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V.

FOREWORD

This volume of the "Onboard Utilization of Ground Control Points
for Image Correction" final report provides a detailed description
of the software that was developed to simulate the ground control
point navigation system. Three other volumes have been incorporated
into the final report. Volume I provides ar executive summary, Volume
Il contains a detailed description of the study and simulator results,
and Volume IV is an appendix describing software utilized for image
correction accuracy measurement.




TABLE OF CONTENTS

Page
1. Introduction . . « + 4 s s+ e n e e b oa s e st s e n s e e A-4
2. GCP Executive Program (GCP), . . « . v o « o o s o s s s o« o A-10
2.1 Initialize Data Module (INDATA). . . . . . « « « ¢« ¢ o o« o & A-20
2.2 Event Sequencer (GCPSEQ) . . . . « v v ¢ v o v v o v v o v o A-40
2.2.1 Check for Star Occultation (VISIBLE) , . . . . . « ¢« ¢ ¢ o o« A-52
2.2.1.1 Perform Occultation Calculation (OCCULT) . . v « o v « = « « « A-57
2.2.1.1.1 Compute Vector to Star (BVECT) . . . v « v o v o o o s o oo AGh
2.3 Generate Environment (GENENV), ., . . . . « . ¢ v o v o o o o A-69
2.3.1 Integrate Actual Navigation State (RUNG) . . v v v v v+« « . A-T5
2.3.1.1 Specify Integration Step Size (TREG) . . . v « o « « o« « +» . A-B1
2.3.1.2 Compute Position Dynamics (ONAV) . . . v v v v v o s oo s o+ A-B6
2.3.2 Generate Gyro Output (GYROUT), . . . . « « ¢ v o o 0 o v o o e A-92
2.3.3 Transiormation from Euler Angles (BMAT). . . . « « « « + + « . A-l100
2.3.4 Transformation from Quaternians (AMAT) . . . . « o v o o+« « A-104
2.4 Process Gyro Data (GYRO) . . . . . ¢« ¢« v o o ot v o v o v o A-108
2.4.1 Propagate Attitude (KATT). . . . . . ¢ « o o o v o o oo v v A-114
2.4.1.1 Matrix Multiply (MATAB). . . . . . v o ¢ v o o v v v o v o e A-120
2.4.2 Compute State Partials (PDATT) . . v v v v v s o o o« o o o o« A-124
2.4.3 Loud Attitude Transition Matrix (PATT) . . . « « « « « « « + o« A-134
2.5 Integrate Position State (INTG). « « = « « « « o o o s « « + . A-138
2.5.1 Integrate Position Parameters (RKG). . v v « « o o« o s = « . A-143
2.5.1.1 Compute Solar/Lunar Ephemerides (EPHEM and TRUEA). . . . . . . A-149 .
2.5.1.2 Computer Solar Pressure (SPRESS) . . + « o « « ¢ « + o o« - . A-158
2.5.1.3 Compute Solar/Lunar Gravitational Perturbation (GPERT and FQ). A-164 -
2.5.1.4 Compute Navigation Partials (PDNAV)., . « v « v ¢ o o o v« o« A-171
2.6 Generate Measurement (MEASURE) . . . . . . « o o o v oo v v o A-178
2.6.1 GPS Model (GPS). v « ¢ o v o v v o o o s v v e e s s e e A-186
2.6.2 Star Tracker Model (START) . . . . . « « ¢ o o ¢ o o o o v oo A-193
2.6.3 Landmark Tracker Model (LAMKT) . . . . « « « o « o o ¢« o = o A-199
2.7 Perform State Estimation (EST) . . . . . « « o v v o v o v o A-211 ;
2.7.1 Propagate Covariances (PROP) . e e e e e e e e e e .. AS226 13
2.7.2 Compute Measurement Partials (MPART) . . . « = « « « « « « « o« A-231 {
9.7.2.1 Compute GPS Measurement Partials (HGPS). . . + « « v « « « « « A-236 j
2.7.2.2 Compute Landmark Tracker Measurement Partials (HIMT) . . . % . A-241 §
2.7.2.2.1 Compute Partials with Respect to Estimated Transformation from A
Inertial to Body Coordinates (SPETBI) . e e e e e e e . A-251 ;
2.7.2.2.2 Compute Partials of Estimated Measurement Vector in Imertial ;
Space (SPEMI) . & « o v o v o o o o o swe e e s e A-257
2.7.2.3 Compute Measurement Partials for Star Tracker K (HSTAR), . . . A=261
2.7.3 Make Measurement Updates (UPDATE), . . . . . . . . .« o« « A=270
2.8 Print Performance Data (OUTDATA) . . . . . . . . « o « ¢ o o o A-283
2.9 Plotting and Utility Routimes . . . . . o o« v v o v v v v e A-298
3. Simulation Mode 2 e e e e e e e e e e e e e e e e e s A-372
3.1 Landmark (GCP) Extraction Program (IMEX) . . . . v « « « « « . A-373
3.2 Correlation-Scroll Programs . . . . . ¢ ¢ « ¢« ¢ o o 0 o0 A-375
3.2.1 Scroll Program (SCRLL) « « « « « o v o o o v v om0 o e e e A-377
3.2.1.1 Draw a Box (DRAW). . « « o o o o v v v e e e e e A-379 7
3.2.2 Seroll Counter (SCRLL) « « o o v v v v o o o v o oo v oo e A-380 N
3.2.3 Correlation (CORR) « « « o « o o o o o o o o o oo o e e A-382 ]
3.2.3.1 SSDA Correlation Routine (CSDA). + « « « o « o o+ o o o« + o« A-3B4




3.3 Library Routines . ., ., . . . . . . . . v v v v v 0 v o . .
3.3.1 Draw a Box (DRABOX). . . . . . . . . .+ v v v v o v v o v o
3.3.2 Determine the Mean (MEAN), . . . . . . . . . . . .
3.3.3 Position Cursor {(POS), . . . . . . . .. . ... .... c .
3.4 I/ORoutines . . . . . v v v v v v vt e e e e e e e e e
3.4.1 Joystick I/0 Routines, , . ., . . . . . . v e e
3.4.1,1 Adjust Data (ADJUST) . . . v . & ¢ v v o v v v o o v v e n u s
3.4.1.2 Iniiialize the Joystick (INIJOY) , . . . . . . .
3.4.1.3 Read the Joystick (READJY) ., . . . . . . . . « « . .
3.4.2 Ramtek 9100 I/O Routines . . . . . . . . & v v v v ¢« o o o o &
3.4.2,1 RM9100 Read Image Window (RAMRDB), . . . ., . . . . . . . .

N 3.4.2,2 RM9100 Write Image Window (RAMWRB) , . . , . . . . .

e 3.4.2.3 Reset the RM9100 (RESET) . . . . . . . . . ¢ v v v v v v o ..
3.4.2.4 Check RM9100 I/0 (RMCHCK), . . . . . ¢« v v o o« & « & .
3.4.2.5 RM9100 Read Image (RMRDIM) . . . . . . . .
3.4.2.6 Set Up RM9100 (RMSET). . . . . e e e s e e e . . .
3.4.2.7 Reset RM9100 Origin (RMSETO) . . . . . . v v v « ¢ ¢ ¢« o « «
3.4.2.8 RM9100 Write Image (RMWRIM). . . . . e e e e e e e e e e e
3.4.2.9 1Issue Wait for Queue I/0 (WIO) . . . . . . . . . . .

A-3

A-386
A-387
A-388
A-390
A-392
A-393
A-394
A-395
A-396
A-397
A-398
A-399
A-400
A-401
A-402
A-403
A~-404
A-405
A-406

B i




1.0  INTRODUCTION

The Ground Control Point Simulation Program (GCPSIM) has been designed as
an analysis tool to predict the performance of the navigation system
illustrated in Figure A-1. The system consists of two star trackers, a GPS
receiver, a gyro package, and a landmark tracker.

X, X
GPS RECEIVER
|
4 i
STAR TRACKER 1 |
- ¢ ?
STAR TRACKER 2 |— ' | waviearion | X
PROCESSOR
e i
9, X
LANDMARK =
TRACKER
q
GYRO PACKAGE

Figure A-1 System Configuration
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The program has been configured to provide an extensive error analysis
rather than simply a covariance analysis. A covariance analysis provides a
great deal of information but in many cases this information is inaccurate and
misleading. For example, there are cases where the covariance matrix
converges over a period of time while the actual state diverges. These types
of instability are common in Kalmar filters and without direct knowledge of
the state error conclusions can be inaccurate. For this reason, GCPSIM has
been designed to model the true state of the vehicle using the dynamic
equations of motion. By propagating the true state, it is not only possible
to perform a covariance analysis, but to generate the actual state error and
measurement residuals as well,

GCPSIM has been designed to accept either simulated GCP measurewents or
measurements that have been extracted directly from corrected Landsat
imagery, These capabilities are included tc allow fmalysis over long periods
of time as well as to demonstrate the feasibility.

