL . . . . . « « . « . .

f %.10.10 UVW_TO_M50 FUNCTION INPUT/OUTPUT . . . . . . . .
{
>
e

ix
L————_!""’"‘”‘“ N R . sl N e. e o PN

T9FM10
Page
. 42335
. 4=336
. 4-339
. 4-340
. o34
. 4342
. 4347
. b-347
. =348
. h-349
. 4-354
. 4-358
. 4-361
. 4-364
. 4-368
. 4-372
. 4-376

. . %.379

. u -382




:I ) v B : " i e - ~ PSRRI - PP
é
i
!
f T9FM10
FIQURES
Fisure Page
:i 1.2-1 I/o table romat - . - L] L] [ ] L ] . [ ] L [ ] L ] L] L ] [ ] . L ] [ ] [ ] L] . . 1-n
1,22 Prinoipal function 1/0 table format . « « « o s o oo v oo 15
:
; 3;3"1 Vel"ified OFT transitious . o.. e & 6 6 & 8 &8 & & s s o & o ¢ 3-17
i
M)
J
X




79FM10

SHUTTLE OFT LEVEL C
NAVIGATION REQUIREMENTS

ONORBIT




RS BT S

P 2%

—

TR e - gy

T9FM10

1.0 INTRODUCTION

1.1 PURPOSE

This document provides Level C detailed requirements for the orbital operationa
computer loads, OPS 2 and OPS 8. Trese requirements represent the total
Onorbit /Rendezvous Navigation baseline requirements for the following prinnipal
functions.

A. Onorbit/Rendezvous Navigation Sequencer

B. Onorbit/Rendezvous UPP Sequencer

C. Onorbit/Rendezvous Navigation

D. Onordit Prediction

E. Onorbit User Parameter Processing

F. Landing Site Update

The Onorbit/Rendezvouc Navigation Baseline was last issued on May 1, 1979 as
FSSR Version C; i.e., as SD 76-SH-0006C. That publication absorbed Veruion B
(published November, 1977) and alsn the January 19, 1979 and May 1, 1979 block
updates.

This publication reflects Version C of the Onorbit/Rendezvous Navigation FSSR
plus the following page change numbers (PCN's) written against Version C:

A. PCN 1 ~ an August 15, 1979 update.
B. PCN 2 - a January 15, 1980 update.

The following is a list of CR's that were incorporated into this documer! with
Version C, PCN 1, PCN 2, and PCN 3.

CR 2599B CR 12374 CR 193738
CR 12164 CR 12419 CR 194is5A
CR 191678 CR 124424 CR 194464
CR 12266A CR 124564 CR 19472A
CR 12285 CR 12478 CR 19571A
CR 12286 CR 12545 CR 19655A
CR 12326 CR 12623 CR 193614
CR 12661 CR 12803

1=




CR 12681
CR 12765A
CR 12817
CR 12818A
CR 12819A
CR 12823
CR 128258
CR 12676

\W

CR 128124
CR 12813A
CR 12820
CR 12821
CR 12822
CR 12214A
CR 12019
CR 29188C

CR 19810B
CR 19874A
CR 19873A
CR 19785B
CR 19900
CR 29300
CR 12600
CR 16452B

CR 12024B
CR 124118
CR 19u84A
CR 19575
CR 19246B
CR 12809A
CR 29500

T9FM10
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1.2 ORGANIZATION AND STRUCTURE

The organization of the November 1977 baseline was extensively revised with its
Version C in order to structure the text closely to the suggested implementation
given in the flowcharts of appendices B, C, D, E, and F. In order to accomplish
this task the following guidelines were developed for the organization and text
structure of this document;

"Guideline 1, - Each flowchart in the Appendices B, C, D,'E, and F willvbe classi-
fied either as a subroutine, function, or code. The subroutine or function clas-

sification will be given for the following reasons:

(1) to avoid duplication of code,

and
(2) to clarify the function of the flowchart with text and Input/Cutput

(1/8) tables.

Guideline 2. - The requirements for each subroutine and function will be
described in one and only one text seotion of chapter 4.

A tlowchart labeled code is to be regarded as in-line code and will be explained
in the text section belonging to the subroutine in which the code is located.

If a subroutine calls another subroutine or executes code, the CALL or EXECUTE
statement will appear in the associated text. Text section descriptions will
closely follow the associated flowchart.

Guidelin: 3. - Those text sectic°s describing subroutines and functions will
have Input/Output (I/0) tables. ’

The determination of Input and Output variables to a given subroutine can be
quite subtle so the following simplistic definitions are proposed.

Input Variables

(1) Those variables needed to be input to the routine for the proper execution
of the subroutine or function, e.g. variables used in computations, vari-
ables used in logical tests both implicit and explicit, ete.

(2) Variabies in the INLIST to the subroutine.

Qutnut Variables

{1) Those computed variables needed by other routines.

(2) Variables in the OUTLIST of the subroutine.

(3) Variables computed for the DOWNLIST,
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Guideline 4. - Each I/0 table will have the format given in Figure 1.2-1. The b
variables in the INLIST and OUTLIST as arguments to the subroutine have only N
loocal rames 80 a spscial arrangement should be made for thess variables by list-

ing tham under a special section in the Input/Output (I/0) tables with a slight-

ly diffarent format.

~-
Iy
Lt

oUTeuT
DESTINATION

3

e
B

INPUT SOURCE

) PRI A B s S ) A TR 7 S 1 S M DR ey

Subroutine A

K

™ =
- §

Sutroutine B

z.
g

Subroutine A
Subroutine B

o e qup Jup D cun cuplose

%
e
lr—o

v _FILT Subroutine A Subroutine B

d

Subroutine €

D MR A D aEp SN - S P am S S sup ue
D D e SUD St S GED SR SUD CUD PP G YEP D sav SEP

B A
-n P ep D s

Figure 1.2-1.~ 1/0 table format.

®NOTE: If the subroutine has no INLIST or OUTLIST then the IN.iST/OUTLIST por- R
: - tion of the I/0 table will be omitted. _ ’ : !

Input variibles may be obtained by looking at the input source column ar;d output
variables may be obtained by looking at the ocutput destination column.

Guideline 5. - Text sections descriding Principal Functions will also have
Tnput/Output Tables. i

The Principal Function (PF) I/0 will show Input/Output flow between principal
funotions. The Principal Function 1/0 variable definitions will be consistent
with those used to define I/0 variadbles for subroutines. The Principal Function
I/0 tables will have the format given by Figure 1.2-2. Local destination refers
to the local subroutina needing the PF input variable. Loocal source refers

to the local subroutine outputting the PF output variable.
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! PRINCIPAL ! PRINCIPAL ! !
VARIABLE NAME ! FUNCTION LOCAL FUNCTION 1| LOCAL SQURCE !
! SOURCE DESTINATION ! DESTINATION 1

Figure 1.2-2.- Principal function I/0 table format.

Since one of the more important interfaces between Principal Functions is
involved with the "snapping" of data, it is proposed that this type of interface
be indicated in & special way by the Principal Function I/0 tables. Variables
involved in the IMU and Attitude Data Snap (section 4.2.2.1) or the Rendezvous
Sensor Data Snap (section 4.2.2.2) will be given the variable nams used by the
appropriate SOP when that SOP supplies the variable for the Data Snap. The
local destination will be labeled DATA SNAP amd the reader will be rererred to
the text section explaining the Data Snap. This section will have tables show-
ing the correspondence between the external SOP variable names and the variable
names used by the Principal Function for the "snapped" variables.

Guideline 6. - In the November 1977 baseline document there was quite a bit of
redundancy in the information supplied by various tables. For example, preci-
sion requirements were frequently given whenever a variable was listed in an I/0
table. While such a practice can be defended on the grounds of clarity and con-
venience, it can lead to inconsistencies between tables. Subsequent versions of
the FSSR have employed central tables which collate tabular information in one
and only one place. It is intended that the variable list in Appendix A as well
as the variable lists of Appendices C, D, E and F now include all of the follow-
ing information.

1. Variable Name - The HAL variable name used in the flbwcharts.

2. Precision and Type - This column will contain the following symbols:
DF: double precision floating peint scalar
DF(n): double precision floating point n-dimensional array
DF(n,m): double precision floating point n by m matrix

SF: single precision floating point sealar

SF(n): single precision floating point n-dimensional array
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SF(n,m): single precision floating point n by m matrix

I: 4integer (unless otherwise specified all 1nteger quanut.iea are
assumed to be aingle precision)

Bit: variable having only the values 0 or 1
Char: character string

3. Initialization category - This column will categorize the OPS-2 navigation
parameters for initialization purposes.

Mission Dependent (I-_LOAD)
Design Dependent

Level A constantx

Hard Codeable

OPS Transition parameters
Other required initial values

4. COMPOOL or Local - This cclumn will specify whether or not the variable
is local or is required to be in COMPOOL.

5. Description - This column will provide a definition of the parameter.

6. Initial Value - This column will supply the numerical value for the Design
Denpendent and Hard Codeable parameters as well as other required initial
values.

7. M/S ID - This column provides the M/S ID numbers for the variables in
the PF 1/0 Tables.

8. Uplink/Downlist - This column will state which variables are uplinked
or are to be downlisted.

Guideline 7. - Information that can be found in the Central Tables will not be
duplicated in any other table unless necessary.

Corollary to guideline 7 is that there will be no collated Mission Dependent Pa-
rameter List (I-J.0OAD) and no collated Downlist. Rather, these variable lists

can be gleaned fram the information contained in the Central Tables in the _
Appendices. .
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{ 1.3 THE CHANGE LOG ’ 4
. The changes made to the May 1979 baseline through PCN 2 to Version C of this doo-

ument are tabulated in the following change log (table 1.3).
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7ABLE 1.3.- CHORGIT/RENDEZYOUS CHANGS LOG

i f 1 T !
E‘ f Section ! Section title ] Description of change : 4
H ! ! E
‘ ' 1 1 [} :
¥ t 1 t Purpose 1 CR's added to list of CR's incorporated into this docusent. :
t 4 L .
4 t 1.3 ! Change Log ! Change log for Kov. 1977 baseline document deletes. New chenge log begun for the May 1979 [] 3
1 1 1 taseline. ! ;
! ! ] t
t 3.3.8.1 ! Requirements Overview | Added dmscr.ption for new requiresents on predictor. : 3
1 ! H . :
1 3.3.8.2.1 ! Onorbit/Rendezvous Assumptions 1 Added and modified dascriptions of nav's usage of ! !
! ! ! o predicror ? ;
9 1 1 1 o crew-contrclied flags ! i
% 1 ' ! o state vector propagation scheme : E
! ' '
1 3,3.4.2.2 ! Rendezvous Cnly Asoumptions ! Modifled description of the covariance propagation rste. :
! ! ! ’
t A ! Opordbit/A~ndezvous Havigation | Sequoncer task completely redesigred to mmwmmmu NAV at only one ¢
! 1 Zequencer Printipsl Punction ! state vector propagation rate - DT_NAV_STATE_PROP. - , :
1 1 1 . T3
1 1 ¢ Interfsce with REL NAV dispiay for the filter rate switch deleted. : 3
t t ' 3
' ' ! US2_IMU_DATA flig deleted as output to NAV end ORB_UPP. : ;
1 t b - 3
1 4 t DOING REMD NAV flag added as output to NAV and 088_UPP. : K
1 ! ] y
- t 1 ! An TM)_THRESHOLD ~— DA_THAESBOLD — seleted as output to NAV. : ;
oo 1 ! t -
1 H ? Significant changes made to principal function 1/0 table. : b
H J 1 . A
1 6,1 | Sequencing Operations and Major ! Logic redesigned to account for NAV mmmummnmy1suummtm ? k
! ! Mode Trsnsitions 1 rate. ;
H 1 ? . 3
1 g 1 Logic deleted for setting USE_1IMJ_DATA, u_-mmn. and B_CYQE. : ;
! ! 1 !
] ] ! )
; 1 t 3 ! 3
:2 P
;
:
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TABLE 1.3.- OWORBIT/RENDEZVOUS CHANGE (.0G

LS B R S M T o M Y LB S M e ME MR B e B S ME e M v LB Y hm Y Gy B e SR e v v P em

1 §
Section ! Section title 1 Descriptior. of change
] 1
1 []
! ! Logic deleted for responding to DO_FLTR_SLOW_RATE switch and setting the DOING FLTR SLOW_RATE
L t fag. 4
1 t
41,11 ! REND_NiV_EXIT ! Equations added to turn off rendezvous flags.
? 1
8.1.%.2 ! WAV_EXIT ! New section -- added as part of the sequencer redesign effcort.
t t
4.1.2 ! OPS_2 OR 8_INITIALIZE t Changed predictor step size for this task.
] ]
! ! Deleted setting powered flight navigaticn flags and the USE_IMJ DATA flag.
! !
8,121 ! Orbiter State Vector Reset ! Changes made to 1/0 table.
! t .
8.1.2.2 ! Rendezvous Mavigation ! Logic modified to delete directly calling the predictor and to schedule instead the state
! Initialization f vector prediction task.
1 1
] 1 Equations added for turning on two rendezvous navigation flags.
1 !
! ! Call to COV_LAST_RESET deleted (the call was moved to REND_COV_INIT).
] 1
! ! Changes made to 1/0 tables.
) ]
8.1.2.2.17 1 Covarjarce Matrix Initialization ! Added call to CO¥_LAST_RESET.
t 1
8.1,2.2.1.31 Covariance Matrix Parameters t New suction mmber for existing module.
! Reset !
! ! Changes made to I/0 tables.
1 1
4.1.2.2.2 ! Targst State Vector Reset 1 Changes made tc I/C tables.
' 1
4.1.2.2.3 1 Covarisnce Matrix Parameters ! Section nuaber deleted. Module move? t> section 8.%.2.2.1.3.
! Reset !
1 !
! 1
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TABLE 1.3.- QNORBIT/RERDEZVOUS CHARGE LOG

Propagation

1 !
Section 1 Section title ] FLascription of change

! 1
! H

8.2 t Onorbit Rendezvous Mavigation ! Logic added to compute value for N_CYCLE rather than depending upon obtaining the value from
! Principal Funotion ! the sequencer.
! !
! ! Canged names for the star tracker angles ocutput by the S.T. SOP.
[} ]
] ! Change made to interrogate the DOING REND NAV flag from the sequencer to determine when to
] { exercise rendezvous navigation.
] !
t t Interface established with IMJ_ALIGN DISPLAY to access crew-input IMU threshold.
] !
[] ! Interface deleted with sequencer for obtaining an IMJ threshold value.
! !
! ! Interface deleted with sequencer and ORB_UPP for the USE_IMJ_DATA flag. Internal logic
H t mdified to always set this flag.
] !
! ! Significant changes made to principai function I/0 tables.
! t

5.2, ! Navigation Control | Sequence changed to execute state and covariance update functions prior to the state vector
! ! propagation functior.
H !
! ! Change wade to key on the DOING_REND N\¢ flag to determine when to exercise the rendezvous
H ! mavigation logic.
t t
? ! Logic added to compute N_CYCLE based on the crew-set DO_FLTR_SLOW_RATE switch.
] 1
t ! Omngas made to 1/0 tables.
! ]

R.2.2.2 ! Rendezvous Sensor Data Snap { Names changed for the S.T. angles cutput by the S.T. SOP.
t ]

4.2.3 ! Position and Velocity State ! Section moved to section number #.2.4,
! !
! !
1 !
1 e
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TABLE 1.3.- (NORPIT/RENDEZVOUS CHANGE LOG

Section Section title

Dascription of change

8.2.3.1 Precision Propagation

3.2.3.1.1
Motion
3.2.3.1%.1
§.2.3.1.2 Bquations of Motion
§5.2.3.1.3 Conic Solution

§4.2.3.1.4 Acosleration Models

G S D D ME MDD D D YR e M KD MDD M M D M D SR SO MR YD VD rat D D s v vl o s em ey s

STATE_VECTOR_PREDICT_TASK

Integration of the Equations of

made to delete the call to the free flight propagator -- ONORBIT PRECISE PROP - and
call the SUPER G propagator for both Orbiter and tacget stale propagation for both and
powered flight.

Logic added to make use of the IMU_NAV_ACCEL THRESH set hy the crew.

1 Logic modified to set tho USE_IMJ_DATA flag on each navigatimm cycle.
]

! Logic modified to key on the DOING_REND NAV flag to determinu when target vehicle propegation
is required.

Logic modified to use the powered flight sotential model only when the computed Orbiter
acceleration excecds MEAS_THRESHOLD.

Changes mads to 1/0 table.

Section deleted.

Section moved to section m-bcr-l.3.1.

Changes made to 1/0 table.

Hew section which has assumed the old section nusber of RX_GILL.
Section moved to section mumber 4.3.2.

Changes made to I/0 table.

Section moved to section nuaber #.2.7.2.1.

Section moved to section number 4.2.3.1.1.

!
!
!
!
]
?
!
1
t
!
]
!
]
]
!
!
!
]
]
!
]
]
! Chrnges made to I/0 table.
!

&
] /

t
]
!
]
!
!
!
!
!
!
!
]
1
t
t
!
L]
?
!
1
]
L]
!
t
]
!
1

— H

[}

— 1

L 1
?
i
!
!
-1
1
!
1
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TABIE 1.3.- ONCRBIT/RENDEZVOUS CHANGE LOG

Section title

Description of change

! !
!  Sectiom !
1 1
! 1
! §.,2.3.1.8.1¢
H !
1 ]
! 8.2.3.1.8.2¢
] ?
] ]
! 8,2.3.2 ?
] ]
] 1
! 1
i !
§ ]
H !
1 1
1 !
!t 4.2.% !
! 1
t 1
] ]
t 8,241 1
! 1
] !
! 8.2.8.2 t
- o2 ?
— ] 1
~N 1 825 ]
1 !
H !
t 8,25 1
! !
N 1
f 1
1 1
] ]

Altitude Above the Reference
EBllipsosd

Barth Relative Veloolity
Computation

Powered Flignt Propegatior

Urmodeled Accsleratic: 3tate and
Covarianos Matrix Propagation

Ummodeled Acosleration Biss and
Covariance Initialization

Position-Velocity Subeatrix of
the Stete Transition Matrix

State and Covarisnce Matrix
Updates

Auto Inflight Updates

Section moved Lo szection number 8.2.4.1.1.1.

'*rg
IR SRR » A Yy U S

Section moved to section number 4.2.8.1.1.2,

Section soved to section numder ¥.2.8.1.
Section title changed to Position and Velocity Propagation.

Logic made into a subroutine instesd of a cods since it is executed for both the Orditer and
target vehicles.

Charges made to I/0 table.

Section mcved to section number 4.2.5.

Canges made to I/0 tabdle.

Section moved %o section number 8.2.5.1. i ;
| 4
Section moved to section number ¥.2.5.2. !
‘ P

Section moved to section number &.2.2

Section moved to section number 8.2.3.1.

Interface established to schedule ths TTATE_VECTUR_PREDICT_TASK as needed rather then saking
an iu-line call to the predictor.
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t
TABLE 1.3.- OUNORBIT/RENDEZYOUS CHANGE LOG 3
t ] ! [ ]
! Section ! Section title ' Description of change :
! ! 1
1 1 ? []
t ! ! Significant changes made to interface with the state vector predict task. :
t ! !
1 ! ! Local flag, SV_UPDATE, created for use in determining when to cill the covariance matrix !
1 1 ! initialization module. :
. ! ] ?
: [} 1 ! Changss made to the 1/0 tabdle. : )
; 1 1 !
'. i 8.2.5,2 ! REL_MAV Display Updates ! Seation moved to section mumber ¥.2.3.Z2. :
] ! !
k ! 1 ! Changes made to the 1/0 table. :
3 ] ! !
} t 8.2,5.2.1 1t Conic Solution t New section. : :
; ' ! '
H 1 84,2,8.1.1 1! NMeasurement Interpolation ! Changes sade to the 1/0 tabdle. :
¢ ! ! ?
} !t 4,2.8.1.2 ! Kalman Filter Updates ! Changes made to ths 1/0 table. :
: ! t }
i' !t 4.2.8.3.1 t Angle Measuresents ! Equations changed to account for S.T. SOP angles being output in radians, not degrees. :
. t ? H
. t a3 ! Jnorbit Precision State ! Added 2 pew sections — RK _GILL and PINES. !
. ! | Prediction Princips) Punction ! 4
b ; ' ' ! Iterative pradiction process modified to iterate on time, not rusber of steps. :
¥ t [} ]
H — 1 ' ! Changes made to principsl fumction 1/0 table and to ONORBIT_PAEDICT 1/0 table. !
i ' t L ?
§ :.: 1 4,300 1 Integration of the Equations of | New section number for an existing wodule. 1
¥ ] t Motion L [ ]
¥ ' ! ! 1
e 1 8,32 t Equations of Motion 1 New section number for an existing module. :
i ] ] L]
g. t AS ! User Parameter Processing ! Change made to interrogate the DOING_REND_NAV flag (set by the ssquencer) to determine when to
[ 1 ! Principel Punction ! exarcise rendezvous functions. :
1 1 ]
é 1 1 ] !

I T T
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TABLE 1.3.- (NORBIT/RENDEZVOUS CHANGE LOG

1 1 L] ' :
: Section ! Section title 1 Description of change : !
L H :
] [] 1 1 :
t ! 1 Interface established with the IMJ_ALIGN_DISPLAY to access crew-input IMD threshold. :
t t ]
1 ! ! Logic added tr wmabdle the UPP to make its own acceleration threshold test to determins wvheo to !
] : : use IM) data to propagate the Orditer position and velocity. :
t
! 1 t The PWRD FLT_NAV filag was added as an ingut for determining when to interrogate the IMI data. :
1 t ] :
: : : Cmnges made to the primcipal functior 1/0 table. : ;
: 8.5.1 :wum«suurwuon!rut.cnmm_m_mrmmmewmmmummm. : ) ¢
t
t ] ! Orbiter acosleration threshold test added to determine whether or not to use the IND dats in ] ;
: 1 ! propagating the Orbiter position and velooity. !' :
1 ! i
] 1 ! Rendezvous phase test modified to interrogate the DOING_IEND_NAV flag rather tham the t H
1 1 1 REMD MAY_FLAG. : :
L ! ! ‘
t ' | Changss mede to the 1/0 table. : ,
t 1 ]
! 85,11 1 Integretion ! Calling srgument changsd in calls to ACCEL_ONORBIT. ) !
t ] ] ] E
: ! 1 Canges aade to the 1/G table. |}
! 1 ! 5
e 1 8.5.2 ! Onorbit User Paremeter ! Rendezvous phase teat modified to interrogate the DOING REND NAV flag rather than the ]
< : ! Calculations 1 REND_WAV_FLAG. Appropriate change made to 1/0 table. t 3
1} ] 1 ¥
[ ! Landing Site Update Principsl ! Updated text and tables per CR 19373B. 1 H
t t Punction L ] :
' ' ' ]
: 1 Appendires t Changes msde corresponding to the changse in the text. :
] 1 .
! ! ! [} B
' ! 1 ! C
[ ] ] L M ,
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TABLE ¥.3-3.- PREDICTOR SUGGESTED FLAG SETTINGS

G W gy e e B W S G G0 W G E G B B G G0 e B G0 G0 B e on B0 B S g B g Gn L on So B G0 &SR O

Conments

Prediction
tyoe

Vehicle

Drag with constant drag

! Full fourth degree potential model dreg with constant aree, dreg

t coefficient.

! J, only potential model with ccanstant drag coeffinient, area.

! J2 only potential model with constant drag coefficisnt, area.

! Single-step two-body F and G series solutioa.
! single-step two=Dody F and G series sclution.

1 Full fourth degree potential model.
! coefficient, aes.

! User selects
User selects
0

t User selects
0
User selects
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(-4 © © © ©® ©
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1 Orbiter

! Orbiter
: Target
'

! Target
! Target

1 Orbiter

!
!

1-15

ERRSEY Y - S ] T e e

Shen prediction is being perforwed for both wehicles (Orditer and target) over a similar trajectory, the same degree and order potential sodel should
be used for sach preciction so that potential model errors will be avoided.
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[N 2.0 APPLICABLE DOCUMENTS
1
1 ! !
1 Document no. 1 Title t
! ! 1
( ! | |
1 83-P-0002-140 { Computer Program Development Specifica- |
1 { tion, Volume I, Book 4 Downlist/Uplink |
! ! Software Requirements !
! ! !
! SS-P~0002-170 | OFT System Level Requirements, Software |
! | i
| SS-P=0002~510 ! OFT Functiomal Level Requirements, GN&C !
! t !
! SS-P-0002-520 i OFT Detail Leve) Requirements, GN&C 1
! ! 1
! SS-P-0002-530 ! OFT Functional Level Requirements, Sys- !
i ! tems Management {
! ! !
! SS-P-0002-540 ! OFT Detail Level Requirements, Systems |
! i Management : i
! | !
! SS-P~0002-550 ! OFT Functional Level Requirements, !
{ 1 t Vehicle Utility-02 1
1 ! 1
| S8-P-0002-560 ! OFT Detail Level Requirements, Vehicle !
! t Utility-02 !
i 1 L
1 SS-P-0002-~570 ! OFT Functional Level Requirements, Pay- |
| ! loads !
! t
! SS8-P-0002-580 ! OFT Detail Level Requirements, Payloads !
i ! t
{ SD76-SH-0020 | OFT Flight 3oftware Syster Requirements, !
! 1 Displays and Controls _ |
! ! !
{ SS-P-0002-195 ! OFT I-LOADS Flight Software System !
1 { Requirements !
! 1 1
1 ! 88-P-0002-110 ! OPT System Level Requirements (Level A) !
; t 1 Constants !
f ( - ! ! !
i
2-1
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( 3.0 OVERVIEW '

3.1 OPERATIONAL NAVIGATION PROGRAM

For the Orbiter flight tests, the requirements for each Operational Navigation j
Program (ONP) are specified st three levels: system level (A), functional level
(B), and detailed level (C). 1In addition, the Level B and C requirements are

specified in separate documents for zuidance, navigation, and control (GN&C);

system management (SM); vehicle utility (VU) and payloads (PL). This document
is the Onorbit and Rendezvous navigation part of the GN&C Level C OFT ONP re-

quirements. B T S
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3.2 GN&C SOFTWARE MAJOR FUNCTIONS

The Orbiter general-purpose computer (GPC) provides the following GNiC major
funotions:

= Guidanoce (GUID)
- Navigation (NAV)

P

o - Flight Cont.rol‘(l'c) _

= Redundancy management/moding, sequencing, and control (RM/MSC)
- Subsystem operation programs (SOP) |
-~ Displays and controls (D&C)

-~ Other

- This document specifies the software functional requirements for the GN&C major
function, onorbit and rendezvous navigation.
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{' L 3.3 NAVIGATION SYSTEM OVERVIEW

e N PRI 1D

The basic funotion of the navigation system is to provide an accurate estimate
of the Orbiter and target state using orbital dynamias (for coasting flight),

INU data {for powered flight) and NAVAID data whioch may be used with or without
IM) data. This document provides detailed navigation software requiremeits ror
the onordit operational aequences:

e {Q‘Q‘!w:,u,l

Yo"

= Onorbdbit Operational Sequence (OPS 2) ' ;

e iy by o LR TR TR R IRaCITE T LTy
v E P A o “ -

- Flight Control System Checkout Operational Sequence (CPS 8)
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3.3.1 Navigation Functions

In general, the navigation software requirements can be divided 1nto the Tollow=-
ing major mncuona'

Navigation Control. Performe the initialization of mavigation function parame-
ters and sets up the sequencling of functions to accomplish navigation require-
ments .

Measurement Scheduler. Selects the appropriate sepscer measurements in accor- -
dance with selection criteria.

Data Handler. Prepares data for sensor measurement processing.

Navigation Reconfiguration. Initializes state vector and covariance matrix for
sensor measurement processing, for manual updates, for ground updates or for
changes in sensor type.

State and Covariance Propagation. Propagates the state and the covariance
matrix for sensor measurement processing. Also propagates state for user parame-
ter calculations.

State and Covariance Update. Determines and performs the state and the
covariance matrix updates.

User Parameter Processing. Computes state-related parameters for guidance and
display and control, and provides high rate propagation of the state vector.

In this document, the details of the major functions are presented under the fol-
lowing Level B principal functions:

(1) Onorbit/Rendezvous Navigation Sequencer
(2) Onorbit/Rendezvous Navigation
(3) Onorbit User Parameter Processing Sequencer

(4) Onorbit User Parameter Processing

L

The details of each function are shown in Appendices B, C, D and F in the fom
of flowcharts of the modules comprising sach function. The interconnection of
the functions and component modules is shown by means of a 'block' diagram in
Appendix G.
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The navigation software requirements as presented make assumptions about how
non-navigation functions will be performed. Completion of the software require-
ments will require adequate definition of the timing and data time-tagging
mechanization and the IOP mechanization. Changes in the navigation software re=-

Quirements may be necessary, depending on aotual mplenentation of the non-
navigation functions.
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3.3.2 Navigation-Related Funotions

The navigation-related function is the Landing Site Update principal function.
This function provides the capability to reconfigure the dynamic parameters
pertaining to the runway and TACAN sites, which are to carry over into OPS 3.
The Landing Site Update funstion is itself a Level B principal function. Flow-

charts for this function are given in Appendix E.
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£l
i 3.3.3 General Requirements

This section disousses software requirements in the categories of sarvice,
single-use, or multiple-use that are not uniquely related to the navigation
function.

The general requirements include, but are not limited to the following:
- Coordinate transformations (this publication contains transformations required

( for navigation).

Onorbit Prediction - thiz function provides the capability to propagate a state
vector forward or backward in time over possibly large time intervais when
requested by a user. Onorbit prediction is a Level B prinecipal function.

Flowcharts for the general requirements functions are ccntained in Appendix C.
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3.3.4 Requirements and Assumptions Overview

The following two sections present an overview of the requirements and assump-
tions of the OFT Onorbiti/Rendezvous (GNAC navigation-related software.

3.3.4.1 Requirements Overview

The following statements are navigation requirements that must not be violated.
To i1llustrate the requirements, references are made to the flowcharts in Appen-
dix B. '

1. During the time that a state vector is being read by non-navigation applica-
tion 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. Statements that snap data upon entry into navigation shall be made so that
a timewise consistent set of data is obtained before the set of data is
used.

3. The navigation sensor read functions must not be interrupted by other pro-
grams until they are completed.

4. Since the acceleration models are to be used by both a navigation processing
principal function (onorbit or rendezvous navigation) and the predictor
principal fimction, execution of the model (for a given cycle) shall not be
interrupted (ACCEL_ONORBIT).

5. The specific display interface flags (PWRD_FLT_NAV, REND NAV_FLAG, MEAS_
ENABLE, ANGLES_AIF, RANGE_AIF, RDOT_AIF) shall not have their values changed

by any source external to navigation during the execution of a navigation
cycle.

6. The Onorbit/Rendezvous sequencer principal function shall have the capabil-
ity to execute at a maximum rate of one cycle each 1.92 seconds.

7 During any navigation phase, execution of the Onorbit/Rendezvous Sequencer
and the Onorbit/Rendezvous Navigation principal function shall take prece-
dence over the execution of the Onorbit Precision State Prediction principal
function. This requirement is needed to assure that both the sequencer and
navigation principal function executions will not be delayed by execution of
the predictor principal function. This requirement shall not apply to the
initialization procedures which take place upgn entering OPS 2 or OPS 8.

3.3.4.2 Assumptions Overview

The following sections present the assumptions that were used in the development
of the Level C Onorbit/Rendezvous requirements. The first section consists of
those assumptions made that affect onorbit requirements as well as assumptions
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that affect both onordbit and rendezvous requirements. Seotion 3.3.4.2.2 oon-
tains only rendezvous related assumptions.

3.2.4,2.1 Onorbit/rendezvous assumptions

1. Upon entering OPS 2 or OPS 8 the Orbiter position and velocity vecotors,
obtained from the previous OPS, must be predicted to current time. Since
this predioction is essential to the navigation task, the sequencer prinoipal
function execution must be dependent on the suoccessaful prediction of the
Orbiter state vectors. In order to minimize the delay due to the execution
of the prediotor principal function, the initial step size (PRED_STEP_OPS.
INIT), is set to ensure that only one prediotion step will be taken by the
prediotor.

2. No onboard external data are processed during the non-rendegvous portion of
operational sequence (OPS) 2 (i.e., onorbit coast and onorbit powered
flight). One-way Doppler tracking and data relay satellite system (TDRSS)
measurement incorporation is not currently planned for the ordbital flight
test (OFT) program.

3. A six-dimensional state vector is maintained during nonrendezvous portions
of OPS 2 and during OPS 8 (three position and three velocity).

4, Prestored values for a nominal body contact foroe (due to venting and/or
uncoupled thiusting, etc.) and vehicle/payload area configuration are
required for acceleration models.

5. The inertial measurement unit subsystem operating program (IMU SOF) provides
an estimate of the total accumulated IMU velocity at the time of a data snap
in the presence of commfaults.

6. OPS 2 and OPS 8 computational accuracy is assumed to be of AP101 double pre-
cision accuracy where mixed mode arithmetic is employed.

7. Incorporation of sensed velocity into the state propagation integrator is
controlled by setting the PWRD FLT_NAV flag in conjunction with an accelera-
tion threshold. This flag is set by either moding, sequencing, and ocon-
trol (MSC), or by the crew via item entry on the REL_NAV display (in OPS 2)
or the FCS_DIS C/0 display (OPS 8). MSC will activate the PWRD_FLT NAV flag
upon entrance into Major Mode 202 and deactivate it upon transition from
Major Mode 202 to Major Mode 201. The crew ocan activate/deactivate the PWRD
FLT_NAV flag in Major Mode 201 specifically to handle major manual transla-
tion maneuvers and auxiliary power unit (APU) venting (during OPS 8) using
the REL_NAV display (OPS 2) or the FCS DIS C/0 display (OPS 8).

8. Use of sensed vel.ocit.y in the navigation state propagator is triggered by en-

trance into the onorbdit or rendezvous powered flight navigation phase (Event
67 OPS 2, or via crew control on the REL_NAV or FCS_DIS C/0 display in Major
Mode 201 or 801) and by testing accelerometer output versus prestored thresh-
old levels. The thrashold level, in micro g's, can be changed by crew input
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on the IMJ ALIGN DISPLAY. The crew inputted threshold level will be : j 4
preserved during OPS 2 and OPS 8 transitions. "

9. Backward and forward integration capability is provided for state prediction
and propagation.

10. Current attitude is used for propagation. ;
11. The precision state prediction function has acouracy comparable to that of -: )

the precision state propagation funoction and has the option of being <~ 4
executed in a faster (but less acourate) conic mode.

12. Acceleration models include both attitude-dependent and constant ballistic j
coefficient drag, a venting/RCS body contact force, and EBarth gravity
effects.

13. Only one Orbiter and/or target state vector shall be maintained during all
navigation phases in OPS 2 and OPS 8.

| 14, The acceleration due to lift force 1s assumed to be negligible in the atmos-
» pheric drag acceleration model. ;

15. An automatic in-flight update capability will be provided by which the
ground can uplink either an Orbiter or a target state vector (M50) and

s associated time tag during any navigation phase (rendezvous or nonrendez-
vous). The following additional assumptions apply to this capability:

a. The ground shall uplink one vehicle state (three position, three veloc- }
ity, associated time tag, and OPCODE) at a time. ’

b. The onboard software receiving these data (ground uplink high-rate spe- ;
cial processing S/W processor) will set the DU_OV_UPLINK or DO_TV_UPLINK 1
flag to ON to specify whether the uplinked data pertains to Orbiter or
target, and set up one of the following two variable sets depending on j
the results of this test:

. Orbiter target
uplink uplink 3
R _GND R _TV_GND

»_ or

:_ vV _GND vV _TV_GND

. T_GND T_TV_GND g
DO_OV_UPLINK = N DO_TV_UPLINK = ON ’ ) 3

c. The navigation software has the capability of reinitializing the {
Orbiter and/or target state vectors (and associated covariance matrix
during rendezvous) in a single navigation cycle.

3-10
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d. If a target vector is uplinked during a nonrendezvous navigation phase,
it is stored for eventual use in a rendezvous phase.

Propagation of Orbiter and target position and velooity vectors will be %
performed by use of the super-Q integration scheme during all navigation -
phases.

If the sensor (including IMU) SOP's are not in the same general-purpose com- g
puter (GPC) as the nesvigation filter software, then:

a. Data and time tag must be preserved as a pair.

o

and ourrent time (in navigation GPC) difference shall not adversely af-
fect navigation software performance.

,g
b. ICC transmission rate must be fast enough such that the data time tag i
?

If the sensor SOP's and navigation filter reside in the same GPC, then:

a. Data must be time tagged.
b. Data must be the latest available at the time of the data snap.

The onorbit/rendezvous navigation sequencer will always snap IMU data and
predict the last available state vector to current time when a memory transi-
tion has been performed:

OPS 1 to 2
OPS 2 to 8
OPS 3 to 2
OPS 8 to 2
OPS 0 to 2

The onorbit/rendezvous navigation sequencer is capable of responding to the
following crew-controlled functions on the REL_NAV and FCS_DIS_C/O displays:

a. REL_NAV
(1) Enable/disable onorbit and rendezvous navigation phases.

(2) Set flags for powered flight and coasting flight during Major
Mode 201 (refer to Assumption 6).

(3) Allow measurement processing during rendezvous navigation, Major
Mode 202.

b. FPFCS_DIS_C/0 display (OPS 8): Set positive feedback flags to display
for 1ndicat1ng powered flight or coasting flight conditions.

R S




O e

A o A e

T9MM10

3.3.4.2.2 Rendezvous-only assumptions

1.

i AR B A a3 iR wak e

Entrance into the rendezvous navigation phase shall require target position
and velocity vectors that have sucoessfully been predicted to within a de-
sign dependent tolerance of current navigation time. A flag, DOING_REBND
NAV, shall be set to indicate to the orew as well as other software that the

rendezvoua navigation phase is active.

The onboard navigation software will store premission data for only one tar-
get vehicle.

It is assumed that one of the vehicles (either target or Shuttle) will have
an accurately known position and velocity vector throughout the rendezvous
navigation phase. The onboard navigation will carry a flag (SHUTTLE_FILTER_
FLAG) which will determine whether the Shuttle or target state vector will
be updated by the Kalnan filter. The present design assumes that the SHUT-
TLE_FILTBR_FLAC will be a mission dependent (I-LOAD) parameter; however, it
is anticipated that future requirements may dictate that this flag be
changed via UPLINK or corew display. Accordingly, any implementation should
have the flexibility to allow for such a change with minimum impact.

The state vector maintained for rendezvous navigation will consist of 13
components.

Component no. Description
1-3 Vehicle position (Shuttle or target)
4-6 Vehicle velocity (Shuttle or target)
T7-9 Unmodeled acceleration estimates
10-13 Rendezvous tracker bias estimates

A capability shall be available to make the unmodeled acceleration states
consider parameters only. In this mode, the uncodeled acceleration states
are not updated by Kalman processing but the statistiocs are carried in the
covariance matrix to act as state noise. An I-LOAD parameter will determine
if this capability is in operation or not and this parameter will not be
changed throughout the mission.

There is no capability to uplink vents or thrusts for the target vehicle.

A 13 by 13 covariance matrix of Aries mean of 1950 position and velocity,
unmodeled acceleration bias errors, and of (at most) four rendezvous tracker
(instrument) biases is propagated during rendezvous coast and rendezvous
powered flight navigation phasmes.

A valid or appropriate target vector shall aiways be I-LOADED or UPLINKED
prior to entry into the rendezvous mavigation phase.

Upon entering rendezvous navigation, the covariance matrix is initialized to
values stored in certain memory locations. These values are initialized

3-12
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through I-LOAD and the positionevelooity submatrix may be redefined with
a ground uplink at any time,

The ocapability to load a premission determined set of known sensor bdiases
(determined by calibration) into the bias slots of the navigated state
vector shall be provided.

Both target and Orbiter siates shall be propagated but only one state
will be updated by the Kalman filter.

The covariance propagation shall be done at a multiple (MCYCLE) of the state
propagation rate to allow for slower measurement processing. The following
sudbfunctions shall be done at the ocovariance propagation rate.

Sensor measurement selection

Measurement reconfiguration

Jovariance matrix propagation
All measurement incorporation subfunctions

Measurement processing statistics

. All rendezvous tracker bias variances are propagated as exponentially
correlated random variables in the error covariance matrix propagation.

The unmodeled acceleration bias states are propagated as exponentially
correlated random variables.

The covariance matrix can be reinitialized in any of four ways:

a.
b.

Cc.

d.

In
in
of
by

Execution of Orbiter to target state transfer on the REL_NAV display,
Execution of target to Orbiter state transfer on the REL_NAV d.splay,

Execution of covariance matrix reinitialization on the REL_NAV display,
or ;

Auto inflight update of either the target or the Orbiter.

each of these cases the covariance matrix is set to the values contained
a specified set of memory locations. The position and velocity portions

the covariance matrix are computed using parameters that can be changed
ground wplink.

The following external data will be processed during the rendezvous coast
navigation or during rendezvous powered flight when measurement processing
is enabled and the acceleration level is below a predetermined threshold.

3-13
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a. Rendezvous radar shaft angle, trunnion engle, range, and range rate
b. Star tracker horigzontal and vertical angles
¢. Crew optical alinement sight (COAS) horizontal and vertical angles.

External measurement angle data arz selected and processed mutually
exclusively on an instrument basis. The rendezvous radar range and range
rate may be processed with COAS, star tracker, or rendezvous mdar angles.
The display interface processor (DIP) will ensure this by activating the nav-
igation sensor selection ENABLE flag for only the most recently crew-
selected instrument.

External measurement data processing is inhibited for display and state
vector updates whenever IMJ sensed delta velocities are in excess of a de-
sign dependent amount (MEAS_THRESHOLD).

During Major Mode 202, when the MEAS ENABLE switch on the REL_NAV display is
set to OFF, the measument statistios will be computed for display (assuming
the data are valid), but the measurements will not be incorporated into

the state vector update.

If a sensor AUTO/INHIBIT/FORCE (AIF) flag is switched to FORCE by the crew,
this FORCE will be acknowledged by navigation for one navigation cycle only.
After one cycle the flag must be reset to FORCE in order to force data.
After the AIF flag has been processed, a copy of the AIF flag is
communicated to the REL_NAV display by navigation.

There shall be a bilevel edit criterion in the navigation filter. If the
crew attempts to force data, the allowable residual ratio threshold shall be
formulated as the larger of either the sum of the last residual ratio for
the measurement type being processed and a design dependent amount (DELTA_
RESID_RATIO) or the number 1. For angle {ata the last residual ratio is
equal to the greater of the two angle residual ratios from the previous
cycle.

There shall be a data valid flag for rendezvous radar range and a data
valid flag for rendezvous radar range rate. There will be a single -.ta
valid flag for each of the following angle sets: Rendezvous radar aigles,
star tracker angles, and COAS angles.

COAS processing is formulated such that data ‘hich is stale by more than a :
design dependent amount (DELTAT_COAS_MAX) is considered invalid data and .
is not processed. Furthermore, the same data will not be incorporated twice
by the filter.

The star tracker SOP shall supply a flag indicating that the star tracker is
in the target tracking mode.

If the star tracker is not in the target tracking mode then t.. angle data
are considered invalid and it is not processed by the filter.

3-14




25.

2€.

3.3.

10.

T9FM10

The Rendezvous Radar SOP shall supply a flag indicating if the rendezvous
radar is in the self test mode and, if it is, none of the rendezvous radar
measurements (range, range rate, or angles) are processed by the filter.

Kalman filter statistics (residuals and residual ratios) will be calculated
and ‘isplayed for each sensor type (range, range rate, angles) whenever ren-
dezvous navigation is enabled and the sensor data are valid.

4.2.3 General requirements

Figure 3.3-1 presents the assumed verified OFT transitions for OPS 2 and OPS
8 and a summary of the svents and major mode (MM) transitions that the
Onorbit/Rende- -cus Navigation Sequencer principal function must account for.
The following '3t of assumptions applies to these verified transitions:

There are four navigation phases: onorbit coast, rendezvous coast, onorbit
powered flight, and rendezvous powered flight.

OPS 2 can be entered from OPS 1 and can only begin with the onorbit coast
navigation phase of the Onorbit/Rendezvous Navigation principal function.

A flag, REND NAV_FLAG, shall be set (and reset) external to the onorbit/ ren
de~vous navigation sequencer and onorbit/rendezvous navigation prinecipal
function. It is assumed that the crew will control this flag setting via
the REL_NAV display. MSC may also control the flag for automatic
transitions.

Once the onorbit navigation pi.ase or the rendezvous navigation phase has
been activated (while in Major Mode 201), the transition from one to the
other can be controlled via crew resetting of the REND NAV_FLAG via the REL.
NAV display. This option is also available during Major Mode 202.

Entry into OPS 2 from OPS 3 can only occur when onorbit navigation is used
(i.e., cannot begin OPS 2 with rendezvous navigation when coming from OPS
3).

Whenever reentering OPS 2 from OPS 00, entry is assumed to be made into
Major Mode 201 with onorbit navigation active.

Transition to OPS 3 from OPS 2 (Major Mode 201) can occur while either on-
orbit or rendezvous nmavigation is active.

Transitions into OPS 2 and OPS 8 can only begzin with onorbit navigation ac-
tive in the coast flight phase.

It is assumed that OPS 2 and OPS 8 are separate memory loads in which all
navigation software for the latter is contained within the former. A memory

transition shall take place to transfar those OPS 2 principal functions
needed for OPS 8, namely

3-15
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a. Onorbit/Rendezvous Navigation Sequencer
b. Onorbit/Rendezvous Navigation.
¢. Onorbit/Rendezvous User Parameter Processing Sequencer
d. Onorbit User Parameter Processing |
e. Onorbit Predictor
The navigation sequencer will currently indicate a cancellation and

rescheduling of ONORBIT_RENDEZVOUS_NAVIGATION during the transition from OPS-
8 to OPS 2 or OPS 2 to OPS 8, because of this assumption.
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ops 8

‘\\ sou‘

TO OPS 3

Wl R T

{ r EVENT NO.

b 60
- 60A

608

67

’ 73

84
85
El
b - 60H
- 83

FROM JPS 1

FR CAN PROCEED
0,,‘5’"3 '8—"’ TOOPS 3 70 OPS 00 FROM
— -L > MM201, 202, OR
_I 0PS 8
ouoaago?msr ‘—"'” oPS. 00
60A| f ll 84 |
q o
1 MANEUVER |
EXECUTE ,,
| MM202 |
L —————— -— J
0PS 2
EVENT SUMMARY
DESCRIPTION CRITERIA SOURCE
106 —= 201 0PS 201 PRO CREW
0PS 8—e- 201 0PS 201 PRO CREW
201 —=0PS 8 0PS 801 PRO CREW
201 —=202 PRO OR OPS CREW
202 PRO
202 —= 201 PRO OR OPS CREW
. 201 PRO
0PS 00 —=201  OPS 201 PRO CREW
201 —= 0PS 3 0PS 301 PRO CREW
0PS 3 — 201 0PS 201 PRO CREW
0PS 8 —=0PS 3 CREW
0PS 2 — OPS 00 CREW/MSC

Figure 3.3-1.- Verified OFT transitions.
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3.4 TRACEABILITY
Table 3.4 shows the traceability of the software segments in FSSR Level C with
respect to the CPDS Level B.
TABLE 3.4 .~ SOFTWARE REQUIREMENT TRACEABILITY
! ! t
! CPDS Level B ! !} FSSR Level C
! Section No. ! Software Segment | Section No.
! ! !
! ! !
! 4,148 ! Onorbit/Rendezvous Navigation Sequencer ! 4.1
! ! !
! 4,198 ! Onorbit User Parameter Processing ! 4.4
§ : ! Sequencer !
! ! !
1 4,126 ! Onorbit/Rendezvous Navigation t y,2
! ! !
!t 4,246 ! Landing Site Update ! 4,6
! ! !
! 4 22 ! Onorbit User Parameter Processing ! 4.5
! ! !
! h.224 t Onorbit Predictor ! 4.3
! ! !
b
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3.5 OPERATIONAL SEQUENCES AND MAJOR MODES

Table 3.5 identifies the OPS 2 and OPS 8 operation sequence major modes as
referenced in Section U4, Detailed Requirements, and Appendix B, Detailed
desoriptions may be found in the Level B CPDS.

TABLE 3.5.- OPERATION SEQUENCE MAJOR MODE:

Onorbit/Rendezvous
Phases

Ma jor Mode No.

201 Onorbit powered flight
Onorbit coast

Rendezvous powered flight
Rendezvous coast

Onorbit powered flight

Rendezvous powered flight

202

T

opPs 8 Onorbit powered flight

Onorbit coast

PR P TN -
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3.6 IMPLLCMENTATION 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 naviga-
tion 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 b¢ provided which zre appropriate in the naviga-
tion function as described below.

1. Floating Point Overflow. The operation in process should be terminated
and the previous stored value of the variable retained.

2. Floating Point Underflow. This may be treated in the same manner as
floating point overflow, or the variable may be set to zero and processing
continued. :

3. Divide by Zera. This should ve treated in the same manner as floating
point overflow.

4. Square Root. The square root of a negative number should be treated
in the same manner as floating point overflow.

5. Arc Sine. If the argument is greater than +1, a valuz of "/2 should
be returned. If the argument is less than -1, a value of -"/2 should be
returned. In either case, processing shall not te terminated.

6. Arc Cosine. If the argument is greater than +1, a value of zero should
be rsturned. If the argument is less than -1, a value of T should be returned.
In either case, processing shall not be terminated.

7. Arc Tangent. If both arguments are zero, a value of zero should be returned.
8. Logarithm. If the argument cf the logarithm function is negative or

zero, the operation in process should be terminated, and the previous value
of the result retained.

9. Sine and Crsine. The returned va}ue of sine and cosine functions should
be limited to the interval ‘-1,1 and the functions shall be capidle of
accepting any valid floating point numbers as arguments.
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4,0 DETAILED REQUIREMENTS

The various subsections of this section specify the detailed requirements for
the Shuttle navigation system flight software package. Thia document contains
orbital flight test (OFT) detailed requirements for Navigrtion and User Parame-
ter Processing principal functions for the orbit operatiors computer load (on
orbit and rendezvous), Operational Sequence (0PS) 2. 1In addition, requirements
dealing with other navigation software functions during OPS 8 and OPS 00 are
also addressed.

When viewed in the larger context of the total Shuttle flight software, the navi-
gation software package documented herein is a modular system whose function is
to supply various parameters required by other major modular systems, such as
guidance, displays, flight control, ete. The requirements placed upor the navi-
gation system by these various users often play a large role in determining the
design structure and cyclic rate structure of the navigation system. The
required interfaces between the navigation system and the other major software
systems that use navigation system data are presented i1 the Level B CPDS dccu-
ment that controls all the interfaces between principal functions.

4-1
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4,1 ONORBIT/RENDEZVOUS NAVIGATION SFQUENCER PRINCIPAL FUNCTION i

f The Onorbit/Rendezvous Nevigation Sequencer prinocipal function must initialize ; )
; and sequence the Onorbit/Rendezvous navigation principal funotion during OPS 2 :
while the following major modes are active:

a

; 4

Major Mode 201 - Onorbit coast ;

- ;

Ma jor Mode 202 - Maneuver execute . } :
The Onorbit/Rendezvous Navigation Sequencer principal function must also

initialize and sequence the Onorbit/Rendezvous Navigation principal function
0®S 8 (orbital operation checkout). a

N e

The Onorbit/Rendezvous Navigation Sequencer principal function must also
interface with certain crew controls on the REL_NAV and FDS DIS C/0 displays
relating to selection of rendezvous navigation (REND_NAV_FLAG), to selection
of powered flight versus coasting flight navigation phases, and to sslection
of measurement. processing in Major Mode 202 when in rendegzvous navigation.

C e o

Deteiled requirements for Onorbit/Rendezvcus Navigation processing principal
functior, ore identified in the specific principal function description section
; k.2, Cues (events) for performing the proper navigation initialization and

s sequencing during OPS 2 and OPS 8 are defined in the Level B GN&C CPDS. The par-

| ticular events and resulting navigation software actions pertaining to the

? Onorbit/Rendezvous Navigation Sequencer principal function are shown in table

| §.,1-1. Dynamic parameter input/output data flow between the Onorbit/Rendezvous . j
Navigatiog Seguencer principal function and other principal functions are shown
in table 4.,1-2.
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TABLE 4.1-1.~ OHORBIT/RENDEZIVOUS HAVIGATION SEQUENCER EVENTS

Event

Description Navigation Criteria

3

Navigation Acticn

THE FOLLOWING PERTAIN TO SEQUENCER FUNCTIONS DURING OPS 2.
1
Begin coasting rlight navigution phases (onorbit or rendezvous).

60 Transition frot OPS 1 to MM201

(begin OPS 2)

0PS 201 PRO

Entering into an onorbit coast navigation phase:
SET: CURR ORB MASS = WI_DISP/G_2 FPS2
KAV_CURR_ORB_MASS = CURR_ORB_MASS
CALL: OPS 2 OR 8_INITIALIZE

SCHEDULE: KAV _ONORBIT_RENDEZVOUS, repeat every:
DT_KAV_STATE_PROP

D S G R R MD B A MR ME AB S D M MR M G MW MR ME R M MR MR M G M M MR R S T TR S B B fE e e B e

604 Transition from OPS 8 to MM201 The REND-NAV-FLAG 1s assused to bDe ia the OFF state for this
(begin OPS 2) event:
Same action as EVENT 60 except current Orditer mass 1s calculated
as:
CUNR_ORB_MASSsMASS_IKIT
73 Transition. from MR202 to MRV OPS 201 PRO

D ek D em P s T e MDD B B iem M s B e B w B re e e e e e o e ww e
- v S e D e 0 rm e en W e m e w el .. B e wE e e e

DOING_PWRD_FLT_NAV = OFF

B R I P TUP AR S 5 T T
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TABLE 8.1-1.- JMORIIT/RENDPZVOUS SAVIGATION SEQUENCER EVENTS.- Continued

T9FMI0

Event
no.

Description Navigation Criteria Navigation Action

E1

i1ransition from OPS 3 to MM201 {begin OPS 2; 3PS 201 PRO The REND_NAV_FLAG is assumed to be in the OFF stste.

Same action as for Event 60.

e

. B g 2w o i mfem e e m wm | e . .

Change in the REND NIV FLAG setting
(i.e., REND NAV_FLAG ¢ REND_NAV_FLAG_LAST)

Cret. activates REL_
NAY display control
(RNDZ_HAV_ENA)

navigation phase):
CALL: REND_NAV_EXIT

Ir REND_NAV_FLAG = ON (i.e., entering a rendezvous coast
navigation phase):

CALL: REND_HAV_INIT

If the REND MAV_FLAG = OFF (i.e., entering an onordit coasting

h-t

67

Begin powernd flight navigation phases (onorbit or rendezvous)

Transition from MM201 to MM202 0oPS 202 PRO

SET: PWRD_FLT WAV = ON
DOING_PWRD_FLT_NAV = O

H
!
1
1
!
!

608

- R D P M e T D M VD B M WD Y M B ME LB e W D L N um T e S B s ME B M B R S B A

Perforw speci:l tasks upon termination of 0OPS 2.

Transition from MM201 to OPS 8
(torminate GPS 2)

OPS 801 PRO (refer SET: MASS_INIT = CURR_ORB_MASS
to VU, Level B CPDS)

B_FILT_INIT = B_ PILT

V _PILT IRIT = ¥V _FILT
T FILT_INIT = T_LAST FILT

CANCEL: NAV_ONORBIT RENDEZVOUS

D S D N MR MR D WD T en O KR D .. N MD MR D M MR KR M WD PR MR D S S NP M ME D ME S R W W e
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TABLE §.1-1.- OMORBIT/RENDEZVOUS NAVIGATION SEQUENCER EVENTS.- Continued

: ' 1 i 1 '
: t Event 1 ! ! 1 ' ‘
. !t no. I Description ! Navigation Criteria | Navigation Action ] L B
; ! ! ' ! 1 |
: ! ] 1 1 1 |
! 85 ! Transition from MM201 to OPS 3 t OPS 301 PRO ! Same action as for Event GOB except the current Orbiter mass(CURR_! E &
1 ! (terminate OPS 2) ! ! ORB_MASS) is not saved for the memory transition as MASS_INIT ! L §
! 1 ! 1 ! ,
! 1 ! 1 H g_
1 83 ! Transition from OPS 2 to OPS 00 ! ! Same action as for event 60B 1 |
| 1 t 1 1 @
! ! ) 1 1 1 ¥
‘ 1 1 1 T !
! t THE FOLLOWING PERTAIN TO SEQUENCER FUMCTIONS DURING orf 8. : ] i
! ! 1 ? :
! Begin coasting flight navigation phase (OPS 8). ! 1 SET: NAV_CURR_ORB MASS = MASS_INIT 1 i
! ' ! ! ! 3
! 60B ! Transition from MM201 to OPS 8 ! OPS 801 PRO (refer ! CALL: OPS 2 OR _8 INITIALIZE '
' t (terminate OPS 2) ! to VU, Level B CPDS)! 1
it 1 ! ! ! '
; 1 1 1 1 SCHEDULE: NAV_ONORBIT REMDEIVOUS, repeat every: !
{ 1 ! [ ' DT_RAV_STATE_PROP L}
{ x 1 1 ! s '
w 1 1 1 1 [}
' 1 Perform special taska upan termination of OPS 8 1 1 '
: 1 1 1 ! 1
' 1 60A ! Transition from OPS 8 to MM201 ! OPS 201 PMO | SET: MASS INIT = CURR_ONB_MASS L]
| 1 1 ! 1
! 1 1 1 R _FILT_INIT = R FILT 1
! ! ' ' Yoyt = ¥_PLLY '
] ! ! 1 1 T FILT_INIT = T_LAST_FILT '
! ! ! 1 '
] ! 1 ! ! CANCEL: NAV_ONORBIT_RENDEZVOUS !
] 1 ! | 1 L
] | 1 ! ' L]
! 1 | ! t
? ' t ' 1 1
: 1 1 1 ! '
1 ' ' 1 ! 1
1 1 1 ! ! ]
3 1 ! 1 [ !

k R



et NS

9Mmio

-

)

Ravigation Action

60A except the current Orbiter mess value (
) is not saved for the sesory tramsition.

Same as
ORB_|

TABLE 0.1-1.- CNORBIT/RENDEZVOUS HAVIGATION SEQUENCER EVENIS.- Concluded

P .
§ “
5 w
§
] pey
|
2|8 .
¥
5|8
8| 8 ,
" o
2|
. 4 ‘
. §
- >
-3 =
Bi | 3
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TABLE 4,1-2,- ONORBIT/RENDEZVOUS NAVIGATION SEQUENCER PRINCIPAL
FUNCTION INPUT/OUTPUT

1
Principal Functiion!

| 1
! 1
1 Variable Local {Principal Function! Local !
1 Name ! Source tDestination! Destination ! Source 1
! ! ! 1 1 !
1 ! ] ! ] !
JIATMP ! ! 10norbit 10PS_2 OR 8_ 1
! ! ! IPredictor, TLM 1INITIALIZE, !
1 1 ! 1 {REND_NAV INIT!
| 1 ! ! ! !
1COV_ ACCEL_UVW_! ] 10norbit/Rend Nav IREND_COV_INITI
{INIT 1 ! ! 1 t
1 ! ! ! 1 !
100V_COR_UPDATE !Ground. Uplink ICOVINIT_UVW! | !
! ! ! 1 1 !
ICURR_ORB_MASS 10norbit Guidance !NAV_EXIT {Onorbit/Rend Nav, 1ONORBIT_ REND_!
{ ! 1 10norbit Guidance INAV_“EQUENCER!
! ! | ! ! !
1°0Y_PWRD_FLT ! ! 1Onorbit/Rend Nav !RFND_NAV_INIT!
1 ! ! ! 1 !
1C0V_PWRD_FLT_ 1 ! 10norbit/Rend Nav IREND_NAV_INIT!
1LAST ! ! ! H !
L § ! ! ! !
1 DMP ! ! 10norbit Predictor 1OPS_2 OR_8_ !
! ! ! ! {INITIALIZE, !
1 ! 1 ! {REND_NAV_INIT!
1 ! ! ! ! t
1DO_COAS_ANGLES! ! 10norbit/Rend Nav IREND_COV_INIT!
!_NAV_LAST ! ! ! ! !
1 ! ! ! ! H
IDOING MEAS_ | ! IREL_NAV display, !ONORBIT_REND_!
{ENABLE ! ! ITLM INAV_SEQUENCER!
1 ! ! ! ! !
1DOING_PWRD_FLT! ! 'REL_NAV display, !ONORBIT_ !
1_NAV ! ! ITLM,FCS_DIS C/G  IREND_NAV_ 1
1 ! ! idisplay {SEQUENCER !
1 ! ! ! ! 1
{DOING_REND_NAV1 ! {REL_NAV display, !REND_NAV_ !
! H 1 ITLM, ONORBIT/REND !INIT, REND_ !
! ! ! INAV, ONORBIT/REND !NAV_EXIT !
1 ! 1 f{USER PARAMETER ! !
1 1 ! {PROCESS ING 1 !
H ! ! 1 ! !
1DO_RR_ANGLES_ ! H 1Onorbit/Rend Nav !REND_COV_INIT!
INAV LAST ! ! ! ! !
! ! § 1 1 !
4.7
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T9FM10
TABLE 4,1-2,- ONORBIT/RENDEZVOUS NAVIGATION SEQUENCER PRINCIPAL
FUNCTION INPUT/OUTPUT.- Continued

1 ! 1 ! !
! 1 ! ! 1 !
! Variable {Principal Functiont Local tPrincipal Functiont  Local !
1 Name ! Source IDestination! Destination ! Source !
! ! | ! ! !
1 ! ! 1 ! 1
1DO_RRDOT_NAV_ ! ! tOnorbit/Rerd Nav {REND_COV_INIT!
1 LAST ! ! ! ! !
1 1 ! ! ! !
1DO_ST_ANGLES_ ! ! 1Onorbit/Ren¢ Nav 1REND_COV_INIT!
INAV_LAST | 1 1 1 i
1 ! ! ! 1 !
IDT_FILT 1Onorbit/Rend Nav IREND COV_ ! ' !
1 ! 1INIT ! 1 !
1 ! ! ! ! !
1DV_Cov ! ! 10norbit/Rend 1COV_LAST !
! ! 1 INavigation, TLM  IRESET !
1 1 1 ! ! 1
1DV_PFILT 10norbit/Rend Nav !REND COV_ ! ! !
! 1 YINIT 1 ! !
1 1 ! ! ! !
{E ! ! 1Onorbit/Rend Nav, ICOVINIT UVW, !
! ! ! {TLM 1UA_BIAS_AND_ !
! ! ! ! 1COVINIT !
! ! ! 1 1 !
{EVENT_E1 IModing, Sequencing!ONORBIT_ ITIM | 1
! fand Control IREND_NAV_ ! ! !
! ! 1SEQUENCER | 1 1
! ! ! 1 ! !
JEVENT_60 iModing, Sequencing!ONORBIT_  ITLM 1 !
! tand Control IREND_NAV_ 1 ! !
! ! ISEQUENCER ! ! 1
{ ! ! H ! !
1EVENT_60A {Moding, Sequencing!ONORBIT ~ !TLM ! !
! fand Control IREND NAaV_ ! ! !
! ! { SEQUENCER, ! ! !
! ! INAV_EXIT ! !
! 1 ! ! !
{EVENT_60B fMcding, lequencing!ONORBIT TLM ! 1

| !

1 !

! !

! !

! !

! !

! !

- an T s *® e

!
!
!
t
!
INAV_EXIT 1
'
!
!
!

48
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( . TABLE 4.1-2.- ONORBIT/RENDEZVOUS NAVIGATION SEQUENCER PRINCIPAL
- FUNCTION INPUT/OUTPUT.- Continued

! ! 1 L
! ! ! !
Variable IPrincipal Function! Local IPrincipal Function! Local
Name ! Source tDestination! Destination 1  Source
! ! !
] 1 !
EVENT_60H IModing, Sequencing!ONORBIT_ tTLM

! IINITIALIZE, !
! YREND_NAV_INIT!
{ t !
!Onorbit/Rend Nav !REND COV_INIT!
! H !
! { !

! !
! t
! 1
! !
! ! !
1 ! !
! t !
! tand Control !REND_NAV_ ! ! !
! ' ISEQUENCER ! ! !
1 t ! t ! !
{EVENT_67 IModing, Sequencing!ONORBIT _ ITLM ! !
! tand Control {REND_NAV_ ! ! $
! ! ISEQUENCER ! ! !
! ! ! ! 1 !
| {EVENT 73 IModing, Sequencing!ONORBIT _~ ITLM ! §
, ! fand Control IREND_NAV_ ! ! !
! ! !SEQUENCER ! ! !
! ! ! ! ! !
{EVENT 83 !Moding, Sequencing!ONORBIT _ !TLM ! !
! land Control IREND_NAV_ ! ! !
! ! ISEQUENCER, ! ! !
! ! INAV_EXIT ! ! !
! ! ! ! ! !
{EVENT_84 iModing, Sequencing!ONORBIT _ #TLM ! !
t land Control 'REND_NAV_ ! ! !
! ! ISEQUENCER ! ! !
! ! ! ! ! !
{EVENT_85 IModing, Sequencing!ONORBIT_ ITLM ! !
! land Control IREND NAV_ ! ! !
. ! ! ISEQUENCER ! ! !
! ! ' ! ! !
IFILT_UPDATE ! 10norbit/Rendezvous !SHUTTLE_RESET!
! ! {User Parameter ! !
! ! {Processing { !
! ! : ! !
1GMDP ! {Onorbit Predictor !OPS_2_OR 8_ !
. ! ! {INITIALIZE, !
! ! ! 'REND_NAV_INIT!
! ! ! ¢ !
1GMOP ! !0norbit Predictor !OPS_2 OR 8_ !

!

t

!

!

!

!
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TABLE 4,1-2.- ONORBIT/RENDEZVOUS NAVIGATION SEQUENCER PRINCIPAL
FUNCTION INPUT/OUTPUT.~ Continued

! ! 1
! ! !

! ! t
! ! !
i !t Variable !Principal Function! Local !Principal Function! Local !
! Name ! Source IDestiration! Destination ! Source !
; ! ! ! ! ! !
i ! ! ! ! ! !
' !I_CYCLE ! ! 10norbit/Rend IREND_COV_INIT!
! ! ! INav, TLM ! !
! ! ! ! ! !
1 IDRAG !0norbit/Rend Nav IREND_COV_ 1 ! !
! ! IINIT f ! !
! ! ! ! ! !
11GD {Onorbit/Rend Nav IREND_COV_ ! ! !
! ! IINIT ! ! !
! ! ! ! ! !
: 11GO 10norbit/Rend Nav IREND_COV_ ! ! !
: ! ! IINIT ! ! !
? ! ! ! ! ! !
!IVENT 10norbit/Rend Nav IREND_COV_ ! ! !
! ! LINIT ! ! !
! ! ! ! ! !
IMASS_INIT !Onorbit/Rend Nav. !ONORBIT_  !Onorbit/Rend Nav INAV_EXIT !
! 1Seq. IREND_NAV_  1Seq 1 !
! ! ISEQUENCER ! $ !
! ! ! ! ! !
IMEAS_ENABLE ! ! 10norbit/Rend Nav IONORBIT_ REND_!
! ! ! ! INAV_SEQUENCER!
! ! ! ! ! !
INAV_CURR_ ! ! ITLM !ONORBIT_REND !
!ORB_MASS ! ! ! INAV_SEQUENCER!
! ! ! ! ! !
IN _ACCEPT ! ! 10norbit/Rend Nav, !DISPLAY_ COUNT!
! ' ! ITLM !_INIT !
! ! ! ! ! !
INOISY_ NAV_MEAS! ! {Onorbit/Rend Nav IREND_NAV_INIT!
! ! ! ! ! !
IN _REJECT ! ! 10norbit/Rend Nav, !DISPLAY COUNT!
! ! ! ITLM !_INIT !
! ! ! ! ! :
10PS_2 OR 8_ ! ! 10norbit/Rend User 10PS_2 OR_8_ !
IINITIALIZE ! ! !Parameter Proces- !INITIALIZE ! ‘
! COMPLETE ! ! !sing Seq, MSC ! ! i

! ! ! ! ! !
!PRED_ORB_AREA ! { !Onorbit Predictor,!OPS_2 OR 8 !
! ! ! 1TLM IINITIALIZE !

! ! ! ! ! ! 3

IPRED ORB CD ! ! 10norbit Predictor,!0PS_2 OR 8_ | i

! ! ! ITLM 'INITIALIZE ! ]

! ! ! ! ! ' ! - y

P
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TABLE 4.1-2.- ONORBIT/RENDEZVOUS NAVIGATION SEQUENCER PRINCIPAL
FUNCTION INPUT/OUTPUT.- Continued

! ! ! ! ! !
1 ! ! ! ! !
! Variable [!Principal Function! Local tPrincipal Function! Loecal !
1 Name ! Source {Destination! Destination §f Source !
! ! ! 1 } !
! ! ! ! ! !
{PRED_ORB_MASS ! ! !Onorbit Predictor,!OPS 2 OR 8_ !
1 ! ! 1TLM VINITIALIZE !
! ! { ! ! !
IPRED_STEP ! 1 10norbit 10PS_2 OK 8_ !
! 1 ! {Predictor, TLM !INITIALIZE !
{ { ! 1 ! REND_NAV_INIT !
! ! ! ! !

{PRED_USE Onorbit/Rend Nav {REND_NAV_ 10norbit/Rend Nav, IREND_NAV_

! ! 1INIT 1TLM VINIT, STATE_ !
1 ! 1 ! IVECTOR_ !
! 1 ! ! IPREDICT_TASK !
! ! ! ! ! !
IPWRD_FLT_NAV ! ! ITLM, Onorbit/ 1ONORBIT_REND !
! ! ! !Rend Nav, ORB UPP INAV_SEQUEN- !
! ! ! ! ICER, OPS_2_OR!
! ! ! ! 1 8 INITIALIZE!
! ! ! ! v !
YREND_NAV_FLAG !REL_NAV display !ONORBIT _ 1TLM 1REND_NAV_INIT!
! ! 'REND_ NAV ! ! !
! 1SEQUENCER, ! 1 !
! ! IREND_NAV_ | ! !
! ! 1INIT ! ! !
! ! ! ! ! !
'R _FILT {Onorbit/Rend Nav !REND_COV_ !Onorbit/Rend Nav !OPS_2_OR_| 8 !
{ ! JINIT, NAV_ ! {INITIALIZE !
! 1 1EXIT, (X)V ! ! !
! ! ILAST_RESET ! 1 1
1 1 ! ! 1 1
IR _FILT_INIT !ASC NAV SEQ., D/L !OPS_2 OR 8 ID/L Nav Segq, INAV_EXIT 1
! INAV SEQ., {INITIALIZE !Onorbit/Rend Nav ! |
! IOnorbit/Rend Nav ! 1Seq ! !
! 1Seq ! ! !
! ! ! 1 !
IR _LAST {Onorbit/Rend Nav 1COV_LAST_ i
! ! {RESET !
! !
! !
! !
! !
! !

b-11
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TABLE 4.1-2.- ONORBIT/RENDEZVOUS NAVIGATION SEQUENCER PRINCIPAL i !
FUNCTION INPUT/OUTPUT.- Continued w7

! t ! !
! ! ! !
Variable IPrincipal Function! Local [IPrincipal Function! Local
Name ! Source !Destination! Destination ! Source
1 ! !
! ! !
R _PRED FINAL !Onorbit Predictor !0PS_2 OR 8 ITLM

!
!
!
!
! !
1 !
% ! !
! ! {INITIALIZE,! ! ! .
! ! IREND_NAV_ 1 ! ! :‘
! ! {INIT, STATE! ! { f
! ! !_VECTOR_ ! ! ! '
! ! {PREDICT_ ! ! !
t ! ITASK ! ! ! ,
' ! ! ! 1 ! :
IR _PRED INIT ! ! 10norbit Predictor,!OPS 2 OR 8_ !
! ! ! ITLM JINITIALIZE, !
! ! ! 1 IREND_NAV_ ! |
! ! ! ! {INIT, STATE_ ! :
! ! ! ! IVECTOR ! 3
! ! ! ! {PREDICT TASK ! :
! ! ! ! ! ! ‘
IR _RESET ! ! 10norbit/Rend ISHUTTLE_RESET!
! ! ! tUser Parameter ! ! ‘
! ! ! {Processing ! !
! ! ] ! ! ! J
IR _TV 10norbit /Rend {REND_NAV_ 1Onorbit/Rend REND_NAV_INIT! :
! INav YINIT, COV_ {Nav ! ! *
! ! ILAST RESET ! ! ! }
! ! ! ! ! !
IR _TV_LAST 1 ! 10norbit/Rend 1COV_LAST ! .
! ! ! INav {RESET ! 3
! ! ' ! ! ! 3
R _TV_RESET | ! 10norbit/Rend ITARGET RESET ! 5
! ! ! {User Parameter ! ! ]
! ! ! {Processing ! ! i
! ! ! ! ! ! 1
ISEQ ACCEPT ! ! 10norbit/Rend IDISPLAY_COUNT! H
! ! ! INav, TLM !_INIT ! :
! ! ! ! ! ! i
ISEQ REJECT ! ! 10norbit/Rend IDISPLAY_COUNT! g
! ! ! INav, TLM 1_INIT ! 3
! ! ! ! ! ! v
1SIG_UPDATE iGround Uplink ICOVINIT UVW} ! ! 3
! ! ! ! ! ! > -
! | 10norbit/Rend Nav, I0PS 2 OR 8 !
! 1 !

ISQR_EMU 2 OR8_
! I0norbit Predictor !INITIALIZE

»
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TABLE 4,1-2.- ONORGIT/RENDEZVOUS NAVIGATION SEQUENCER PRINCIPIL
FUNCTION INPUT/OUTPUT.- Con‘inued

! 1 ! ! !

! t 1 { !

! Variable [IPrincipal Function! Local {Principal Function! Local

' Name ! Source Destination! Destination ! Source

!

1TAU_UNMOD_ACC_

!
10norbit/Rend Nayv

IREND_NAV_INIT

!
!
!
!
!
!

!
!
!

! ]

! !
1c0V ! ! ! !
! ! ! ! !
!T_COV_LAST f ! 10norbit/Rend Nav 1COV_LAST_
! ! ! ! IRESET
! ! ! ! !
IT_CURRENT FILT! ! ITLM 1CPS_2_OR 8_
! ! ! ! VINITIALIZE™
! ! H ! !
IT_FILT _INIT !Deorbit/Landing !OPS_2 OR_8_{D/L Nav Seq, INAV_EXIT
! INav Seq, Ascent IINITIALIZE 1Onorbit/Rend Nav |
! tNav Seq, Onorbit/ ! 1Seq !
! !Rend Nav Seq ! ! !
! ! ! ! 1
IT_IMUS GA 1IMU INT PROC 1IMU DATA ! !
! ! ISNAP ! !
! ! ! ! !
IT_LAST_FILT !Onorbit/Rend Nav INAV_EXIT, !Onorbit/Rend Nav !OPS_2 OR 8_
! ! 'REND_COV_ ! VINITIALIZE
! ! IINIT, COV_ ¢ !
1 ! ILAST_RESET ! !
! ! ! ! !
ITOT _ACC_LAST ! ! 10norbit/Rend Nav IREND _COV_INIT!
! ! ! ! !
IT_PRED FINAL ! ! 10norbit 10PS_2_OR 8_
! 4 ! 1Predictor, TLM !I‘IITIALIZE,
! ! i ' ISTATE_VECTOR !
! ! ! ! {PREDICT_TASK !
! ! ! ! !
IT_PRED_INIT ! ! 10norbit 10PS_2_OR_8_
! ! ! {Predictor, TLM !INITIALIZE
! ! ! ! IREND_MAV_
! ! ! ' INIT, STATE
! ! ! ! lVEC'I‘OR__
! ! ! ! {PREDICT_TASK !
! 1 ! ! !
!T_RESET I0norbit/Rend Nav !STATE_ 1Onorbit/Rend ISHUTTLE_RESET!
! ! IVECTOR_ lUser Parameter !
! ! IPREDICT_ !Processing, !
! ! 1 TASK 10norbit/Rend Nav |

4.13
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FUNCTION iNPUT/OUTPUT.-~ Continued
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TABLE 4.1-2.- ONORBIT/RRNDI'ZZVOUS NAVIGATION SEQUENCER PRINCIPAL

;
!