REPORT FORMAT

The intent of this document is to give visibility to the GCPSIM code.
GCPSIM uses top-down structured programming aided by visual control logic
representation (VCLR). A total system hierarchy diagram aids in depicting
the relationship between the modules.

Each module is presented separately with a general discussion of the
function performed followed by requirements, algorithm and process, VCLR, and
source code (Fortran IV). The remainder of this section will describe the
VCLR presentation aid.

Visual Control Logic Representation (VCLR)

VCLR charts give control logic which is compatible with structured
programming. It offers many advantages and flowcharting.

1) Only the standard constructs are used.

2) The total scope and impact of the logic can be seen and easily
understood.

3) No extraneous symbols, connections, or notations are used.

VCLR provides visible control logic representation which 1s a picture of a
software design. Its primary purpose is to enable software engineers to
express their thinking visually. Concentration is on the control logic of the
design.

Standard constructs in visible control logic representations are the same
as those for pseudo-code: SEQUENCE, IFTHENELSE, DOWHILE, DOUNTIL and DOCASE.
Only the representations differ.




SEQUENCE -~

IFTHENELSE -

DOWHILE -

4 SEQUENCE is simply one standard construct or one single
statement followed by another, If "P1" and "P2" are standard
constructs or single statements, the sequence would appear in a
visible control logic representation as:

Pl

P2

Consists of a true/false test, and a path for each state. The
true path appears on the left side, under the "T". One of the
paths may be a "do-nothing" or "NULL" path. One or both paths
must consist of a standard construct or of a single statement.
If 'C1" is the condition being tested, "P1" is the true path and
"P2" is the false path, the IFTHENELSE comstruct would be
written as

T Cl F

P1 P2

The DOWHILE is a loop with these characteristics:

1) The counter or other item to be "incremented" is
initialized before entering the loop.

2) The test is performed at the beginning of the loop. The
conditions which must exist in order for the loop top be
executed are the conditions which appear in the DOWHILE
test.

3) Tbe item to be executed must be a standard construct or a
single statement.

4) The counter is incremented or other increment-1like action
is generally taken (e.g., another line is read) at the end
of the loop.

If "C1" is the condition which must exist for the loop to be

executed, and "P1" is a standard comstruct or single statement,

tae DOWHILE world be written as follows:

DOWHILE Cl1

Pl




DOUNTIL -

DOCASE -

The DOUNTIL is a loop with these characteristics:

1)  The counter or other item to be "incremented" is
initialized %efore entering the loop.

2) The test is rerformed at the end of the loop. The
conditions which must exist in order to exit from the loops
are those which appear in the DOUNTIL test.

3) ‘The item to be executed must be a standard construct or a
single siatement.

4) The counter is incremented or other increment-like action
is generally taken (e.g., another line is read) at the
beginning of the loop.

If "Cl" is the condition which must exist to exit from the loop,

and "P1": is a standard construct or single statement, the
DOUNTIL would be written as follows:

Pl

DOUNTIL Cl

Use the DOCASE construct when you want to execute a different

set cf statements for each of several different values of a
variable,

If "C1" is the variable being tested, and if "C1" may have
values of 1, 2 or 3, the construct appears as follows:

DOCASE Cl T Cl=1 F
T Cl=2 F
T Cl=3 F
Pl | P2 P3 | P4 Pl P2 P3 P4
Example A Example B

Example "A" is equivalent to the nested IPT. ENELSE form shown in
"B" .
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TOTAL SYSTEM HIERARCHY DIAGRAM

The total system hierarchy diagram (Figure A-2) is designed to illustrate
the functional structure of GCPSIM. The upper most block is the main program
responsible for simulation control. The eleven blocks imediately below this
type block represent the subroutines called by the main program. These
programs in turn call subroutines or the next level down and so forth.

This report has been separated according to a functional decomposition of
the program. Each of the eleven main subroutines are described in separate
chapters along with all the subsequent tasks with which they interact. For
example, the chapter describing the generate measurement module, MEASURE, is
broken into three main sections corresponding to each of the measurement types
' generated.
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2.0 GCP - Executive Program

The executive program, GCP, is designed to cont;ol the entire timulation
from data initialization vo the end of a run at TSTOP. The main program
provides for two modes of operation. The first mode models the measurements
from each sensor whereas the second mod: replaces the modeled GCP measurcments
with actual measurements taken from landsat data. Figure A-3 is a VCLR
describing the process.

At the top level, the two modes of operation appear to be identical and
will be discussed as such. First, simulator initialization is performed
within INDATA. This process consists of loading the epoch state and time, and
initializing all noise parameters, and setting up the measurema2nt sequence
tables. The sequencer, GCPSEQ, determines the type and time of the nexc
measurement to be made. The types of measurements available are GPS, Star
Tracker, and landmark tracker. The true vehicle position state is then
propagated forward to measurement time by GENENV. GENENV also cimulates the
g7ro output in small increments up to measurement time at TMEAS, and
propagates the true attitude state. Within this propagation loop the
simulated gyro outputs are processed by GYRO to compensste for gyro bias,
scale factor, non-orthogonality, and misalignwent, and to update the
quaternion. In the second mode of operation this module controls the
scrolling of imagery across a video monitor to simulate the sensor front end.

Following true state propagation the appropriate measurement is generated
by MEASURE. MEASURE uses a geometry model end the true vehicle state to
generate on ideal measurement. The ideal measurement is then corrupted with
bias, noise, and misalignmert, and compensated for knowledge of these terms,
The primary difference between the two modes of operation occurs during
measurement generation. In the second mode, the measurement generation
module, MEAS, interacts with a separate program running on the PDP 11/70 whieh
performs the GCP extraction.

The estimated state is propagated to measurement time by the module INTG.
This propagation is actualy part of the extended Kalman filter, but is kept in
a separate module for efficiency. INTG also propagates the state transitiom
matrix and the process noise forward in time.

EST uses the simulated measurement, the propagated state estimate, the
process noise, and the state transition matrix to generate a new state
estimate based on the latest measurement. The new state estimate and
covariance matrix are printed, and the entire process beginning with
measurement sequencing is repeated until the end of a simulation run
identified by TSTCP. Prior to exiting, a plot file is created so that plots
of state error, covariance, and measurement residual, may be obtained.




GCPSIM Executive

Read Initial Conditions, Sequence Tables, and Control Parameters
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PROGRAM GCP
INCLUDE °'CONTRL.COM'

COMMON /CONTRL/ WOP,TINT
REAL*8 TINT
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8-Apr=1981 12:35:57 VAX-11 FORTRAN v2.0-2 Page
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PROGRAM CONTROL UESZTRiPTORS FOR MULTIPLE RUNS

MOP M”DE OF OPERATION

g

PREFLIGHT SIMULATION

2 = POSTFLIGHT SIMULATION
3 = NONTE CARLO SIMULATION
TINT NUMBER OF SECONDS OF FULL OPERATION PER CYCLE

INCLUDE ‘'TIME.COW'®
c

COMMON /TIME/ TIME, THEXT,TSTOP,TIA,DEL,TIN,DYN,DATEOQ,TZERD

TMEAS . TRACK,TIS,TISN,DTA,DATER, TPRINT ,DTPRINT
RE&L'B TimMC, TNEKT TSTOP,TIA,DEL,TIN,DTN,DATEQ,TMEAS,TRACK,TIS,
. TISN,OTA,TZ:ERO,DATER,TPRINT,DTPRINT

TIVE
TNEXT
TSTCP
TIA
D.L
TIN
DTN
DATEOQ
DATER
TZERO
TSLEW
TIS
TISN
DTA

TPRINT
DTPRINT

INCLUDE 'ASTATE.COM!'