] !
! 1
! Variable IPrincipal Function! Local {Principal Function! Local 1
! Name ! Source 'Destination! Destination !  Source !
1 1 i ! { !
1 ! ! { ! 1
IT_TV 1Onorbit/Rend Nav {REND NAV_ ITLM, Onorbit/Rend I!REND NAV_INIT!
1 ! 1 INIT {Nav ! !
! 1 ! ! 1 !
ITV_PREDICT_ ! ! ITLM {REND_NAV_INIT!
IFAIL ! : ! ! !
1 t ! ! ! !
1UNMOD_ACC_BIAS! ! 10norbit/Rend IREND_NAV_ 1
1 ! ! INav IEXIT, OPS 2 !
! ! H ! IOR_| 8 INITIAL-
! ! ! ! !IZE U A_BIAS!
H ! ! ! H AND COV _INIT!
! ! ! $ - !
IVAR_UNMOD_ACC ! ! 10norbit/Rend Nav !REND_NAV_INIT!
! ! ! ! ! !
tV _CURRENT_ 1 ! ITLM 10PS_2 _OR 8
{FILT § f ! 'INITIALIZE

1 | i ! !

tV _FILT 10norbit/Rend Nav !REMD_COV_ !O0norbit/Rend Nav 10PS_2 _OR_8_

1 ! {INIT, NAV_ ! !INI‘I‘IALIZE

! ! {EXIT, COV_ ! !

! ! ILAST_ ) !

1 ! 1RESET ! !

! ! § ! !

V _FILT_INIT !Asc. Nav Seq, '10PS_2 OR_3_ID/L Nav Seq, INAV_EXIT

1D/L Nav Seq,

{INITIALIZE !Onorbit/Rend Nav

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
H
!
!
!
!
!
!
!

1

H

! {Cnorbit/Rend Nav ! 1Sequencer !

t 1Sequencer ! § !

! ! ! ! !

IV _IMJ_CURRENT!IMU RM 1IMU DATA !¢ !

! { ISNAP ! !

! ! ! ! !

'V _IMU_RESET ! ! {Oncrbit/Rend ISHUTTLE_RESET

! ! ! !User Parameter !

{ f ! IProcessing, TLM !

! ! ! ! !

1V _LAST 1 ' 1IGnarbit/Rend Nav  1COV_LAST_

1 § ! { 'RESET

H ! ! ! !

IV _LAST FILT ! ! 0nordit/Rend Nav 10PS_2 OR 8_

! ! 1 1 {INITIALIZE
4.1y
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( ; TABLE 4,1-2,- ONORBIT/RENDEZVOUS NAVIGATION SRQUENCER PRINCIPAL
- FUNCTION INPUT/OUTPUT.- Concluded

! ] ! 1 , , ! 1
! 1 ! 1 ! :
! Variable Principal Function! Local tP»incipal Function! Looal 1
1 Name 1 Source {Destination! Destination t Source :
! ! i 1 !

( ! ! 1 1 ] 1
IVMP ! ! 10norbit Predictor 1OPS 2 OR 8_ !
1 ! { ! JIINITIALIZE, |
t ! | 1 JREND_NAV_INIT!
! ! 1 1 | 1
IV _PRED_ 1Onorbit IREND_NAY_ ITLM 1 1
{FINAL 1Predictor {INIT, OPS_ ! 1 1
! ! 12 OR 8_ ! 1 !
1 1 1INITIALIZE,! ! !
! ! ISTATE_ | ! !
1 1 {VECTOPR_ { 1 t
! 1 IPREDICT_ ! 1 !
! 1 1 TASK ! 1 1
! ! ! ! ! §
1tV _PRED_INIT ! ! 10norbic 10PS_2_OR 8_ !
1 ! ! Predictor, TLM {INITIALIZE, !
| ! ! 1 IREND_NAV_ !

L ! ! ! 1 IINIT, STATE_ !

{ 1 ! ! ! IVECTOR_ !

1 ! ! ! | IPREDICT_TASK !
! H ! ! ! !
IV _RESET ! ! 10norbit/Rend User !SHUTTLE_RESET!
f ! ! 1Parameter ! !
! ! 1 tProcessing ! !
1 t 1 ! ! 1
v _TV 10norbit/Rend Nav !REND NAV_ 1Onorbit/Rend Nav !REND NAV INIT!
! ! 1IFIT, Cov_ | ! !
! ! ILAST_RESET 1 ! !
| ! ! 1 1 1
IV _TV_LAST ! ! 10norbit/Rend Nav !COV_LAST_ !
! ! ! ! {RESET 1
! t ! ! ! !
{V _TV_RESET ! ! {Onorbit/Rend ITARGET_RESET !
1 1 ! {User Parameter 1 !
! ! ! IProcessing ! !
1 ! ! ! ! !

e IWT_DISP Deorbit maneuver !ONORBIT_ ! ! 1

{ ! tdip; Ascent man- IREND NAV_ ! ! !

- ! leuver dip ISEQUENCER 1 ! !
! 1 ! ! ! !
! ! ! ! ! !

<
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.11 Seguencig& Operations and Major Mode Transitions (ONORBIT.REND_NAV.
SEQUENCER

The Onorbit/Rendezvous Navigation Sequencer principal function performs specific
actions which control the execution of the Onorbit/Rendezvous Navigation princi-

pal function based on navigation phase and major mode transitions. These tasks
are performed by the Sequencing Operations and Major Mode Transitions subfunce-
tion and include the following tasks for OPS 2 control:

For OPS

response to events for entering OPS 2
response to events for exiting OPS 2
response to events for major mode transitions within OPS 2

response to crew entry on the REL NAV DISPLAY regarding selection of
powered flight phase (both onorbit and rendezvous)

response to crew entry (REL NAV DISPLAY) regarding selection of onorbit
or rendezvous navigation phase (powered or coasting flight)

8 control the following tasks are performed:
response to events for entering OPS 8
response to events for exiting OPS 8

response to crew entry on the FCS/DED DISP C/0 DISPLAY regarding selec-
tion of powered flight phase

The events for OPS 2 and OPS 8 navigation control are summarized below.
Detailed requirements are specified separately below for OPS 2 and OPS 8.

Events to enter OPS-2

- 60 0PS =1 : OPS-2
- 60A  OPS-8 . OPS-2
- E 0PS-3 OPS-2

+

- 84 0PS-00 0pS-2

Events to exit OPS-2

- 60B  OPS-2 : OPS-8
- 83 PS-2 OPS-~00

-8 OPS-2 ~ OPS-3

Events to enter OPS-8

-+

- 60B OPS-2 oPS-8

b-16
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(- - Events to exit OPS-8

-60A OPS-8 + OPS-2
-60H OPS-8 + OPS-3

- Events during OPS-2 & 8

- 73 MM202 + 201
{ - 67 MM201 » 202

A. Detailed requirements.

Part I.- OPS 2 Requirements

The detailed sequencing and major mode transition requirements for the OPS 2 por-
tion of the Onorbit/Rendezvous Navigation Sequencer principal function are
described as follows:

1. If an onorbit coast navigation phase is begun by entry into Major Mode
201 from OPS 1, OPS 3, OPS 8 or OPS 00 (EVENTS E1, 60, 60A, or 84), the
Onorbit/Rendezvous Navigation Sequencer principal function shall pro-
vide the capability to initialize the Orbiter state vector, mass, and
other required navigation parameters on the basis of prestored computer
locations unaffected by the computer program memory load
reconfiguration. The following sequence should be followed:

a. Compute the value for Orbiter mass as follows:

If OPS 2 is to be entered from OPS 1 or OPS 3 the Orbiter mass
shall be calculated as:

CURR_ORB_MASS = WI_DISP/G_2_FPS2 F3
Otherwise, Orbiter mass shall be reset to a saved value:
CURR_ORB_MASS = MASS_INIT

b. Store the computed mass value into a NAV slot for use by
navigation.

NAV_CURR_ORB_MASS = CURR_ORB_MASS

- c. An initialization operation shall now be performed to obtain cur-

s 0 ( ~ rent IMU data, predict the last saved OPS sequence Orbiter position

- ' and velocity vectors to current time, reset parameters for user pa-
rameter state propagation, and initialize flags tc OPS 2 or OPS 8
initial values (refer to section 4.1.2.1 for detailed requirements):

F3 This equation shall be protected against division by zero (reference 3.6-3).

§
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CALL: OPS_2 OR 8 INITIALIZE

d. After completion of initialization, the capability shall be pro-
vided for sequencing the Onorbit/Rendezvous Navigation principal
function et the designated repetition rate, DT_NAV_STATE_PROP.

If OPS 2 is not heing entered, tests for detecting leaving OPS 2 to go
to OPS 8 (EVENT 60B), OPS 00 (EVENT 83), or OPS 3 (EVENT 8t) are made.
If any of these 3 transitions is detected,

CALL: NAV_EXIT

(section 4.1.1.2) to store the necessary informaticn into protected lo-
cations for the new OPS sequence.

If transitions into or out of OPS 2 have not been detected, tests for
trransitions in major mode in OPS 2 are made.

a. The test for transition from MM202 to MM201 (EVENT 73} is made. If
EVENT_73 is ON, the powered flight flag, MM202 measurement enable
flag, and the measurement enable positive feedback flag (for REL_
NAV_DISPLAY) must be set to OFF.

PWRD_FLT NAV = OFF
MEAS_ENAGLE = OFF
DOING_MEAS_ENABLE = OFF

b. If EVENT 73 is OFF, the test for transition from MM201 to M4202
(EVENT 67) is made. If EVENT 67 is ON, the powered flight flag is
set to ON.

PWRD_FLT_NAV = ON

In any event, the positive feedback flag for powered flight is set for
the REL NAV display to the value of the powered flight navigation flag.

DOING_PWRD_FLT_NAV = PWRD_FLT_NAV
A test is made to detect the following:
- A transition into or out of the rendezvous navigation phase, or

- the rendezvous navigation initialization target prediction task has
been initiated but not completad.

a. If REND_NAV_FLAG # REND NAV_FLAG_LAST, a transition has occurred;
or if REND NAV_INIT PRED = ON, then the target prediction task has
not been completed. Thus the REND NAV_FLAG and REND NAV_INIT_ FLAG
are interrogated to determine the nature of the transition and the
state of the target prediction. '

418
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(1) If REND NAV_FLAG = QN or REND_NAV_INIT PRED = ON then the
rendezvous navigation initialization subfunction is invoked

CALL: REND_NAV_INIT
(See section 4.1.2.2)

(2) If REND_NAV_FLAG = OFF and REND_NAV_INIT PRED = OFF, the ren-
degzvous navigation phase will be exited.

CALL: REND NAV_EXIT
(See section 4.1.1.1)
b. If REND_NAV_FLAG = REND_NAV_FLAG_LAST and REND_NAV_INIT_PRED = OFF,
then a transition has not occurred; and the rendezvous navigation
initialization prediction task is not in progress. Thus the

sequencer control logic has been completed for this navigation
cycle.

Part II.- OPS 8 Requirements:

The detailed sequencing and major mode transition requirements for the OPS 8 por-

1.

tion of the Onorbit/Rendezvous Navigation Sequencer principal function are
described as follows:

If the onorbit coast navigation phase is begun by entry into GN&C OPS

8 from OPS 2 (Event 60B), the Onorbit/Rendezvous Navigation Sequencer
principal function shall provide the capability to initialize the
Orbiter state vector and other required navigation parameters on the
basis of prestored data and OPS 2 data obtained from protected computer
locations unaffected by the computer program memory load reconfigur-
ation. A flag, REND_NAV_FLAG, will be maintained in the OFF state

(by MSC) throughout OPS 8 as rendezvous navigation phase is not
available in this OPS sequence. This following initialization sequence
shall be performed:

a. Initialize the current Orbiter mass as saved from OPS 2:
NAV_CURR_ORB_MASS = MASS_ INIT
b. Perform an initialization operation to obtain current IMU data, pre-
diet the last saved OPS sequence Orbiter position and velocity
vectors to current time, reset parameters for user parameter state
propagation, and initialize flags to OPS 2 or OPS 8 initial values
(refer to section 4.1.2.1 for Jdetailed requirements):

CALL: OPS_2 OR 8 INITIALIZE

v . 8 itk s IR
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¢. After completion of this initialization, the capability shall be
provided for sequencing the Onorbit/Rendezvous Navigation principal
runctionaat the designated repetition rate (DT_NAV_STATE_PROP) dur-
ing OPS 8.

If ¢ transition for entering OPS 8 was not detected, tests are made to
de’.ect leaving OPS 8 to enter OPS 2 (EVENT 60A) or OPS 3 (EVENT 60H).

Tf either event is "ON",
CALL: NAV_EXIT

to store necessary information into protected locations for the next
OPS sequence.

If transitions into and out of OPS 8 have not been detected, the posi-
tive feedback flag for powered flight navigation is set (for the
FCS/DED DISP C/0 DISPLAY) to the value of the powered flight navigation

flag.
DOING_PWRD_FLT NAV = PWRD_FLT NAV

Interface Requirements. Input and output parameters are given in

Table §.1.1.

Processing Requirements. None

Constraints. The following additional constraints apply to the requirements
presented in Section A:

1.

The following flags are set by either REL_NAV (via crew input) or
FCS/DED DIJP C/0 DISPLAY (crew input):

REND_NAV_FLAG
PWRD_FLT_NAV
MEAS_ENABLE

and should not be changed (in value) by these external functions during
any given cycle of the Onorbit/Rendezvous Navigation principal function
during any navigation phase since a timewise consistent set of navigation
data is required {i.e., a completion of a navigation cycle) to perform
the various navigation runctions.

Memory transitions shall only be performed following the completion of
a navigation cycle. ;

The maximum repetition rate for the Onorbit/Rendezvous Navigation
Sequencer principal function shall be 1.92 seconds.

4-20




E. Supplemental Information. A suggested implementation of these requirements
is illustrated in the Appendix B flow diagrams:

ONORBIT_REND_NAV_SEQUENCER (OPS 2)
ONORBIT_ REND_NAV_SEQUENCER (OPS 8)
NAV_EXIT
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TABLE 4.1.1.~ ONORBIT_ REND_NAV_SEQUENCER INPUT/OUTPUT

Variable Name

Input Source

Output Destination

CURR_ORE_MASS
nomc MEAS ENABLE
DOING PHRD FLT_NAV
DOING_ REND NAV™
DT_| NAV STATE _PROP

EVENT_E!
EVENT_60
EVENT_60A
EVENT_60B
EVENT_60H
EVENT 67
EVENT_73
EVENT 83
EVENT_84
EVENT_85

G_2 FPS2 .
MASS_INIT
MEAS_ENABLE
NAV_CURR_ORB_MASS
PWRD_FLT_NAV
REND_NAV_FLAG

REND_NAV_FLAG_LAST

REND_NAV_INIT_PRED

WT_DISP

S S bem B em tum v TG Sub W am YT up Sus T WD tus TP sap CHE G EP T Gup S SR T S e T G B e B an e S W s S mfcm S s

OPS_2_OR_8_INITIALIZE

, REND_NAV_INIT

» REND_NAV_INIT,

REND_NAV_EXIT

*

, REND_NAV_INIT

D I S B s S S SR R SED S ST Sus S CID R ean P up P s T e B S W e P sup M ME ST M M S T e M b e st e e

*, ACCEL_ONORBIT,
OPS_2_OR_8_INITIALIZE
[ ]

#See principal function I/0 table for the Onorbit/Rendezvous YNavigation

Sequencer (table 4,1-2)
. #%See initialization parameters, section 4.7
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4.1.1.1 Rendezvous Navigation Phase Termination (REND_ NAV_EXIT)

The purpose of the rendezvous navigation phase termination subfunction is to per-
form the necessary operations required when a rendezvous navigation phase is
terminated in preparation for a transition to an onorbit navigation phase. This
action occurs during OPS 2 when the crew or MSC changes the value of the REND
NAV_FLAG from a value of ON to OFF (crew control of the REND_NAV_FLAG is via the
REL_ “NAV display contrcl, RNDZ_NAV_EMA). This subfunction 18 invoked by the

sequencing operations an1 major mode transitions sudbfunction (section U.1.1,
ONORBIT_REND NAV_S:SUeNCER).

A. Detailed Requirements. When called, this su function shall first set the
unmodeled acceleration biases to zero. These .ias terms were solved for by
the rendezvous navigation filter and need to be set to zero for non-
rendezvous navigation phases.

UNMOD_ACC BIAS =
The display parameters initialization subfunction shall now be executed to
zero the ACCEPT/REJLCT counters for disulay and measurement processing
requirements:

CALL: DISPLAY_COUNT_INIT

Detailed requirements for the above subfunction are stated in section
4.1.2.2.1.2.

The "last" flag is turned OFF to indicate the rendezvous navigation is no
longer active.

REND NAV_FLAG_LAST = OFF

The positive feedback flag for the Rel Nav Display is set to OFF to indicate
that rendezvous navigation is no longer active.

DOING_REND_NAV = OFF

B. Interface Requirements. Input and output parameters for this subfunction
may be found in table 4.1.1.1.

C. Processing Requirements. This subfunction shall be called by the sequencing
operations and major mode transitions subfunction (ONORBIT_REND_NAV_
SEQUENCER) when it is required to transition from rendezvous to onorbit navi-
gation phases during OPS 2.

D. Constraints. None

E. Supplemental Information. A suggested implementatior of this subfunztion
may be found in Appendix B flow diagrams:

REND_NAV_EXIT

4-23
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TABLE 4,1.1.1.- REND_NAV_EXIT INPUT/OUTPUT
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Navigation Sequencer

Prr

424

AR AR 5 " i e



]
H
1
:
!

s hbbdia L ool

T9FM10

A ok

i 4.1.1.2 Operation Sequencer Termination (NAV_EXIT)
»

Specific actions are required by the onboard navigation software when either the
. OPS-2 or OPS-8 operational sequence is terminated in preparation for transition
- to another OPS sequence. These actions are primarily concerned with protecting
' special memory locations to preserve data required for the next OPS sequence.

: e A. Detailed Requirements. The Operations Sequence Termination subfunction J
& {\ : ’ shall provide the capability to save off (in protected memory locations) cer-

e tain navigation-related data sets for transmission across a memory transi-
¢ - tion from one operational sequence to another and, once the data has been
: saved, terminate the Onorbit/Rendezvous Navigation principal function. This
subfunction shall perform these functions for the termination of OPS-2 and
OPS-8 as follows:

1. If OPS-2 or OPS-8 is being terminated for a transition to either OPS-8
(from OPS-2, Event 60B), or to OPS-2 (from OPS-8, Event 60A), or
to OPS-00 (from OPS-2, Event 83) the current Orbiter mass must be
saved prior to termination:

MASS_INIT = CURR_ORB_MASS

2. In all cases where OPS-2 or OP3-8 is terminated, the following parame~ £
ters shall be saved off prior to termination:

R _FILT_INIT = R _FILT ;

{ V _FILT INIT

Vv _FILT

T_FILT_INIT = T_LAST FILT

Although the variable names with the _INIT have been designated

as unique variables, this may not be required if the same physical core
location can be used for R _FILT (for example) in each memory load. The
_INIT notation has been used for visibility purposes only.

3. During OPS-2 and OPS-8 once the above data have been stored, execution
of the Onorbit/Rendezvous Navigation principal function shall be
cancelled.

CANCEL: NAV_ONORBIT_ RENDEZVOUS

B. Interface Requirements. Input and output requirements for this subfunction
are defined in table 4.1.1.2.

{ % C. Processing Requirements. This subfunction is called by the following
) subfunction:

ONORBIT_ REND NAV_SEQUENCER (section 4.1.1)

D. Constraints. None

4-25
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E. Suggested Implementation. A suggested implementation in the form of a {\' j
detailed flowchart may be found in Appendix B under the name NAV_EXIT. '
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4.1.2 Operation Sequence Initialization (OPS.2.CR 8.INITIALIZE)

The purpose of the operation sequence initialization subfunction is to perform
specific functions required when either operations sequence 2 (OPS 2) or
8 (OPS 8) is entered from another OPS sequence (i.e., OPS 1, OPS 3, OPS 00,

OPS 2 or OPS 8),

A. Detailed Requirements.

1. Snap current accumulated inertial measurement unit (IMJ)-sensed velocity
data and associated time tag (section 4.2.2.1), SNAP (V _CURRENT
FILT, T _CURRENT_FILT) and immediately store the snapped IMJ and time
data in local variable locations.

V _LAST FILT = V _CURRENT_ FILT
T_LAST_FILT = T_CURRENT_FILT
2. Initialize the unmodeled acceleration biases solved for in the filter

to zero. These bias terms are solved for by the rendezvous navigation
filter and need to be zeroed for non-rendezvous navigation phases:

UNMOD_ACC_BIAS = O.

-~ Compute the square root of MU of the Earth for the precise predictor
and precision state propagation:

SQR_EMU = SQRT(EARTH_MU)
3. Set up the proper parameters to predict the stored Orbiter state

vector to current time (refer to section U4.3 for predictor requirements;
the following are unique COMPOOL locations for use by the predictor):

PRED_ORB_AREA

REF_ORB_AREA

PRED_ORB_MASS = NAV_CURR_ORB_MASS

PRED_ORB_CD = REF_ORB_CD

GMDP = GM_DEG

GMOP = GM_ORD

DMP = DFL

T Ve

VFLOV_PRED
: ATMP = 1
¢ PRED STEP = PRED STEP_OPS_INIT

T_PRED_INIT = T_FILT_INIT

4.28
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R _PRED INIT = R _FILT INIT
V _PRED_INIT = V _FILT_INIT
T_PRED FINAL = T_LAST FILT

Then call the onorbit precise prediction principal function
CALL: (NORBIT_PREDICT

Finally, reset the following onorbit navigation parameters:

R _FILT R _PRED_FINAL

vV _FILT

V _PRED_FINAL

Initialize those parameters required by the user parameter state propaga-
tion subfunction (section 4.5.1) through the use of the Orbiter state
vector reset task (section 4.1.2.1) for the Crbiter vehicle only:

CALL: SHUTTLE_RESET

Set a flag that indicates use of the coasting flight state propagation
algorithm.

PWRD_FLT NAV = OFF

Signal that the proper initialization has been accomplished to allow
the Onorbit/Rendezvous User Parameter Processing Sequencer principal
function to begin scheduling.

SET: OPS_2 OR 8 INITIALIZE COMPLETE = ON

Interface Requirements. The input and output requirements for this

subfunction are described in table 4.1.2.

Processing Requirements. This subfunction is called by the sequencing

operations and major mode transitions subfunction, section 4.1.1; ONORBIT_
REND_NAV_SEQUENCER .

Constraints. None

Supplemental Information. A suggested implementation of this module can be

found in Appendix B; OPS_2 OR 8 INITIALIZE.

4-29
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TABLE 4.1.2.- OPS_2 OR_8_INITIALIZE INPUT/OUTPUT

Variable Name Input Source Output Destination

! ]
! !
! !
] 1
V _CURRENT_FILT ! IMJ DATA SNAP ! .
T CURRENT_FILT ! IMU DATA SNAP ! ]
! !
V _LAST FILT ! ! ® SHUTTLE_RESET
! !
T_LAST_FILT ! ! ® SHUTTLE_RESET
! !
EARTH_MU ! . !
! !
SQR_EMU ! ! .
! !
REF_ORB_AREA ! L !
! !
REF_ORB_CD ! L !
! !
NAV_CURR_ORB_MASS ! ONORBIT_ REND_NAV_ !
! SEQUENCER !
! !
GM_DEG ! LA !
! !
GM_ORD ! . !
! !
DFL ! »e !
' !
VFLOV_PRED ! LI !
' !
PRED_STEP_OPS_INIT ! L !
! !
R _FILT_INIT ! * !
! !
V _FILT_INIT ! * !
! !
T_FILT_INIT ! . !
! !
R _FILT ! ! ® SHUTTLE_RESET
! !
vV _FILT ! ! * SHUTTLE_RESET
! !
T_PRED_INIT ! ! ’
! !
! !

#See principal function Input/Output table 4.1-2 for the Onorbit/Rendezvous
Navigation Sequencer ‘
See Initialization parameters, section 4.7
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TABLE 4,1.2.- OPS_2_OR 8_INITIALIZE INPUT/OUTPUT.- Concluded

1 1 ]

! Variable Name 1 Input Source 1 OQutput Destination
1 ! |

! ! [

! GMDP 1 1 &
! 1 i

1 GMOP t ! .
! B 1

! DMP ! 1 .
! ! 1

! VMP ! ! "
! ! !

! ATMP ! 1 *
! ! !

! PRED_STEP 1 1 &
1 1 !

! R _PRED_INIT ! ! .
! ! !

! V _PRED_INIT ! ! *
1 ! !

| PWRD_FLT_NAV ! { ® ONORBIT_REND_NAV_
! ! 1 SEQUENCER

! ! !

! OPS_2_OR 8_ ! ! .
! INITIALIZE_COMPLETE ! !

! ! 1

! R _PRED_FINAL ! . !

1 ! !

! V _PRED_FINAL 1 * !

! ! 1

! UNMOD_ACC BIAS 1 1 ]
! 1 !

! PRED_ORB_AREA ! ! *
! ! !

! PRED_ORB_CD ! ! b
! ! !

! PRED_ORB_MASS ! ! .
! 1 !

! T_PRED_FINAL ! ! *
! ! {

1 1 !

1 1 !

! 1 !

1 | !

! 1 !

! { !

*See principal function Input/Output table 4.1-2 for the Onorbit/Rendezvous
Navigation Sequencer
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4.1,2.1 Orbiter State Vector Reset (SHUTTLE_RESET)

The purpose of the Orbiter state vector reset subfunction is to provide updated
state vector associated parameters to the user parameter state propagation
subfunction (section 4.5.1) at the beginning of OPS sequence 2 or OPS 8 and at
the end of every navigation cycle through the use of navigated state parameters.

A.

Detailed Requirements. At the completion of each OPS sequence 2 or 8
initialization procedure and at the completion of a navigation cycle, the
Orbiter state vector reset subfunction shail be called:

CALL: SHUTTLE_ RESET

1. This subfunction shall then initialize the reset Orbiter state vector
and associated IMJ sensed velocity reading as follows:

R _RESET = R _FILT
V _RESET = V _FILT
V _IMU_RESET = V _LAST_FILT

T_RESET = T _LAST FILT

2. Additionally, a flag shall be set to indicate to the user parameter
state propagation subfunction that a navigated state update has occurred.

FILT_UPDATE = ON
These parameters are required by the user parameter propagator to
reinitialize the user parameter state following the completion of each
navigation cycle.

Interface Requirements. The input and output requirements for this
subfunction are shown in table 4.1.2.1.

Processing Requirements. This subfunction is called by the following
modules:

OPS_Z__OR_B_INITIALIZE
NAV_ONORBIT_RENDEZVOUS
Conatraints. None

Supplemental Information. A suggested implementation of this subfunction
can be found in Appendix B in the form of a flow diagram:

SHUTTLE_RESET
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TABLE 4.1.2.1.~ SHUTTLE_RESET INPUT/OUTPUT

Variable Name

Input Source

Output Destination

R _PILT

V _FILT

T_LAST FILT

V _LAST_FILT

R _RESET

V _RESET

V _IMU_RESET

T_RESET

FILT_UPDATE

OPS_2 OR_8_INITIALIZE,
ONORBIT_REND R V_STATE_
PROP, REND_NAV_FILTER

OPS_2_OR_8_INITIALIZE,
ONORBIT REND RV STATE
PROP, REND NAV_ “FILTER

OPS_2_OR_8_INITIALIZE,

ONORBIT_REND R V_STATE_

PROP

OPS_2 OR_8_INITIALIZE,
ONORBIT REND R . V_STATE_
PROP

E san AR Gum GND Gum IR CuB I sup CHE oap SN up UB Cap SED Sup U Cud SEP CUD D D UD oD CUA A P oup P ud TND CEb CAR Cup MR oup G Sun o el ew o

®, STATE_VECTOR
PREDICT_TASK

#See principal function Input/Output table 4.1-2 for the Onorbit/Rendezvous

Navigation Sequencer outputs and table 4.2 for the Onorbit/Rendezvous Navigation

outputs
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4.1.2.2 Rendezvous Navigation Initialization (REND_NAV INIT)

The Rendezvous Navigation Initialization subfunction is responsible for the
proper initialization of selected rendezvous related parameters whenever the

- Onorbit/Rendezvous Navigation Sequencer principal function has detected the fol-
lowing:

(a) There is a request to initalize the rendezvous navigation phase, or

(b) The prediction of the target vehicle has been initiated by the rendezvous N
ravigation initializaticn subfunction but the prediction has not been
completed.
This subfunction shall be responsible for the following tasks.

= Schedule the state vector prediction task in order to prediot the target
position and velooity vectors to current time.

- Set selected flags to OFF to insure the proper functioning of the
Onorbit/Rendezvous Navigation principal function should the rendezvous
navigation phase be canceled and then re-entered.

- Set certain parameters for the unmodeled acceleration bias propagation
to values used for coasting flight.

~ Initialize the covariance matrix.

- Store the current target position and velocity vectors for use by the
User Parameter Processing principal function.

A. Detailed Requirements. This subfunction shall perform the following steps
in the order indicated:

1. The prediction task indicator flag, PRED USE, is interrogated for
a zero value to determine if the state vector prediction task is
available for scheduling. If PRED_USE = O then the following parameters
are defined preceding the scheduling of the state vector prediction
task.

REND_NAV_INIT_PRED = ON

PRED_USE = 4

TV_PREDICT_FAIL = OFF

GMDP = GM_DEG

GMOP = GM_ORD

DMP = DFL ‘

VMP = VFLTV_PRED Pog

ATMP = ATFL_TV : ¥

PRED_STEP = PREC_STEP_PRED 1

R _PRED INIT = R _TV

vvnanmrr:V _Tv 3
T_PRED INIT = T TV _ ¥
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The state vector prediction task is then scheduled.
SCHEDULE: STATE_VECTOR_PREDICT_TASK

If the PRED USE flag is nonzero. it is tested for a value nf 6 which in-
dicates that the state vector prediction task has determined that the
prediction interval is too large; hence no prediction will take place.

If PRED_USE = 6 then the following flags are set.

PRED_USE = 0
TV_PREDICT_FAIL = ON
REND_NAV_INIT_PRED = CFF
REND_NAV_FLAG = OFF

The rendezvous navigation flag is set to OFF so that the rendezvous navi-
gation initialization subfunction will not be invoked again until the
REND_NAV_FLAG is reset to ON by the crew.

If the PRED_USE flag is not set to 6, then it is tested for a value of
5 which indicates that the state vector prediction task has successfully
predicted the target state vectors.

If PRED USE = 5 then the following actions are taken.

(a) The predictor outputs are stored, and flags are set to free the
predictor for other navigation users.

RED USE = 0
= T_PRED FINAL
=R PRED FINAL

=0 ~3 O

= V _PRED_ ) FINAL
NAV INIT PRED = OFF

"22’21

h

N

(b) Next, the REND_NAV_FLAG is tested for an ON value to determine if
the crew request for activating the rendezvous navigation phase is

still valid. If the REND_NAV_FLAG is on, the following actions are
taken:

(1) Flags are set to indicate that the unmodeled acceleration bias
state statistics are to be initialized to their coast values.

NOISY NAV_MEAS = CFF
cov PHRD FLT = OFF
cov_ PHRD FLT_LAST = OFF

{(2) Unmodeled acceleration bias state statistical parameters are
initialized to their coast values.

TAU_UNMOD_ACC_COV = TAU_U_A_COAST
VAR_UNMOD_ACC = VAR U_A_COAST
COV_ACCEL_UVW_INIT = COV_U_A_COAST
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(3) The rendezvous covariance initialization function is called to
initialize the covariance matrix as described in section
§.1.2.2.1.

CALL: REND_COV_INIT

(4) The target state vector reset subfunction resets the user parame-
ter processing state vectors as described in section 4.1.2.2.2.

CALL: TARGET_RESET
(5) The flags REND_NAV_FLAG_LAST and DOING_REND_NAV are set to

ON to indicate that the rendezvous navigation phase is now
active.

REND_NAV_FLAG LAST = ON
DOING_REND_NAV = ON

B. Interface Requirements. Input and output parameters are specified in table

c.

Dl

Processing Requirements. The subfunction is called by ONORBIT_REND NAV_
SEQUENCER (section 4.1.1).

Constraints. None

Supplemental Information. A suggested implementation of these requirements
is illustrated in Appendix B with REND_NAV_INIT.
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f TABLE U4.1.2.2.- REND_NAV_INIT INPUT/OUTPUT
- .
! ! ! !
! Variable Name ! Input Source ! Output Destination !
! ! ! !
! ! ] !
I ATFL_TV | ae ! !
( ! ! ! !
! ATMP ! 1 & §
1 ! 1 !
! COV_ACCEL_UVW_INIT ! ! U_A_BIAS_AND COVINIT,* !
! ! ! !
! COV_PWRD_FLT ! & !
! ! ! !
! COV_PWRD_FLT_LAST ! 1 ® 1
! t ! 1
! COV_U_A_COAST | . ! 1
! ! ! 1
! DFL ] = ! !
! ! ! 1
! DMP 1 & !
1 ! ! !
! DOING_REND_NAV ! t* !
! ! H !
! GM_DEG ] ! !
( | ! ! ! 3
o ! GMDP ! { 1 :
! 1 ! ! 3
t GMOP ! 1 ! ;
1 ! ! ! 3
! GM_ORD | ¥ ! 1
! ! ! ! "3
! NOISY NAV_MEAS { 1 ! §
! 1 ! ! )
! PREC_STEP_PRED p an ! ! ]
! ! ! § 3
! PRED_STEP ! P * ! ;
! ! ! ! E
! PRED_USE | % %  STATE_VECTOR_ { ®, STATE_VECTOR_ ! E
1 ! PREDTCT_TASK ! PREDICT_TASK ! ;
! ! ! !
! R _PRED FINAL 1 # ! ! E
! ! ! ! Y
i ! § _PRED _INIT ! | ! :
{\ ! ! ! |
! ! 1 ! v
! ! 1 ! .
! ! ! ! ;
*Onorbit/Rendezvous Navigation Sequencer principal function, see section 4.1 -
##Initialization parameters, see section 4.7 . i
e ;
A 2 j
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TABLE 4.1.2.2.- REND_NAV_INIT INPUT/OUTPUT.- Continued : Lo

Variable Name Input Source Output Destinatioa

R _TV LU # REND_COV_INIT,
TARGET_RESET, o
COV_LAST_RESET <
REND_NAV_FLAG * ® ONORBIT_REND_NAV_ :
SEQUENCER ;
REND_NAV_FLAG_LAST ONORBIT_REND_NAV_
SEQUENCER
REND_NAV_INIT PRED ONORBIT_REND_NAV_
SEQUENCER
TAU_U_A_COAST e
TAU_UNMOD_ACC_COV .

T_PRED_INIT * | STATE_VECTOR_
PRERICT_TASK

T_PRED_FINAL STATE_VECTOR_PREDICT _ ;
TASK :

T TV L %, REND_COV_INIT ?

TV_PREDICT FAIL . 3

VAR U_A COAST i é

VAR_UNMOD_ACC .

VFLTV_PRED e

VMP ]

V _PRED FINAL *

V _PRED_INIT *

- D Cup SR GUD pup AR D P G SED CED NP MaE up SaD CUD $AD oan NP s OUD Gup OUD (4R GAD eup IR CAD Lum Gun FUE Sup VD sup Gum ous P eun S sum e cun| s rw cem

.y SEB cup CED S SuR SER CGP SED AR Gl NP Sum U sud CUS Cab LUS SED CUD uD OuD LuR SED CuR FED up SUD Sup UM Aup CUD D LUD CUD FED SED SUD Gun SUD Sun P cup] S cap S|

..o.-‘—nn.w-.-—-.-.o.no._....—...‘o.o..—o.—-—0——.—.-...‘..-.-.—-00..0.-.0--.-0.-
-

*Onorbit/Rendezvous Navigation Sequencer principal function, see section 4.1
*#Initialization parameters, see section 4.7
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(_ » TABLE 4.1.2.2.- REND_NAV_INIT INPUT/OUTPUT.- Concluded
t ] 1
t Variable Name t Input Source ! Output Destination
1 ! 1
H ] [
1V _TV | B ue ¢t ® REND_COV_INIT,
! 1 ! TARGET RESET,
! ! ! COV_LAST_RESET
! 1 1
! ! 1
1 ' t
E ) ) )
{ 1 {
' ! ! !
1 ! !
} ! 1
' 1 ! 1
! ! $
| ! 1
! ! 1
! 1 !
! 1 !
| ! !
! H !
( ! ' !
‘ | ! !
1 1 !
! H !
1 ! t
1 ! |
! t !
! 1 {
! 1 1
\ t ! !
| ! ! 1
| 1 ! 1
* ' ' !
| 1 ! 1
1 ! |
! H t
! ! !
Y ! 1 !
L 1 ! !
4 ! ! !
I ! ! !
' | ! 1
1 ! ! _
®*Onorbit/Rendezvous Navigaticn Sequencer principal function, see section U.1
PR ##Injtjialization parameters, see section 4.7
§
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4.1.2.2.1 Covarisnce matrix initialization (REND_COV_INIT) o
W - i
13
The covariance matrix initialization subfunction shall perform the following b
tasks upon entering the rendezvous phase, whenever there is an automatic
inflight update during the rendezvous phase, or whenever the crew requests a
covariance matrix reinitialization or a state vector transfer.
1. Initialize the covariance matrix. o } ) ;
¢ E 3
2. Zero the counter {I-CYCLE) for the asynchronous covariance propagation. Al Z
A
3. Set certain flags to OFF so that the rendezvous sensor initialization
subfunction will properly execute.
4. Zero measurement Accept/Reject counters used for display purposes. é ]
.
A. Detailed Requirements. In circumstances in which the filter vehicle posi- § 3
tion and velocity elements of the on-board filter covariance matrix are to i3
be initialized to UVW values, the following steps shall be performed (in the .
order indicated): :
1. 2Zero the entire 13 by 13 dimensional covariance matrix é
E1to13, 1t013°00 i
2. Test the SHUTTLE_FILTER FLAG to determine if the Shuttle vehicle or the §
target vehicle state is being used by the Kalman filter. i 3
A
a. If the Shuttle vehicle is the filter vehicle §
(SHUTTLE_FILTER_FLAG = ON) :
(1) Call the UVW parameters initialization subfunction to
initialize the position-velocity portion of the covariance
matrix with the Shuttle state vector statistics (see section
§.1.2.2.1.1)
CALL: COVINIT UVW
IN LIST: R _FILT, V _FILT
(2) Calculate the last acceleration vector for the Shuttle vehicle g
for use in the covariance matrix propagation subfunction. ’
TOT_ACC_LAST = ACCEL_ONORBIT (IGD, IGO, IDRAG, IVENT, TNy
ATFL_CV, R _FILT, V _FILT, T_LAST_FILT) ?’ Q§§
- & : i
DV_FILT , s
kil F3 .
DT_FILT b
, -
F3-This equation shall be protected against division by zero(reference 3.6-3). ;
£ . ;
4 -
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vhere IGD is the degree of the gravitational potential model,
IGO is the order of the gravitational potential model, IDRAG is
the drag model flag, IVENT is the vent model flag, all set by
the state propagation, and ATFL_OV is from I-Load.

(For detailed requirements, see section 4.2.4.1.1)

If the target vehlicle is the filter vehicle
(SHUTTLE_FILTER_FLAG = OFF)

(1) Call the UVW parameters initialization subfunction to
initialize the ponsition-velocity portion of the covariance ;
matrix with the target state vector statistics (see section :
4.1.2.2.1.1)

CALL: COVINIT UVW

IN LIST: R_TV, V_TV

-——

(2) Calculate the last acceleration vector for the target vehicle
for use in the covariance matrix propagation subfunction,

G _TV_LAST = ACCEL_ONORBIT (GM_DEG, GM_ORD, DFL, VFL_TV, ATFL_

™, R_TV, V_TV, T TV)

where GM_DEG is the degree of the gravitational potential
model, GM ORD is the order of the gravitational potential
model, DFL is the drag model flag, VFL_TV is the vent model
flag, and ATFL_ TV is the attitude flag, all for the target ve-
hicle.

(For detailed requirements, see section U4.2.4.1.1) 3
The covariance matrix propagation cycle counter shall be reset ]

I_CYCLE = 0

The covariance reset subfunction is called to store copies of the i
Shuttle state vector, the target state vector and their time tag, as ;
well as to zero the covariance accumulated delta velocity.

—
. . S

ol G

CALL: COV_LAST RESET

Reset the DN_NAV_LAST flags for all sensors so tha'. the sensor bias i
portions of the covariance matrix will be reconfigured for active ]
sensors :

EXECUTE: DO_NAV_LAST_SETUP CODE

4441
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DO_COAS_ANGLES_NAV_LAST = OFF
DO_RR_ANGLES_NAV_LAST = OFF -
DO_RRDOT_NAV_LAST = OFF
DO_ST_ANGLES_NAV_LAST = OFF
6. Reset the measurement ACCEPT/REJECT counters t J
(Refer to section 4.1.2.2.1.2) | g
CALL: DISPLAY_COUNT_INIT

| B. Interface Requirements. The input and output variables for this subfunction
’ are defined in table 4.1.2.2.1.

C. Processing Requirements. This subfunction is called by the following
subfunctions:

ONORBIT_REND_AUTO_INFLIGHT UPDATE (section 4.2.3.1)
REL_NAV_DISPLAY UPDATES (section 4.2.3.2)

REND_NAV_INIT (section 4.1.2.2)

2

. Constraints. None , )

E. Supplementary Information. A suggested implementation in the form of a
detailed flowchart can be found in Appendix B under the name:

REND_COV_INIT

a2
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TABLE 4.1.2.2.1.- REND_COV_INIT INPUT/OQUTPUT

INFLIGHT UPDATE, REND
NAV__ INIT, ONORBIT REND
RV STATE PROP, REL NAV
DISPLAY U?DATES REND
NAV_ FILTER,*

COVINIT UVW

! [ ! |
1 Variable Name ! Input Source ! Output Destination !
1 ! ! !
! ! | !
! ATFL_OV ! L) ! ACCEL_ONORBIT 1
! ! ! !
! ATFL_1V 1 Lid ! ACCEL_ONORBIT 1
| ! ! !
! DFL ! L ! ACCEL_ONORBIT !
| ! ! !
! DT_FILT ! ONORBIT_REND R_V_STATE_ ! !
1 ! PROp, %@ ! !
! ! 1 !
! DV_FILT ! ONORBIT_REND R V_STATE_ ! !
! ! PROP, #& ! !
! ! ! !
! GM_DEG ! " ! ACCEL_ONORBIT !
! ! ! !
! GM_ORD ! L ! ACCEL_ONORBIT !
! ! ! !
1 IDRAG ! ONORBIT_REND R_V_STATE_ ! ACCEL_ONORBIT !
! ! PROP, 1] | !
H ! ! !
! IGD ! ONORBIT_ REND_R V_STATE_ ! ACCEZL_ONORBIT !
! ! PROp, #u# ! !
1 ! ! !
1 1GO ! ONORBIT REND R_V_STATE_ ! ACCEL_ONORBIT ]
! 1 PROpP, #a% ! !
! ! ! !
! IVENT ! ONORBIT_REND_R V_STATE_ ! ACCEL_ONORBIT !
! ! PROP, #u# ! !
i ! ! !
! R _FILT ! ONORBIT_REND_AUTO_ ! ACCEL_ONORBILT, !
! ! INFLIGHT UPDATE ONORBIT ! COVINIT uv¥ L
! ! REND R V STATE PROP REL ! !
! ! NAV DI.SFLAY UPDATES ! !
! § B#% REND NAV_FILTER,* I !
! ! ! !
! R TV ! ONORBIT_REND_ AUTO_ ! ACCEL_OUNORBIT, 1
! ! ! !
! ! ! !
! § ! !
! ! ! !
1 ! ! !
! ! § !

*Onorbit/Rendezvous principal function, see section 4.2
#®Initialization parameters, see section 4.7
##80norbit /Rendezvous Navigation Sequencer principal function, see section 4.1
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TABLE 4.1.2.2.1.- REND_COV_INIT INPUT/OUTPUT (Continued)

0 ey

-
P T T O

Variable Name Input Source Output Destination

SHUTILE_FILTER_FLAG e

ONORBIT_REND_AUTO_
INFLIGHT UPDATE, ONORBIT
REND R V STATE PBOP ane

T_LAST_FILT

FIiLT ONORBIT_REND_R V_STATE_

PROP, ONORBIT REND AUTO

INFLIGHT UPDATE REL NAV
DISPLAY_] UPDATES , ##47

REND | NAV _FILTER,®

|<

ACCEL_ONORBIT,
COVINIT_UVW

. ACCEL_ONORBIT

ACCEL_ONORBIT,
OOVINIT Uvw

ONORBIT_PEND_R_V_STATE_
PROP,REND_NAV_INIT,
ONORBIT_REND AUTG_
INFLIGHT UPDATE,REL_NAV_
DISPLAY_UPDATES,REND_
NAV_FILTER,*

+ ACCEL_ONORBIT

DO_COAS_ANGLES_NAV_LAST REND_NAV_SENSOR_INIT,

DO_RR_ANGLES_NAV_LAST REND_NAV_SENSOR_INIT,

DO_RRDOT_NAV_LAST REND_NAV_SENSOR_INIT,

DO_ST_ANGLES_NAV_LAST REND_NAV_SENSOR_INIT,

#ae

REND_BIAS_AND_COV_PROP,
REhD NAV FILTER LR L

FIVEN

D swp T em CED pupm P T i S SEP Gl SUD T cad G GuD CED CED Sub D SuD CED SE GuD CND AR CUD SUD G AP CED CuR CMD OGNS Sup S ST fup SuD SuP GaD Sup B
U Sum D CED Cm Guh SR PP fep D Cup D cun AN cam U ey S fap PR GHD CUD up PUD bup b can U pum D sy SUD um PR Gan D gy S Gup ™ cumfeen emp Sum

.—o.o—-......go..‘o—o—o‘—o...o...o-..o_._o-._o..-.o.-..a....a.—.n—.o.-o.o...—o...o.
D CED CHD S R D up CED SED P gap D gap CEE CED S pap D D SUD GUD OUD SuD SED Cap SUP PUD CUD San MUD SAD SUP sup OB Sdb SND SUD SUP Gap GA WD SES eem G
-

- *

#*Onorbit /Rendezvous principal function, see section 4.2

#Initialization parameters, see section 4.7

##%0norbit/Rendezvous Navigation Sequencer principal function, see sectiaon 4.1
+Value returned from the function

&
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TABLE 4.1.2.2.1.- REND_COV_INIT_INPUT/OUTPUT (Concluded)

o

Variable Name Input Scurce Output Destination

G _TV_LAST REND_BIAS_AND_COV_PROP,

NAV_ONORBLT_RENDEZVOUS,
[ 11 ,

el Adb i aisaukiices,

I_CYCLE

TOT_ACC_LAST REND_BIAS_AND_COV_PROP,

L 1]
T_TV ONORBIT_REND R V_STATE_
PROP ,ONORBIT_REND_AUTO_
INFLIGHT_UPDATE,REND_
NAV_INIT,*

ACCEL_ONORBIT

SN LD B D S R Mam SID G SN SUD ST M S (e D SED U Can CUD CUD SED CUP CUD OGN O CUD OUD PUD CAD SuD CUS CUR MR oup B B oun sep GuD Sup CED B M Sup NB e
ek aad o im s ks e

SN cED FER SEP SED Sup SWD P CHE gup SUB lun SE SED b SER SUE SuB SUD Puib SUD ban B sum AP Sab Sup Sup CUD Sup VD sup SAD Gup SEN Gup SN Gus M am Sap G tap Sup |ews S o
N mn D Gum D sap SEP D e G CER PR PED CH CED D WD D D e S an B Cun D e CED D D CEP D gy D un b Gun G pum SN amp SB en S sam|ems cun oum
CED SEP SEB SN UD bum SaB CED D Cum CUR CUE U um CED CED aD Sun SR Cub WD Gan D b U Sub SUD Cum D LD CuD Sun D SuS D qup NP PuD GuP Omn SUP pum CUD Sun euw SuD ewp

'.'Onorbit/Rendezvous Navigation Sequencer principal function, see section 4.1
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4,1.2.2.1.1 UVW parameters initialization (COVINIT_UVW)

O TN

The UVW parameters initialization subfunction initializes the covariance matrix
when rendezvous navigation is initialized, or when an auto-inflight update or
REL_NAV display update to the state vectors or covariance matrix is performed.

i o

A. Detailed Requirements. This subfunction has an inlist with the following in-
ternal names V”'g

i B

INLIST: R

y

where R is the filter vehicle position vector and V is the filter vehicle ve-
locity vector.

This subfunction performs the following steps.

1. Initialize the first six diagonal elements of the covariance with the
square of prestored standard deviations.

o ST NG NS cid e

Ex,1 = SIG_UPDATE SIG_UPDATE; for I = 1 to 6

2. Initialize the off-diagonal correlation terms of the covariance matrix
in the upper left 6 by 6 portion using prestored correlation coeffi-
cients along with the prestored sigmas.

ot et

damize,

Ey,» = COV_COR_UPDATE; SIG_UPDATE, SIG_UPDATE, -
Ey,y = COV_COR_UPDATE, SIG_UPDATE, SIG_UPDATE, ..

COV_COR_UPDATE3 SIG_UPDATE, SIG_UPDATEg

Ey s
Ep,y = COV_COR_UPDATEy SIG_UPDATE; SIG_UPDATE,

1 g WRG CHNIG AEI A e e 3

Ep 5 = COV_COR_UPDATE; SIG_UPDATE, SIG_UPDATEg

E3,6 = COV_COR_UPDATEg SIG_UPDATE3 SIG_UPDATEg

COV_COR_UPDATE; SIG_UPDATFy SIG_UPDATEg

EN,S
Ex,1 = B2
Bs,y = Eys

3. Call the unmodeled acceleration bias and covariance initialization
subfunction (section 4.2.4.1) to initialize the unmodeled acceleration
bias states and the unmodeled acceleration bias slots of the covariance
matrix.

CALL: U_A_BIAS_AND_COVINIT

INLIST: R, V

<ot
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( 4, Convert the upper left 6 by 6 portion of the covariance matrix from UVW
\ to mean of 'S0 coordinates with the following equations
E1to3, 1t03 = M UVW_MS0 Eqpo3, 103 M_UVW_MSOT
Buto, Utob = M_UVW_M50 Eytos, Utos M_UVM_M50T

{ E1to3, 4tob = M_UVW_M50 Eqto3, Utob ".UV“.M'J'OT

Eyto6, 1to3 = (E1to3, llt.o6)T

where the M UVW_M50 transformation matrix was computed by U A_BIAS AND
COVINIT.

B. Interface Requirements. The inputs and outputs for this subfunction are
given in table 4.1.2.2.1.1.

C. Processing Requirements. This subfunction is callea :y
REND_OOV_INIT (section 4.1.2.2.1)
D. Constraints. None

E. Supplementary Information. A suggested implementation of this subfunction
is given by the flowchart COVINIT UVW in Appendix B.

- " L

14

- - 3
~
%

4-47

i
i
§
i
}
2
;
i
T
{
2
)
i
}
)
]
|
i
i
;
i i




S -
PRt
4
[ =] T GEe Gne W GFP @M CVE GFT DS DG G0 TEG @ie W90 e Y NS TRO Gre TRO NG @O G GNO WBY TR @e WO ars WS @ we e e g W @ne Y gae W me T Gee = e -—
-
x
Ex,
N =
~ ]
-t
+»
o
S
-l
&
2]
-1
-
a
&
é

4-u3

Input Source

REND_COV_INIT

TABLE 4.1.2.2.1.1.=- COVINIT_UVW INPUT/OUTPUT

*Onorbit /Rendezvous principal function, see section 4.2
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TABLE 4.1.2.2.1.1.- COVINIT UVW INPUT/OUTPUT (Concluded)

Variable Name Input Source Output Destination

OOV_COR_UPDATE o aen o

E ® %88 REND_BIAS AND_
COV_PROP, FEND_NAV_
FILTER

M_UVW_M50 U_A_BIAS_AND_COVINIT

R U_A_BIAS_AND_COVINIT

SIG_UPDATE " ane @

v U_A_BIAS_AND_COVINIT

CED GEL D LER LaR G CED CE LED MU GuR S GaD CUE ED UD Gl TIR MED CUD B SIB Gap S 4up S e T T 4 LB G T Cm T o em B D KD P S e G
SED G D UB G GER D up CIB MUD CuD GAD LUl B B UL SUD SR D Gub U Gan b S fuh LB GuE SUD GuB B B L D em P o D G S S B oo G |
D Gum B GED D bun CED Gun CUD D U SR U D CED cun ME Gun PN D D Cun AR SUD B D CaD TEP D U s Sub N AR Cub b S D B WP owp *iew cn *mf
GEb SuUR CUD CER uD Gup CED U Lup CA CUD Gub SUD SuD PAD C4D CuR oap SED CuD SuD GuR PED SED CuD SUD up PER b GUD N SUD CUD SUD CAD CUR CER eup CER SID I CED Gab eun oab

*Onorbit /Rendezvous principal function, see section 4.2
#8Tnitialization parameters, see section 4.7
##%0norbit /Rendezvous Navigation Sequencer principal function, see section 4.1
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4.,1.2.2.7.2 Display parameter initialization (DISPLAY_COUNT_INIT)

The display initialization subfunction shall reset measurement ACCEPT/REJECT
counters whenever the covariance initialization subfunction is invoked, whenever
exiting a rendezvous navigation phase, or whenever the magnitude of the IMU
sensed accelerations exceed a design dependent threshold for measurement incorpo-
ration.

A. Detailed Requircaents. The following steps shall be performed (in the order
indicated): :

Zero the ACCEPT/REJECT counters. N _ACCEPT (N _REJECT) is a 4x1 array which
counts the total number of accepted (rejected) measurements during the cur-
rent mark sequence. SEQ_ACCEPT (SEQ_REJECT) ocounts the mumber of sequential
accepted (rejected) measurements during the current mark sequence.

N _ACCEPT =

N nmc'r=§ (all are 4 x 1
SEQ_ACCEPT = 0 dimensicned arrays)
SEQ_REJECT = 0

B. Interface Requirements. The input and output data are shown in table

h.1.2.2.1.2.
C. Processing Requirements. This subfunction is called by the foll~wing
subfunctions: .
REND_COV_INIT (section 4.,1.2.2.1)
REND NAV EXIT (section 4.1.1.1)

REND BIAS AND_COV_PROP (section 4.2.5)
D. Constraints. Nonas
E. Supplementary Information. A suggested implementation in the form of a

detailed flowchart may be found 1n Appendix B under the name of DISPLAY
COUNT_INIT.
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( 3 TABLE 4.1.2.2.1.2.~ DISPLAY_COUNT_INIT INPUT/OUTPUT

1 e

Variable Name input Source Output Destination

N _ACCEPT MEAS_PROCESSING_
{ STATISTICS REND,*,sw#
N _REJECT MEAS_PROCESSING_
STATISTICS_REND,# se#
SEQ_ACCEPT MEAS_PROCESSING_
STATISTICS REND,*,%ss
SEQ_REJECT MEAS_PROCESSING_

STATISTICS_REND, %, ###

ED SuD R PGP VUD SaD VU GED CUD SEP CUD gup YEP Lap S SUD CED CED CUD SED Oul SR CUF LuP SNE CED CUD SED OUP SUD PUS GuD PP GuD SuB M OED QU CUP suw MNP ST LUD an SR omp
.—-—o.—a.—.."o—t‘.—.——-‘—o-..o..-.-.—-—-..-.‘0-0.0.0.l‘..u‘.‘...."“'.""-'.—..

....n.-‘-"..o._.o....‘..o.-....t.o‘--o-—-o.-o.o‘o¢o.i.—-—_-.u.o-_——..c.
D D U VAP SEP CED oup VD SuD U SED HU FUD CUD CED Cul CuD SUR Ul SEN SaP CED LAD SAD pun CUD Gup MED AED SUP Cub AU Cub b gus PED GUP MU Cab WS pum NP PuB GED B SEb

®Onorbit/Rendezvous principal function, see section 4.2 4
#%%0norbit /Rendezvous Navigation Sequencer principal function, see section 4.1
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4.1.2.2.1.3 Covariance matrix parameters reset (COV

The covariance matrix parameters reset subfunction saves certain navigation pa-
rameters at the end of a covariance matrix propagation subcycle for use in the
next subcycle. These parame*ers include the Orbiter and target position and ve-
locity vectors as well as tre current time. Also, a variable used for summing
the IMJ sensed delta velocivies over the suboycle interval is zeroed for use in
the next subecycle.

A. Detailed Requirements. The following steps shall be performed:

~ Store the Orbiter position and velocity vectors (R _FILT, V _FILT), the tar-
get position and velocity vectors (R _TV, V TV), Tlast filter time (T_LAST_
FILT), and zero the delta velocity aucumulator (bv_cov).

R _LAST = R _FILT

V _LAST =V _FILT

R TVLAST =R _TV
V_TV_IAST =¥ _TV
DV_COV = 0.

T COV_LAST = T _LAST FILT

B. Interface Requirements. The input and output data are shown in table
h.1.2.2.1.3.

C. Processing Requirements. This subfunction is called by the following
subfunctions:

NAV_ONORBIT_RENDEZVOUS (section 4.2.1)
REND_COV_INIT (section 4.1.2.2.1)
D. Constraints. None

E. 3upplementary Information. A suggested implementation in the form of a
detailed flowchart may be found in Appendix B under the name COV_LAST_RESET.
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TABLE 4.1.2.2.1.3.~ COV_LAST_RESET INPUT/QUTPUT

Variable Name Input Source Output Destination

T
'
]
]
R _FILT ONORBIT_REND_AUTO_ '
INFLIGHT UPDATE, ]
REND_NAV_FILTER, !
ONORBIT_REND_R V_STATE_ !
PROP, REL_NAV DISPLAY !
UPDATES , ¥, #44™ !

'
ONORBIT_REND AUTO_ !
INFLIGHT UPDATE, REND_ !
NAV_FILTER, ONORBIT_ ~ 1
REND_R_V_STATE_PROP, |
REL_NAV_DISPLAY_UPDATES,!
REND_NAV_INIT !

!

!

!

!

V _FILT ONORBIT_REND_AUTO_
INFLIGHT UPDATE, REND_
NAV_FILTER, ONORBIT REND!
R_V_STATE_PROP, REL_NAV!

“DISPLAY UPDATES,®,®¥® |

ONORBIT_REND_ AUTO_
INFLIGHT UPDATE, REND_
NAV_FILTER, ONORBIT_
REND R _V sm ‘E_PROP,
REL_NAV_DISPLAY upnmas,
REND_NAV_INIT

DV_cov NAV_ONORBIT_
RENDEZVOUS, REND BIAS_
AND_COV_PROP, *, #in

R _LAST REND_BIAS_AND_COV_PROP,
REND_NAV_INTERP,*"

R _TV_LAST REND_BIAS AND_COV_PROP,
REND_NAV_INTERP,®
T_LAST_FILT ONORBIT_REND_R_V_STATE_
PROP,*

- D D SED pum D o OUD D G Gup CUD CED SUR SED uD GAD D D GuD PED CUD P GUD D SUD Sup CuD OuD OED SND NP GUD LU SUD UD GNP CED WD SUD AR 4 .o S S4B v

GED D T sup PP GED G CED U Gup GaD S CEP CuD PP sad D s M 4us SuR GER S ¢up P 4 sup CER D CuD PP oap B Sud pap SUD CUD oan P e sw cmlour s s
CEE BB GNP GNP SED D SAD Gup TUED CED CED AP SUD (UD WD SUP SUP SAD GED GEP CUD CUD CUD UP CED GuD CUP CED OUD LMD CUD CEp AU YD PuN MED PUD SUD SUD SuD CuD PED PED SuD e

*Onorbit/Rendezvous Navigation Sequencer principal function, see section 4.1
##Initialization parameters, see section 4.7
*#®0norbit /Rendezvous Navigation principal function, see section 4.2
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TABLE 4.1.2.2.1.3.~ COV_LAST RESET INPUT/OUTPUT (Conaluded)

Variable Name Input Source Output Destination
T_COV_LAST REND_BIAS_AND COV_
PROP,*
V _LAST REND_BIAS AND_COV_PROP,
REND NAV_INTERP,*
V _TV_LAST REND_BIAS_AND COV_PROP,

REND_NAV_INTERP,®

D n SE s D Cup SN o AP Saw CUR SUD WD D D un SUN Aap B CER CUD D PP e CUD CGU CUD D SER SuD D Sub SUP Sus Gup WD SUB pup SaD Sub SN e MB s lowr b ow
D up CUD um U smp PUED ouqp VAN Suy D Sup CUR SUD CUR Lqp CUR pup CUD Gk CUP Sup CUD vm MED um AD SUD VaD ap CUD Gup T cup P CEp D gup S oup up oup = omifews sy om

Onorbit/Rendezvous Navigation Sequcncer principal function, see section 4.1
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4.1.2.2.2 Target state veotor reset (TARGET.RESET)

Upon entering the rendezvous navigation phase this subfunction is exercised to
store the current target state vector (position and velocity) for user parameter
processing. Thereafter, while still in the rendezvous navigation phase this
subfunction is exercised at the end of each navigation cycle.

A. Detailed Requirements. This subfunction shall reset the user parameter
processing (section 4.5) copy of navigated target position and velocity:

R _TV_RESET = R _TV

V _TV_RESET = V _TV

B. Interface Requirements. The input and output parameters for this
subfunction are found in table 4.1.2.2.2.

C. Processing Requirements. This subfunction i3 called by the following

subfunctions: ,
NAV_ONORBIT_RENDEZVOUS (section 4.2.1)
REND_NAV_INIT (section 4.1.2.2)

D. Constmaints. None

E. Supplementary Intormation. A suggested implementation of this subfunction
is found in Appendix B, TARGET_RESET.

e e
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TABLE 4.1.2.2.2.- TARGET_RESET INPUT/OUTPUT

Variable Name Input Source Output Destination

R_TV ONORBIT_REND_R_V_
STATE_PROP , REND_NAV_

FILTER, REND_NAV_INIT

#® ONORBIT REND R V_
STATE_PROP’, REND_NAV_
FILTER,REND_NAV_INIT

R _TV_RESET * wue

V _TV_RESET

SN Sup TEE ED eep D Sun D Gup U cup P Sun PAD up ED eap CED Cup PP Smb CuD OuR Sud SED Gt CUD PUD ey SUD OuD Fap NP Cup SR CUD ED Pub Gup S0P PP Amb cum SUD Sun
S Cup TN sem SAh SAD CUD gup NP SAR AP CUP CUD NG SEP Cap Pab Sup SUD Sup AR Sup D Sup VIR gy SUD SuD Cup CUB AEp SuEb GO Sup U G CEP um WD oup S cup Josy swn o
S cun TS Gum M v ST up CEP Gup R CuD CED Gup T can P Gus U ) U CED D P W ey D GNP D JEP AP Sup U CUD D sap N GuD OAD sup M cun [0 ean swm]
SUD Gum CHD CMR AP GuUR SUR sqp D Sup SAR D gup PubD TER SuD SES Sap SEP Cuh AN Gup GNP Sap S Luy SUp Sul Sup SAD GEP SUD SEP GEb CED Sup SUD AN CEF SO AP GUp D Sub SUD

*Onorbit/Rendezvous principal function, see section 4.2
*#Initialization parameters, see section 4.7
##®0norbit/Rendezvous Navigation Sequencer principal function, see section 4.1
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4.2 ONORBIT/RENDEZVOUC NAVIGATION PRINCIPAL FUNCTION
The Onorbit/Rendezvous Navigation principal function is the name given to the
collection of all subfunctions whose major task is to supply users of this prin-
cipal function with accurate estimates of the Orbiter and target state vectors.
This section presents an overview of this principal function.

The Onorbit/Rendezvous Navigation principal function contains nine primary
subfunctions.

- Navigation Control (section 4.2.1)

- Navigation Data Snap (section 4.2.2)

- State and Covariance Matrix Updates (section 4.2.3)

- Position and Velocity State Propagation (section 4.2.%4)

- Unmodeled Acceleration State and Covariance Matrix Propagation (section
4.2.5)

- Sensor Measurement Selection (section 4.2.6)

- Sensor Measurement Initialization (section 4.2.7)

- State and Covariance Measurement Incorporation (section 4.2.8)
- Measurement Processing Statistics (section 4.2.9)

This Onorbit/Rendezvous Navigation design makes use of a Kalman filter with a 13
component state vector in order to produce an accurate estimate of position and
velocity for the Orbiter and target. The state vector is composed of the follow-
ing components.

~ Orbiter or target position and velocity in the mean of 1950 coordinate
system - six elements

- Orbiter or target unmodeled acceleration biases in mean of 1950 cocrdi-
nates - three elements

- Systematic sensor biases - four elements

A flag (SHUITLE FILTER_FLAG) with a premission specified value determines
whether the Orbiter or the target position and velocity are to be updated with
the Kalman filter. This same flag also indicates which vehicle is to be
associated with the unmodeled acceleration bias states.

The Navigation Control subfunction supplies the navigation trunk logic, which se-
quences the other eight primary subfunctions in the proper order and at the
proper rates. The covariance matrix propagation, sensor selection, sensor
initialization, measurement incorporation and measurement processing statistics
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subfunctions can be performed at a rate slower than the data snap, state propaga-
tion and state and covarianca matrix update subfunctions. This subrate is deter-
mined by the setting of the DO_FLTR SLOW_RATE switch on the onboard REL NAV dis-~
play. The switoch causes the value of a oycle count, N_CYCLE, to be set to 1 of
2 I-Load values. When the cycle counter, I CYCLE, reaches the value N_CYCLE,

the slow rate subfunctions are executed. This subrate capability is basiocally
intended to be used when it is undesirable to perform the computationally com-
plex covariance matrix propagation and measurement incorporation at the state
vector propagation rate. The Navigation Control subtunction is scheduled by the
Onorbit/Rendezvous Navigation Sequencer principal function at the proper rate
for the active navigation phase and operational sequence.

All external flags input to NAV are snapped at the same time and stored into lo-
cations for use by NAV. The Navigation Data Snap subfunction copies frequently
changing measurement data buffers into static memory locations local to the navi-
gation processing. During the rendezvous navigation phase, the IMU, the rendez-
vous radar, the star tracker, and the Crew Optical Alinement Sight (COAS) sen-
sors are available to the navigation. During non-rendezvous, only IMJ data is

available.

The State and Covariance Matrix Updates subfunction implements ground updates to
the Orbiter or target state vector via uplink and performs state vector trans-
fers and covariance matrix reinitialization when requested by the crew on the
REL NAV display. All of these types of updates require reinitialization of the
covariance matrix. For ground updates the prediction task must be invoked to
bring the Shuttle or target state vector to current time. Due to the priority
of the Precise Predictor principal function in the onboard computer, the predic-
tion can proceed only after navigation has completed a cycle. The prediction
can possibly require more than one navigation interval to complete the predic-
tion. The update to the navigation state vectors will not take place until the

prediction has completed.

The Position and Velocity State “ropagation subfunction must maintain a current
estimate of the Orbiter position and velocity during rendezvous and non-
rendezvous navigation phases and a current estimate of the target position and
velocity during the rendezvous navigation phase only. The subfunction will pro-
vide a unit vector from the center of the Earth in the direction of the Sun

for use by the Universal Pointing Processor principal function at a frequency
of once every navigation cycle. When the powered flight navigation phase

is active, IMU sensed delta velocities and a model of the Earth's gravitational
acceleration are used to propagate the Orbiter position and velocity to current
time. When in the coasting flight navigation phase, models of the Earth's
gravitational acceleration, aerodynamic drag, and venting or uncoupled RCS
thrusting acceleration are used to propagate the Orbiter. The target propaga-
tion uses models of the Earth's gravitational acceleration and aerodynamic

drag during either powered flight or coasting flight.

The task of propagating the statistics of the state vector to current time as
well as the propagation of the unmodeled roceleration bias states is performed
by the Unmodeled Acceleration State and Covariance Matrix Propagation sub-
function. The unmodeled acceleration hias state elements are propagated
exponentially (the sensor bias state elements are assumed constant over the
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propagation interval) so this subfunction will determine the appropriate time
constant and variances used for prcpagation dependent on whether or not IMU

g sensed delta velocities were used to propagate the position and velooity vectors
: for the Orbiter.

The unmodeled acceleration bias states actually represent different quantities
depending on whether the IMJ sensed delta velocities were used to propagate the
-~ state or not. In the former case the unmodeled acceleration biases represent
(‘ ; the errors in the IMU accelerometers. In the latter case they represent un-
- modeled body forces such as drag, venting and RCS uncoupled thrusting. 1In each
case, a different time constant and variance are used for the exponentially
correlated random variable statistics.

NG TR

R
3
3
H

REPATE L AR ALK

A 13 by 13 covariance matrix represents the statistics of the 13 element state
vector. The position and velocity statistics are propagated using an analytic
partial called the mean conic partial transition matrix. The unmodeled accelera-
tion bias statisties and the sensor bias statistics are propagated as exponen=-
tially correlated random variables. A model of platform drift supplies state
noise whenever the IMJ sensed delta velocities are used to propagate the state.

The Sensor Measurement Selection subfunction must select a measurement set for
processing by the Kalman filter. The following measurements are available:

- Rendezvous radar range and range rate

S T
'

Rendezvous radar shaft and trunnion angles

L Startracker horizontal and vertical angles

pET
3
!

Crew Optical Alinement Sight (COAS) horizontal and vertical angles

} ~ Up to four measurements can be chosen for processing - rendezvous radar range

and range rate along with one pair of angles selected by the crew on the REL NAV
display. When a measurement type is selected for the first time, statistical pa-
rameters associated with the newly selected measurement type must be initialized
for use in the Kaimnan estimation of systematic sensor biases. This task is
performed by the Navigation Sensor Initialization subfunction.

| The State and Covariance Measurement Incorporation subfunction performs the

) final step in the Kalman processing, namely, the incorporation of the selected

) measurements. The covariance matrix is updated. The position and velocity

L vectors of the vehicle state selected for Kalman processing (determined by SHUT-
TLE_FILTER_FLAG) are updated. The sensor biases are updated. A flag from the

ILOAD (UNMDD ACC_UPDATE_FLAG) determines whether the unmodeled acceleration

states are to be updated or to be left zero, leaving only their statistical in-

fluence on the Kalman processing. Measurements can be incorporated into the

state vector only when all the following criteria are satisfied.

il

- Rendezvous navigation phase is active (REND_NAV_FLAG = ON)

- The measurement type is selected
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The measurement data is valid

‘The IMJ sensed acceleration is below a premission specified threshold

- The covariance matrix has been propagated on the current navigation cycle

~ The estimated distance between the Orbiter and the target is greater than
a premission specified distance

~ The measurement is not in the INHIBIT mode as selected by the crew on the

REL NAV display

- The measurement does not fail to pass the edit coriteria which rejects mea-

surements which are not commensurate with the estimated measurement

- When in Major Mode 202 the MEAS ENABLE switch is set to ON Ly the crew

After Kalman processing has been completed, the Msasurement Processing Statis-
ties subfunction shall compute parameters to be displayed on the REL NAV dis-
play. The parameters calculated are the measurement residuals and residual
ratios, the mark histories, and the edit status.

The only direct user of the onorbit/rendezvous navigated state vector is the
User Parameter Processing principal function. This principal function inte-
grates the state vector using a high rate, less precise propagator (average-g)
then that used by the navigation. The user parameter processing state vector is
updated with the navigation state vector at the navigation rate. Other princi-
pal functions which require state vectors get them from the User Parameter
Processing principa. funcvion at the higher rate.

In table 4.2 (the Onorbi:/Rendezvous Navigation Principal Function Inputs./
Outputs), there are some parameters which are being output to telemetry (TLM)

which were not set by NAV.
"NONE®" .

For these situations, the local source is listed as
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TABLE 4.2.- ONCRBIT/RENDEZVOUS NAVIGATION PRINCIPAL FUNCTION INPUT/OUTPUT

|
!

! Variable Principal Function! Loocal 1{Principal Function! lLocal

1 Name Source Destination! Destination 1 Source

! 1 ! !

! ! ! !

IALT_SS ! ITLM IACCEL_ONORBIT
1 ! ! 1

1ANGLES_AIF REL_NAV display INAV_ ! !

! IONORBIT_ 1| !

! JRENDEZVOUS ! !

! 1 ! !

VANGLES_AIF_ ! IREL_NAV display, IREND_SENSOR_
{DISPLAY ! ITLM ISELECT

! ! ! !

IANGLES ENABLE_ 1 IREL_NAV display, !REND NAV_
IDISPLAY ! ITLM ! SENSOR_INIT

t ! ! !

IATMP ! tOnorbit Predictor, !ONORBIT_REND !
! ! ITLM 1AUTO_INFLIGHT!
! ! ! !_UPDATE

! 1 ! !

1AXN Star Tracker SOP !Sensor Dutal! !

!

!
1COAS_DATA_GOOD
!

'

1C0AS_ENABLE

!

ICOAS_HORIZ

100AS_MARK_NUM
!

!

1COAS_VERT

!

!

1CONT_ACC

!

!

!

1
1
!
1
1
1
!
!
{
1
!
!
1
!
!
'
1
1
'
!
{
1
!
!
!
!
1
{
!
1
1Star Tracker SOP
!
!
1
1
t
1

!
1Star Tracker SOP
!
!
!
!
!

1Snap !

1 1
ITLM
!

1
ITLM
!
{Sensor Datal
1Snap 1

! 1

1 1TLM
! 1

1 !
!

!

{

1TLM
!
!
1Sensor Data!
1Snap !
! !
! 1 TLM
! !
! !
1 !

1COV_ACCEL_UVW_!Onorbit/Rendezvous!U_A_BIAS_ !

tINIT

{Navigation
1Sequencer

IAND_COVINIT!
! !

1

1
INAV_ONORBIT _
{RENDEZVOUS

!

Inone

!

i

1

!
INAV_ONORBIT _
1RENDEZVOUS

1
INAV_ONORBIT_
IRENDEZVOUS

!

|

{

1

1ONORBIT_REND_

IR_V_STATE_
1PROP
!
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TABLE 4.2.-~ ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL
FUNCTION INPUT/OUTPUT (Continued)

! 1 ! §
! 1 ! !
Variable {Principal Function! Lecal !Principal Function! Local
Name ! Source {Destination! Destination Source .
! ! !
[ ] {
COV_COR_UPDATE lUplink Processor ICOVINIT_UVWI
§ !
1COV_PWRD FLT !Onorbit/Rendezvous!REND_BIAS

! !
! !
! !
DATA_GOOD IStartracker SOP  !Sensor Data!

!

! {Navigation JAND_COV_ !
! 1Sequencer 1PROP !
! ! ! !
1COV_PWRD_FLT_ !Onorbit/Rendezvous {REND_BIAS_ |
ILAST INavigation IAND_COV_ I
! 1Sequencer 1PROP !
! ! ! !
ICURR_ORB_MASS !0norbit/Rendezvous!NAV_ !
! INavigation IONORBIT !
{Sequencer, Onorbdit I RENDEZVOUS 1

1Guidance ! !