(3] QOO0 OOO0ONONO0NONO0N

THESE ARE THE TIME REFERENCE FRAMES

ATOMIC TIME SINCE INITIALIZATION (SEC)
TIME FOR NEXT POSITION INTEGRATION (SEC)
RUN TERMINATION TIME (SEC)
ATYITUDE INTEGRATION TIME (SEC)
STEP SIZE (SEC)

POSITION lNTEGRATION TIME (SEC)

. . STEP SIZE (SEC)
CATE OF FLIGHT EPOCH (uD)
DATE OF 1950 EPOCH (JD)
START TIME IN SECS. SINCE DATEO
TIME NEEDED TO SLEW AND ACQUIRE (SEC)
REAL WORLD REFERENCE TIME (SEC)
TIME FOR NEXT RW POSITION INTEGRATION (SEC)
USUALLY + DEL BUT + TSLEW - TIA WHEN DEL
TOC LARGE AT MEASUREMENT TIME
TIME FOR PRINT (SEC)
INCREMENT ON TPRINT (SEC)

COMMON /ASTATE/ DE(4).E(4),wD(3),SF(3),D(3),0D(3)

REAL*8 DE.E,wWD,SF.D,00

D
E
w0
SF
o]
DD

INCLUDE 'ROTAT.COM'

ATTITUDE STATE AND CONSIOERED PARAMETERS

DIFERENTIAL OF QUATERNIONS
QUATERNIONS

GYRO DRIFT RATE (RAD/SEC)

GYRO SCALE FACTOR

GYRO NON-ORTHOGANALITY (RAD)
GYRO RELATIVE ORIENTATION (RAD)

COMMON /ROTAT / DTHR(3},DTHEM(J) ,DTHE(3)

REAL*8 DTHR,DTH._M,0THE

_DBAO:[D11R.GCP ]GCP.FOR:36
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GYRO ATTITUDE PARAMETERS

DTHR REAL WORLD GYRO DATA (RAD)
OTHEM FILTER WORLD GYRO DATA (RAD)
OTHE FILTER wORLD COMPENSATED GYRO DATA (RAD)

INCLUDE 'NOIS..COM'
COMMON /NOISE/ BWD(3),5wWD(3),85F(3),55F(3),80(3),50(3)
+B0D0(3).S07(3),5RM™,BRE , SRE
PEAL‘G 8w0,SwD,BSF,S55F.BU, £0,800,500,SRM,BRE, SRE

REAL WORLD GYRO MEASUREMENT ERRORS

BwD SwD : * GYRC ORIFT (RAD / SEC)

B8SF SSF - N GYRO SCALE FACTOR

BO SO v b GYRO NONORTHOGONALITY (RAD)

BDO SO0 * . GYRO RELATIVE ORTENTATION (RAD)

INCLUDE 'NSTATE.COM'

COMMON /NSTATE/ xD(6),X(6) ,RADM, RADE
REAL+8 XD,X,RADM RADE

POSITION STATE AND CONSIDERED PARAMETERS

X0 STATE DERIVATIVES (KM/SEC AND KM/SEC/SEC)
X STATE POSITION PARAMETERS (KM AND KM/SEC)
RADM RADIUS OF THE MOON (kM)

RADE EARTH DETECTABLE RADIUS (km)

INCLUDE 'DEBUG.COM'
COMMON /DEBUG/ IENTER,IDEBUG

USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL

I NTER IF 1, PRINTS WHEN ENTERS MOST SUBROUTINES
IDEBUG 0-10, HIGHER NUMBER MEANS MORE PRINT

INCLUDE *PHIA.COM’
COMMON /PHIA/ PA(4,4),TA(4,12),PDA(4,16),PHIA(16,16),
COVA(16,16) ,POA{16,16), QMAX
l(AL‘l PA,TA,PDA,PHIA,COVA.POA,QMAX

THESE ARE THE ATIITUDE TRANSITION AND COVARIANCE MATRICES

Pa ATTITUDE STATE TRANSITION MATRIX

TA ° PARAMETER TRANSITION MATRIX

PDA * DERIVATIVE OF TRANSITION MATRICES
PHIA * AGGREGATE TRANSITION MATRIX

Cava . NEW COVARIANCE MATRIX

POA . PREVIOUS COVARIANCE MATRIX

QMAX * COVARIANCE NORM MAX

INCLUDE °'PHIN.COM'
COMMON /PHIN/ PN(6.6),PON{6,6),PHIN(G,6),COVYN(6,6),

VAX-11 FORTRAN v2.0-2
-DBAO:[D11R.GCP]GCP.FOR:36
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yl-v

00100
00200
00300
00400
00500
00600

0027

0028
0029

0030

0031

0032
0033

0034

0035
0038
0037

0038
0039

0040
0041

¢ 8 8 8 00 &8 80 LN R BN BN B BN N B BN N 4 @ 2 @& &8 80 0o *® 8 8 @ 0 0 00 & 88

L BN B BN BN AN )

O 0000

B-Apr=1981 12:35:57
8-Apr-1961 12:33:02

PON(6 ,6)

REALOG PN,PDN, PHIN,COVN,PON
[
c TMESE ARE THE NAVIGATION TRANSITION AND COVARIANCE ARRAYS
c
C PN POSITION STATE TRANSITION MATRIX
C POM DERIVATIVE OF TRANSITION MATRIX
[ PHIN - AGGREGATE TRANSITION MATRIX
[of COWN . NEW COVARTANCE MATRIX
c PON - PREVIOUS COVARIANCE MATRIX
c

INCLUDE 'ARRAYS.COM’

[

COMMON /ARQAYS/ T1(3),72(3),7T3(3),74(10),711(3,3),733(3,3)

. . T44(4,4),7166(6,6),7177(6,6),715(4),76(4),T7(4)

REAL®8 T1,72,7T72,74,711,733,744,766,177,75,76,77
[
o THESE ARE TEMPORARY STORAGE ARRAYS FOR USE BY ALL MODULES
[+
c 11 - 14 SINGLE DIMENSION ARRAYS
[ Tt - 177 DUAL ODIMENSIONED ARRAYS
(o Tt DUAL ARRAY; OFF DIAGIONAL SET 7O ZERO
[

INCLUDE 'UPDT.COM'

[

COMMON /UPDT/ QNIB),QA(16),Q(6.6).,QD0T(6,6)

REAL*B QN,QA,Q.QDOT
Cc
o STATE _STIMAT/ON PARAMETERS
C
[ QN NAV. DYN. NOISE COVARIANCE DIAGONAL
C QA MIN. VALUES FOR ATT. COVARIANCE ODIAGONAL
Cc Q CONTRIBUTION TO NAV. COV. FOR DYN. NOISE
C QoOov DIFFERENTIAL OF Q
[+

INCLUDE 'RESIDUALS.COM'

C.‘.‘...’..‘..t.l..‘0.0-.".0..'......‘...‘..‘.“‘.‘.‘..‘..."“...“.‘

Cc .
C--- RESIDUALS.COM CGNTATHNS THE RESIDUALS VALUES FOR THE GPS, .
C--- LANDMARK TRACKER, AND STAR TRACKER MEASUREMENTS .
C .

Cossosessesscasssancs PN Y Y e A X R T R AR A A A R R R A R AL AR R X2 4
[+
COMMON /RESIDUALS/DZHLM, DZVLM, DZHST1,0ZVST1,0ZHST2,0ZV5T2,
L] DAMGPS(6)
REAL*8 DZHI.M.DZVIM,DZHST1,DZVST1,0ZHST2,DZVST2,DXMGPS

INCLUDE 'TITL .COWm’
COMWMON /TITLE/ ATITLE(4D)
LOGICAL®1 ATITLE

ATITL. IS THE TITLE FRINTED AT EACH PRINT TIME
AS WELL AS THE TOP OF EACH PLOT

LOGICAL FLAG
LOGICALet ATITLE
DIMENS IONM IDTHEM(3)

VAX=11 FORTRAN V2.0-2 Page 3
_DBAO:[D11R.GCP]GCP.FOR; 36




G-V

0042
0043

0044
0045
0046

0047
0048
0049
0050

0051

0052

0053
0054

0055
0056

0057
0058
0059

0060

0061
0062

0063

8-Apr-1981 12:35:57 VAX=11 FORTRAN v2.0-2

8-Apr-1981 12:33:02 _DBAO:[D11R.GCP]GCP.FOR; 36

OPEN(UNIT=6,R CORDS1ZE=132,TYPE='NEW')
OPEN(UNIT=212 ,RECORDSIZE=780,TYPE="'NEW')

c WRITE(S,2)

c2 FORMAT (' INPUT RUN TITLE (MAX. 40 CHAR) : ',$)
C READ(S ,4)(ATITLE(!),i=1,40)

4 FORMAT (40A1)

5 FORMAT(///,5X,4041)

OPEN(UNIT=13 ,NAME= 'GAIN.DAT' ,RECORDSIZE=98,TYPE= 'NEW')
[ R Y R N N R R R Y S R R R R L R R PR YT ]
C INITIALIZE DATA
Cre0usssstesds sR st s0¢82s o 0itatsstbtatRERet ettt tedsRadesgrtaitestattsttssd
CALL INDATA
WRITE(12,4)(ATITLE(1}.1=1,40)
WRITE(6,5)(ATITLE(]),1=1,40)

iCALL = 0
P et tatesIrta ettt sertse st ssatstsssdttttastsdtssssttsnsettaiItsnisnnsetesssse
Cc PRINT INITIAL PARAMETERS

COBOCEISRELEP RS4S04 rs s RRRSLSENBRRNRIERPRRRIERRRNINNNBENNNOr gttt tnes
CALL OQUTDATA(ICALL)
Cressetstiesess 0 dttssestnt ittt sttt dtsdRassttt gttt ttatdgettttsgasedntnseesn
c SET UP FORCE MODELS
c‘O‘....““.t‘.t‘..'.O.'.QOOOttt‘t....“........‘.‘.“."‘.“‘.“’t.““...“.
CALL ONAV(TIM_,X,xD, iDumMmY)
CoOE2000 8000244 3X2L 8B P02 2200350800804 008P0REREEROPIRRRRILRSRNERIERRURISNOantsn
c INITIALIZE OPERATING FLAG TO TRUE
CHSEBR2 0424244808888 2380022022303 808 2300088008084 0R4SLRRSRRRGINREtISRPOtRRNRtaS
ISKIPN=0
GO 10 (10,40),MOF
C“..“‘...‘.."t..‘.‘.'.‘."...“..‘.."...“.‘..‘..“‘“‘...t'.‘..“‘....“..

C PREFLIGHY SIMULATION

C (SIMULATED GCP MEASUREMENTS)
R I R R A A R A T L R L R YL R R Y YY)
10 CALL GCPSEQ ! SEQUENCE MEASUREMENTS

FLAG = .FALSE. ! INITIALIZE NEW MEAS. FLAG
CrO0000 800008030t R sRLISIALINSESEEL 4RSS RNGESNRRSENITEERIENREIIBEI4RNEtSREtES
C COMPUTE TIME OF MEASUREMENT
o
c
Cc PROPAGATE TRUE VEHICLE STATE AND PROCESS
[ GYRO DATA TO MEASUREMENT TIME
Cresessatiestatosstn resesins S48 m s usBdatdstdttstttisssstartssdssssstnstssd
20 CALL GENENV{FLAG) ! GENFPATE GYRO OQUTPUT

CALL GYROD

IF(TIME + .01 .LT. TMEAS} GL T2 20
Cresentattastn s0 0008 +0003 048223800 s sttt RssstRgststtasssttnttsdsssnestosnessd
C GENERATE MEASUREMENT
CrO0e00 0t 0N EIABRT LIS IITASAREISSSPIRNBELLCEH ISR NSRS NNLSH SRS SSNOSN
CALL MEASURE
Cressesesssess s38808 20088483 4R0as sttt dtsstssstetseaitstnittstesesttsstnss
C INTEGRATE FILTER STATE TO MEASUREMENT TIME
CrHEBBETS 4SS4SR CP LSRR I0R0P L F AT RASSSEIIBACREEEEPRNENNRRS RS0 IIEINLESCESSEssitne
30 CALL INTG
IF(TIN ¢« .0t .LT. TMEAS) GO TO 30
c..‘.‘.‘..‘...........O‘.‘..ttt“‘....‘.‘.‘...“.‘t.‘.“‘t.“‘.t..““““‘.“'
C PERFOAM STATE ESTIMATION
C‘....“‘.‘.‘."““.‘t“..‘!t..‘..“t“.‘.“‘..‘.‘0‘.‘.““‘.lt..".‘.".“...

CALL EST




U=y

0064

0065

0066

0067
0068

0069
0070
0071

0072
0073
0074

0075
0076

0077
0078

0079

0080

0081

B-Apr-1981 12:35:57 VAX~11 FORTRAN Vv2.0-2
8-Apr-1981% 12:33:02 _DBAO:[D11R.GCP]GCP.FOR: 36
ICALL = O
(O 80000030000 E020a8 teatst titasstinststsattoitstaatstttostteraitusttssnasoassnts
[ PRINT QUTPUT DATA

COPPRBERIRBECI 0202890020000 0t ssttttsttRtEtvdttnsttstuausstytrsttasnsstonstssss

CALL OQUTDATA(ICALL)

CrH oottt eerests 008080 teteoctititasssttsststRetstttssststistsattastsstosesttnsastse

C PROCESS MEASUREMENTS UNTIL TIME=TSTOP

COPIBIPIRICICLCOI ORI B L0080 v et atat st sRtEPBEtIINIR It ERIEOESEI TSI sIINETIESERT?
IF(TIME.LT.TSTOP) GO TG 10

Croseasatteststnsststssveeerstssssssstsstistdgtsttisgtstetsdinssettnsasstssnsdansesy

[ GENERATE PLOT TAPE
Co0ceedeP8as 00888308 +2389430008480308 308808080000 RSEtRSNSEORNNEEtLIRINISRNEesnS

CALL PLTDATA

GO T0 110
COB0808 008000000880 42000as28430 8800000800080 0800S0S08PERS0RRESSREINRStnRensS
C POSTFLIGHT L1MULATION

(P 0000000000000 es0rsntrittesttottstont Esostttnesttaaestinvdestsnenetsssesss
40 IGCP = .FALSE.

CALL GCPSEQ

FLAG = ,FALSE.
COItOPs P IO 0E300RIIPattisesdatosetsttstsatttstnsitttastsstosstsdenosesnesnes

COMPUTE TIME OF MEASUREMENT

PROPAGATE TRUE VEHICLE STATE AND PROCESS
GYRD DATA TO MEASUREMENT TIME

NOOOOO

(0080 BN ts It s0sstt susttsssettastttsedtitosssittesssstssrttonssasssgoistsosses
220 CALL GENENV(FLAG) {1 GENERATE GYRO QUTPUT

CALL GYRO

IT(TIME + .01 .LT. TMEAS) GO TO 220

C.i.‘.“.“‘..‘.‘....'.‘...'."...‘.‘.“..‘...‘...“..“‘t‘.."“‘.‘.‘...‘...‘.

Cc GENERATE MEASUREMENT
Crotessatsstesststtesssstastssds ettt dodssstissnntossosttssnsstssasstogrcsttosssns
CCALL MEAS

COs00800 00000 ettessattsttatisnta tssststidsdsttsstastisttotsstgsrsnisenssedossnss
Cc INTEGRATE FILTER STATE TO MEASUREMENT TIME

Ce Ot aENettanes tstedssoasnstisnsgsistssstitstaistsetogetttinsossenrittessssnstnstses
230 CALL INTG

IF(TIN 4+ .01 LY. TMEAS) GO TO 230
Cr000880 000002880008 5828880008048 88 4008888808084 ¢R8P IRERS*ERST SRRSO REntd
c PERFORM STATE ESTIMATION
CrHOOIEEN LU0 E2CEER UGN S P TIGLSFIREEPNNNOOPE SSRGS IRES NGNS TIIINERENEIO NI
CALL EST
ICALL = ©
Cresastsatesstssttots 04842230820 088R8000R00RRCGIES o 0N LRS00 0800800t ntd
C PRINT QUTPUT DATA
SR I LR R R R R R N RS R R L L R AL AR Al R TR R RS AN YRR 2 Y]]
CALL OUTDATA(ICALL)
COBINBIBPRIEP L AN R £ 9202 43020004000 ¢NOSNURRNLEIERISAREO ISP URNIPNNTOLERERRBENES
Cc PROCESS MEASUREMENTS UNTIL TIME=TSTOP
Co00eststss0ist st sssstoatttssas ittt Nttt tsdtpetstisissttatntastegesttnpednse
IF(TIME .LT, TSrCop) GO 1O 40
Cr o080 0800¢98808800 0000002800848 008080CSRIERERIERRNRRINNSRSLTISONnsasdisntnse
C GENERATE P!LOT TAPE
CPe08888200080 0088808286200+ ¢00 8800000000300 PSRaP0OSRICNCEIRINIRENSEOEEresoess
CALL PLTDATA

Page




SR TR R R e PR AR R s =

0082
0083
0084
0085
0086
0087

Nane

$CODE
SPCATA
SLOCAL
CONTRL
TIME

ASTATE
RO7TAT

NO ISE
NSTATE
DERUG

CRNOAIVNDHDWN~-O

10 PHiaA

1Y PHIN

12 ARRAAYS

13 UPDTY

14 RESIDUALS
15 TITLE

ENTRY PQINTS

Address

0~00000000

VARIABLES

Address

7-000500C8
4-00000%68

14-00650010
14~006%0028

9-003060004
2-0000001C
8-00000060
4-0000CU00
4-0000G060
4-000G0050

110

PROGRAM SECT IONS

Type

Type

Re*8
Re8
Re8
Re8
1ea
[e4
R*8
Re*8
Re8
Re8

CONTINUE

CLOSE(UNIT=8,015”GLE="SAVE')
CLOSE(UN!T=13,DISPOSE="SAVE'
CLOSE(UNIT®12,0I5P0SE="'SAVE’