!

!

!

! 1Snap !
' ' '
IDID_COVAR_ ! IREL_NAV display, IREL_NAV_
IREINIT ! 1TLM IDISPLAY_
! ! ! 1UPDATES
'

!
IDID_ORB_TO TGT!

! !
IREL_NAV display, !REL_NAV_

IGN&C Communication!PROCESSING_
!Interface, TLM ISTATISTICS
! IREND

! !

SR Gan D can TP SUD TED SED D CED ED Gub UD CuD TED cun CUD U SUD qp SUD SuD CED GuD U D D ep D Sup SUD b S0 S CAD A SEb um tED b I S S ap CW LB S0 S

S s SN L CEE un D Gup B Sun D Cap SED D D eqp SR P PER gy U b

! ! ITLM IDISPLAY_ |
: ! ! {UPDATES ]
! ! ! ! |
| 1DID_TGT_TO_ORB! IREL_NAV display, IREL_NAV_ %
: ! ! ITLM IDISPLAY_
! ! ! JUPDATES
! ! ! !
| IDISP_DELQ ! IREL_NAV display, IMEAS_
\ ! ! 1TLM IPROCESS ING_
3 ! ! ! ISTATISTICS_ ,.
_ ! ! . IREND '
' ! ! b 1
| IDISP_EDIT ! IREL_NAV display, IMEAS_
i !
! !
! !
! !
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TABLE 4.2.- ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL
FUNCTION INPUT/OUTPUT (Continued)

{ENABLE 1TLM 1SELECT

1 ! !
! ! !
! Variable [{Principal Function! Local IPrincipal Function! Locsal 1
: Name : Source :Destinationl Destination { Source :
! {
! , ! ! ! 1 !
IDISP_SIG ! ! IREL_NAV display, IMEAS_ !
1 ! ! ITLM IPROCESSING_ !
t ! ! ! ISTATISTICS_ !
! ! H ! IREND {
! § ! ! ! !
1 DMP 1 1 IOnorbit Predictor !ONORBIT_REND_!
! ! | ! 1AUTO INFLIGHT!
! ! ! ! !_UPDATE !
1 ! ! ! | !
1DO_COAS ! ! ITLM IREND_SENSG:_ !
IANGLES Nav 1 ! ! ISELECT T
1 ! ! ! ! !
IDO_COAS_ANGLES {Onorbit/Rendezvous!REND NAV_ ! ! !
!_NAV_LAST INavigation ISENSOR_INIT! 1 1 o
! 1Sequencer ! ! ! !
! ! ! 1 ! !
1DO_COVAR_ IREL_NAV display  INAV_ 1 ! !
IREINIT ! IONORBIT_ ! ! !
! 1 IRENDEZVOUS ! 1 1
! ! ! ! ! !
1D0_FLTR_SLOW_ IREL_NAV display INAV_ ! ! !
IRATE i {ONORBIT 1 1 !
! ! RENDEZVOUS ! ! !
! ! ! ! ! !
IDOING_FLTR_ ! { IREL NAV display, {NAV_ONORBIT_!
1SLOW_ RATE ! ! 1TLM {RENDEZVOUS !
1 1 ! ! ! !
IDOING_REND_ 1Onorbit/Rendezvous !ONORBIT ! ! !
INAV INavigation {REND RV_ ! !
! tSequencer !STATE PROP 1 1 !
! 1 1UNORBIT 1 $ !
! tREND_AUTO_ 1 ! !
! !INFLIGHT ! ! !
! 1UPDATE, NAV_! ! 1
! IONORBIT_ ! ! !
1 IRENDEZVOUS ! ! !
! ! ! ! !
{DOING_MEAS_ {REL_NAV display, !REND_SENSOR_ !
t
!
!
t
1
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TABLE 4,2.- ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL
FUNCTION INPUT/OUTPUT (Continued)

! ! ! ! ! !
! ! ! 1 ! !
! Variable {Principal Function! Local 1Principal Function! Local 1
l! Name ! Source :Destinatim !! Destination !! Source !

! !
! ! ! ! 1 !
iDO_ORB_TO TGT !REL_NAV display INAV_ ! ! !
! ! 1ONORBIT_ ! ! !
! ! IRENDEZVOUS ! ! !
! ! ! ! ! !
1D0_OV_UPLINK Wplink Processor INAV_ tUplink Processor, IONORBIT REND !
! ! IONORBIT_ 1TLM 1AUTO_INFLIGHT!
! ! IRENDEZVOUS ! 1_UPDATE !
! ! ! ! ! !
! ! ! ! ! !
IDO_RR_ANGLES_ ! ! ITLM {REND SENSOR_ !
INAV ! ! ! ISELECT !
! ! ! ! ! !
IDO_RR ANGLES_ 0norbit/Rendezvous!REND NAV_ 1! ! !
INAV_LAST INavigation ISENSOR_INIT ! ! !
1 {Sequencer ! ! ! !
! ! ! ! ! !
1DO_RRDOT NAV_ {Onorbit/Rendezvous!REND_NAV_ ! ! !
{LAST INavigation ISENSOR_INIT ! ! !
1 1Sequencer ! 1 ! !
! ! ! ! ! -
IDO_ST_ANGLES_ 1 ! ITLM 'REND_SENSOR !
I NAV ! ! ! ISELECT !
! ! ! ! ! !
IDO_ST ANGLES_ !Onorbit/Rendezvous!REND NAV_ ! ! !
INAV_LAST iNavigation ISENSOR_INIT 1| ! !
{ 1Sequencer ! ! ! 1
! ! ! ! ! !
IDO_TV_UPLINK {Uplink Processor INAV_ !Uplink Processor, !ONORBIT_ REND !
! ! IONORBIT_ ITLM tAUTO_INFLIGHT!
! ! !RENDEZVOUS ! !_UPDATE !
! ! ! ! ! !
! ! ! ! ! !
1D0_TGT TO ORB !REL_NAV display INAV_ ! ! !
! ! IONORBIT _ ! 1 !
! ! {RENDEZVOUS ! ! !
! ! ! ! ! !
1D _SS ! ! ITLM 1ACCEL_ONORBIT!
! ! ! ! ! !
{DT_COV ! ! ITLM IREND_BIAS_AND!
! ! ! ! {_COV_PROP !
! ! ! ! ! !
! ! ! ! ! !
! ! ! ! ! !
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e { p TABLE 4.2.- ONORBIT/RENDBZVOUS NAVIGATION PRINCIPAL
£ e FUNCTION INPUT/OUTPUT (Continued)
% ! ! ! 1 1 !
3 ! ! ! ! ! !
;’ 1  Variable {Principal Function! Loocal 1Principal Functiont lecal 1
: Name : Source :Dostinatim !' Destination : Source ;
: (, ; ! ] ] ] ] '
: - tDv_cov 10norbit /Rendezvous INAV_ONORBIT ITLM INAV_ONORBIT_ !
! INavigation !_RENDEZVOUS, ! {RENDEZVOUS, ™ !
¥ ! 1Sequencer IREND_BIAS_ ! ICOV_LAST_ !
: ' ! 1AND_COV ! YRESET !
! ! 1PrOP, REND_ ! ! !
! ! INAV mnm ] ! !
i ! ! ! ! | !
IDT_FILT ! ! {Onorbit/Rendezvous IONORBIT_REND !
; ! ! ! INavigation I_RV_STATE_ !
1 ! ! 1Sequencer IPROP 1
: ! ! ! ! ! 1
; 1DV_FILT ! ! 10norbit/Rendezvous IONORBIT _REND_!
; ! ! ! INavigation IR V_STATE_ !
: ! ! ! {Sequencer IPROP !
! ! ! ! ! !
IE 1Onorbit/Rendezvous {REND_BIAS _ {TLM {REND BIAS_ !
! INavigation 1AND_COV_ ! 'AND_COV_PROP, !
! 1Sequencer {PROP 1 IREND NAV 1
{ ! ! ! ! IFILTER 1
! ! t $ !COVINIT _UVw, !
! ! ! 1 1U_A_BIAS_AND_!
! ! ! ! !COVINIT "1
! ! | ! ISETUP, !
! ! ! ! mmn__oov_mm
! ! ! ! ! !
'FILT_UPDATE ! ! lUser Parameter ISHUTTLE_RESET!
! ! i IProcessing ! l
! ! ! 1
1GMDP ! ! I0norbit Predictor IONORBIT REND_ l
! $ ! ! 1AUTO_ INFLIGHT!
! 1 ! ! ! UPDATE !
t ! ! ! v !
: 1GMOP 1 ! 10norbit Predictor IONORBIT_ REND !
. ! ! ! ! TAUTO_INFLIGHT!
: ! ! ! ! !_UPDATE 1 3
N ! ! ! ! ! ! *
{ ! IG _NEW ! ! ITLM 1ONORBIT_REND ! ]
oL ! ] ! ! IR_V_STATE_ ! ;
! ! ! ! IPROP ! -
§ ! ! ! ! ! ! '
¢ 16 _TV ! ' ITLM 'ONORBIT_REND_!
{ ! ! l ! IR_V STATE ! ,
! ! ! 1 1PROP ! J
{ ;
b S
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TABLE 4.2.~- ONORBIT/RENDEZVOUL." NAVIGATION PRINCIPAL

FUNCTION INPUT/QUTPUT (Continued)

1

UH e IR PR AL TR e s e

! t ! ! !
! ! ! t 1 !
! Variable IPrincipal Function! Local {Principal Funetiuni local 1
! Name ! Source :Destinatim !! Destination !‘ Source :
! !
! ! 1 ! ! !
IG _TV_LAST 1Onorbit /Rendezvous!REND_BIAS ! ! !
t tNavigation 1AND_COV_ ! ! '
! 1Sequencer {PROP ! 1 !
! ! ! ! ! !
1 ! 1 ! ! !
tH_NAV {Startracker SOP  1Sensor Data ! ! !
1 ! 1Snap ! 1 !
! ! ! ! ! !
1I_CYCLE 1Onorbit /Rendezvous INAV_ONORBIT !TLM {NAV_ONORBIT_ 1!
! {Navigation !_RENDEZVOUS ! {RENDEZVOUS, !
! 1Sequencer ! t IREND_COV_INIT!
! 1 ! ! ! !
1IDRAG ! ! 10norbit/Rendezvous !ONORBIT_REND 1
! 1 ! INavigation IR_V_STATE_ !
! ! ! 1Sequencer 1P ROP !
! t ! ! ! !
1IMU_NAV_ACCEL_!IMU align display !ONORBIT_ ITLM INONE t
I THRESH ! IREND RV_ 1 ! !
! ! ISTATE_PROP ! ! !
! ! ! ! ! !
{IVENT ! ! 10noroit/Rendezvous {ONORBIT_REND_!
! ! ! INavigation IR V_STATE_ !
! ! ! 1Sequencer 1P ROP !
! ! ! ! ! !
1IGD ! ! 10norbit/Rendezvous !ONORBIT_REND !
! ! ! INavigation 'R_V_STATE_ !¢
! ! ! 1Sequencer P ROP !
! 1 ! ! ! !
11GO 1 ! 10norbit/Rendezvous!ONORBLT REND !
! I ! INavigation IR_V_STATE_ !
! ! ! {Sequencer {P ROP !
! ! ! ! ! !
IKFACTOR lUplink Processor !ACCEL_ ! ! !
! ! 1ONORBIT ! ! !
1 ! ! ! 1 i
IMEAS_ENABLE  'REL_NAV display, INAV_ ! ! ! -
! 10norbit/Rendezvous 1ONORBIT ! ! ! -"b
! INavigation YRENDEZVOUS ! ! !
! ISequencer ! ! ! !
! ! f ! ! !
IM_M50_TO_BODY t ! ITLM INAV_ONORBIT_ !
1COAS ! ! ! IRENDEZVOUS !
! ! L ! ! !
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2 . TABLE 4.2 .- ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL
f; FUNCTION INPUT/OUTPUT (Continued)
! ! ! ! ! !
i L 1 ! ! !
1 Variable !Principal Function! Local !Principal Function! Local !
! Name ! Source !Destination!! Destination !! Source ;
. ! !
L’: ! ! ! 1 1 !
IM_M50_TO ST ! ! 1TLM INAV_ONORBIT _ !
! ! ¢ ! {RENDEZVOUS !
H ! ! ! ! !
IMM_202 IMSC INAV_ONORBIT! ! !
! ! !_RENDEZVOUS! ! !
! ! ! ! ! !
IN _ACCEPT 10norbit/Rendezvous IMEAS 1TLM, REL_NAV IMEAS_ !
! INavigation IPROCESSING_!display IPROCESSING_ !
! ISequencer ISTATISTICS_! ISTATISTICS_ !
1 ! {REND ! {REND, DISPLAY!
! ! ! ! !_COUNT_INIT, !
t ! 1 ! tSETUP !
1 ! 1 ! ! !
INAV_MEAS ! ! I1TLM INAV_ONORBIT_ !
! ! ! ! {RENDEZVOUS !
1 ! ! i ! !
INAV_ANGLES AIF! ! ITLM INAV_ONORBIT_ !
, 1 ! ! ! IRENDEZVOUS !
{ ! ! ! ! ! !
‘ INAV_CURR_ORB_ | ! ITLM INAV_ONORBIT _ !
I1MASS ! 4 ! IRENDEZVOUS !
1 ! ! ! ! !
INAV_DO_COVAR_ ! ! ITLM INAV_ONORBIT !
{REINIT ! ! ! tRENDEZVOUS !
! ! ! ! ! !
INAV_DO_FLTR_ ! ! ITLM INAV_ONORBIT_ !
1SLOW_RATE ! ! ! {RENDEZVOUS !
! ! ! ! ! !
INAV_DO_ORB_TO ! ! ITLM INAV_ONORBIT__ !
1TGT 1 1 ! {RENDEZVOUS !
! ! ! ! ! !
INAV DO OV_ ! ! ITLM INAV_ONORBIT !
fUPLINK ! ! ! {RENDEZVOUS !
! ! ! ! ! !
INAV_DO_TGT TO_! ! ITLM {NAV_ONORRIT !
1ORB ! ! ! 1 RENDEZVOUS !
! ! ! ! ! !
INAV.DO TV 1 ! ITLM INAV_ONORBIT_ !
1UPLINK ! ! ! {RENDEZVOUS !
! ! ! ! ! !
INAV_MEAS_ ! ! ITLM INAV_ONORBIT_ !
{ENABLE ! ! ! { RENDEZVOUS !
! ! ! ! ! 1
467
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TABLE 4.2.- ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL
FUNCTION INPUT/QUTPUT (Continued)

1 1 1 ]
! | 1 1
Variable Principal Function! Local 1Principal Function!  Local

1 !
! !
! !
!! Name ! Source IDestination! Destination !  Source :
! ! ! !
! ! ! ! ! ! :
INAV_MM 202 ! ! ITLM INAV_ONORBIT_ ! N :
! ! ! ! IRENDEZVOUS !
! 1 ! ! ! ! 3
INAV_PWRD_FLT_ ! ! ITLM {NAV_ONORBIT !
INAV ! ! ! IRENDEZVOUS !
! ! ! ! ! !
INAV_RANGE AIF 1 ! {TLM INAV_ONORBIT !
! ! ! ! 'RENDEZVOUS !
! ! ! t t !
INAV_RDOT_AIF ! ! ITLM INAV_ONORBIT_ !
! ! ! ! 'RENDEZVOUS 1
! ! ! ! ! !
INAV_RR_ANGLES ! ! 1TLM INAV_ONORBIT_ !
1ENABLE ! ! IRENDEZVOUS ~ !
! ! ! ! ! !
!NAV_ST_ENABLE ! ! ITLM INAV_ONORBIT !
! ! ! ! IRENDEZVOUS !
! ! ! ! ! ! ;
INAV_SIGHT IStartracker SOP  !Sensor Datal ! ! ‘
! ! 1Snap ! ! !
! ! ! ! ! !
INAV_TARGET !Startracker SOP  !Sensor Datal ! !
1 ! 1Snap ! ! !
! ! ! ! ! !
INOISY NAV_MEAS!Onorbit/Rendezvous!REND_BIAS_ ! ! !
! INavigation IAND OQOV_ ! ! !
! 1Sequencer {PROP ! ! 1
! ! ! ! ! !
IN _REJECT 10norbit /Rendezvous!MEAS_ ITLM, REL_NAV IMEAS_ !
! INavigation IPROCESSING_!display {PROCESSING_ !
! 1Sequencer ISTATISTICS ! ISTATISTICS !
! ! {REND ! tREND, !
! ! ! ! IDISPLAY_ !
| ! ! ! 1COUNT_INIT, !
! ! ! ! 1SETUP !
! ! ! ! ! !
tOP_CODE ! ! ITLM Inone ! »
| ! ! ! ! ! ! T
| 10V_PREDICT_ ! ! ITLM IONORBIT_REND_! ;
' IFAIL 1 ! ! YAUTO_INFLIGHT!
| ! ! ! ! !_UPDATE !
' ! ! ! ! ! ! ‘
! ! ! ! ! ! i
SR
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TABLE 4.2.- ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL
FUNCTION INPUT/OUTPUT (Continued)
! ! ! ! 1
! 1 ! ! t
1 Variable IPrincipal Function! Local (Principal Function! Local
; Name ! Source :Destinationl Destination !l Source
! 1
! ! ! ! !
{PRED_ORB_AREA ! ! {Onorbit Predictor,!ONORBIT REND !
! ! ! ITLM 1AUTO_INFLIGHT!
! t ! ! |_UPDATE
! ! 1 ! !
IPRED_ORB CD ! ! I0norbit Predictor,!ONORBIT_REND_!
! ! ! ITLM 1AUTO_INFLIGHT!
! ! 1 ! !_UPDATE
{PRED_ORB_MASS ! ! 1Onorbit Predictor, {ONORBIT_REND_!
! ! ! ITLM tAUTO_INFLIGHT!
! ! ! ! !_UPDATE
! ! ! ! !
IPRED_STEP ! ! Onorbit Predictor, JONORBIT_ REND_!
! ! ! ITLM 'AUTO_INFLIGHT!
! ! ! ! !_UPDATE
! ! ! ! !
{PRED_USE 10norbit /Rendezvous IONORBIT_  !Onorbit/Rendezvous {ONORBIT_REND_!
! INavigation !REND_AUTO_ !Navigation 1AUTO_INFLIGHT!
H {Sequencer L INFLIGHT _  !Sequencer, TLM !|_UPDATE,
! ! {UPDATE i ISTATE_VECTOR_
! ! ! ! IPREDICT_TASK
! ! : 1 ! !
'PWRD_FLT_NAV IREL_NAV display, INAV_ ITLM Inone
} 10norbit/Rendezvous !ONORBIT_ ! !
! INavigation IRENDEZVOUS ! !
! 1Sequencer, FCS/DED! ! !
! {DISP C/0 Display ! ! !
! ! ! ! !
1Q _BOD_MS0 10norbit Attitude !IMU Data 1 !
! IProcessing !Snap ! {
! ! ! ! !
1Q_COAS_HORIZ ! ! ITLM INAV_ONORBIT
! ! ! 1 IRENDEZVOUS
! ! ! ! !
1Q_COAS_VERT ! ! ITLM INAV_ONORBIT_
! ! 1 ! {RENDEZVOUS
! ! ! | !
1Q_M50BODY_IMU ! ! ITLM INAV_ONORBIT_
1 ! ! ! YRENDEZVOUS
! ! ! ! !
1Q_M50BODY_RR !Rendezvous Radar !Sensor Data!TLM INAV_ONORBIT_
! 150P ISnap ! IRENDEZVOUS
! ! ! ! !
! { { 1 !
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TABLE 4.2.- ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL
FUNCTION INPUT/OUTPUT (Continued)
1 ! 1 ! ]
1 1 ! ! !
! Variable [IPrincipal Function! Local IPrineipal Function! Local
! Name ! Source {Destination ! Destination ! Source
! ! ! 1 !
! ! ! ! !
1Q_ST_HORIZ ! ! ITLM INAV_ONORBIT _
! ! ! 1 {RENDEZVOUS
! ! ! ! 1
1Q_ST_VERT ! ! 1TLM {NAV_ONORBIT _
1 ! ! ! IRENDEZVOUS
! ! ! ! !
1Q_RR_RNG ! 1 ITLM INAV_ONORBIT_
! ! ! ! IRENDEZVQUS
! 1 ! ! !
!Q_RR_RNG_DOT ! ! ITLM INAV_ONORBIT_
! ! ! ! {RENDEZVOUS
1Q_RR_SHFT ! ! 1TLM INAV_ONORBIT__
! ! ! ! {RENDEZVOUS
! ! ! ! !
1Q_RR_TRUN ! ! ITLM INAV_ONORBIT_
1 ! ! ! IRENDEZVOQUS
1 ! ! 1 1
IRANGE_AIF IREL_NAV display  !NAV_ONORBIT_! !
! ! {RENDEZVOUS ! !
! ! g ! !
IRANGE_AIF_ ! ! IREL_NAV display, !REND_SENSOR_
IDISPLAY ! ! {TLM ISELECT
! ! ! ! !
'RDOT_AIF !REL_NAV display  INAV_ONORBIT_! !
! ! IRENDEZVOUS | !
! : ! ! ! !
!RDOT_AIF_ ! ! IREL_NAV display, !REND_SENSOR_
{DISPLAY ! ! ITLM {SELECT
! ! 1 ! !
{RDOT_DATA_GOOD! ! 1TLM INAV_ONORBIT_
! ! ! ! IRENDEZVOUS
! ! ! ! 1
R _FILT 10norbit/Rendezvous!ONORBIT_ I0norbit/Rendezvous !ONORBIT REND_
! !Navigation 'REND_R_V !Navigation IR_V_STATE_
! ISequencer ISTATE_PROP, !Sequencer !PROP , REND_
! ! ICOV_LAST_ ! INAV_FILTER
! ! IRESET ,REND_ ! 1
! ! 1COV_INIT, ! !
! ! INAV_ONORBIT _! !
! ! {RENDEZVOUS | !
! ! ! ! !
IR _FILT TLM ! ! ITLM INAV_ONORBIT_
! {

IRENDEZVOUS
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TABLE 4.2.- ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL
FUNCTION INPUT/OUTPUT (Continued)

! 1 ! !
! ! 1 1
Variable {Principal Function! Local {Principal Function! Local

t
!
!
Name : Source :Destinatim I! Destination !l Source : i
! ! ! ! ! i
R _GND 1Uplink Processor IONORBIT_ ! ! ! {
! ! IREND_AUTO_ ! ! !
! ! LINFLIGHT _ ! ! ! i
! ! IUPDATE ! 1 ! !
1 ! ! ! 1 ! :
IR _LAST 10norbit/Rendezvous !REND_BIAS_ | i ! ‘
! INavigation IAND COV_ ! ! !
! 1Sequencer IPROP, ! ! !
! ! IREND_NAV_ ! ! ! {
! ! | INTERP 1 1 !
! ! 1 ! 1 !
IRNG_DATA_GOOD ! ! ITLM INAV_ONORBIT_ !
! ! ! ! IRENDEZVOUS !
! ! ! ! ! !
IR _PRED_FINAL !Onorbit Predictor IONORBIT_ ITLM Inone !
! ! IREND AUTO 1 ! !
! ! VINFLIGHT — 1t ! !
! ! 1UPDATE, STATE! ! !
! ! !_VECTOR_ ! ! !
! 1 IPREDICT_TASK! ! 1
! ! ! ! ! !
IR _PRED_INIT ! ! 10norbit Predictor, {ONORBIT_REND_!
! ! ! ITLM YAUTO_INFLIGHT!
! 1 ! ! !_UPDATE,STATE!
! ! ! ! !_VECTOR_ !
! ! ! ! {PREDICT_TASK !
! ! ! ! ! !
IRR_ANG_DG IRendezvous Radar !Sensor Data ! ! !
! 1S0OP 1Snap ! ! !
! ! ! ! ! !
'RR_ANGLE_DATA ! ! ITLM INAV_ONORBIT_ !
1GO0D ! ! ! IRENDEZVOUS |
! ! ! ! ! 1
IRR_ANGLE_MARK_! ! ITLM INAV_ONORBIT_ !
INUM ! ! ! {RENDEZVOUS !
! ! ! ! ! !
IRR_ANGLES_  IREL_NAV display INAV_ONORBIT I ! ! 3
1ENABLE 1 IRENDEZVOUS ! 1 ! @
! ! ! ! ! !
IRRDOT _MARK_NUM! ! ITLM INAV_ONORBIT_ !
! ! ! ! IRENDEZVOUS ™ ¢
! ! ! ! ! !
! { ! ! ! !
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TABLE 4.,2.- ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL
FUNCTION INPUT/OUTPUT (Continued)
! ! ! !
! ! ! !
Variable 1Principal Function! Local {Principal Function! Local
Nane : Source IDestination l! Destination !' Source
!
! 1 ! !
R _RESET ! ! 1User Parameter ISHUTTLE RESET
! 1 1Processing 1
! ! ! !
RR_PITCHO IRendezvous Radar !Sensor Data ! 1
1SoP iSnap ! t
! ! ! !
RR_RANGEO IRendezvous Radar 1Sensor Data ! !
!sop tSnen ! !
! ! ! !
RR_RNG_DG {Rendezvous Radar !Sensor Data ! !
1SOP {Snap 1 !
! ! ! !
RR_RNGR_DG IRendezvous Radar !Sensor Data ! !
! 1sop 1Snap ! !
! ! ! $ !
!RR_RNGRO IRendezvous Radar !Sensor Data ! 1
! 1SOP 1Snap ! !
! ! ! 1 !
!RR_ROLLO IRendezvous Radar !Sensor Data ! !
! 1SOP 1S nap ! !
! ! $ ! !
IRR_SELF_TEST {Rendezvous Radar !Sensor Data ! !
! 1SOP 1Snap ! !
! ! ! ! !
IRR_TIM !Rendezvous Radar 1Sensor Data ! !
1 1sop 1Snap ! !
! ! ! ! !
IR _TV 10norbit/Rendezvous {ONORBIT 1Onorbit/Rendezvous IONORBIT REND
! INavigation IREND RV INavigation IR_V_STATE_
! ISequencer ISTATE_PROP, !Sequencer IPROP,REND_
! ! IREL_NAV_ ! INAV_FILTER
! ! IDISPLAY_ ! !
! ! 1UPDATES, ! !
! ! 1COV_LAST ! !
1 ! 'RESET ,REND_ 1 !
! ! 1COV_INIT, ! !
! ! INAV_ONORBIT_! !
! ! !RENDEZVOUS ! !
! ! ! ! !
IR _TV_CND 1Uplink Processor IONORBIT ! !
! ! IREND_AUTO_ ! !
! ! {INFLIGHT _ ! !
! ! 1UPDATE ! !
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TABLE 4.2,- ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL

FUNCTION INPUT/OUTPUT (Continued)

TIFM10

! Ll ! ! i !
! 1 L ! ! !
! Variable [IPrincipal Function! Local !Principal Function! Local 1
: Name ! Source IDestination! Destinatiorn ! Source !

! ! ! 1 !
! ! . ! ! ! |
'R _TV_LAST 10norbdit /Rendezvous IREND_BIAS_ ! ! 1
! {Navigation 1AND_COV_ ! ! !
! 1Sequencer 1PROP, ! 1 1
! ! IREND_NAV_ ! ! !
! 1 1INTERP ! ! !
! ! ! ! ! 1
IR _TV_RESET ! ! {User Parameter ITARGET_RESET 1
! 1 1 {Processing | 1
! ! ! ! ! 1
IR _TV_TLM ! ! 1TLM INAV_ONORBIT_ !
! ! 1 ! IRENDEZVOUS !
! ! ! ! 1 1
ISENSOi_BIAS ! ! ITLM INAV_ONORBIT !
1TLM ! ! ! {RENDEZVOUS !
! ! ! 1 ! 1
ISENSOR_EDIT ! ! 1TLM IREND_SENSOR_ !
! ! ! ! ISELECT, 1
! 1 ! 1 {RRDOT_NAV, !
! ! ! ! IRR_ANGLE_NAV, 1
! ! ! ! JANGLE_NAV !
! ! ! ! ! !
ISELF_TEST_FLAG! ! {TLM INAV_ONORBIT_ !
! ! ! ! IRENDEZVOUS !
! ! ! ! ! !
ISEQ_ACCEPT 10norbit/Rendezvous !MEAS _ 1TLM ISETUP, !
! INavigation IPROCESSING ! IMEAS !
! 1Sequencer ISTATISTICS_! IPROCESSING_ |
! ! {REND ! ISTATISTICS_ |
! 1 ! ! IREND, !
! 1 ! ! IDISPLAY_COUNT!
! ! ! ! I_INIT {
! ! ! ! ! !
ISEQ_REJECT 10norbit/Rendezvous IMEAS ITLM ISETUP, 1
! INavigation tPROCESSING_! IMEAS_ !
! 1Sequencer ISTATISTICS_! IPROCESSING_ !
! ! IREND 1 ISTATISTICS_ !
! ! ! H {REND, !
! ! ! ! !DISPLAY_COUNT!
! ! ! ! 1_INIT !
! ! ! ! 1 !
1 ! ! ! ! !
! ! 1 1 1 !
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TABLE 4.2.- ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL

FUNCTION INPUT/QUTPUT (Continued)

! { 1 ) I

1 ! 1 § 1

! Variable IPrincipal Function! Local IPrincipal Function! Local
| Name ' Source 1Destinationt Desatination ! Source
1 | ! ! !

! 1 ! ]
ISHUTTLE_FILTER! ITLM fnone

I_FLAG

1
1SIG_UPDATE
!

! !
!
1Uplink Processor {COVINIT UVW!
! ! !

R T T s & b

1
!
!
!
!
!
!
!
! !
! !
! !
ISQR_EMU 10norbit/Rendezvous IMEAN CONIC_! ! !
! INavigation IPARTIAL_ ! ! !
! 1Sequencer {TRANSITION ! ! !
! $ IMATRIX_6X6, 1 ! !
! ! {ONORBIT SV_! ! !
! ! 1INTERP ! ! !
! ! ! ! ! !
IST_DATA_GOOD ! ! ITLM INAV_ONORBIT_ !
! ! ! ! IRENDEZVOUS !
! ! ! ! ! !
IST_ENABLE {REL_NAV display INAV_ONORBIT! ! !
! ! !_RENDEZVOUS! ! 1
! ! 1 ! ! !
!ST_MARK NUM ! ! ITLM INAV_ONORBIT_ !
! ! ! ! !RENDEZVOUS !
t ! ! ! ! !
ITAU_UNMOD_ACC_!Onorbit/Rendezvous {REND BIAS_ ! ! !
icov {Navigation IAND COV_ ! ! !
! 1Sequencer P ROP ! ! !
! ! ! ! ! !
IT_COAS ! ! ITLM INAV_ONORBIT !
t ! ! ! IRENDEZVOUS !
! ! { ! ! !
IT_COV_LAST IOnorbit/Rendezvous {REND_BIAS ¢ ! !
! INavigation IAND COV_ ¢ ! !
! 1Sequencer 1PROP ! ! !
! ! ! ! ! !
IT_CURRENT_ FILT! ! ITLM INAV_ONORBIT _ !
! ! ! ! IRENDEZVOUS ~ |
! ! ! ! ! ! -
| TFOFF {Uplink Processor !ACCEL ITLM Inone ! §
! ! {ONORBIT ! ! ! .
! ! ! ! ! !
{TFON 1Uplink Processor IACCEL_ ITLM Inone !
! ! {ONORBIT ! ! !
! t ! ! ! !
! ! { { ! !
- -
- »
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TABLE 4.2.- ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL
FUNCTION INPUT/OUTPUT (Continued)
t ! L ! ! !
! ! ! ! ! !
! Variable !Principal Function! Local IPrincipal Function! Loocal !
! Name ! Source IDestination! Destination ! Source !
! ! ! ! ! !
! ! ] 1 t 1
IT_GND tUplink Processor IONORBIT_ | ! !
! ! IREND_AUTO_ ! ! !
! ! {INFLIGHT _ ! ! !
1 ! IUPDATE ! 1 1
! 1 ! ! ! !
ITIME IStartracker SOP  !Sensor Data!l ! !
t ! 1Snap ! ! !
! ! ! ! ! !
IT_IMUS_GA 1IMU Inertial {IMU Data ! ! 1
1 1Processi g 1Snap 1 ! !
! ! ! ! ! !
IT_LAST_FILT !Onorbdbit ‘dendezvous IONORBIT 10norbit /Rendezvous {ONORBIT REND_|
! INavigation IREND R V_  INavigation IR_V_STATE_ 7!
! 1Sequencer ISTATE_PROP, !Sequencer IPROP !
! ! INAV_ONORBIT! ! !
! ! !_RENDEZVOUS! ! !
! ! 1 ! 1 1
IT_LAST_FILT_ ! ! ITLM INAV_ONORBIT_ !
11LM ! ! ! tRENGEZVOUS ~ !
! ! ! ! 1 !
IT_M50_BODY IStartracker SOP  1Sensor Data! ! !
! ! {Snap ! ! !
! ! 1 ! ! !
IT_M50_ST IStartracker SOP  !Sensor Datal ! !
! ! 1Snap 1 ! !
! ! ! ! ! !
IT_ORB_STATE_ ! ! ITLM 1ONORBIT_REND !
IUPDATE ! ! ! 1AUTO_INFLIGHT!
! 1 ! ! I_UPDATE !
! ! ! ! ! !
1TOT_ACC ! ! ITLM {REND_BIAS_ AND!
! ! ! ! 1_COV_PROP !
! ! 1 1 ! 1
ITOT_ACC_LAST !Onorbit/Rendezvous!REND BIAS_ ! ! !
! INavigation IAND_COV_ ! ! !
! {Sequencer 1P ROP ! 1 1
! ! ! 1 ! !
IT_PRED FINAL ! ! 10norbit Predictor,!STATE_VECTOR_!
1 ! ! ITLM IPREDICT_TASK !
1 ! ! ! ! !
! 1 ! ! 1 !
! 1 ! 1 1 !
4-75

L e U rwa'rwlxﬁ-'«-



TABLE 4.2.- ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL

FUNCTION INPUT/OUTPUT (Continued)

T9FM10

! ! L ! 1 !
! ! 1 ! ! 1
! Variable IPrincipal Function! Local IPrincipal Function! Local {
!! Nume ! Source iDestination! Destination ! Source !'
! ! 1 !
! ! ! ! ! 1
'T_PRED _INIT ! ! 10norbit Predictor,!ONORBIT_REND !
' ! ! 1TLM 1AUTO_INFLIGHT!
! ! ! ! !_UPDATE,STATE!
! ' ! ! 1_VECTOR_ !
! ! ! ! IPREDICT_TASK !
! ! ! ! ! 1
IT_REND RADAR ! ! ITLM {NAV_ONORBIT_ !
! ! | ! IRENDEZVOUR !
! ! ! ! ! . !
IT_RESET 10nord it /Rendezvous ISTATE_ {User Parameter SHUTTLE_RESET!
1 INavigation IVECTOR_ IProcessing, ! !
! 1Sequencer IPREDICT_  !Onorbit/Rendezvous! !
| ! ITASK INavigation ! 1
1 ! ! !Sequencer ! !
‘ ! ! ! $ ! 1
, ITRG_TRK_MODE ! ! ITLM INAV_ONORBIT !
| ! ! ! ! !RENDEZVOUS {
r ! ! ! ! ! 1
| IT_STAR_TRACKER! ! ATLM INAV_ONORBIT !
| ! ! ! ! {RENDEZVOUS !
| { ! ! 1 ! !
IT_TARLOS IStartracker SOP  1Sensor Data! ! !
| ! ! 1Snap ! 1 !
! ! ! ! ! !
] IT_TV 10norbit/Rendezvous!REND_COV_ ITLM, Onorbit/ IONORBIT_REND_!
! INavigation 1INIT {Rendezvous Naviga~!R_V_STATE_ |
! 1Sequencer 1 Ition Sequencer 1PROP, !
! ! ! ! 1ONORBIT_REND !
! ! ! ! 1AUTO_INFLIGHT!
! ! ! ! 1_UPDATE (TLM !
v ! ! ! ! fonly) !
} ! ! ! ! ! 1
IT_TV_GND 1Uplink Processor IONORBIT ! ! !
: ! ! tREND AUTO_ ! ! !
L ! ! {INFLIGHT_ ! ! !
- ! ! {UPDATE { ! 1
! ! ! ! ! !
IT_TV_STATE_ ! ! ITLM {ONORBIT_REND_!
{UPDATE 1 ! ! 1AUTO_INFLIGHT!
! ! ! ! !_UPDATE !
! ! t ! ! 1
' ! ! ! 1 ]
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TABLE 4.2.- ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL
FUNCTION INPUT/OUTPUT (Continued)

! ! 1 ! !
! ! 1 1 !
! Variable {Principal Function! Local IPrincipal Function! Local
1 Name | Source tDestination! Destination ! Source
1 | 1 ! !
1 1 1 1 !
1TV_PREDICT ! ! 1TLM IONORBIT_REND_
IFAIL 1 1 | 1AUTO_INFLIGHT
1 1 1 1I_UPDATE
!