CALL EXIT
ENO

Bytes Att

a54 pIC

24 PIC

184 PiC

12 pIC

136 PiC

160 PIC

7 piC

216 PIC

112 PIC

8 PIC

7176 PIC

1440 PIC

1096 PIC

752 PIC

96 PIC

a0 PIC

Name
GCP

Name Addren: Type
BRE 4-0070703H Re*8
DTA 4-CLC27030 Re8
DZHST Y 14-0C50CC20 R+*B
O2vsSt12 2-CCLo2UNC L+4
ICEBUG 2-CLCoo018 1-4
ISKIPN 3-CCLIZ0L0 Je4
RADM 7-0CCT%050 Re8
TIME 4-00C33028 Re8
TISN 4-0GCCC0C48 Rv8
TRACK 4-00C0C010 Re8

)
)

ributes

CON REL
C7N REL
ON REL
JVR REL
JVR REL
JVR REL
OVR REL
GVR REL
OVR REL
OYR REL
OVR REL
OVR REL
OVR REL
OVR REL
OVR REL
OVR REL

Name

DATEOQ
OTN
ODZNHST2
FLAG
1oummy
MOP
SRE
TIN
TMEAS
TSTOP

LCL
LCL
LCL
GBL
GBL
GBL
GBL
GBL
GBL
GBL
GaL
GBL
GeL
GBL
GeL
GBL

B8-Apr-=1981
8-Apr=1981 12:33:02

SHR EXE
SHR NOEXE

NOSHR NOSXE

SHR NQCEKE
SHR NGEXE
SHR NIEsE
SHR NGEXE
SHR NOEXE
SHR NGEXE
SHR NOEXE
SHR NOGEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE

Address

4-000%0070
4-00066080
14-000C0008
2-00000010C
9-000CG0G0
13-000601C00
7-000000CO
3-00000004
4-00000008
4-00000040

12:35:57

VAX=11 FORTRAN Vv2.0-~2
_DBAO:[311R.GCP]GCP.FOR; 36

RD NOWRT LONG
RD NGWRT LONG

RD
RD
RO
RO
RD
RO
RO
RD
RO
RD
RO
RD
RO
RO

Type

ke8
Re8
R*8
14
1+4
Re*8
R+
R*8
Re8
R*8

WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG

Name

DATER
DTPRINT
DZVLM

1
IENTER
QMA X
SRM
TINT
TNEXT
TZERO

Address

4-000C0020
14-CC0G000
14~0G000018
2-0000c014
2-00000020
8-050C0068
4-000G2018
4-0000C058
4-00000078

Type

R+8
R+8
R*B
14
14
Re*8
R*8
R+8
R+3

Hame

DEL
DZHILM
DZveTt
IcaLl
IGCe
RADE
TIA
TIS
TP RINT

Page




A - e e o

P
;
H
GCP 8-Apr-1981 12:35:57 VAX=1%1 FORTRAN V2.0-2 Page 7
3 B~-Apr-1981 12:33:02 DBAO:[D11R.GCP]GCP.FOR; 36
ARRAYS
Address Type Name Bytes ODimensions
15-00000000 Le1 ATITLE 40 (40)
7-00000060 Re+8 80 24 (3)
7-00000090 Re+8 BOD 24 (3)
7-00000030 Re8 BSF 2a (3)
7-00000000 R+8 BwWD 24 (3)
10-00000C00 Rs8B COVA 2048 (16, 16)
11-00000360 R+*8 COVN 288 (6, 6)
5-00C00070 Re8 D 24 (3)
5-000000688 Re*8 DD 24 (3)
$-00000000 Re8 DE 32 (a4)
6-00000030 Re*8 DTHE 24 (3)
6-000720018 Re+B DTHEM 24 (3)
6-00000000 ReB DTHR 24 (3)
14-00000030 R+sB DXMGPS a4 (6)
§-000C0020 Re*B E 32 (4)
2-00000000 1[4 IDTHEM 12 (3)
10-00000000 Re8 PA 128 (a4, 4)
10-00000200 Re8 PDA 512 (4, 16)
11-00C00120 Re+8 PDN 288 (6, 6)
10-00000400 R+8 PHIA 2048 (16, 16)
11-07000240 R+B PHIN 288 (6, 6) 1
11-0C 00G000 R+*B PN 288 (6, 6)
10-00 01400 Re8 POA 2049 (16, 16)
) 11-0C 000480 Re¢8 PON 288 (6, 6)
< 13-00000080 Re8 Q 283 (6, 6)
—_ 13-00000030 R+8 QA 128 (16)
== 13-00000100 ReB QODOT 268 (6, 6)
13-70000000 Re*B QN a8 (6)
7-00000078 R+*B SD 24 (3)
7-000000A8 Re8 5SDD 24 (3) ;
5-00000058 Re*8 SF 24 (3) ]
7-00000048 R+*8 SSF 24 (3) :
7-00000018 R*8 SWD 24 (3)
12-00000000 Re+8 T9 24 (3)
12-00000098 Re8 T11 72 (3, I3)
12-00000018 ReB T2 24 ’3)
12-000060030 ReB T3 24 (1)
12-000000€0 ReB T33 72 s, 3)
12-00000048 Re+B T4 80 (10)
12-00000128 Re8 Ta4 128 (4, 4)
12-000003E8 R+*8 15 32 (4)
12-00000408 R+8 16 32 (a)
‘ 12-00C001AB R+*B 166 288 (6, 6)
v 12-00000428 R+8 717 32 (4)
S 12-000002C8 R+*8 7177 288 (6, 6)
10-00000080 Re8 TA 384 (4, 12)
5-00000040 R*8 WD 24 (3)
8-90000030 R+8 X a8  (6)
8-00000000 R+*8 XD 48 (6)
B} ,




-V

Gee 8-Apr-1981 12:35:57 VAX-11 FORTRAN
8-Apr-1981 12:33:02
LABELS
Address cule Address Lapel Aggress Label Address Label Address
1-00000000 4' 1-00000005 5°' 0-000000A4 10 0-000000AD 20 0-00000000
0-000001t1A0 110 0-00000131 220 0-0000015A 230
FUNCTIONS AND SUBROUTINES REFERENCED
DNAY EST FORSCLOSE FORSEXIT FORSOPEN GCPSEQ GENENV
INDATA INTG MEASURE OUTDATA PLTDATA
Total! Space Allocated = 11978 Bytes
COMMAND QUALIFIERS
FORTRAN /L GCP
/CHE Ck = { NOBOUNDS ,OVERF LOW)
/DEBUG={NOSYMBOLS, TRACEBACK)
JF77 /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE /CONTINUATIONS=19

COMPILATION STATISTICS

Run Time: 3.00 seconds
Elspsed Time: 12.04 seconds
Page Faults:@ 196

Dynamic Memory: 51 pages

ve.0-2

Label

30

GYRO

_DBAO:[D11R.GCP]GCP.FOR; 36

Agdress

0-00000125

Page

Label

40

]



2.1 TNITIALIZE DATA MODULE (INDATA)

T

The Initialize Data module shall perform the basic functions of the _
telemetry up-link to the spacecraft. It will initialize and reinitialize both ! )
attitude and navigation states; the lunar ephemeris, the command sequence -
tables, and the time reference. When the sequence tables are reinitialized, a
flag is set and the sequencing reverts to the beginning of the tables.

g i e o

A data file is read so that only changes to the standard base need to be
input. In addition to inputing data this module will transform attitude data
in terms of Euler angles (more convential) to identical attitude data in terms
of quaternions.