!
IUNMOD_ACC_BIAS

1
10norbit/Rendezvous 1ACCEL_

!
!
! !
! {Navigation IONORBIT, 1! !
! 1Sequencer IREND_BIAS_ ! !
! ! IAND_COV_ ! !
! ! IPROP, MAV_ ! !
! 1 IONORBIT_ ! !
! ! IRENDEZVOUS ! !
! ! ! ! !
1UNMOD_ACC ! 1 ITLM INAV_ONORBIT
IBIAS_TLM 1 ! ! IRENDEZVOUS
! ! ! ! !
IUR_SUN ! ! tUniversal Pointing !ONORBIT_REND_
! ! ! {Processing IR_V_STATE_
! ! ! ! IPROP
! ! ! ! !
IUSE_IMU_DATA ! ! 1TLM 1ONORBIT_REND_
t ! ! t IR_V_STATE
! ! ! ! 1PRCP -
! ! ! ! t
IVAR_UNMOD_ACC !Onorbit/Rendezvous {REND BIAS_ 1 !
! INavigation 1AND Cov_ ™ 1 !
| 1Sequencer iP ROP 1 |
! ! ! ! !
'V _CURRFNT_ ! ! 1TLM INAV_ONORBIT_
{FILT ! ! ! IRENDEZVOUS
! ! ! ! !
IVENT_SS ! ! 1TLM 1ACCEL_ONORBIT
! ! ! ! !
1tV _FILT 10norbit/Rendezvous!ONORBIT_ !Onorbit/Rendezvous!ONORBIT_ REND_
! INavigation IREND_R V_ !Navigation IR_V_STATE_
! {Sequencer ISTATE_PROP, {Sequencer IPROP ,REND_NAV
! ! IREND_COV_ 1 !_FILTER
! ! {INIT, NAV_ ! !
! ! IONORBIT_ ! B
! 1 IRENDEZVOUS ! !
! s ! i !
1tV _FILT_TLM ! ! ITLM {NAV_ONORBIT
! ! ! ! 1 RENDEZVOUS
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TABLE 4.2.- ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL

FUNCTION INPUT/OUTPUT (Continued)

! ! 1 1T ! !
! ! ! ! ! !
! Variable IPrincipal Function! Local !Principal Function! Local !
! Name ! Source IDestination! Destination !  Source !
1 ! ! ! ! !
! ! ' 1 ! ! t
IVFORCE tUplink Processor IACCEL_ ITLM Inone !
! 1 1ONORBIT ! ! !
! ! ! ! ! !
tV _GND !Uplink Processor IONORBIT ! ! 1
! ! IREND_AUTO_ ! ! !
! ! {INFLIGHT _ ! ! !
1 ! 1UPDATE ! 1 1
! ! ! ! ! 1
tV _IMU CURRENT!IMU Redundancy 1IMU Data ! ! !
! tManagement 1Snap ! 1 !
! ! t 1 ! !
'V _IMJ_RESET ! ! 'User Parameter ISHUTTLE_RESET!
! 1 1 Processing, TLM | !
! ! ! ! ! !
'V _LAST 10norbit/Rendezvous !REND_BIAS ! ! !
! INavigation tAND_COV_ ! 1 !
! {Sequencer 1PROP, 1 1 !
! ! IREND NAV_ ! ! !
! ! YINTERP ! ! !
1 ! ! ! ! !
IV _LAST FILT !Onorbit/Rendezvous!ONORBIT ! ! !
! INavigation IREND R V_ ! ! !
! 1Sequencer {STATE_PROP 1 ! !
! ! ! ! ! !
IvMP ! ! t0norbit Predictor !ONORBIT REND_!
! ! ! ! {AUTO_INFLIGHT!
! ! ! ! !_UPDATE !
! ! ! ! ! !
IV_NAV IStartracker SOP  !Sensor Datal ! 1
! ! 1Snap ! ! !
! ! ! ! ! 1
17 _PRED_FINAL 1Onorbit Predictor IONORBIT _ !TLM Inone !
! ! IREND_AUTO_ ! ! !
! ! {INFLIGHT _ ! ! !
! ! 1UPDATE, ! ! !
! ! I STATE ! ! !
! ! IVECTOR_ ! ! !
! ! IPREDICT ! ! !
! ! ITASK ! ! !
! ! ! ! ! !
! ! ! ! ! !
! ! 1 ! ! !
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. { TABLE 4.2,- ONORBIT/RENDEZVOUS NAVIGATION PRINCIPAL

: . FUNCTION INPUT/OUTPUT (Concluded)

i

L ' ] ] T T —

! ! ! t ! !

& ! Variable I[Principal Function! Local IPrincipal Funotion! Looal 1 |
¥ - 1 Name | Souroe 1Destination! Destination l! Souroe 1 ;
: : ! ! ! ! !

I ( ] ] 1 1 1 '
b IV _PRED_INIT ! t ITLM, Onorbit IONORBIT_REND_! :
: ! ! ! 1Predictor 1AUTO_INFLIGHT! E
! 1 ! ! 1_UPDATE, STATE!
| ! ! 1 !_VECTOR_ !
' ! ! ! IPREDICT_TASK 1
‘ ! ! ! t ! !

1V _RESET ! ! User Parameter  ISHUTTLE_RESET!
! ! 1 1Processing i ! ,
1 ) ) ! ' ) i
v _1 10norbit /Rendezvous ONORBIT_ !0norbit/Rendezvous1ONORBIT_REND ! ;
! INavigation IREND R V_ INavigation IR_V_STATE_ !
! 1Sequencer ISTATE_PROP, {Sequencer {PROP , REND 1
! ! IREL_NAV_ ! INAV_FILTER ! :
: ! ! IDISPLAY_ ! ! ! 3
! ! {UPDATES, ! ! !
? ! ' 1COV_LAST_ ! 1 ! :
T ! ! IRESET , REND_! ! ! ;
i ! ! 1COV_INIT, ! 1 ! 3
! ! INAV_ONORBIT! ! ! f
! ! 1_RENDEZVOUS! ! ! ;
| ! ! ! ! !
IV _TV_GND tUplink Processor !ONORBIT_ ! ! !
! ! IREND_AUTO_ ! 1 !
! ! L INFLIGHT _ ! | ! =
! ! 1UPDATE ! ! !
! ! ! ! ! !
IV _TV_LAST 1Onorbit /Rendezvous {REND BIAS_ 1 ! ! ;
! INavigation IAND COV_ ~ 1 ! !
f 1 1Sequencer 1PROP, ! 1 ! i
i ) ! IREND NAV_ 1 ) ) E
! ! 1INTERP t ! ! 1
) ! ! ! ! ! ! ]
5 IV _TV_RESET ! ! lUser Parameter ITARGET_RESET 1 ;

- ! ' ! IProcessing ! \ i

S . ! ! ! ! ! !
, & iV _TV_TLM ! ! ITLM INAV_ONORBIT_ ! !
S ! ! ! ! IRENDEZVOUS ~ 1t s
b ! ! 1 ! ! !
- j
b :
;i !
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4.2.1 Navigation Control {NAV.ONORBIT.RENDEZVOUS)

The navigation control subfunction is responsible for providing the executive
logic for the proper execution of the Onorbit/Rendezvous navigation principal
funotion. This subfunction shall perfurm the following tasks.

- Store the Orbiter and target state vectors from the previous navigation
eycle into protected locations for downlist

- Snap all external flags input to NAV, the IMU data, and rendezvous sensor
data .

- Provide for possible automatic inflight updates of either the Ortiter or
target position and velccity vectors

- When in rendezvous phase, the navigation control subfunction will provide
the capability to respond to crew requests, via the REL_NAV display, to
reinitialize the covariance matrix or to do state vector transfers be-
tween the Orbiter posicion and velocity vectors and the target position
and velocity vectors

- Provide for the propagation of the position and velogcity vectors for the
Ortiter and, when in rendezvous phase, proparate the target position and
velocity vectors also

- Wher in rendezvous phase, this subfunction shall perform the scheduling
of the asynchronous covariance propagation and will invoke the Rendezvous
Bias and Covariance propagation subfunction when scheduled

- When in rendezvous phase, the navigation control subfunction will provide
for the proper processing of the rendezvous sensor data. If the IMU
sensed acceleration magnitude falls below a design dependent threshold,
then the sensor data will be processed

- Finally, the navigation control subfunction shall invoke the Shuttle
reset subfunction to store the updated Shuttle position and velocity

vectors for the User Parameter Processing principal function. When in
rendezvous phase, the target reset subfunction is called to store the tar-

get position and velocity vectors.

A. Detailed Requirements. This subfurction shall perform the following steps
in the order indicated.

1. Execute the SNAP_INPUTS code which consists of the following tasks:

a. Store the Orbiter and target state vectors and time tag from the previ-
ous navigation cycle into protected locations for downlist.

T_LAST_FILT TLM = T_LAST_FILT
R_FILT TLM = R _FILT

"FILT_TLM = V _FILT
TTV.TLM = R T

1ol
<
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vV WTLM=V TV
SENSOR BIAS_TLM = SENSOR_BIAS
UNMDD AcC_] BIAS TLM = UNMOD ACC_BIAS

Store the external flags input to NAV and the Orbiter mass into
protected locations for NAV,

NAV_ANGLES AIF = ANGLES_AIF

NAV_RANGE__ AIF = RANGE_AIF

NAV_RDOT -AIF = RDOT_AIF
NAV_CURR_ORB_MASS = CURR_ORB_MASS

NAV_DO covnn  REINIT = no covan REINIT
NAV_ noousrom'r-noom'rom
NAV_DO_TGT_TO_ORB = DO_TGT_TO_ORB

NAV_ no OV_UPLINK = DO_OV_ UPLINK
NAV_DO_TV_UPLINK = DO_TV_UPLINK

NAV_ DO _FLTR_SLOW_RATE = DO_FLTR_SLOW_RATE
NAV_MEAS_ENABLE = MEAS_ENABLE

NAV MM 202 = MM 202

NAV_ PWRD_FLT_NAV = PWRD_FLT_NAV .
NAV_RR_ANGLES ENABLE = RR_ANGLES_ENABLE
NAV_ST ENABLE = ST_ENABLE

Snap the measurement data input to MAV, which consist of the follow-
ing steps:

(1)

(2)

TEIFANL A I Hrbian <. (4 P T Tt s e

Snap the IMU accumulated velocity count, time tag, and mean of
50 body quaterni.n as described in section 4.2.2.1.

SNAP(V _CURRENT_FILT,T CURRENT_FILT, Q M50BODY_IMU)

Snap the sensor measurement data as described in section
4,2.2.2. For the rendezvous radar this includes the shaft,
trunnion, range and range rate measurements; the range, range
rate and angle data validity flags; the mean of 50 to body
additude quaternion at the time of the snap; the time tag
for the measurements; and finally a self-test indicator.

SNAP REND_RADAR (Q_RR_SHFT, Q_RR_TRUN, Q_RR_RNG,
Q_RR_RNG_DOT, RNG DATA GOOD,

RDOT_DATA GOOD RR_ANGLE DA‘I‘A _GooD,
Q__BEOBODY_RR T_REND_RADAR SELF‘_TEST_FLAG)

For startracker, snap the horizontal and vertical measurements;
angle data validity flag; the mean of 50 to startracker trans-
formation matrix; the time tag for the startracker
measurements, and the target tracking mode indicator.

SNAP STAR_TRACKER (Q ST_HORIZ, Q ST_VERT,

ST_DATA_GOoD, M _Ms0_To ST, T_ smi 'rm\cn-:n
mc_'rmc_uoos)
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For CQ0AS, snap the horizontal and vertical angle measurements,
the data validity indicator, mean of S0 to body transformation
matrix at the time of COAS data snap, the COAS identifiocation,
and the COAS time tag.

SNAP COAS (Q_COAS_HORIZ, Q_COAS_VERT,
COAS_DATA_GOOD, M_M50_TC_BODY_COAS,
COAS_ID, T_COAS).

2., Convert the mean of 50 to body quaternion from the IMJ into a mean of 50

to body transformation matrix by calling the quaternion to matrix func-
tion described in section 4.10.8.

M _BoDYMS0 = (QUAT_TO_MAT(Q_M50B0DY_TMU)) T

3. Test the value of the DOING_REND NAV flag to determine if rendezvous
phase is active.

a. If the rendezvous phase is active (DOING_REND NAV = ON), perform the
following steps:

(1) Subtract any known time bias from the measurement time for
each sensor.

T_REND_RADAR = T_REND_RADAR - T_BIAS_REND_RADAR
T _STAR_TRACKER = T_STAR_TRACKER-T BIAS_ST
T_COAS = T_COAS-T_BIAS_COAS

(2) Call the onorbit rendezvous auto inflight updates subfunction
to perform any required ground updates to the Shuttle or tar-
get state vectors as described in section 4.2.3.1.

CALL: ONORBIT_REND_AUTO INFLIGHT_UPDATE
(3) Call the REL_NAV display updates subfunction to perform any
required updates to the state vectors or to the covariance
matrix as seleoted by the crew as described in section 4.2.3.2.
CALL: REL_NAV_DISPLAY_ UPDATES
(4) Invoke the onorbdit rendezvous state propagation function
described in section 4.2.% to propagate the position and
velocity vectors to current time.
CALL: ONORBIT_REND R _V_STATE_PROP
(5) Test the vaiue of the NAV_DO_FLTR SLOW_RATE switch. b
- If the switeh i3 on, set

N CYCLE = N_CYCLE_SLOW
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so that the slower of the 2 rates for processing the rendez-
vous measurements will be used.

- If the switch is off, set
N_CYCLE = N_CYCLE_FAST
so that the faster rate will be used.

Set the positive feedback flag to inform the REL NAV display
which measurement processing rate is being used in navigation.

DOING_FLTR_SLOW_RATE =
NAV_DO_FLTR_SLOW_RATE

Increment the covariance matrix propagation counter.
I_CYCLE = I_CYCLE+1

Then execute the covariance propagation setup code,
EXECUTE: COV_PROP_SETUP CODE,

which consists of the following tasks:

- If IMJ sensed delta velocity was used by the state propaga-
tion subfunction on the present navigation cycle (USE_IMU
DATA = ON) then accumulate the delta velocity into the total
delta velocity for the covariance propagation interval and
set the covariance powered flight indicator to ON.

DV_COV = DV_COV+DV_FILT
COV_PWRD_FLT = ON

- If the contact acceleration (CONT_ACC) for the Shuttle is
greater than a design dependent threshold for measurement
processing (CONT_ ACC  MEAS_THRESHOLD) then a flag is set

to indicate that measurements will not be processed on the
current covariance propagation subcycle.

NOISY NAV_MEAS = ON
If the covariance matrix propagation cycle counter is greater
than or equal to the covariance propagation subcycle count (I
CYCLE _ N CYCLE) then perform the following tasks:

- Zero the cycle counter

I_CYCLE = 0
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- Call the rendezvous bias and covariance matrix propagation
subfunction described in section 4.2.5.

CALL: REND_BIAS_AND_COV_PROP

This subfunctions propagates the covariance matrix and propa-
gates the ECRV bias statistics and sets a flag (NAV_MEAS)
which determines whether sensor measurements will be incorpo-

rated into the state vector on the current covariance propa-
gation cycle.

(9) If the unmodeled acceleration bias and covariance propagation
sub-function has set NAV_MEAS = ON, i.e., NOISY NAV_MEAS = OFF
and we are on a covariance propagation cycle, the measurements
shall be processed on this cycle by performing the following
tasks.

- Call the sensor measurement selection subfunction to select

: megsurement set for processing as described in section
.20 L]

CALL: REND_SENSOR_SELECT

- Calli the sensor measurement initialization subfunction to
initialize filter statistics and sensor bias states for
newly selected measurement types as described in section
§.2.7.

CALL: REND_NAV_SENSOR_INIT

- Call the rendezvous radar range and range rate measurement
subfunction as described in section 4.2.8.1.

CALL: FRRDOT_Nav

This cubfunction incorporates the rendezvous radar range and
range rate measurements using the Kalman filter update
equations. Increment the mark counter for downlist.
RRDOT_MARK_NUM = RRDOT_MARK NUM+1
- If rendezvous radar angles have been selected for processing
(DO_RR_ANGLES_NAV = ON) then call the rendezvous radar
angles measurement subfunction described in section 4.2.8.2.

CALL: RR_ANGLE_NAV

This subfunction incorporates the rendezvous radar shaft and
trunnion measurements using the Kalman update.
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Increment the mark counter for this measurement

RR_ANGLE_MARK_NUM = RR_ANGLE_MARK_NUM+1
Otherwise (DO_RR ANGLES_NAV = OFF), if startracker angles
have been selected (DO_ST_ANGLES_NAV = ON) then call the
startracker angles measurement subfunction described in sec-
tion 4.2.8.3.

CALL: STAR TRACKER NAV
This subfunction incorporates the horizontel and vertiecal
startracker measurements by using the Kalman filter update
equations.
Increment the mark counter for this measurement

ST_MARK_NUM = ST_MARK_NUM+1
Otherwise (DO_RR ANGLES_NAV = OFF and DO_ST_ANGLES_NAV =
OFF), call the COAS angles measurement subfunction described
in section 4.2.8.4,

CALL: COAS_NAV

This subfunction incorporates the horizontal and vertical
COAS measurements using the Kalman update equations.

Increment the mark counter for this measurement
COAS_MARK_NUM = COAS_MARK_NUM+1

Call measurement processing statistics to calculate display
parameters as described in section 4.2.9.

CALL: MEAS_PROCESSING STATISTICS_REND
Set the measurement processing indicator to OFF

NAV_MEAS = OFF

If the covariance matrix was propagated on this navigation
cycle (I__CYCLE = 0) then call the covariance matrix parameters
reset subfunction.

CALL: COV_LAST RESET

Call the target state vector reset subfunction to reset the

user parameter processing state vector as described in section
§.1.2.2.2.

CALL: TARGET_RESET

4-85

R P Pt T T

DA




i e 3 £ il

e R Ty (8RR o A& P P T 2, £ RTINS S SRR e s e R R a e, T 8 e NS I T A MO kR S £ A e ety

T9FM10

(12) Call the Orbiter state vector reset subfunction to reset the i
user parameter processing state vector as desoribed in section ~
h,1.2.1.

CALL: SHUTILE_RESET

b. If the rendezvous phase is not active (DOING REND_NAV = OFF) then the follow-
ing steps shall be performed. -

(1) Repeat step (2) under Item a, i.e., call the onorbit rendezvous auto ~
inflight updates to perform any required groand updates to the Shuttle
or target position and velocity vectors.

CALL: ONORBIT_REND_AUTO_INFLIGHT UPDATE

(2) Invoke the onorbit rendezvous state propagation subfunction (see sec-
tion 4.2.4) to propagate the Orbiter position and velocity vectors to
current time.

CALL: ONORBIT_REND R V_STATE_PROP

(3) Repeat step (12) under Item a, i.e., call the Orbiter State Vector
Reset subfunction to reset the user parameter processing Orbiter state
vector as described in section 4.1.2.1.

CALL: SHUTTLE_RESET ‘ C

B. Interface Requirements. The inputs and outputs for this subfunction are }
listed in table 4.2.1. 1

C. Processing Requirements. This subfunction is called by ONORBIT_ REND NAV
SEQU (section ¥.1.1).

D. Constraints. None

E. Supplementary Information. During OPS 8 rendezvous navigation cannot be ac-
tive, hence it is not necessary to implement the DOING_REND_NAV = ON 4
branch of the logic for the OPS 8 computer load. !

A suggested implementation of this subfunction can be found in Appendix B.

NAV_ONORBIT_RENDEZVOUS q
SNAP_INPUTS CODE ;

A
COV_PROP_SETUP CODE S 3 j
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TABLE 4.2.1.- NAV_ONORBIT_RENDEZVOUS INPUT/OUTPUT

Variable Name

Input Source

Output Destination

1 ANGLES_ALF
:coas_nau_coon
:oons__m
:(I)AS_MARK_NUM
!!com'_Acc

i

1COV_PWRD_FLT
:cuna_oma_mss

:no_oovaa_nsmrr
:no_m R_SLOW_RATE
:Do_onn__'ro_'rc'r
:DO_OV_UPLINK
:w_mr_ro_onn

: DO_TV_UPLINK
:nomc_l-‘mn_sx.ou_nns
:Do_nn_mcws_mv
:no_sr_mm,as_nav

!
IDOING_REND_NAV
!

1DV_cov

!

!

IDV_FILT

'

1Sensor Data Snap

!

iSensor Data Snap

1

e

!

IONORBIT_REND R_V_STATE_
{PROP

IREND_SENSOR_SELECT
!
IREND_SENSOR_SELECT
!

18, o

!

1% ,00V_LAST_RESET

1

!
IONORBIT_REND_R_V_STATE_
1P ROP

!

1

1COAS_NAV ,*
!

1COAS_NAV ,*

!

1L

!

!

!

'
IREND_BIAS_AND_COV_PROP
!

REND_BIAS_AND_COV_PROP,
® REND_NAV_INTERP

*Onorbit/Rendezvous principal function, see section 4.2
#%#Initialization parameters, see section 4.7
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TABLE 4.2.1.- NAV_ONORBIT_RENDEZVOUS INPUT/OUTPUT (Continued)

Variable Name

Input Source

Output Destination

1I_CYCLE

: M_BODYMS0
:MEAS_ENABLE
:MEAS_THR ESHOLD
:M_NBO_TO_BODY_COAS
:M_mo_'ro_sr
:m_zoz

: NAV_MEAS

: NAV_ANGLES_AIF
:mv_mmn_ona__mss
:

!

INAV_DO_COVAR_REINIT

INAV_DO_FLTR_SLOW_RATE

!
INAV_DO_ORB_TO_TGT
!
INAV_DO_OV_UPLINK

!

!
INAV_DO_TGT_TO_ORB

!
INAV_DO_TV_UPLINK
!

!

INAV_MM_202

!
INAV_MEAS_ENABLE

!

!

!

]
!
!
]
1%, REND_COV_INIT

1

1

1

]

!

|

§

1Sensor Data Snap
1

1Sensor Data Snap
!

(L4

1

1## REND_BIAS_AND COV_PROP 1%

ACCEL_ONORBIT

1%, COAS_NAV

!

1 ,STAR_TRACKER_NAV
!

!
1#,REND_SENSOR_SELECT
!

1%, ACCEL_ONORBIT,
1ONORBIT_REND_AUTO_
1 INFLIGHT UPDATE

!

1% REL_NAV_DISPLAY_UPDATE!
! !
1 !
! |
1* REL_NAV_DISPLAY_UPDATE!
! !
1*,ONORBIT REND_AUTO_ !
1 INFLIGHT UPDATE !
! !
1# REL_NAV_DISPLAY_UPDATE!
f

'
I% ,ONORBIT_REND_AUTO_ !
! INFLIGHT UPDATE !
! !
1%, REND_SENSOR_SELECT !
! !
1 REND_SENSOR_SELECT !
' !
' !
! '

*Onorbit/Rendezvous principal function, see section 4.2
#%Injtialization parameters, see section 4.7
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NAV_ONORBIT_RENDEZVOUS INPUT/OUTPUT (Continued)

Variable Name

Input Source Output Destination

NAV_PWRD_FLT_NAV

INAV_RR_ANGLES_ENABLE
:mv_mcs_ur
:mv_nno'r__an
:mv_sr_smaw
:N_CYCLE
:N_CYCLE_SLOH
:N_czcw__msr
:uorsv_mv_ms
:PHRD FLT_NAV

m COAS_HORIZ
1Q_COAS_VERT
1Q _M50BoDY_IMU
sg _M50BODY_RR
1Q_RR_RNG
1Q_RR_RNG_DOT
IQ_RR_SHFT
1Q_RR_TRUN
1Q_ST_HORIZ
m__sz;_vnr

!

!
R _FILT
'

R _TV

]
1%, ONORBIT_REND R_V_
ISTATE_PROP

!
{* ,REND_SENSOR SELECT
!
1* REND SENSOR_SELECT
!
1* ,REND SENSOR_SELECT

!
{* ,REND SENSOR SELECT

!

1

!
jee !
! !
jue !
1 !
[ IREND_BIAS_AND_COV_PROP
! !
1 1
! !
1Sensor Data Snap 1ICOAS_NAV,
13ensor Data Snap !COAS NAV ,®
1IMU Data Snap 1QUAT_TO MAT *
{Sensor Data Snap IRR_ANGLE | NAV *
{Sensor Data Snap !RRDOT NAV,*
1Sensor Data Snap IRRDOT NAV &
!Sensor Data Snap IRR_ANGLE NaAV,®
1Sensor Data Snap 1RR ANGLB _NAV ,®
1Sensor Data Snap 1STAR TMCKER NAV,®
{Sensor Data Snap ISTAR TRACKER NAV , &
IQUAT_TO_MAT !

! !
% ,ONORBIT_REND R V_STATE_!
!PROP REND_NAV PIL‘IER

"1

!
!" ¢, ONORBIT REND R V_ 1!
ISTATB PROP, RBND NAV !
{FILTER 1
1 1
! !
! !

S SUD 0B SUB Sun VIR SER D GNP SND SED VD CED GED S CHE CEP CUD WAL WD GuD CuB CEN S0P Guny PND VD Cup OuP GNP D SAD ) D GED CHD e D oup GUb Gup D CEp SN sup eup

*Onorbit/Rendezvous principal function, see section 4.2
"®Initialization parameters, see section 4.7
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TABLE 4.2.1.- NAV_ONORBIT RENDEZVOUS INPUT/OUTPUT (Continued)

T9FM10

Variable Name

Input Source

Output Destination

IRDOT _AIF

!

IR _FILT_TLM
!

IR _TV_TLM

t

IRANGE_AIF

!

1RDOT DATA GOOD

IRNG_HATA_BoOD
IRR_AN "LE_DATA_GOOD

IRR_ANGLE_MARK_NUM
IRR_ANGLES ENABLE
YRRDOT_MARK_NUM

!

1SELF_TEST_FLAG

|

!

ISENSOR_BIAS

1

1SENSOR_BIAS_TLM

!

IST_DATA_GOOD
1ST_ENABLE
1ST_MARK_NUM
!

IT_BIAS_COAS
1T_BIAS_REND_RADAR
IT_BIAS_ST

1T_COAS
IT_CURRENT_FILT

!

1

1Sensor Data Snap
1Sensor Data Snap
1Sensor Data Snap
1L

1)

11

1

1Sensor Data Snap
1

!

{SETUP,REND_NAV_FILTER,®*

!

1

1

1Sensor Data Snap
L

e

!

| &8

1)

Ll

{Sensor Data Snap
1IMU Data Snap

!

'
{RRDOT_NAV ,*#
YRRDOT_NAV ,®
IRR_ANGLE_NAV,"
|1

!

(L

'

YRRDOT_NAV,
IRR_ANGLE_NAV ¢

1
1
1
"
§
I{STAR_TRACKER_NAV, ®
e

!

!

!

1

1COAS NAV,®
:-.on‘bm'r REND_R_V

_STATE!

t_PROP,ONORBIT_SV_INTERP,!
{REND an AND COV PROP, 1
{RRDOT_NAV',RR_ANGLE NAV. 1

1STAR TRACKER NAV,

1
1
!
!
1
1
!

{COAS NAV
!
T_LAST_FILT 1ONORBIT_REND_R V_STATE_ !
1PROP & !
! !
i 1
*Onorbit/Rendezvous principal function, see section 4.2

##Initialization parameters, see section 4.7
Value returned from the function
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TABLE 4.2.1.~ NAV_ONORBIT_RENDEZVOUS INPUT/OUTPUT (Concluded)

Variable Name

!
Input Source

Output Destination

IT_LAST_FILT_TLM
!

IT_REND_RADAR

!

I'TRG_TRK_MODE
IT_STAR_TRACKER
1
1UNMOD_ACC_BIAS
!

!

!
IUNMDD_ACC_BIAS TLM
'

{USE_IMU_DATA

!

!

IV _CURRENT FILT
!

!

1V _PILT

="
e

V _FILT_TLM
v _TV_TLM

!
1
]
1
!
1Sensor Data Snap
1

{Sensor Data Snap
{Sensor Data Snap

1

1% ,U_A_BIAS AND_COVINIT,
REND IIAV PILTRR JREND_
IBIAS”AND_COV_ PBOP

!

1

|

1ONORBIT_REND R V_STATE_

IPROP
!

{IMU Data Snap
1

!
1% ,ONORBIT_REND_R V_STATE_!

IPROP,REND_NAV_FILTER
!

1#8 & ONORBIT_REND R V_
ISTATE PROP,REND_NAV_
IFILTER

!

t

IRRDO_NAV,
IRR_ANGLE NAV .
1STAR TRACKEB _NAV,®
ISTAR_ TMCBR NAV,®
!

!
!
!
!
1e
!
!
!
!

IONORBIT_REND_R_V_STATE_

{PROP &
!

#*0norbit/Rendezvous principal function, see section 4.2
#Initialization parameters, see section 4.7
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4,2.2 Navigation Data Snap

The Onorbit/Rendezvous navigation principal function shall accomplish the task

of snapping navigation data to obtain Orbiter IMU-sensed accumulated velocities,

the current attitude quaternic., and sensor data from the rendezvous radar, the

star tracker, and the crew optical alinement sight (COAS). The total accumu-

latzd sensed velocity is required to account for nongravitional accelerations

during integration of Orbiter equations of motion. The sensor data are col-

lected and stored for use in navigation processing during the rendezvous naviga-

tion phase. N

4,2.2.1 IMJ and Attitude Data Snap

The IMU and att.vvde c¢ata snap task will provide the capability to obtain
Orbiter IMU-sensci acc:mulated velocities (expressed in M50 coordinates) and the
current at:itude quaternion, along with their associated GMT time tag. These
data will be obtained through IMU RM/SOP and stored for use in the navigation
and user parameter propagation subfunctions.

A. Detailed Requirements. Data from at least one good IMU are required as
indicated in the following example:

SNAP (V _IMU_SNAP, T_IMU)

where V _IMU SNAP and T IMU are respective copies of IMU-sensed accumulated
velocities and their associated time tag in the user parameter state propaga- _
tion. }

If a consistent set of IMU and attitude data are required, this is indicated
by the following second example:

SNAP (V _CURRENT_FILT, T_CURRENT FILT, Q_MSOBODY_IMU)

where V _CURRENT FILT and T_CURRENT_FILT are respective copies of IMU-sensed
accumulated velocities, their associated time tag, and mean of 50 to body
quaternion in the navigation control subfunction.

B. Interface Requirements. The parameter crossreference table between IMU

RM/SOP names and their copies of Onorbit/Rendezvous navigation variables is
shown in table 4.2.2.1.

C. Processing Requirements. The data from IMU RM/SOP (time tag, accumulated
velocities, and attitude quaternions) must be made available for the collec-
tion and storage process. The collection rate is indicated by the onorbit/
rendezvous navigation sequencer. However, this rate assumes that the avail-
able data are fresh. This implies that SOP's processing must be at a rate
equal to or greater than the c¢collection rate. This data snap is called by

Ry

NAV_ONORBIT_RENDEZVOUS (section 4.2.1)
ONORBIT_REND_USER_PARAM_STATE_PROP (section 4.5.1)
OPS_2 OR 8 INITIALIZE (section 4.1.2)
o
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i D. Constraints. The data collections should occur after a complete current set
g is available and just prior to use in navigation in order to supply current

data.

E. Supplementary Information. The snap statement above implies the assignment
of current IMU RM/SOP values to the variable names shown in parentheses.
The suggested implementation of this subfunction is not described in this
) document because the discussion involves the processor level interface de-
{ : sign concept, which is beyond the scope of this dooument. However, extreme
care must be exercised to provide sequentially time homogeneous data set to
the appropriate subfunactions.
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,. ONORBIT/REND NAVIGATION VARIABLES, AND USER .
% PARAMETER PROCESSING VARIABLES
) | USER PARAMETER
; IMJ RM & IMU SOP ! ONORBIT/REND NAV ' PROCESSING -
é ! ! i}
| ¢ ! 1 s
; T_IMUS_GA ' T_CURRENT_FILT ) T_IM
; ) !
;i V _IMJ_CURRENT ' V _CURRENT_FILT ! Vv _IMU_SNAP
: ! !
Q _BOD M50 ) Q _M50BODY_IMU '
' 1
) 1
:
]
' .
3
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§4.2,2.2 Rendezvous Sensor Data Snap

During the rendezvous navigation phase, this subfunction collects and stores
sensor data from the rendezvous radar, the star tracker, and the crew optical
alinement sight (COAS).

The purpose of the rendezvous sensor data snap is to properly save the data sets
used in navigation processing for use in the appropriate rendezvous sensor navi-
gation subfunction (section 4.2.8) whereas the actual data may continue to

be refreshed by hardware sensor reading and sensor SOP processing.

A. Detailed Requirements.- During the rendezvous navigation phase, data from
the external sensors, together with the corresponding data good flags,
associated time tags, and the appropriate attitude information valid at
those times shall be obtained. A premission-loaded time bias shall then be
subtracted from the time tag for each sensor. The equations are:

1. For the rendezvous radar:

SNAP REND RADAR (Q_RR Sil+7, _Q RR TRUN, Q RR_RNG, Q RR_RNG_DOT,
RNG_DATA_GOOD, RDOT_ DATA GOOD, RR_ANGLE_DATA_t GOOD Q_}‘BOBODY RR
T_REND_RADAR, SELF_TEST FLAG)

where Q _RR_SHFT is the shaft angle measurement
Q_RR_TRUN is the trunnion angle measurement
RR_ANGLE_DATA_GOOD is the validity flag of the above measurements
Q_RR_RNG is the radar range measurement
RNG_DATA_GOOD is the respective data good flag
Q_RR_RNG DOT is the radar range rate reading
RDOT_DATA_GOOD is the respective validity 1‘ndicator

T_REND_RADAR is the time at which these measurements are
considered to have been effected

Q_M50BODY_RR is the gimbal angle quaternion array

SELF_TEST FLAG is the flag indicating whether the rendezvous radar
is operating in the self-test mode

T_REND_RADAR = T_REND RADAR - T_BIAS_REND_RADAR

2. For the star tracker,

SNAP STAR_TRACKER (Q_ST_HORIZ, Q_ST_VERT, ST_DATA_GOOD,
M_M50_TO_ ST, T_STAR_ TRACKER, TRG TRK MODE)
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where:

Q_ST_HORIZ is the horizontal angle measuremen®
Q_ST_VERT is the vertical angle measurement

ST_DATA_GOOD is the data good flag relative to these angle
measurements

M_M50_TO_ST is the M50-to-star tracker sensor coordinate system
rotation matrix at the time T_STAR_TRACKER

T_STAR_TRACKER is the time tag

TRG_TRK_MODE Is the flag indicating whether the star tracker
is in the target tracking mode

T_STAR_TRACKER = T_STAR_TRACKER - T_BIAS ST

3. For the COAS,

SNAP COAS (Q_COAS_HORIZ, Q COAS_VERT, COAS_DATA_GOOD,
M_M50_TO_BODY_COAS, COAS_ID, T_COAS)

where:
Q_COAS_HORIZ is the horizontal angle measurement
Q _COAS_VERT is the vertical angle measurement

COAS_DATA_GOOD is the data good flag relative to these angle
measurements

COAS_ID is the COAS select indicator

T_COAS is the time of the measurement

M_M50_TO_BOGDY_COAS is the M50-to-COAS sensor coordinate system
transformation matrix at the time T_COAS

T_COAS = T_COAS - T_BIAS_COAS

B. Interface Requirements.- The parameter name cross reference between ren-
dezvous radar SOP and Onorbit/Rendezvous Navigation variables is shown in
table 4.2.2.2-1. The cross reference table between star tracker SOP and
Onorbit/Rendezvous Navigation variables is given in table 4.2.2.2-2.

C. Processing Requirements.- The data from the sensors (measurements, ID's,

validity flags, rotation matrices, and time tags) must be made available for
the collection and storage process. The collection rate (not necessarily

sensor interrogations) is indicated by the Onorbit/Rendezvous Navigation
Sequencer. However, this rate assumes that the available data are fresh.
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This implies that SOP's processing must be at a rete equal to or greater
than the collection rate. This data is ocalled by NAV_ONORBIT_ RENDEZVOUS
(section 4.2.1).

Constraints.- The data collections should occur after a complete current
set is available and just prior to use in navigation in order to supply cur=-
rent data.

Supplementary Information.~ The snap statement above implies the assignment
of current SOP values to the variable names shown in parentheses. The
suggested implementation of this subfunction is not desoribed in this docu-
ment because the disoussion involves the processor level interface design
concept which is beyond the scope of this document. However, extreme

care must be exercised to provide sequentially time homogeneous data sets
to the appropriate sudbfunctions.
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TABLE 4.,2.2.2-1.- PARAMETER CROSS REFERENCE TABLE BETWEEN

RR SOP AND ONORBIT/REND NAV VARIABLES

TFM10

RR SOP ONORBIT/REND NAV
RR_ROLLO Q_RR_SHFT
RR_PITCHO Q_RR_TRUN
RR_RANGEO Q_RR_RNG
RR_RNGRO Q_RR_RNG_DOT
RR_RNG_DG RNG_DATA_GOOD
RR_RNGR_DG RDOT_DATA_GOOD
RR_ANG_DG RR_ANGLE_DATA_GOOD
Q_M50BODY_RR Q_M50BODY_RR
RR_TIM T_REND_RADAR
RR_SELF_TEST SELF_TEST_FLAG
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PARAMETER NAME CROSS REFERENCE TABLE BETWEEN
STAR TRACK SOP AND ONORBIT/REND NAV VARIABLES

L STAR TRCK SOP

ONORBIT/REND NAV

[ { H_NAV
| ) V_NAV
DATA_GOOD
9 T_M50_ST
| TIME
NAV_TARGET
COAS_HORIZ
COAS_VEKY
NAV_SIGHT
T_M50_sODY
AXN

T TArLWS

Q_ST_i!ORIZ
_ST_VERY
ST_DATA_GOOD
M_M50_TO_ST
T_STAR_TRACKER
TRG_TRK_MODE
Q_COAS_HORIZ
Q_COAS_VERT
COAS_DATA_GOOD
M_M50_TO_BODY_CUAS
COAS_ID

I_CUAS
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4.,2.3 State and Covariance Matrix Updates

The Onorbit/Rendezvous Navigation principal funotion shall provide for the capa-
bility to perform automatic inflight updates of the Orbiter and/or target posi-
tion and velocities, crew requested covariance matrix reinitialization, and crew
requested state vector transfers. The capability to perform the position-
velocity update of either the Orbiter or target will be handled by the automatic
inflight updates subfunction while the capability to handle crew requests for
state vector transfers and covariance matrix reinitialization will be done by
the REL NAV display updates subfunction.

4,2.3.1 Auto Inflight Updates (ONORBIT_REND_AUTO_INFLIGHT UFDATE)

The automatic inflight updates subfunction shall determine when an update to the
shuttle or target state vector is required by the ground and then schedule the
state vector prediction task to predict the uplinked state vectors to the time
tag T RESET, established by the Orbiter state vector reset subfunction (see sec-
tion ¥.1.2.1). If a state vector update has occurred during rendezvous naviga-
tion phase, the covariance matrix shall be reinitialized.

A. Detailed Requirements.

1. First, a local flag SV_UPDATE, which indicates whether a state vector
update has occurred, is set to OFF,.

2. If the ground has indicated that the Orbiter vector is uplinked (NAV_DO_
OV_UPLINK = ON) then the following tasks will be performed in the
order indicated.

a. The prediction task indicator flag, PRED_USE, is interrogated for a
zero value to determine if the state vector prediction task is avail-
able for scheduling. If the state vector prediction task is avail-
able then the following tasks are performed.

(1) The following parameters are defined preceding the scheduling of
the atate vector prediction task:

PRED_USE = 1

OV_PREDICT_FAIL = OFF

PRED_ ORB_MASS = NAV_CURR_ORB_MASS
PRED_ORB_AREA = REF_ORB_AREA
PRED_ORB_CD = REF_ORB_CD

GMDP = GM_DEG

GMOP = GM_ORD

MP = DFL
VMP = VFLOV_PRED

ATMP = 1

PRED_STEP = PREC_STEP_PRED
R _PRED_INIT = R _GND

V _PRED_INIT = V _GND
T_PRED_INIT = T_GND

4-100

e o o ae aaad

e i




RG] s e

Rl
v

AL A0 EEE S

*

P )

F

w

o

TIFM10

(2) Next, the state vector prediction task is scheduled.
SCHEDULE: STATE_VECTOR_PREDICT TASK

If the PRED_USE flag is nonzero, it is tested for a value of 3 which
indicates that the state vector prediction task has determined that
the prediction interval is too large; hence no prediction will take
place. If PRED_USE = 3 then the following flags are set.

PRED USE =z 0, indicating the state veotor prediction
task is available.
DO_OV_UPLINK = OFF
OV_PREDICT_FAIL = ON, indicating that no prediction
will take place for the Orbiter
state vectors.

If the PRED_USE flag is not set to 3 then it is tested for a value
of 2 which indicates that the state vector prediction task has suc-
cessfully predicted the Orbiter state vector. If PRED USE = 2 then
the following actions are taken.

PRED USE = 0, indicating that the state vector
prediction task is available.

T_LAST_FILT = T _PRED_FINAL predicted Orbiter

R _FILT = R _PRED_FINAL vectors and time tag

V "FILT = V _PRED_FINAL are stored.
SV_UPDATE = ON, indicating that an inflight update has
taken place.

T_ORB_STATE_UFDATE

= T_LAST_FILT, the time tag of the inflight update
is saved for downlist.

DO_OV_UPLINK = OFF

If the ground has indicated that the target vector is uplinked (NAV_DO_
TV_UPLINK = ON) then the DOING_REND_NAV flag and the PRED_USE flaxs

are interrogated to determine if the uplinked target state vectors

are to be stored or if the target state prediction logic should be
exercised.

If rendezvous navigation is active, DOING_REND_NAV = ON, or the tar-
get state prediction logic is in progress, PRED_USE > 7, then the
PRED_USE flag is tested to determine the appropriate action to
follow.

(1) If PRED_USE = 0, target prediction is to be scheduled. The fol-
lowing actions are taken:

- The prediction parameters are initialized.
PRED USE = 7

TV_PREDICT_FAIL = OFF
GMDP = GM_DEG
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GMOP = QM_ORD

IMP = DFL

VMP = VFLTV_PRED

ATMP = ATFL_TV

PRED_STEP = PREC_STEP_PRED
R _PRED_INIT = R _TV_GND
V _PRED _INIT = V _TV GND
T _PRED_INIT = T_TV_GFD

« The state vector prediction task is scheduled.
SCHEDULE: STATE_VECTOR_PREDICT_TASK

(2) If the PRED_USE flag is equal to 9, the state vector prediction
task has determined that the prediction interval is too large;

hence no prediction will take place. The following flags are
set .

PRED_USE = 0, indicating the state vector prediction
task is available.
DO_TV_UPLINK = OFF
w_ PREDICT FAIL =z ON, indicating that no prediction
will take place for the target
state vectors.

(3) If the PRED _USE flag is equal to 8, the state vector prediction
task has successfully predicted the target state vectors. The
following actions are taken.

PRED_USE = O, indicating that the state vector
prediction task is available.

T_TV = T_PRED_FINAL predicted target vectors and
R _TV = R _PRED FINAL time tag are stored.

vV W=V _PRED FINAL

SV_UPDATE = ON, indicating that an inflight update

has taken place.
TV_STATE_UPDATE
"T_TV, the time tag of the inflight update is
saved for downlist.
DO_TV_UPLINK = OFF

b. If rendezvous navigation phase is not active, DOING_REND NAV = OFF,
and the target state prediction task is not in progress for an
inflight update, PRED USE < 7, then the uplinked state vector and
associated time tag are stored, the time of the uplink is stored,
and the DO_TV_UPLINK flag is turned OFF.

PDATE = T_TV

o
o
="
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Finally, the covariance initialization sudfunotion is invoked if
the SV_ UPDATE flag is ON and DOING_REND NAV = ON, indicating that
the rendezvous navigation phase is active.

4,

CALL: REND_COV_INIT

Interface Requirements. The inputs and outputs for this subfunction are
given in tab?e §.2.3.1.

Processing Requirements. This subfunction is called by

NAV_ONORBIT RENDEZVOUS (section 4.2.1)
Constraints. None

Z
4

Suppl.ementary Information. A suggested implementation of this subfunction
is given in Appendix B.

ONORBIT_REND_AUTO_INFLIGHT UPDATE

o o

BT P N
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TABLE 4.2.3.1.- ONORBIT_REND_ AUTO_INFLIGHT_ UPDATE INPUT/QUTPUT

Variable Name

Input Source

Output Destination

!
1
!
1
1

!

1ATMP
! 1

1DFL

!

1DMP

!

1DO OV_UPLINK

1DO_TV_UPL INK

1DOING_REND_NAV

' !
1GM_DEG
1
IGMDP

' !
1GMOP

’ !
1GM_ORD
!

INAV_CURR_ORB_MASS

INAV_DO_OV_UPLINK

INAV_DO_TV_UPLINK

10V_PREDICT_PAIL

IPRED_ORB_AREA

IPRED_CRB_(CD

IPRED_ORB_MASS

IPRED STEP

ATPL_TV

1PRED_USE

{NAV_ONORBIT_ RENDEZVOUS

!
INAV_ONORBIT RENDEZVOUS
!
INAV_ONORBIT_RENDEZVOUS
!

1% 4% STATE_VECTOR_
IPREDICT_TASK

!

!

® STATE_VECTOR_
PREDICT_TASK

GED SED cup TED cup D CER CED GED CED CED SEP up T GoD SED CuD CUD GUR GAB b CED GUR OB S CUP SiD CED D CED uD SED oup SEP MR D D P p GNP P GID G S s I

#0norbit/Rendezvous principal function, see section 4.2

#8Initialization parameters, see section 4.7
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i TABLE 4.2.3.1.- ONORBIT_REND_AUTO_INFLIGHT UPDATE INPUT/OUTPUT.- Continued
.

Variable Name Input Source Output Destination

! !

! !

! !

! !

o IPREC_STEP_PRED Lo | 1

! ! !

{ - IREF_ORB_AREA j e ! !

1 ! 1 !

IPREC_STEP_PRED | 8 ' !

! 1 1 !

IREF_ORB_AREA j e 1 !

! ! 1 !
IREF_ORB_CD |8 ! ! E
! ! ! ! ;
IR _FILT ! IREL_NAV_DISPLAY_ UPDATES, ! 3

H ! IREND_COV_INIT, 1

! i {ONORBIT_REND_R V_STATE_ !

! ! I1PROP, !

1 ! 1COV_LAST_RESET !

! ! ! !

tR _GND 1® 1 !

1 ! ! !

IR PRED_FINAL e | !

PO 1 ! ! !
y IR _PRED_INIT ! L ! |
i ! ! ! { ]

IR TV ! 'REL_NAV_DISPLAY_ UPDATES, !

! ! {REND_COV_INIT, !
! H 1ONORBIT_REND_R V_STATE_ 1! ;
! ! tPROP, ! :

! { 1COV_LAST RESET !

! ! ' {

IR _TV_GND e 1 !

{ ! 1 1

IT_GND . ! !

t ! ! !

IT_ORB_STATE_UPDATE ! e !

! ! | !

IT_LAST_FILT ! {ONORBIT_REND R_V_STATE_ !

1 ! {PROP, !

! ! {REND_COV_INIT !

. ! 1 ! !
{ ) IT_PRED_FINAL ISTATE_VECTOR_PREDiCT_TASK! ! ]
- s ! ! ! 1 '
1 { ! ! ’ 4

#O0norbit/Rendezvous principal function, see section 4.2
% Initialization parameters, see section U.7
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TABLE 4.2.3.1.- ONORBIT_REND_ AUTO_INFLIGHT UPDATE INPUT/OUTPUT.- Concluded

Variable Name

Input Source

Output Destination

T_PRED_INIT

1T_TV

i
IT_TV_GND
1

!
IV _FILT
!

IVFLOV_PRED

!

IVFLTV_PRED

!

IV _GND

!

IVMP

!

IV _PRED FINAL

!
IV _PRED_INIT
!

TV

!

-
3
8

IT_TV_STATE_UPDATE
!
YTV_PREDICT_FAIL

]
1# STATE_VECTOR_PREDICT _
ITASK :

]

1% REND_COV_INIT
!

!

!

1*

IREL_NAV_DISPLAY UPDATES,
{REND_COV_INIT,
1ONORBIT_REND R V_STATE_
1PROP,

1COV_LAST RESET

!

Gub SUS omm AuB um B o HB s B o

1
IREL_NAV_DISPLAY UPDATES,
IREND_COV_INIT,
IONORBIT_REND_R V_STATE_
1PROP,
1COV_LAST_RESET
!

%
t

B oo Rt e o
=N
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%*0norbit/Rendezvous principal function, see section 4.2
¥ Initialization parameters, see section 4.7
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4.2.3.1.1 State vector prediction task (STATE_VECTOR_PREDICT.TASK).- It

is a requirement that the execution of either the Onorbit/Rendezvous Sequencer
or the Onorbit/Rendezvous Navigation principal function has priority over

the execution of the Onorbit Precision State Prediction principal function.

The purpose of the state vector prediction task is to provide logic, to be
executed at the same priority as the predictor, which will allow the navigation
and sequencer principal functions to execute in & nominal manner despite

delays in the predictor due to its low oriority execution.

This task shall be scheduled by the Rendezvous Navigation Initialization
subfunrtion and the Auto Inflight Updates subfunction to provide for the
prediction of elther the Orbiter and/or target state vectors to the time tag
specified by the Orbiter State Vector Reset subfunction. The state vector
prediction task shall also test the prediction interval size against a gross
reasonabllity design dependent threshcld to prevent the Onorbit Precision State
Prediction principal function from predicting over inordinately large time
intervals. The state vector prediotion task shall also set the value of the :
PRED_USE flag which indicates the status of prediction to the scheduling i
subfunction. The PRED_USE flag has the following values. !
: :
H

Value of PRED USE Definition

0 Prediction task is available for scheduling

1 Prediction task scheduled for Orbiter inflight update

2 Prediction task completed for Orbiter inflight update

3 Prediction task failed for Orbiter inflight update

Ll Prediction task scheduled for rendezvcus navigation
initialize

5 Prediction task completed for rendezvous navigation
initialize

6 Prediction task failed for rendezvous navigation
initialize

7 Prediction task scheduled for target inflight update

8 Prediction task completed for target inflight update

9 Prediction task failed for target inflight update

The scheduling subfunction will set PRED_USE to the values of 0, 1, 4, or 7. All
other values are set by the prediction task.

A. Detailed Requirements.

1. A local flag, PRED_TASK_COMPLETE, which signals when the prediction task i
is completed, is injtialized to OFF upon entering the state vector ;
prediction Lask. }w

PRED_TASK_COMPLETE = OFF §

2, Next, the absolute value of the difference between the initial
prediction time tag, T_PREDICT INIT, and the time tag T RESET is tested
against a gross reasonability Tdesign dependent) threshold in order to
prevent the Onorbit Precision State Prediction principal function from
predicting over excessively large time intervals,

B

o SR N i fsam s 6 e
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I_prep nrr - T _meserl > max rove_ToL Py
‘ 2
W s
If the time threshold is exceeded then the flag PRED_USE is
inoremented by 2 in order to communicate to the invoking subfunction
that the prediction task has failed.
PRED_USE = PRED_USE «+ 2
If the maximrum time tolerance MAX TIME_TOL is not exceeded, then the o
following logic (steps (1), (2), (3), and (4)) is executed in a ~ -
cyclic fashion until the PREDICT_TASK_COMPLETE flag is turned ON.
o mNTIL
PREDICT_TASK_COMPLETE = ON
(1) First, the time tag for the final predicted state vectors is
set to the current value of T_RESET as defined by the
navigation task. Q
T_PRED_FINAL = T RESET
(2) Next, the Onorbit Precision State Prediction principal function
is invoked. |
CALL: CNORBIT PREDICT
(3) The predicted state vectors and time tag are saved for the next i
state vector prediction task cycle. . |
R _PRED_INIT = R _PRED_FINAL "‘
V “PRED_INIT = V _PRED FINAL |
T PRED_INIT = T_PRED_FINAL ;
i
(4) Using NAV's current value for T RESET, the prediction interval B
magnitude is tested against a hard coded time tolerance SV_TIME_ ;
TAG_DIFF to determine if the predicted vectors are close to the |
time tag T_RESET. i

|t prep 1wzt - T_meserl < sv_TiME_TAG_DIFF

(It should be noted that any value for SV_TIME_TAG_DIFF which
is smaller than the length of a single navigation cycle will
cause the predictor task to predict to current time (T_RESET).)

If the predicted state vector time tag is close to the current reset
time tag (i.e., less than or equal to SV_TIME_TAG_DIFF), then the
prediction complete flag is set to ON and the PRED USE flag is
incremented by one to indicate to the proper navigation subfunction
that the prediction task is completed and predicted state vectors
are available.
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( PRED_TASK_COMPLETE = ON
PRED_USE = PRED_USE + 1

Steps (1), (2), (3), and (4) are repeated until PRED_TASK COMPLETE
is ON as specified in step b.

B. Interface Requirements. lnput and output parameters for the state vector
prediction task are specified in table 4.2.3.1.1. Since the STATE_VECTOR_
PREDICT_TASK (SVPT) executes in parallel to the navigation task, the value
of T RESET can update in NAV while the SVPT is in process. The SVPT makes ocy-
clic use of T_RESET in two places in its logic and should be provided NAV's
current vaiue of T_RESET each time it uses the parameter.

C. Processing Requirements. The following subfunctions schedule the state
vector prediction task.

Rendezvous Navigation Initialization

(REND_NAV_INIT, Section 4.1.2.2)

Auto Inrlight Updates
(ONORBIT_REND_AUTO_INFLIGHT UPDATE, Section 4.2.3.1)

D. Constraints. ‘The STATE VECTUR_PRDICT_TASK is one of several users of the
onorbit predictor. Since the same compool locations are used by all users
of' this principal tunction tor setup and output and sirce the use of the
predictor by the STATE_VECTOR PREDICT_TASK may be interrupted by other
users, it is required that its predictor parameters be protected from altera-
tion by other users during execution of this principal function.

E. Supplemental Information. A suggested implementation of the state vector
prediction task may be found in the Appendix B flowchart STATE_VECTOR_PRE-
DICT_TASK.
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TABLE 4.2.3.1.1.- STATE_VECTOR_PREDICT TASK INPUT/OUTPUT

TIFM10

Variable Name

Input Source

Output Destination

IMAX_TIME_TOL
!

IPRED_USE

!

!
!
IR_PRED_INIT
!

IR_PRED_FINAL
)

ISV_TIME_TAG_DIFF
!
IT_PRED_INIT
!

'

!

IT_PRED FINAL
!

!

!

IT_RESET

!

!
IV_PRED_INIT
!

1V_PRED FINAL
!

1ONORBIT_REND_AUTO_

1INFLIGHT UPDATE,
IREND_NAV_INIT

'

!

!

v sun

!

s

!

1ONORBIT_REND_AUTO_

{INFLIGHT UPDATE,
!REND_NAV_INIT
!

ISHUTTLE_RESET,
" wan

!

1

!

18 nae

' ‘
1ONORBIT_REND_AUTO_
I INFLIGHT UPDATE,

IREND_NAV_INIT,® e

1® ##% REND NAV_INIT,

1ONORBIT_REND_AUTO_
I INFLIGHT UPDATE

CUD oun TED Sum CED b W G P D U sum S om S e

SES CHR CEP S CED PEP CuD Gup Gum CA Ga} VD CuR WD LD SUD CED SUR OUD Cup S FED Cun CED Sal NP B MDD CUD CED Sup CUP Sub PUD ED CUD b Sub SED SUS CUP SUD Gum NS D Sap

“#0norbit/Rendezvous principal function, see section 4.2
##Initialization parameters, see section 4.7 )
##%0norbit/Rendezvous Navigation Sequencer Principal Function, see section 4.1

4-110

Gy and s

A e 0 asta b ik Lia




T9FM10

4,2.3.2 REL_NAV Display Updates (REL_NAV_DISPLAY UPDATES)

This subfunction is required to respond to crew request, made via item entries
on the REL_NAV display, to reinitialize the covariance matrix or to perform a
state vector transfer fram the Orbiter state vector to the target state vector,
or vice versa. This subfunction is exercised on each state vector propagation
cycle by the NAV control logic.

A.

Detailed Requirements. The following steps shall be performed (in the order

indicated) in response to crew request while rendezvous navigation is ac-
tive:

1.

Turn off the positive feedback flags to the REL_NAV display.

DID_COVAR REINIT = OFF
DID_ORB_TO_TGT

OFF
OFF

DID_TGT_TO_ORB

Test the NAV_DO_COVAR_REINIT flag to determine if the crew has requested

that the covariance matrix be reinitialized.

perforau the following steps:

a.

Call the covariance matrix initialization subfunction to reinitialize
the covariance matrix, to zero the unmodeled acceleration states,
and compute the total filter vehicle acceleration vector (see
section 4.1.2.2.1):
CALL: REND COV_INIT

Reset the covariance matrix initialization indicator flag and the
positive feedback flag (to the REL_NAV display) as follows:

DO_COVAR_REINIT = OFF

DID_COVAR_REINIT = ON

Test the NAV_DO_ORB_TO_TGT flag to determine if the crew has requested
a state vector transfer {Orbiter to target).

a.

If NAV_DO_ORB_TO_TGT = ON, the following steps are taken:

(1) The target state vectors are set equal to the Orbiter state

vectors:
R_TV = R _FILT
V_T =V _FILT
-111

If NAV_DO_COVAR_REINIT = ON,
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(2) The covariance matrix initialization sudfunction is called to
reinitialize the covariance matrix, to zero the unmodeled accel-
eration states, and compute the total filter vehicle accelera-
tion vector (see section 4.1.2.2.1):

CALL: REND_COV_INIT

(3) The flags indicating the Orbiter-to-target state vector transfer
and the positive feedback (to the REL_NAV display) shall be set:

DO_ORB_TO_TGT = OFF
DID ORB_TO TGT = ON
b. If the NAV_DO_ORB_TO_TGT flag is off, test the NAV_DO TGT_TO_ORB
flag to determine if the crew has requested a state vector transfer
(target to Orbiter). If NAV_DO_TGT_TO_ORB = ON, the following steps
are taken:

(1) The Orbiter state vector shall be set equal to the target state
vector:

R _FILT

R_TV

V FLT =V _TV

(2) The covariance matrix initialization subfunction is called to
reinitialize the covariance matrix, to zero the unmodeled accel-
eration state, and compute the total filter vehicle acceleration
vector (see section 4.1.2.2.1):

CALL: REND COV_INIT

(3) The flags indicating target-to-Orbiter state vector transfer and
the positive feedback (to the REL_NAV display) shall be set:

DO_TGT_TO ORB = OFF
DID_TGT_TO_ORB = ON

‘fnterf‘ace Requirements. Input and output parameters are listed in table
2.3.2.

Processing Requirements. This subfunction is called by

NAV_ONORBIT RENDEZVOUS  (section 4.2.1)

Constraints. Covariance matrix reinitialization as well as the state vector
transfer must be activated via crew input to the REL_NAV display and only

while the Rendezvous Navigation principal function is active.
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E. Supplementary Information. A suggested implementation in the form of a
( . detailed flowchart can be found in Appendix B under the name:
. REL_NAV_DISPLAY UPDATES
;
F
. {,\
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<
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REL_NAV_DISPLAY_UPDATES INPUT/OUTPUT

Variable Name

Input Source

Output Destination

IDID_COVAR_REINIT
:Dm_ons__ro_'rc'r
:nm_'rcr_m_oas
:mv_no_oovn_nzmn
: NAV_DO_ORB_TO_TGT

: NAV_DO_TGT_TO_ORB
:3 _FILT

=
4

|
)
3

e s et i
4

INAV_ONORBIT_ RENDEZVOUS
:NAY_ONORBIQ_RENDEZVOUS
:NAV_ONORBII_RENDEZVOUS
:ONORBIT REND R V_STATE

IPROP ,ONORBIT_REND AUTO_

1 INFLIGHT UPDATE,
IREND_NAV_FILTER

!

IONORBIT_REND_R V_STATE
1PROP ,ONORBIT REND AUTO_
:mrx.mm '_UPDATE, ¥,
IREND_NAV_FILTER

!

IONORBIT_REND R V_STATE_
1PROP ,ONORBIT . m-:m) AUTO_
um.mm' '_UPDATE,
IREND_NAV_FILTER

!
IONORBIT_REND_R_V_STATE_
{PROP,ONORBIT REND AUTO_
umxm '_UPDATE,¥,
IREND_NAV_FILTER

!
YREND_COV_INIT,
1COV_TAST_RESET,

IONORBIT HEND R V_STATE_

IPROP
!

IREND_COV_INIT,
1COV_LAST RESET,
1ONORBIT_REND_R_V_STATE_
1PROP

!

'REND_COV_INIT,
1COV_LAST_RESET,
I1ONORBIT_REND R _V_STATE_
1PROP

!

IREND_COV_INIT,
1COV_TAST_RESET,
IONORBIT_REND R_V_STATE_
IPROP

%0norbit/Rendezvous principal function, see section k.2
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4,2.4 Position and Velocity State Propagation (ONORBIT,REND-R.V.STATE-PROP)

The position and velocity state propagation subfunction is contained within the
Onorbit/Rendezvous Navigation principal function and is used to perform a number
of tasks related to the propagution of the Orbiter and target vehicle state
vectors. The subfunction will te employed to propagate the Orbiter and target

vehicle state vectors from the time of the previous navigation cycle to the cur-
rent navigation cycle time.

Prior to state vector propagation, the task of snapping IMJ and attitude data
shall be performed to obtain the current time (T_CURRENT FILT), accumulated IMU
sensed velocity (V _CURRENT_FILT), and on attitude quaternion (Q_M50BODY_IMU).

For detailed requirements of these data snaps, see IMJ and Attitude Data . Snap,
section 4.2.2.1.

During vehicle state propagation, various acceleration models are available for
use in the determination o perturbing acceleration values and include gravitat-
ional accelerations (always used) and nongravitational accelerations (drag, and
a limited venting and uncoupled RCS thrusting model). The nongravitational ac-
celeration models shall be used only when the vehicle sensed acceleration (DV
FILT), obtained from the IMJ accumulated sensed velocity (V CURRENT_FILT),

is judged to be insignificant; that is, below a predetemined value (DA_THRESHOLD
TEST). A detailed description of the acceleration models may be found 1n
section 4.2.4,1.1. State vector propagation will employ only 1 scheme for
integration of the equations of motion, the SUPER_G algorithm (see section
4.2.4,1). This algorithm will be used for propagating both the Orbiter and
target state vectors in both coasting and powered flight.

A. Detailed Requirements.- The computations that shall be performed for propa-
gation of the position and veloecity vectors are initiated by a call to the

Onorbit/Rendezvous position and velocity state propagation subfunction
(ONORBIT_REND_R_V_STATE_PROP) in the following form:

CALL: NORBIT_REND_R V_STATE_PROP
The following will be performed in the order indicated.

1. The IMJ navigation acceleration threshold value initialized by ILOAD and
updated by the crew on the IMU ALIGN DISPLAY will be loaded into the DA_
THRESHOLD parameter:

DA_THRESHOLD = IMU_NAV_ACCEL_THRESH

2. The acceleration model flags shall be set up for Orbiter coasting flight
propagation:

IGD = GM_DEG
IGO = GM_ORD
IDRAG = 1

IVENT = 1

oOu u
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Next tne change in velocity (DV_FILT) and the corresponding time inter-
val (DT_FILT) used in the advancement of both Orbiter and target state
vectors shall be calculated by subtraction of the previous cycle values
(V _LAST_FILT and T_LAST FILT) from the current IM) snapped values.

DV_FILT = V _CURRENT_FILT - V _LAST FILT
D’l‘ "FILT = T CURRENT FILT- T LAST FILT

An acceleration averaged over the desired interval is next determined
by:

CONT_ACC = |v_FILT| / DT_FILT F3

Next the powered flight navigation flag, NAV_PWRD_FLT_NAV, shall be
tested, and flags specifying the acceleration models to be used to
propagate the Orbiter state vector on this navigation cycle shall be
defined.

a. If the NAV_PWRD_FLT_NAV flag is found to be ON, acceleration
threshold tests must be made to determine the acceleration models to
be used in propagating the Orbiter state vector. The procedure is
as follows:

(1) Convert the DA_THRESHOLD value from micro g's to feet/sec?,
normalize according to the propagation time interval (DT_FILT),
and store the rew value into DA_THRESHOLD_TEST.

DA_THRESHOLD TEST = DA_THRESHOLD (G0) (10~%)/pr_PILT F3

2

("GO" 4is the micro G's to feet/sec“ conversion factor.)

(2) Test the acceleration value (CONT_ACC) against the converted
threshold value, DA_THRESHOLD_TEST.

- If CONT_ACC > DA_THRESHOLD TEST, turn the IMJ data-use flag
ON and set the flags for modeling drag and vent forces to 0
(OFF).

USE_IMU DATA = ON
IDRAG = 0
IVENT = O

= Otherwise, set the IMU data-use flag to OFF, and force the
accumulated velocity for the propagation interval to zero.

USE_IMU_DATA = CFF
DV_FILT = 0.

F3 This equation shall be protected against division by zero (Reference 3.6-3).
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(3) Test the acc-leration value (CONT_ACC) against the ILOADED MBAS
THRESHOLD vaiue to determine if the powered flight gravitational
potential model should be used.

- If CONT_ACC > MEAS_THRESHOLD, use the powered flight values
for the potential models

10D = GM_DEG_LOW
IGO0 = GM_ORD_LOW

~ Otherwise, the gravitational parameters will remain set to
the fres flight values.

b. In the situation where the NAV_PWRD_FLT_NAV is found to be OFF,
the Orbiter sensed acceleration is not used in propagating the
Orbiter state vector. Therefore, set

DV_FILT = 0,
USE_IMU_DATA = OFF

Next the SUPER G algorithm is called to propagate the Orbiter state
vector, using the acceleration models computed above.

CALL: SUPER G

IN LIST: IGD,IGO,IDRAG,IVENT,ATFL_OV,R FILT,V FILT,T_
LAST_FILT,T_CURRENT_FILT,DT_FILT,DV_FILT

OUT LIST: R FILT,V PILT,G NEW

The values of R _FILT and V _FILT output by SUPER_G are the required
propagated position and velocity vectors of the Orbiter during a powered
or coasting flight mode. The vector G NEW is a modeled total accelera-
tion vector obtained according to the specified flag settings and
corresponding to R FILT, V _FILT and T_CURRENT_FILT.

Once the Orbiter state vector has been propagated, the DOING_REND_NAV

flag will be tested to determine if propagation of the target vehicle
state is required.

IDOING_REND_NAV
!

If the DOING_REND_NAV flag is ON, the target vehicle state vector will
be propagated to time T_CURRENT FILT from time T_TV using the SUPER G
algorithm.
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CALL: SUPER G o
| L W
IN LIST: GM_DEG, GM_ORD, DFL, VFL_ TV, ATPL TV, |
R_TV, ¥ T, T_TV,T_CURRENT _PILT,DT_FLLT, 2
TOV_FILT ~ :
OUT LIST: R_TV, V _TV, G _TV ]
The out list variables represent the raquired advanced target - , ’
vehicle state vector and total target acceleration veotor. Here R
_TV is the target position vector, V _TV the target velocity vector, .
and G _TV the corresponding acceleration vector, all determined for 5
the time T_CURRENT_FILT. i
.
The time T_CURRENT_FILT is saved as T_TV. ?

T_TV = T_CURRENT FILT

8. After satisfaction of the operations caused by the DOING_REND_NAV flag
value, T_LAST_FILT and V _LAST_FILT will be updated to T cunnm FILT ;
and V CURRENT FILT in prepamtion for the next ocycle through ONORBIT 5
REND_ R_V_STATE_PROP.

T_LAST FILT = T CURRENT_FILT o
V_ LAST_FILT = V _CURRENT_FILT '

9. A call to the solar ephemeris subfunction will provide sine and cosine C
functions of the sun's current position preparatory to calculation
of the Earth-sun unit vector. The unit vector will be constructed
as follows: _

(a) CALL:. SOLAR_EPHEM

IN LIST: T_CURRENT_PILT

OUT LIST: SDEC,CDEC1,C0S_SOL_RA,SIN_SOL_RA
(b) UR_SUNy = C0S_SOL_RA CDEC1

URTSUN2 = SIN SOL_RA DECI

UR_SUN3 = SDEC

The solar unit vector is required by the Universal pointing processing
principal function.

B. Interface Requirements.- Input and output parameters for the position and
velocity state propagation subfunction trunk logic are givsn in table 4.2.4.

C. Processing Requirements.- This subfunction shall be called by the Onorbit/
Rendezvous Navigation principal function (NAV_ONORBIT_RENDCZVOUS).

»..u,
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Constraints.- The follnwing constraints apply:

1,

The acceleration models task 1s needed not only by the navigation state
propagation subfunction, but also by the Onorbit Precision State Predic-
tion principal function and by the User Parameter state propagation
subfunction. Each user of acceleration models shall set its own flags
and ‘he~efore requires a different calculation. To protect against
interference in the acceleration computations, it is important that
these computations not be interrupted.

The current Orbiter mass (CURR_ORB_MASS) will be initialized for use by
NAV by the Onorbit/Re.adezvous Navigation Sequencer principal funetion

and will be maintained for NAV by the Onorbit Guidance principal
function.

Supplementary Information.- A suggested implementation of this subfunction
in the form of detailed flow diagrams may be found in Appendix L under the

following:

ONORBIT_REND_R_V_STATE_PROP
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TABLE 4.2.4.~ ONORBIT_REND_R V_STATE_ PROP

o os VIV

INPUT/OUTPUT

Variable Name

Input Source

Output Destination

! ! 1 !
! 1 H 1
! [ ! !
! ! | !
! ATFL_OV ! " ! SUPER_G !
! | ! t
! ATFL_TV ! LU ! SUPER G !
! H ! !
! CIECH ! SOLAR_EPHEM 1 !
1 | 1 1
! COS_SOL_RA ! SOLAR_EPHEM ! !
! ! ! !
! CONT_ACC ! ! NAV_ONORBIT_RENDEZVOUS, !
1 ! 1 !
! DFL ! .o ! SUPER G I
! 1 ! !
! DOING_REND_NAV ! . o ! !
! [ ! !
! DT FILT ! ! REND_COV_INIT,*,SUPER_G!
! 1 1 !
! DV_FILT ! ! REND_COV_INIT, SUPER G,!
! ! ! NAV_| ONORBIT RENDEZVO 1
! ! 1 !
! H 1 !
! GM_DEG ! e ! SUPER_G !
! GM DEG_LOW ! *e ! !
! GM_CRD ! o ! SUPER_G !
! GM_GRD_LOW ! L ! !
! 1 H !
! G _NEW ! SUPER_G ' REND_BIAS_AND_COV_PROP,!
! [ !
! 1 ! !
1G TV ! SUPER G ! REND_BIAS_AND_COV_PROP,!
H ! 1 REND NAV_ INTERP & !
! ! ! !
! IDRAG ! ! SUPER G, REND COV_INIT,!
1 ! ! REND_NAV_INTERP * !
! ! § !
! IGD ! ! SUPER_G,REND_COV_INIT, !
! ! ! REND_ NAV INTERP * !
! ! ! !
1 IGO ! ! SUPER_G,REND_COV _INIT, |
! ! ! REND | NAV INTERP ¥ !
! ! 1 !
! IVENT ! ! SUPER_G,REND_COV_INIT, !
! 1 H REND_NAV_INTERP,‘ !
1 ! ! !
#See Onorbit/Rendezvous Nav P.F. 1/0

*®*Initialization parameters, see section 4.7
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TABLE 4.2.4.- ONORBIT_REND_R V_STATE_PROP INPUT/OUTPUT.- Continued

Variable Name Input Source Output Destination

MEAS_THRESHOLD bl

NAV_PWRD_FLT NAV NAV_ONORBIT_RENDEZVOUS

! 1 ] !
! ! ! !
! ! ! !
! ] ! !
! ! ! !
! ! ! t
! ! ! !
! ! ! !
! R _FILT ! SUPER_G, ONORBIT_REND_ ! SUPER_G, REND_COV_INIT,!
! ! AUTO_ TNFLIGHT ' UPDATE, ! OOV_ LAST RESET, REND_ !
! ! REL_NAV_DISPLAY UPDATES,! NAV_FILTZR, REND_NAV_ !
! ! REND_NAV_FILTER,* ! INTERP, REL NAV_ !
! ! | DISPLAY UPDATES, REND_ 1
! ! ! BIAS_AND_cCov_ PROP,*, ~ 1
! ! ! SHUTTLE_RESET,NAV_ !
1 ! ! ONORBIT_ “RENDEZVOUS !
i ! ! !
't R_TV ! ONORBIT_REND_AUTO_ ! COV_LAST_RESET, REND_ !
! ! INFLIGHT UPDATE, REL_ ! COV_IMIT, TARGET_RESET, |
! ! NAV_DISPLAY UPDATES, ! REND_NAV_FILTER, REND_ !
! ! REND_NAV_FILTER,*®, ! BIAS_AND_OOV_| PROP, REL_!
! ! SUPER G ! NAV_DISPLAY UPDATE‘.S, f
! ! ! REND_NAV_INTERP,", !
! ! ! SUPER G,NAV_ONORBIT_ !
! ! ! RENDEZVOUS !
! ! ! !
! SDEC ! SOLAR_EPHEM ! !
! SIN_SOL_RA ! SOLAR_EPHEM ! !
! ! ! !
! T_CURRENT FILT ! NAV_ONORBIT_RENDEZVOUS ! SUPER_G !
! ! ! !
! T_LAST_FILT ! * ONORBIT REND_AUTO_ ! SUPER G,*,SHUTTLE_ ]
! ! INFLIGHT UPDATE ! RESET, COV_LAST RESET, !
! ! ! REND_COV_INIT,NAV_ !
! ! ! ONORBIT_RENDEZVOUS ]
! ! ! '
! T_TV ! ! %, REND_COV_INIT, !
! ! ! SUPER_G !
! ! ! !
! UR_SUN ! 1 ® !
! ! ! ' |
} TDV_FILT ! " ! SUPER G ! |
! ! ] ! |
! USE_IMJ_DATA ! ! NAV_ONORBIT_ ! !
! ! ! RENDEZVOUS,* !
! ] ! !

#*Onorbit/Rendezvous principal function, see section 4.2
*®#Initialization parameters, see section 4.7
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TABLE 4.2.4.- ONORBIT_REND R V_STATE_PROP INPUT/OUTPUT.- Concluded

Variable Name

Input Source

Output Destination

V _CURRENT_FILT

V _FILT

VFL_TV
¥V _LAST_FILT
vV_Tv

— -

NAV_ONORBIT_RENDEZVOUS

SUPER G, REND_NAV
FILTER, ONORBIT_ REND_
AUTO_ INFLIGHT_UPDATE REL
_NAV_DISPLAY_UPDATES,"

ONORBIT_REND_AUTO_
INFLIGHT UPDATE, REL_
NAV_DISPLAY UPDATES,
REND_NAV_FILTER,®,
SUPER G

....-——-0.—0.————-“.‘l.....O..-O.!.n."."...-..“.._“-‘.-l.......-
D SED D CUP pup SuD U CAD P SED um D sup VUD SEp AP GuD CUD VHD LuD eop ND gup VD Gup CUD CuD VWD Sum G gup P up D can G o =m sup]eEd oy o=

SUPER_G, REND_ COV_INIT,

cOV_LAST_RESET, SFUTILE!