The attitude parameter transformation is;

e, = cos 32‘— cos-g cos -gi + sin% sin % sin :g.
e} = cos% cos% sin% - sin% sin% cos -%
ey = cos —’25 sin% cos -% + sin-’zf cos-.g sin % ;
e = sin% cos% cos% - coa% sin-g- sin%

The coordinate trunformation for the covariause matrix (P) is computed by;
Peg - e3 = OPOT

Where, the transition matrix ¢ is computed from the above quaternion -
Euler angle relationship

p— -

depn 3eq Jep
ax 36 3¢
e ey ey
ax ) 36
¢ =
3e de2 de2
ax 36 30
3e3 de3 dey
| ox 36 3% |
A-20




INDATA VCLR

— - e———— — e e t——————

READ INPUT DATA FROM DATA FILE

SET UP QUATERNIAN FROM EULER ANGLES

SET UP INITIAL NAVIGATION PROCESS NOISE

AN

COMPUTE COVARIANCE BY EULER ANGLES

COMPUTE COVARIANCE BY COMPUTE COMPOSIT COVARIANCE
EULER ANGLES FROM INPUT DATA

- e ——
PRINT DATA BASE

INITIALIZE TIMES

Figure A-4

A-21

o

o




; 10-Apr-198t 06:56:10 VAX-1% FORTRAN V2.0-2 Page
o 10-Apr-1981 06:51:31 _DBAO:[D11R.GCP ] INDATA.FOR ;63
! 00100 0001 SUBROUTINE INDATA
00200 0002 INCLUCE 'DEBUG .CC™’
00100 0003 ¢ COMMON /DEBUG/ [ENTER..DEBUG
00200 e C
0c300 e C USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL
00400 « C
00%00 e C I NTER IF 1., PRINTS WHEN ENTERS MOST SUBROUTINES
006C0 e C IDEBLG 0-10, HIGHER NUMBER MEANS MORE PRINT
00700 ¢ C
00300 0004 INCLUDE 'CONTRL.COM’
00400 0008 ¢ COMMON /CONTRL/ MOP, TINT
f 0C400 0008 * REAL*8 TINT
‘ 00400 . C
00400 e C PROGRAM CONTROL DESCRIPTORS FOR MULTIPLE RUNS
i 00400 e C
‘ 00400 e C woP MODE OF OPERATION
0Ccago e C 1 = PREFLIGHT SIMULATION
i 00400 .« C 2 = POSTFLIGHT SIMULATION
00400 «C 3 = MONTE CARLO STMULATION
00400 e C TINT NUMBER OF SECONDS OF FULL OPERATION PER CYCLE
00400 s C
004092 0007 INCLUDE ‘'ENVIR.COM’
00900 0008 COMMON /ENVIR/ STATE(10).PROFILE(10,4),INIT
. 00500 0009 e REAL*B STATE,PROFILE
7 00500 e C
'~ 00500 s C REAL WORLD STATE PARAMETERS
00900 s C
00500 * C STATE STATE VALUES:; X,v,2,XD,YD,20,80,E1,E2,E]
00%00 e C PROFILE ATTITUDE PROFILE-TIME (SEC) VS
00500 e C INERTIAL ANGULAR RATES (RAD/SEC)
00500 s C INDT INTEGRATION INITIALIZATION XEY (-1)
00500 e C
00500 0010 INCLUDE °'GFPART.COWM®
00600 0011 o COMMON/GFPART/ FA(4.4),EA(4,12) ,FN(6.6)
00600 0012 REAL®8 FA,EA,FN
00600 e C
00600 e C MEASUR MENT AND STATE PARTIALS
00600 e C
00600 * C FA ATTITUDE STATE PARTIALS
0060¢C e C EA - CONSIDERED PARAME TERS PARTIALS
00600 e C FN . STATE PARTIALS
00600 e C |
00600 00t3 INCLUDE 'NOISE .COW' ]
00700 0014 o COMMON /NO1SE/ BwD(3).SWD(3),BSF(3),55F(3).80(3),50(3)
00700 . . ,B0D{3).500(3),5Rm ,BRE,SRE
00700 0018 * REAL*B euo.suo.BSF.SSF.80.SO.BDD.SDO.SRM.BRE.SRE ]
Q0700 e C ;
00700 e C REAL WORLD GYRO MEASUREMENT ©2RORS :
00700 «C i
00700 s C BwD SwD . . GYRO DRIFT (RAD / SEC)
ro700 s C 8SF SSF . - GYRO SCALE FACTOR !
vIT00 e« C gp SO . . GYRD NONORTHOGONALITY (RAD) :
00700 . C 8D0 SDO . - GYRD RELATIVE ORIENTATION (RAD)
00700 e C
00700 0016 INCLUDE 'TARGETS.COM'®
00800 0017 e COMMON /TARGETS/ MTYPE,1S,NS,JFLAG,MCODE,?I, TP1
00800 QO0t8 e LOGICAL JFLAG

L
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INDATA 10-Apr-19081 06:56:10 VAX-11 FORTRAN v2.0-2 Page 2
10-Apr~1981 06:51:31 .DBAO: [D11R.GCPIINDATA.FOR ;63
00800 0019 e REAL*B P1,TPI
: 00800 e C
b 00800 e C MEASUR MENT SPECIFICATIDNS
0¢800 e C
0(600 e C MTYPE MEASUREMENT TYPE
0¢800 s C JFLAS SET FOR STAR OBSTRUCTION ;
‘ 00800 e C MCODE . *  MEASUREMENT PROCESSING :
i‘ oCcR0o e C Pl Pl
00800 e C TPl 2ep;
00800 . C
00800 c020 INCLUDE 'ASTATE.COM'
| 00900 «C .
) 00900 0021 COMMON /ASTATE/ DE(4),E{4),wD(3),5F(3),0(3).0D(3) ﬂ
00900 0022 REAL®8 DE,E.WD.SF.D,00 |
00900 e C ]
00900 . C ATTITUOE STATE AND CONSIDERED PARAMETERS
? 00900 * C A
00900 e C v} DIFERENTIAL OF QUATERNIONS
} 00200 e C E QUATERNIL ONS
00900 « C w0 GYRO DRIFT RATE (RAD/SEC)
00900 . C SF GYRO SCALE FACTOR
0090¢ ¢« C ] GYRO NON-ORTHOGANALITY (RAD)
00900 e C 00 GYRO RELATIVE ORIENTATION (RAD)
00900 e C v
00900 0023 INCLUDE ‘FILTER.COW' :
> 01000 0c24 = COMMOM/FILTER/ IPNI(B).iPA(16) 11PN WAS IPN(11) JACK
] .
1o 01000 + C |
: —~ 01000 . C FILTER DATA CONSTANTS ;
i 01000 ¢« C ?
01000 ¢ C 1PN ARRAY INDEX OF ESTIMATED POS PARAMETERS ,
} 01000 «C 1pA . . . ATT PARAMETERS ;
01000 e C ;
01000 0025 INCLUDE 'SEQU.COM’
01100 0028 COMMON /SEQU/ I S(25).1TS(4.5),1AA(3,4),1FLAG
01100 . . LDTST, DIGPS, IDELAY(11)
01100 0027 REAL®B DTST,OTGPS
01100 0028 =» LOGICAL IFLAG
01100 e C
01100 ¢ C SEQUENCE OF EVENTS TABLES
01100 e C
01100 e C 1.5 EVENT SCHEDULAR
s 01100 e C 17s CYCLE SEQUENCER
h 01100 e C [AA ALTERNATE ACTIONS
“ 01100 e C 1FLAG SET wWwHEN TARGET IS OBSTRUCTED
01100 e C
01100 0029 INCLUDE ‘'TMAT, COM®
01200 0030 o COMMON /TMAT/ A(3,3),B8{(3.3).C(3,3),EM(4,3)
0120y 003% REAL®® A,B.C.EM :
01200 s C
z 01200 « C TRANS FORMATION MATRICES
} 01200 s C
: 01200 . C A INERTIAL TO BODY AXES
01200 . C s GYRO TO BODY AXES
01200 e C c GYRO NON-ORTHOGONAL TG GYRO AXES
01200 e L EM 800Y TO QUATERNIAN AXES
01200 e g
01200 0032 INCLUDE 'NSTATE.COM'

o W S T —— il -t b
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01300 s C

01300 0033 o COMMON /NSTATE/ xDI(6).X(5),RADM, RADE

01300 0034 o REAL*8 XD,X,RADM RADE

01300 s C

21300 e C POSITION STATE AND CONSIDERED PARAMETERS

01300 e C

01300 e C X0 STATE DERIVATIVES (XM/SEC AND NM/SEC/SEC)
01300 e C 4 STATE POSITION PARAMETERS (MM AND KM/SEC)
0t300 e C RADWM RADIUS OF THE MOON (XM)

01300 s C RADE EARTH DETECTABLE RADIUS (M)

01300 e C

01300 ¢ C

01300 003S INCLUDE ‘ARRAYS.COM'

01400 s C

01400 0038 o COMMON /ARRAYS/ T1(3).72(3),73(3),T4(10),711(3,3),733(3.3)