_RESET, REND_BIAS_AND_
~COV_PROP, REND NAV_
FILTER, mn NAV_
INTERP, REL_NAV_
DISPLAY _UPDATES, * ,NAV_
ONORBIT_RENDEZVOUS

SUPER_G
SHUTTLE_RESET

COV_LAST_RESET, REL_
NAV_DISPLAY UPDATES,
REND_COV_ INIT,TARGET_
RESET, REND_| NAV _INTERP,
REND_NAV r-'n.'r:-:n, ,
SUPER_G, REND BIAS_
AND_COV_PROP ,NAV_
ONORBIT Rsm)szvous

®*0norbit/Rendezvous principal function, see section 4.2
®#Initialization parameters, see section 4.7
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A, Detatled Reguirements.~

© W24 Rettion end Velsntty" mme:en tms' et e
" During povered flight navigatién’ phases; the ‘squativns of mokien used for

‘ ,,.A;Orhj.;er state propagation have the form of & Taylor séries trinoated at “the tex-m

where h is the step sizé. . The integration scheme used; called SUPER G, -
15 an hnproved version of the AVERAGE G method. oonumns a oormtion oyeTe. %

During Orbiter ‘powered : mm oom:biom. m-gmitauml aeotumum aeused
. by the INB's-are incorporated intd the state veotor in the SUPER O state’ -
propagation algorithm whert above a pre-set threshold: . For- Orbiten: omauhk b
% flight or target state veotor pmpasation. the aooelemtions m alnays modeled ,
S in the SUPE G\algoﬂm. Wi h penpibya U0 S GA e : ;

i

S~ The SUPER_G subruncbim ahau be invoked whenever t.he f‘ollowi.ng atate-
L ment 48 encounf.éredé G20

Erz vty ‘ ' ‘ ‘g e S
PNt IR LIST g'm.em,nn,m,am,n Ill, V m, '1' IN, T m, D‘l‘ FILT,
R N

B B
& a.;“"z‘.-»

OUT LIST: R _PFIN,V _FIN, G _OUT

1. Upon initiation of SUPER G, an initial total acceleration, G _INT, will
-be calculated by the ACCEL_ONORBIT funotion as:

G _INT = ACCEL_ONORBIT (GMD,GMO,DM,VM,ATM,R _IN,¥ _IN,T IN)

where the function arguments are the appropriate flag settings (that is,
the degree and order of the gravitational potential model, drag mode,
vent mode, and attitude mode flag settings), ourrent position vector,
current velocity vector, and previous time.

<. Next the position veotor is advanced using the ocurrent position and ve-
locity vectors, *‘e time interval DT _FILT, initial aoceleration vector
G _INT calculated in the previous step, and the value of DV_FILT:

R _FIN=R m+nrm'r(§
.5 (DV_IN + DT_ me _Im)

3. Find a new value of the total accelaration vector, based on the advanced
position vector, velocity vector, and time tag:

G _OUT = ACCEL_ONORBIT (IMD,GHD,DM,VM,ATH,R _FIN,V _IN,T_FIN)

4, Tne vehicle velooity vector is corrected using an average total accelera-
. tion difference.

V_FIN = ¥V _IN + DV_IN + .5 DT_FILT (@ _INT + G _OUT)
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Lt
s ‘ 5. Finally, the vehiole poeincu veotor s correated byt - SR
el
£ gman FIN e ((gonr gm)m'rma)/&. |
 The- velooity end position veotors oucumau in snpn 4 m s oonauwt.e;‘_
, the uqutrad propagated state, =
5 B. Interface += The input and eutput required for the 80?81! Q.
. subfunotion are listed in table 4.2.4.1. Required inputs !‘or m of tﬁa
i _ AceBL,_ omnsn' funotion are given in aaotl.on 1!;2 e e
f C. roceaa;m neguimgg.- The SUPER 0 subhmoticn 15 cnlled w m el
o following: . L
| OHORBIT_REND_R_V_STATE_PROP |
[Z D traings.- 'me SUPER G aubrouune \dn be ulled t.o mtegmte the Orbit.er
- and target state veotors during coasting and powered tught. S
S B. Suppl formation.- A suggested implementation of the sumn G
- subroutine, in the form of a detailed flouchart, is presented in Appeudix B
o under
- SUPER_G
)
.
| ,
i" :
i» .
|
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( TABLE 4.2.4.1.- SUPER G INPUT/OUTPUT
o

s
§ ! ] | !
¥ I_____ Inlist/Outlist ! ! . !
' {" Internal 1| External ! Input Source ! Output Destination !
£ ! _Name | Name ! l !
S t ] ] 1 !
§ ( ; ! QD ! 16D ! ONORBIT_REND R V_ ! 1
v ) ' | STATE PROP ) '
? ' ' ' - ' !
4 1 QMO 1 160 ! ONORBIT_REND_R V_ ! !
{ 1 ! ! STATE_PROP 1 !
; 1 ! ! ! !
' 1 DM ! IDRAG ! ONORBIT REND RV_ I t
i ) ! ! STATE_PROP ! !
4 ! ! ! ! !
i 1 VM ! IVENT ! ONORBIT REND_ RV_ 1 1
: 1 ! ! STATE_PROP ! 1
1 ! ! ! !
! ATM | ATFL_OV ! ONORBIT REND R V_ 1 !
| ! ! STATE_PROP ] !
; ! ! ! ! !
1R _IN t R _FILT ! ONORBIT REND RV_ ! '
: ) ) ! STATE_PROP ! !
o ! ! ! ! !
P 1y _IN ! V_FILLT ! (NORBIT REND RV_ ¢ 1
( 1 ! ! STATE_PROP ! !
£ ! 1 ! ? !
: ! T_IN ! T_LAST_FILT ! ONORBIT_REND RV_ !
: ' ! ! STATE_PROP ! !
: ' ' ! ! !
! T FIN ! T_CURRENT_ ! ONORBIT _REND RV_ ! !
: 1 ! FILT ! STATE_PROP ! !
§ ' 1 ! ! !
£ ! DT_FILT ! DT_FILT ! ONORBIT REND RV_ ! !
i ! ! STATE PROP ! !
§ ! ! ! - 1 !
! ! DV_IN ! DV_FILT ! ONORBIT REND R V_ ! !
! ! ! STATE_PROP 1 !
3 ! ! ! ! !
; | GMD ! GM_DEG | ONORBIT REND RV_ 1 !
- ! ! ! STATE_PROP 1 !
! ! ! 1 '
1 Q0 ! GM_ORD ! ONORBIT_REND_RV_ ! !
! ! ! STATE_PROP ! !
) ! ! ! !
! ! ! ! !
) ! ! ' !
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TABLE 4.2.4.1.- SUPER_G INPUT/OUTPUT.- Continued

Input Source

Output Destination

Inlist/Qutlist
Internal | [External
Name { Rame
1
DM ! DFL
1
1
VM ! VFL_TV
!
1
ATM ! ATFL_TV
1
t
R_IN tR_TV
!
1
v_IN 1V _W
t
!
T_IN 1 T_TV
!
!
T_FIN ! T_CURRENT_
{ FILT
1
DT_FILT ! DT_FILT
!
!
W_IN ! TDV_FILT
!
1
!
R _FIN ! R _FILT
1
1
v _FIN ! V _PILT
1
!
G _ouT 1 G _NEW
1
1
1
R _FIN 1R_TV
1
1

QNORBIT_REND R V_
STATE_PROP

ONORBIT_REND_R_V_
STATE_PFOP

ONORBIT_REND R V_
STATE_PROP

ONORBIT_REND_R_V_
STATE_PROP

ONORBIT_REND R V_
STATE_PROP

ONORBIT_REND R_V_
STATE_PROP

ONORBIT REND R V_
STATE_PROP

ONORBIT_REND R V_
STATE_PROP

ONORBIT_REND R V_
STATE_PROP

ONORBIT_REND R V_
STATE_PROP

ONORBIT REND_R_V_
STATE_PROP

ONORBIT REND R V_
STATE_PROP

ONORBIT_REND_R_V_
STATE_PROP
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TABLE 4.2.4.1.~ SUPER_G INPUT/OUTPUT.- Concluded

Variable Name Input Source

Output Destination

AT™

1o
=)

[}
s |
=

j<
]

T_IN
T_FIN
ACCEL_ONORBIT

v**——vw—',’w'r'vw,
CED GNP SEN UL CED PUD NP oup TER LD SUD Gup TP GED CUR N GuP U SED P VID SUD ORNP OUD b SuD AP PUD Sup P JuP LA ep TN gup CHD sup B oun MNP o WP CEP pup SEY Sul

ACCEL_ONORBIT
ACCEL_ONORBIT
ACCEL_ONORBIT
ACCEL_ONORBIT
ACCEL_ONORBIT
ACCEL_ONORBIT
ACCBL_ONORBIT
ACCEL_ONORBIT
ACCEL_ONORBIT
ACCEL_ONORBIT

A {0nly the value of ACCEL_ONORBIT is passed
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4.2.4.1.1 Acceleration models (ACCELONORBIT).- During orbital operations,

models to acoount for gravitational, vent and thrust, and vehicle aerodynamic
drag accelerations shall be available. These wmodels are to be used in the
Orbiter state vector propagation whenever the IMJ sensed acceleration magnitude
is below a given threshold level. WUhen the sensed acoeleration magnitude

is above the threshold level, the gravitational acceleration model only will
be used. In the Orbiter state prediction mode, only the gravitational and
drag acceleration models may bs used. During propagation or prediction of

a target vehicle state, the gravitational and drag acceleration models may
be used. Additionally, during the target state propagation mode, capability
exists to incorporate the unmodeled acceleration blases as determined by

the Kalman filter in REND_NAV_FILTER. . - B

A. Detailed Requirements.- This function is activated whenéver the statement
ACCEL_ONORBIT (GMD,GMO,IM,VM,ATM,R,V,T) is encountered,

where:

oM input degree of Earth gravitational potential model (ACCEL_
EARTH_GRAV)

oM input order of Earth gravitational potential model (ACCEBL_
EARTH_GRAV)

)] flag indicating use (1) or non-use (0) of vehicle drag ac-
celeration model (ACCEL_ONORBIT_DRAG)

VM flag indicating use (1) or non-use (0) of vent “ad thrust
model (ACCEL_ONORBIT_ VENT_AND_THRUST)

ATM attitude mode flag (used when DM and/or VM are set to 1.)

R position vector of vehicle in M50 coordinates
v velocity vector of vehicle in M50 coordinates
T position and velocity vectors time tag

The following steps will be performed (in the order indicated) whenever the
ACCEL_ONORBIT function is activated.

1. The values of G, the gravitational acceleration due to the Earth's non-
spherical shape, D, the drag model acceleration vector, and VENT, the ac-
celeration due to vent and thrusting shall be initially nulled.

s 0.
z 0.
s 0,

lglUlO
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The current Barth fixed to M50 tranaformation FIFTY will be constructed. u

2.
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FIFTY s BARTH_FIXED_TO_M50_COORD(T)
Here, the mm_kmn_ro_wo_coonn function is defined in section 4.10.2.

Next the input M50 position vector will be transformed to Barth fixed
coordinates. -

R _E¥ s PIFTY B | i”

Components of the Earth fixed position unit vector will be determined by
the following:

RINW =1.7|R| F3
UR = R_INVR _EF

The acceleration vector due to the Earth's gravitational attraotion as
a point mass will be determined by:

G _CENTRAL = - EARTH MU R INVS R

Next the value of GMD shall be tested to determine if the gravitational
:coemation vector due to the Barth's non-sphericity (G) shall be
etermined.

G > 2

a. If GM 1is equal to or greater than 2, the ACCEL_EARTH_GRAV code will
be executed - which is a model formulated using S. Pines' spherical
harmonics development.

(1) The following variables are to be set up to serve as starting
values for recursive relations used in the Pines form'lation:

RO_ZERO = BARTH RADIUS_GRAV R_INV
RO_N = RO_ZERO EARTH MU R_INV®
Ay,2 = 3. UR3

A2,2 = 3. : J
Ls=s1 )

F3 This equation shall be protected against division by zero (Referenceé 3.6-3).
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AUXILIARY = O.
ZETA_REAL¢ = 1,
ZETA_IMAGy = O.

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

(2) Recursive calcuiations shall then proceed, using as many ocom-
ponents of the one-column arrays ZETA REAL and ZETA_IMAG as
required to account for the effects of tesseral harmonics.
ZETA_REAL and ZETA_IMAG are the only terms that depend on the
vehicle's longitude.

Do for I = 1 to GMO:
ZETA_REAL7.4 = URq ZETA_REALy - URy ZETA_IMAGy
ZETA_IMAGr,1 = URqy ZETA_IMAGy + URp ZETA_REALy

(3) The derived Legendre functions shall then be obtained by
means of recursion formulas, multiplied by appropriate combi-
nations of tesseral harmoniocs (Legendre polynomials shall be
aultiplied by zonal harmonios coefficients), and stored as
certain auxiliary variables F1, F2, F3, and F4.

Do for N = 2 to GMD the following three steps:

- Ajy1,1 =0,
Ane1,2 = (2. N+ 1.) Ay,
Aj,1 = Ay,2
An,2 = UR3 Ap,1,2

- Po for J = 2 to N:

ANode1,1 B ARgs,2
Ay_ge1,2 = (UR3 AN_J42,2 = AN-J42,10/0

- F1s30.
F2 = 0.
F3 = -Aq ¢ ZONALy
P4 = -Aq > ZONALy

{(These account for ti.2 zonal harmonics contributions.)

(4) If the maximum order of tesserals wanted has not been
attained (i.e., {If N < @MO), do for N1 = 1 to N:

F1 = F1 + N1 Ayq,q (Cp ZETA_REALyq + Sp, ZETA_IMAGy)
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F2 = F2 « N1 Ayy,1 (Sp, ZBTA_RBALyq - Cp, ZBTA_IMAGN:)
DM = C ZITA th.m“ + Sy ZETA_IMAGN1.9

e me O M1e1,1

N:M+WHA§1,12

Ll +1

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

(5) RO_N = RO_N RO_ZERC
01:014&!?1
G, 802#”'?2
+ORPA
Aaxn. RY = RKUXILIARY « RO_N Fi

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

Once these calculations have been completed (N = GMD) and stored,
the Earth-fixed acoeleration vector shall dbe obtained and rotated to
the M50 coordinate system.

G = G - AUXILIARY UR

G=FIFIY G

This is the gravitational acceleration vector needed for equations
of motion of the Shuttle. 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 shall be used, which will make the array
ZONAL have 4 components, the arrays C and S have 9 components each,
ZBTA REBAL and ZETA_IMAG have 5 each, “and A has a maximum dimension
of 5 ty 2.

Terms shown in Barth's pavity calculations as Cp, and S, are usually
represented by Cp, m» respectively, but were renuabered for
single subscript ugilizat 4n; tae terms called ZONALy correspond to

Ju L -c"oo

The S. Pines formulation of gravitational potential may be found, in
condensed forwm, in the paper "Uniform Representation c¢f the Grav-
itational Potential and its Derivatives," AIAA Journal, Vol. 11, No.
11, November 1973. 1In expanded form, and with an earlier draft of
the oomputer program herein presented, it is contained in MDC Report
W0013, NASA CR 14/478, of 9 February 1976, Pines' Nonsingular
Gravitational Potential: Derivation, Description and
Implementation.




1-.
)
i
|

TIFM10

3. HNext a test will be performed to determine if vent and thrust accelera-
tions are to be modeled. It should be noted that the vent and thrust
acceieration model is used only during state propagation (i.e., this
model is not used for Orbiter or target vehicle state prediction).

!

B L S il Tl L

j

£
i\ a. If VM is equal to 1, vent and thrust accelerations are to be modeled
> for use during Orbiter or target vehicle propagations. The ACCEL_
: ONORBIT_VENT AND_THRUST CODE will be executed as follows:

; (1) A check of the ATM flag will be made to determine if the
; modeled vent and thrust acceleration will apply to the Orditer

state propagation (ATM =z 0), or target vehicle propagation
(ATM = 2).

! ;
1 ATM = 2
1

« If ATM is equal to 2, the vent and thrust acceleration is
for the target vehicle. A check of the SHUTTLE_FILTER FLAG

. will be made to determine if the unmodeled acceleration blas
| (UNMOD_ACC_BIAS) applies to the Orbiter (SHUTTLE_FILTER FLAG

» | = ON), or the target vehicle (SHUTTLE_FILTER_FLAG = OFF).

!
' SHUTTLE_PILTER_FLAG = OFF >
)

If the Shuttle filter flag is OFF, the target vehicle vent
: ‘ and thrust vector (VENT) will be set equal to the unmodeled
acoeleration bias; otherwise the value of VENT will remain
at its initialized value. The value of UNMOD_ACC BIAS i3
» determined in the Onorbit/Rendezvous Navigation principal
function by the Kalman filter. The bias acceleraticn is ap-
plicable to either the Shuttle or target vehicle as
indicated by setting of the SHUTTLE_FILTER FLAG as
mentioned abnve.

= If the value of ATM does not equal 2 in step 3a(1), the vent
and thrust nodeled acceleration will be for the Orbiter. The
value of the SHUTTLE FILTER FLAG will next be checked

3
! %
! SHUTTLE_FILTER FLAG ,
H z ON Y,
! _ /
4-.133
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4
and if on, the vent and thrust acceleration vector VENT X j
is set equal to UNMOD_ACC BIAS. ',,_ P

VENT=UNMOD_ACC_BIAS | 3

(2) The value of time (T) is tested to determine if it lies 1
within the vent and thrust model action time span as specified :
by the values of TFON and TFOFF,

! \, - :
!T>TFON “\ 3

\

! “and AY : }

! T < TFOFF /
!

and if so, a body contact force vector (VFORCE) and the current
Orbiter mass (NAV_CURR_ORB_MASS) will be used to construct the 3
Orbiter venting and acceleration vector. A multiplication by 2
‘M _BODYM50 transforms the vector from body to M50 coordinates.
This acceleration vector is then added to VENT.

£ VENT = VENT + M _BODYMS50 ( VFORCE/NAV_CURR_ORB_MASS ) F3
G .
S - The value VENT, the Orbiter vent and thrust modeled accelera-
4F tion vector, is stored as VENT_SS to be available for
o downlist.
;M. After the ACCEL_ONORBIT_VENT AND_THRUST logic has been satisfied, the Lo
£ drag model flag (DM) shall be tested ~.
K
! M= 1
!

and if true (DM = 1), the vehicle drag acceleration vector shall be
determined.

a. The first step to be performed in the vehicle drag computational
flow will be to exercise the SOLAR EPHEM subfunction by the ;
following: 3
CALL: SOLAR_EPHEM :
INLIST: 1T g
OJTLIST: SDEC,CDEC1,C0S_SOL_RA,SIN_SOL_RA 1

F3 This equation shall be protected against division by zero (Reference 3.6-3). >
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(\. i Where:

CDEC1 = cosine of the solar declination
COS_SOL_RA = cosine of the solar right aacension
SDEC = sine of the solar declination

SIN _SOL_RA = sine of the solar right asoension
T = time of desired computation

e NS IR SR BRI, T Sy T WY e AR
i

(\ i b. Next the ONORBIT DENSITY code will be exercised to provide the

e atmospheric density value associated with the vehicle position.
This section of code is initiated with determination of the vehicle
altitude (ALT) above the reference ellipsoid through use of the H_
BLLIPSOID function (see section 4.2.4.1.1.1). " -

o s

ALT = H_ELLIPSOID(R)
where R is the vehicle M50 position vector.
‘ : (1) The next series of expressions will be pebfonned to determmine
| : GDI, one of the Babb-Mueller atmospheric density diurnal
5 factors.

s CDEC1 = CDEC1 R_INV
o SDEC = SDEC R_INV Ry

CSFST = Ry COS_SOL_RA 00S LAG
S CSSND = n SIN SOL_RA SIN LAG
- (s SIFST = nz SIN_SOL_RA (0S_LAG

SSND = Rg CoS SOL RA SIN LAG
COS_PSI = SDEC + CDEC? (CSFST-CSSND + SIFST + SSND)

GDI = {(1.0 + COS_PSI)/2.0)¢

; where COS_LAG, SIN LAG and GDIE are design dependent parameters
S (see section 4.7).

(2) A check of the vehicle altitude above the reference ellipsoid
; (ALT) will be made to see if it is greater than ALT_L (the
i ? Babb-Mueller density layer altitude).

- !
! ! ALT > A[.T__L>
- ! .

If the statement is true, the layering index integer K will
be set to 2; otherwise K wiil be set to 1.

(3) The night-time vertical density profile factor (AFH) will be
determined

AFH = ABM; g + ABMp g ALT + ABM3 g /ALT F3
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where ABM; 1o 3 g are mission dependent calibration coeffi-
cients (see aecf:fon 4.7). The diurnal density effect will
be determined next.

BFH = (BMy + BMp ALT + BM3/ALT) GDI F3
The BM; 1g 3 are mission dependent calibration coefficients
(see section 4.7). A seasonal-latitudinal tem will be deter-
mined as follows,

CBMI = ALT - C_DEN
cBM1 = (rBD1(R_INV)C ABS (R3)R3)CBM1 EXP (CBD2 CBM1)

C_DENSEA,CBD1 and CBD2 are design dependent parameters (see
“section 4.7).

(4) The atmospheric density will now be determined as

RHO = RREF EXP (AFH + BFH + CBM1 CBM2)

Here RREF is a design dependent parameter and CBM2 is a seasonal- 4
latitudinal mission dependent parameter (see section 4.7).

c. Next the ACCEL_ONORBIT_DRAG code will be executed using the
atmospheric density value of (RHO) previcusly determined. The code P
will begin with calculation of the vehicle velocity vector in -
Earth-relative M50 coordinates as determined by ' ‘

y
-

V_R=V _REL (V,R)

where V _REL (V,R) is the Earth relative velocity function (see sec-
tion 4.2.4.1.1 27 and V,R are the vehicle velocity and position
vectors in M50 coordinates.

e mn St i s Sy

(1) A test to determine if ATM is greater than 0 is performed:

!
1 ATM > O
!

L
s

- If ATM is greater than 0, a second test will be performed to
determine if ATM is equal to 1. P

:ATM 1 > ' t
l____/ )

et ol

F3 This equation shall be protected against division by zero (Reference 3.6-3).

O o a.‘m.a/wuc.:«?v-u:- S
. . SNEPT
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If ATM is equal to 1, the drag computation will dbe for
Orbiter state prediction and will use the following
configuration parameters:

VEH_MASS = PRED_ORB_MASS
CD:PREDORBCD
AREA = PREDORBARBA

The values of PRED_ORB_MASS, PRED ORB_CD and PRED ORB_AREA to
be used will be determined by that pr-:l.ncipal function which
initiates a call to the Onorbit predictor.

If in the test of ATM, ATM does not equal 1, the ensuing
drag computation will be used for a target vehicle state
propagation or prediction mode. The following configuration
parameters will be set:

VEH_MASS = TARGET_MASS
CD = TARGET CD
AREA = TARGET_AREA

Here TARGET_MASS, TARGET CD and TARGET_AREA are mission depen-
dent parameters (I-LOAD parameters - section 4.7).

(2) If in the test of ATM, ATM is not greater than 0, the computa-

tion of drag will be used for Orbiter state propagation.
In the above event, VEH MASS and AREA will be designated by:

VEH_MASS = NAV_CURR_ORB MASS
AREA = REF_ORB_AREA™

where NAV_CURR_ORB_MASS was set by NAV_ONORBIT_ RENDEZVOUS and
!R;EFTORB AREA is 2 design dependent parameter (see section
.7 .

The coefficient of drag, CD, shall be detnrmined as follows
for Orbiter state propagation.

- First, V _REL_BODY, the vehicle velocity vector relative
to the atmosphere, but expressed in body coordinates,
is determined as:
V _REL_BODY = (M_BODYM50)T vV _R

where M BODYM50 is the transformation matrix of body to
M50 coordinates and V _R has been determined in c.
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- Next the square of the sine of the vehicle angle of attack
(SA) will be determined as:

SA = (V_REL_BODY3)2/(V_REL_BODY;2 + V_REL_B(DY3?) F3

The sine of the vehicle sideslip angle, SB, will be deter-
mined by the following:

$ = [V_KSL_BODY2{/ [V _R| 3

The sine of twice the sideslip angle S2B will be determined
by : '

S2B = 2. SB SQRT (1.-SB?) U
- The Orbiter coefficient of drag CD may now be determined as:

D = ((COF_+ coN SA EXP_SHAPE FACTOR) (4 _gp) + (DS SB +
CDA S2B SA ) KFACTOR

The vehicle configuration constants CDF,CDN,EXP_SHAPE_FACTOR,
CDS and CDA are design dependent parameters (see section 4.7).
KFACTOR is the drag coefficient adjustment factor and is
mission dependent (see section 4.7) and included as an uplink
parameter (see section 4.9). The parameter KFACTOR is in-
cluded to allow adjustments to the vehicle drag coefficient
due to configuration parameter uncertainties, atmospheric den-
sity model deviations or other causes during Orbiter state
propagation.

After vehicle parameters VEH_MASS, AREA and CD have been deter-
mined by one of the logic paths of 4c(1) or of Uc(2) as
dictated by the value of the ATM flag, a vehicle drag accelera-
tion vector D in M50 coordinates will be determined by:

D=-0.5CD RHOAREA | V R | V _R/VEH_MASS F3

If the drag acceleration D is being computed for the Orbiter
during state propagation, ATM=0, it shall be stored in D _SS
for downlist. ALT, the wvehicle altitude above the Earth's
reference ellipsoid, will be also saved in ALT_SS for downlist.

-1
!' *m - 0 -ome e
!

SS =D
= ALT

&

o

F3 This equation shall be protected against division by zero (Reference 3.6-3).
F4 This equation shall be protected against square roots of a negative number
(Reference 3.6-U). )
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5.

Finally, the acceleration values G, D and VENT determined by the
non-spherical Earth gravitational, vehicle drag, and vent and thrust
models, respectively, will be combined with the value of point mass

Earth gravitational acceleration (G _CENTRAL) to result in the final
ACCEL_ONORBIT function M50 output vector.

ACCEL_ONORBIT = G _CENTRAL + G + D + VENT

Interface Requirements.- The input and output data are shown in table

4.2.4.1.1. It should be noted that ACCEL_ONORBIT is treated as a function
subprogram; that is, the computed value of the acceleration vector will be
returned and occupy the position of the function name.

Processing Requirements.- This function subprogram shall be performed each

time the function name is encountered with suitable expressions for argu-
ments such as:

ACCEL_ONORBIT (GMD,GMO,DM,VM,ATM,R,V,T)
The ACCEL_ONORBIT function is used by the following:

SUPER_G
ONORBTT_SV_INTERP
REND_COV_INIT
PINES_METHOD
AVERAGE_G_INTEGRATOR

Constraints.- The currently functioning propagator and a predictor may need
different acceleration models at the same time. It is therefore necessary

that execution of the acceleration calculations be protected from interrup-
tion by other users.

Supplementary Information.- A suggested irplementation of the ACCEL_ONORBIT

in the form of detailed flowcharts may be found in Appendix B under the
names:

ACCFL_ONORBIT FUNCTION
ACCEL_EARTH GRAV CODE

ACCEL_ONORBIT_VENT_AND_ THRUST CODE
SOLAR_EPHEM

ONORBIT_DENSITY CODE
H_ELLIPSOID FUNCTION
ACCEL_ONORBIT_DRAG CODE
V _REL FUNCTION

and the following from Appendix C:

EARTH_FIXED TO_M50_COORD FUNCTION
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TABLE 4.2.4.1.1.~ ACCEL_ONORBIT INPUT/OUTPUT

] ]
Inlist/Outlist ! |
Internal ! External ! Input Source ! Output Destination
Name 1 Name 1 1
] ! ]
ATM ! ATM ! SUPER_G 1
DM ! DM ! SUPER_G 1
Qo ! GD ! SUPER G !
oMO 1 GMO ! SUPER G !
W™ 1 VM ! SUPER G 1
R 1 RIN ! SUPER G 1
T ! T_IN ! SUPER G !
v ! VIN ! SUPER G !
! ! !
ATM ! ATM ! SUPER_G !
by | ! DM ! SUPER G !
GMO 1 GMO ! SUPER_G 1
GMD ! D ! SUPER G !
VM ! VM ! SUPER_G !
R ! R FIN ! SUPER_G 1
T ! T_FIN ! SUPER G 1
! ! SUPER G !
v ! VIN ! SUPER_G 1
! ! !
ATM 1 IATM ! ONORBIT_SV_INTERP !
M 1 IDM ! ONORBIT_SV_INTERP !
GMD ! IGD ! ONORBIT sv INTERP !
a0 ! IGO0 ! QJORBIT SV_ '~ INTERP !
VM 1 IVM ! ONORBIT_SV_INTERP !
R ! R _RESID ! ouonnrr_sv —INTERP !
T ! T_RESID ! ONORBIT_sV_INTERP 1
v ! V_RESID ! ONORBIT_SV_ INTERP !
! 1 !
ATM ! ATFL_OV ! REND_COV_INIT !
DM ! IDRAG ! REND_COV_INIT !
1GD ! IGD ! REND_COV_INIT !
160 ! IGO0 ! REND_COV_INIT !
W™ ! IVENT ! REND_COV_ TINIT !
R { R _FILT ! REND_COV_INIT !
T ! T LaST_FILT ! REND_COV_INIT !
v ! V_FILT ! REND_COV_INIT !
1 1 1
! ! !
! 1 1
! 1 !
! 1 !
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TABLE 4.2.4.1.1.- ACCEL_ONORBIT INPUT/OUTPUT.- Continued

! ] 1 !
! Inlist/Outlist ! ! !
1 ! Internal | [External 1! Input Source 1 Output Destination
! Name ! Name | ! !
- ! ! 1 ] !
( , | ATM ! ATFL_TV ! REND_COV_INIT ' )
PN | DM ! DFL . ! REND_COV_INIT ! 1
; ! I6D ! GM_DEG ! REND_COV_INIT ! !
‘: ! IGO ! GM_ORD ! REND_COV_INIT ! !
i 'R I R_TV ! REND_COV_INIT ! !
\ 1T 1TV ! REND_COV_INIT ! !
! M ! VFL_TV ! REND_COV_INIT ! !
t v I ! REND_COV_INIT ! :

' ! ! !
! ATM ! ATM ! PINES_METHOD ! !
I DM ! DM ! PINES_ METHOD ! !
! QD ! QD ! PINES_METHOD ! !
! GO ! GMO ! PINES_METHOD ! !
1T ! T_ACCEL | PINES_METHOD ! !
!V ! VM ! PINES_METHOD ! !
'R ! X1t03 ! PINES_METHOD ! !
1V '! Xy4t06 : PINES_METHOD : :

!

! ! ATFL_OV ! AVERAGE_G_INTEGRATOR ! !
! ! DFL_AVG ! AVERAGE_G_INTEGRATOR ! !
! ! GM DEG LOW ! AVERAGE_G_INTEGRATOR ! !
! ! GM_ORD_LOW ! AVERAGE_G_INTEGRATOR ! !
! ! R _AV ! AVERAGE_G_INTEGRATOR ! !
! ! T STATE ! AVERAGE_G_INTEGRATOR ! !
! 1V _Av ! AVERAGE_G_INTEGRATOR ! !
! ! VFLTV_PRED | AVERAGE_G_INTEGRATOR ! :

! ! ! !
' ! ATFL_OV ! AVERAGE_G_INTEGRATOR ! !
! ! DFL_AVG { AVERAGE_G_INTEGRATOR ! !
! ! GM_DEG_LOW ! AVERAGE_G_INTEGRATOR ! !
f ! GM ORD_LOW ! AVERAGE_G_INTEGRATOR ! !
! ! R _AV ! AVERAGE_G_INTEGRATOR ! !
! ' T M ! AVERAGE_G_INTEGRATOR ! !
! 1V _AV ! AVERAGE_G_INTEGRATOR ! !
! ! VFLTV_PRED | AVERAGE_G_INTEGRATOR 1 !
! ! ! ! !
! ! ! ! !
! ! ! ! !
! ! ! ! !
! ! ! ! !
! ! ! ! !

#
"

=141

A\
v
{
k.
|
[
|

S R an oe ol o et i dh i b i e e i

T




;' T9FM10
TABLE 4.2.4.1.1,- ACCEL_ONORBIT INPUT/OUTPUT.- Continued ‘-}

TG T S

! ] ] !
_F 1 Variable Name 1 Input Source ! Output Destination !
: 1 ! ! ' !
z ! ! ! '
, ! ABM(K = 1 to 2) ! " ! t -
! t ! 1 '
| LT L ' " ' | L)
i ! ! 1
i BM ! e ! !
! ! ! t !
; 1 C ! il ! !
i ! ! ! !
i ! CBM ! L ! !
) ! 1 1 ! 4
! C8D2 ! hind ! !
! ! ! !
! CBM2 ! b ! !
! ! ! !
! CDA ! bl ! !
! ! ! !
! CDEC1 ! SOLAR_EPHEM ! !
! ! ! !
! C_DENSEA ! il ! !
! ! ! ! -
! CDF ! - 1 ! )
! ! ! 1 .
! CDN 1 Ll ! !
! 1 ! !
! CDS 1 il ! 1
! t ! !
! COS_LAG ! b ! !
! ! ! !
! COS_SOL_RA ! SOLAR_EPHFM ! !
! ! 1 !
‘ ! + ! EARTH_FIXED_TO_M50 ! !
- ! ! COORD(T) ! !
: ! EARTH_MU ! b ! !
: ! ! ! !
: ! EARTH_RADIUS_GRAV 1 il ! !
: 1 ! ! !
: ! EXP_SHAPE_FACTOR ! =" ! !
! ! ! !
! GDIE ! bk ! ! N
! ! ! ! . '
1 ! ! ! ’ s

#See P.F. I/0 tables of section 4.2 .
#8Initialization parameters, see section 4.7 _ ¢
The function value of EARTH FIXED TO M50_COORD(T) is used
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TABLE 4.2.4,1.1,.- ACCEL_ONORBIT INPUT/OUTPUT.- Continued

Variable Name Input Source Output Destination
- KFACTOR " .
(._. ’ M_BODYMS0 NAV_ONORBIT_RENDEZVOUS

ONORBIT_ REND NAV

NAV_CURR_ORB_MASS _REND_NAV_
SEQUENCER,NAV_ONORSIT

! 1 T !
! ' ! !
! ! ] !
1 ] i |
' ! ' '
! ! ! !
) ' ' !
1 ! ' !
! ! ! '
! 1 ! '
! ' ! RENDEZVOUS ) !
-‘ ! ! ! '
! PRED_ORB_AREA ! "o ' !
' ! ' !
| PRED_ORB_CD ! "o ' '
' 1 ' '
! PRED_ORB_MASS ! e 1 !
! ' ! '
! REF_ORB_AREA ' " ' '
' ' ! '
| ! RREF ' " ' '
' ! ! )
- 1S ! " ! !
‘ ' ' ! '
( ! SDEC ! SOLAR_EPHEM ! :
! ! !
! SHUTTLE_FILTER_FLAG ! ) ! '
' ' ! !
! SIN_LAG ' " ! !
, ! i ' '
! SIN_SOL_RA | SOLAR_EPHEM ' :
! ! '
| ! TARGET_AREA ! " ! '
! ! ' !
| | TARGET_CD ' " ! '
' ' ! !
g ! TARGET MASS ! " ! '
3 ' ' ! '
% ! TFOFF ! LU ! !
! ! " '
! ' ! !
! ! ' '
! ' ! '
' ' ! !
! ! ' !

#See P.F. I/0 table of sections 4.1, 4.2, 4.3, 4.4 and 4.5
®8Initialization parameters, see section 4.7
#883ee Onorbit precision state prediction P.F. I/0
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TABLE 4.2.4.1.1.- ACCEL_ONORBIT INPUT/OUTPUT.- Concluded

! ! 1 !
1 Variable Name ! Input Source ! Output Destination 1!
! 1 ! 1
! 1 1 !
! TFON ! " ! 1
t ! ! !
! UNMOD_ACC BIAS ! OPS 2 OR 8 INITIALIZE, ! !
- ! REND_Nav_EXIT, t !
! ! U_A_BIAS AND_COVINIT, ! !
! :nmnusmncovpnw,t !
1 ! REND_NAV_FILTER " ! !
! ! ! !
! VFORCE ! " e ! !
! 1 ! !
! ZONAL ! L] t !
! ! ! !
!+ ! ! AVERAGE_G_INTEGRATOR, |
1 ! ! ONORBIT_SV_INTBRP, !
t ! ! PINES METHOD, t
! ! ! REND_TOV_INIT, !
! t ! SUPER_G 1
! ! ! !
! ALT SS ! ! ane !
! ! 1 !
1D _SS ' ! " !
! ! ! !
! G _CENTRAL ! ! PINES_METHOD 1
! { ! !
! VENT_SS t ! e !
! ! ! !
! R ! : H_ELLIPSOID,V _REL !
! ! !
1 v ! ! V_REL 1
! ! ! [
! 7 ! ! EARTH_FIXED_TO_M50_ !
! t ! COORD (T),SOLAR EPHEM !
! ! 1 1
i !V _REL ! !
! ! ! !
! + ! H_ELLIPSOID ! !
! ! 1 1
! ! ! !
! I ! !
! 1 ! !

#See P.F. I/0 tables of sections 4.1, 4.2, 4.3, 4.4 and 4.5
#Initialization parameters, see section 4.7
#883ge P.F. I/0 tables of section 4.2

Only the value of the function is passed
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4,2.4.1.1.1. Altitude above the reference ellipsoid (H ELLIPSOID): Altitude
above the Earth's reference ellipsold in M5S0 coordinates will be determined
using the H ELLIPSOID function.

Detailed Requirements.- Altitude above the Earth's reference ellipsoid will
be caloulated each time the statement H_ELLIPSOID (R) is encountered. Here
R is the vehicle M50 position veotor. The value of altitude above the
Barth's reference ellipsoid will be determined using the following:

H_BLLIPSOIN(R) =

2| (1 - ELLIPT) BARTH_RADIUS_EQUATOR ;3

B Vi + ((1=BLLIPT)Z - 1) (1 - (UNIT(R) - EARTH POLE)2)

where ELLIPT, EARTH_RADIUS_EQUATOR, and EARTH_POLE are constants defined in
section 4.7 (Initializution paraneters).

Interface Requirements.- The input and output data are shown in table
.2.4.1.1.1. It should be noted that only the value of H ELLIPSOID is-
passed.

Processing Requirements.- The H_ELLIPSOID funotion will be processed each
time the function name is encountered with a suitable expression for the
;rs\;ment such as: H ELLIPSOID (R). The H ELLIPSOID function is used by the
ollowing.

ACCEL_ONORBIT
Constraints .- None
Supplementary Information.- A suggested implementation of the H_ELLIPSOID
function in the form of a detailed flowchart may be found in Appendix B
under the name:

H_ELLIPSOID FUNCTION

F3 This equation shall be protected against division by czero (Reference 3.6-3).
F4 This equation shall be proteocted against square roots of a negat.ive number

(Reference 3.6-4).
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