01400 . . T44(4,4),766(6,6),T77(6.6),715(4),76(4),T7(4)
01400 0027 ¢ REAL*S T1,T2,7T2,74,711,733,144,766,Y77,75,76,17

01400 LI A

01800 e C THESE ARE TEMPORARY STORAGE ARRAYS FOR USE BY ALL MODULES
01400 s C

01400 s C Tt - Ta SINGLE DIMENSION ARRAYS

01400 s C Ty - 177 DUAL DIMENSIONED ARRAYS

01400 s C T11 OUAL ARRAY; OFF DIAGIONAL SET TD ZERO
01400 e C

01400 0030 INCLUDE ‘TIME.COM*

00100 e C

00200 0039 o COMMON /TIME/ TIMC,TNEXT,TSTOP,TJA,DEL,TIN,DTN,DATEO,TZERD

00300 . «TMEAS , TRACK ,T1S,TISN,DTA.DATER,TPRINT ,DTPRINT
00400 0040 o REALOO TIME, TNEXV TSTOP, YlA DEL,VIN,DYIN,DATEOC, TMEAS, TlACK T1S,
00500 L4 . TISM,DTA,TZERO.DATER,TPRINT ,DTPRIAT

00600 e C

00700 e C THESE ARE THE TIME REFERENCE FRAMES

00800 e C

00900 e C TIME ATOMIC TIME SINCE INITIALIZATION (SEC)
®1000 * 0 TNEXTY TIME FOR NEXT POSITION INTEGRATION (SEC)
01100 e C TST0P RUN TERMINATION TIME (SEC)

01200 e« C TIA AleTUDE INTEGRATION -TIME (SEC)

01300 s L 0L - STEP SI2E (SEC)
01400 s C TIN POSITION INTEGRAYION TIME (SEC)

01500 * C DTN STEP S1ZE (SEC)
01600 s C DATER DATE OF FLIGHT EPOCH (uD)

01700 s C DATER DATE OF 1950 EPOCH (JD)

01800 e C TZERQ START TIME IN SECS. SINCE DATEO

01900 s C TSLEW TIME NEEDED TQ SLEW AND ACQUIRE (SEC)
02000 e C Tis REAL WORLD REFERENCE TIME (SEC)

02100 s C TISN TIME FOR NEXT RW POSITION INTEGRATION (SEC)
02200 e C oTA USUALLY & DEL BUT + TSLEW ~ TIA WHEN DEL
02300 s C TOO LARGE AT MEASUREMENT TIME

02400 s C TPRINT TIME FOR PRINT (SEC)

02500 e C DTPRINT INCREMENT ON TPRINT (SEC)

02600 e C

01500 0041 INCLUDE 'CONST.

01600 0042 o COMMON /CONST/ Arl RBM,REE ,RBC,REQ,IM2,UM,US ,UE,J2,4y3,Jys,DTU.PK1
01600 0043 o REAL-S ATM . RBW, RBE ,RBO,RE2,AM2,UM,US ,UE,V2,u3,vs,DTU, PKY
21600 « C

01600 LI PROGRAM CONSTANTS

01600 s C

—
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01600
21600
01600
01600
01600
01600
01600
01600
01600
01600
01600
01600
01600
01600
01700
01700
01760
01700
01700
01700
01700
01700
01700
01700
01700
017C0
01800
01800
01800
c1800
01800
01800
01800
01800
01800
01800
00100
00200
00300
00400
00500
00600
00700
0C800
00900
01000
01100
01200
01300
01400
01900
02000
02000
02000
02000
G2000
02000

0044

00as
0046

0047

0048
0049

0050
0051

0052

0053
0054

00S5S

* 8 0 8800 %P 0

LR B K 3R R BR R B R BN J

[ 2R 2B BN BE BE BR BN BN 1

S 26 R AN SO N RN
aOMN0O0O0O0

OO0OOONOOOOO0

L K BN BE BE B J

0ooOn

O OO0 OOO0

O 0000000

INCLUDE

J2,u3,.vd
DTU
PK1

'UPDT. COM'

10-Apr-198t 06:56:10
10-Apr-1981 06:51:31

S/C AREA TO MASS RATIO (METERS/KG)
OBSTRUCTION RADXUS OF THE MOON (KM)
" EARTH (KM)
- - SUN (KM)
SQUARE OF THE EARTHS RADIUS (KM 2)
LUNAR RADIUS (KM 2)
LUNAR GRAVXTAT[QN CDNSTANT (KM 3/SEC 2)
SCLAR
EARTH . " -
ZONAL GRAVITATIONAL HARMONIC TERMS
REGULARIZED TIME STEP SIZE (SEC)
SOLAR PRESSURE CONSTANT

COMMON /UPDT/ QN(6),QA(16),Q(6,6),QD0T(6,6)
REAL*8 QN,QA,Q,.QCOT

INCLUDE

STATE

QN
QA

Q
Qogr

'PLOT. COM'

COMMON /PLOT/ TP1,TP2
REAL+*8 TP1,7TP2

INCLUDE

TR
TP2

'PHIA.CCOM'

STIMATION PARAMETERS

NAV. DYr, NOISE COVARIANCE ODIAGONAL

MIN. VALUES FOR ATT. COVARIANCE DIAGONAL
CONTRIBUTION TO NAV. COV. FOR DYN. NOISE
DIFFERENTIAL OF Q

PLOTING INFORMATION

LOWER ABSCISSA VALUE - TIME (MIN)
UPPER .

COMMON /PHIA/ PA(4,4),TA(4,12),PDA(4,16),PHIA(16,16),

COVA(16,16),POA(16,16),QMAX

REAL‘G PA,TA,PDA,PHIA,COVA,POA,QMAX

INCLUDE

PA
TA
PDA
PHIA
CGva
POA
QMAX

‘PHIN. COM'®

THESE ARE THE ATTITUDE TRANSITION AND COVARIANCE MATRICES

ATTITUDE STATE TRANSITION MATRIX

PARAMETER TRANSITION MATRIX
DERIVATIVE OF TRANSITION MATRICES
AGGREGATE TRANSITION MATRIX

NEW COVARIANCE MATRIX

PREVIOUS COVARIANCE MATRIX
COVARIANCE NORM MAX

x x z & 3

COMMON /PHIN/ PN{6.6).,PDN(6,6).PHIN(6,6),COVN(6,6),

PON(6,6)

REAL'B PN,PDN, PHIN,COVN, PON

THESE ARE THE NAVIGATION TRANSITION AND COVARIANCE ARRAYS

VAX-1} FORTRAN v2.0-2
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1 02000 «C PN PDSXTION STATE TRANSITION MATRIX
4 02000 * C PON DERIVATIVE OF TRANSITTON MATRIX
02000 s C PHIN . AGGREGATE TRANSITION MATRIX
02000 ¢« C COVN . NEW COVARTANCE MATRIX
02000 s C PON . PREVIOUS COVARIANCE MATRIX
02000 s C
02000 0056 INCLUDE 'GCPDAT.COM!'
02100 0057 COMMON /GCPDAT; 1GCPUT(4,10),LINNUM, TGCP, IDLMAX,GCPN,DTPS
) 02100 0058 * REAL*8 TGCP,GCPN,DTPS
02100 0059 INCLUDE 'STARPAR.COM'
02200 0060 * COMMON /STARPAR/ B5>!2,2),55(2,2),TNS(3,3,2).TBNS(3.3,2),
02200 . . BSK(2,2).5:K(2,2),TN5K(3,3,2)
1 02200 0061 REAL*B BS,55,TNS,TBNS,BSK,S5K, TNSK
3 02200 . C
J 02200 ¢« C _STAR TRACKER PARAMETERS ;
" 02200 e« C IN EACH CASE THE LAST SUBSCRIPT REFERS TO THE ;
p 02200 .« C TRACKER USED
F 02200 - C BS = BIAS - ACTUAL (RAD)
1 02200 * C £33 = NOISE STANDARD DEVIATION - ACTUAL (RAD)
02200 « C TNS = MISALIGNMENT ARRAY - TRANSFORMATION FROM
{ 02200 .« C STAR TRACKER TO NOMINAL
02200 «C TBNS = ORIENTATION ARRAY - TRANSFORMATION FROM
4 02200 *C NOMINAL TO BODY
02200 «C BSK = BIAS - KNOWLEDGE (RAD)
3 02200 e C SSK = NOISE STANDARD DEVIATION -KNOWLEDGE (RAD)
., 07200 «C TNSK = MISALIGNMENT KNOWLEDGE ARRAY -~ TRANSFORMATION
7 02200 «C FROM STAR TRACKER TO NOMINAL
7 02200 .« C
02200 0062 INCLUDE 'COMPCSIT.COM'
02300 0063 + COMMON /COMPOSIT/ PH1(22,22).QT(22,22),C0V(22,22),P0(22,22).
02300 - 1P(22) ,XT(22),P(22,22)
02200 0054 REAL*8 PHI,QT,COV,PO,XT,P
02300 N
02300 e C PHi = COMPOSIT STATE TRANSITION MATRIX
02300 . C QT = PROCESS NOISE ARRAY
023c? e C cov = NEWEST COVARIANCE ARRAY
02300 * C PO = OLD COVARIANCE ARRAY
02300 «C 1P = ARRAY OF FLAGS INDICATING ESTIMATED AND
02300 s C CONSIDERED PARAMETERS
02300 = C xT = COMPOSIT ESTIMATED PLUS CONSIDERED
02300 * C STATE VECTOR
02300 .« C F = INITIALIZED TRANSITION MATRIX FOR NEXT
02300 s C INTREVAL
02300 e C
02300 0065 INCLUDE ‘LMTPAR.COM®
00100 0066 COMMON /LMTPAR/ AL,LON,LAT,TBNL(3,3),TNL(3,3).BL(2),5L(2),
00200 . BRL(2),SKL(2),TNLK(3,3),TIE0(3,3),SIGGCP,THET
! 00300 0067 +» REAL*8 AL.TBNL,TNL,BL,SL,BKL,SKL,TNLK,TIEOD, sxGch LAT, LON,
4 00400 . . THET
F 00500 * C
00600 « C
00700 « C LANDMARK TRACKER PARAMETERS
00800 * C AL = ALTITUDE OF LANDMARK (XM)
00900 * C LON z LONGITUDE OF LANDMARK (DEG)
01000 = C LAT = LATITUDE OF LANDMARK (DEG)
01100 « C TBNL = ORIENTATION ARRAY FOR LANDMARK TRACKER
01200 = C NOMINAL TO BODY
.
J
— _—




e B e ey R N S e L

R £ Ao Pl

/‘A\w.

INDATA 10-Apr—1981 06:56:10 VAX-11 FORTRAN /2.G-2 Page ]
i 10~Apr=1981 06:51:31 _08A01(011Q.GC9)INUA7A.POR:63
Q1300 e C TNL = WiSALIGWMENT ARRAY - ACTUAL
01400 e C TRACYER TO NOMINAL
01%5¢0 s C BL x Bi25% - ALVLAL (RAD)
01660 e C S = %WSi5E STANGLAD DEVIATION - ACTUAL (RAD)
c1700 s C BrL = BiAS - A%Da EOGE (RAD)
Gta00 e C THET = LCOK ANGLE (RAD)
c1900 e SKL : %°.5E STANWZARD DEVIATION -KNOWLEDGE (RAD)
02000 e« C TIED = [%.TiAL EA-"H FIXKED TO INERTIAL
02109 s C TRANSFORMAT JON
L2200 « C TNLK : MISALIGMMEMT ARRAY kNOWLEDGE
02300 s C TRACKER TO NOMINAL
02400 s C SIGGCD = PLSITION UNCERTAINTY DUE TO CLOUCS
02500 e« C
02409 0068 INCLUDE 'MEASDUT.CIW'
co100 0069 o COMMOM /WEASTLT/ v’iél.aGPS(G,G).DHCS(Z).DICS(?).US(3.2).
05200 . . RG(2,2.2: ~ar DVCL,LVU(3) . RL(2,2) ,EMXG{E),
€300 . . EOWS (2) . EC¥512), EDHL.EDVL
ona00 00706 » REAL*B ll.ﬂGFS,DﬂC>.DJCS,US.RS.DHCL.DVCL.LNU.RL.EﬂxG.
couSco . . EDOHS , _CVS.ETmL ED/L
¢CH00 *« C :
0c700 e C ;
0LB0G e C NMEASUR EMENT OQUTPUT ZAPAMETERS ﬁ
0,300 s C MX + PGSITIOM/VE _OCITY STATE WEASUREMENT - GPS i
. 01ouLD s C (M, vV /SEC) ]
01150 e C EMXG = ESTIMATED BLSITION/VELOC!ITY STATE ;
T 017200 s C MEASUFEMENT - HGPS :
01300 e C RGPS = STATE MEASUSEMENT KOISE ~OVARIANCE |
014090 e C (#%Gw  EDGE) — GPS (¥MesD pM/SECee2) j
71500 « C DHCS 2 STAR MELSLLEMENT HWORIZOWTAL DEVIATION |
V1600 s C FacM TORESIGHT - STARY (RAD)
01700 s C Dvecs s STAR WEASUREMENT VEARTICAL DEVIATION
01850 *« C FROM SORESIGHT - START {RAD)
01920 s C E0MS = ESTIMATED STAR MEASUREMET HORIZONTAL
02000 « C DEVIAT ION FROM BORESIGHT 1R24D)
02100 e C EDVS e ESTIYATEDS 5TAR MEASUREMENT VERTICAL
02200 e C CE.IATION FRDO% BOREISIGHT (RAD)
¢2300 « C S z STAR MELSUPEMENT UKIT VECTOR (SECOND
02470 s C 5.85C21PT REFERS 17 TRACKER) - START
62500 s C RS = STAR MEASUREMENT NCISE COVARIAMLE
02600 e C (KD EDGE) = START (RADe92)
02700 s C DHCL z LANDMARK MELSUREMENT HORIZONTAL DEVIATION
42800 e C FRCM SORESIGHT — LAMKT (RAD)
02900 s C pvCL 2 LAYDMARK MEASUREMENT VERTICAL DEVIATION
03000 s C FRCM EORESIGHT - LAMKT (RAD)
03100 « C EDHL : ESTIMATED LANOMARK MEASUREMENT HORIZINTAL
03200 e C DEVIATION FROM BORESIGHT (RAD}
03300 s C EOVL « ESTIMATED LANDMARK MEASUREMENT VERTICAL i
03400 s C DEVIATION FROWM BORESIGHT (RAD) :
03500 s C LWy = LANWDMARK MEASUREMEMT UNIT VECTOR - LAMKT ;
03600 e C RL x LANDMARK MEASUREMENT NOISE COVARIANCE <
03700 e C (KNOWLEDGE) =~ LAMKT (RADe#e2) '
03800 e C
02500 0071 INCLUDE 'GPSPAR.COM’
02600 0072 * COMMON /GPSP AR/ 5513).v8(3).95(3).V5(3).Pa&(3).VBK(3).DSK(3).
02600 . VSK{ 3)
02600 0073 * REAL®*8 »B.VB,PS,VS,PBK,VBK,PSK,VSK
02600 s C

ma vy QT R



INDATA 10-Apr-1981 06:56:10 VAX-11 FORTRAN v2.0-2 Page 7
10-Apr-1981 06:51:31 _DBAO:[D11R.GCP ]INDATA.FOR ;63
02600 o GPS PARAMETERS
( 02600 . C PB = STSITION B14S - ACTUAL
; 02600 * C vB = JELISITY BlaS - ACTUAL
: 02600 *C S = £731T10N NOISE STANDARD DEVIATION - ACTUAL
| 02500 * C Vs + JELOCITY NOISE STANDARD DEVIATION = ACTUAL
% 02600 e C #BK : PLSITION BIAS = KNCWLEDGE
[ 02600 * C V8K = VELOZITY BIAS = KNCWLEDGE
‘ 02600 s C PSK = PCSITION NOISE STANDARD DEVIATION -
02600 . C KHOWL € DGE
02600 s C VSK = YELOSITY WOISE STANDARD DEVIATION -
02600 e C KNOWLEDGE
62600 * C
02500 0074 INCLUDE ‘'PART.CCW'
G2700 0075 e COMMOW /FART,/ PX122,,PY(22),P2(22).PXD(22),PvD(22),PZD122),
02700 . . POMS (22,2) ,#D¥5(22,2),PDHL(22) ,POVLI22)
02700 0078 o REAL®B PX,PY,FZ.PxD,PYD,PZD,PDHS,PDVS,PDHL,PDVL
E 02700 o C
02700 * C PARTIALS OF THE RESPECTIVE MEASUREMENTS MADE
02700 s C
52700 e C FOR GPS
02700 s C PX = PARTIALS OF X POSITION MEASUREMENT
02700 o C pY = . L 4 . .
02700 ¢ C Pz = . . 2 . .
02700 s C PXD = - * X VELOCITY .
02700 e C PYD : . « y . .
02700 s C pZ0 = . - 2 . .
.. 02700 o C FOR STAR TRACKER M (K ]S THE SECOND PARAMETER) 4
. 02700 o C PDHS = PARTIALS OF HORIZOMTAL DIFLECT ION ]
2 02700 e C POVS = . * VERTICAL . ;
02700 s C FOR LANDMARK TRACKER 1
02700 «C PDHL = PARTIALS OF HORIZONTAL DIFLECTION ;
02700 e C POVL = . * VERTICAL .
02700 ¢ C
02700 0077 INCLUDE 'CLOUD.CCW’
05100 0078 COMMON /CLDUD/ CLOTBLI12)
0C260 0079 e REAL*B CLOTBL
05300 * C PCNT THE PERCENTAGE OF CLOUD COVER
03400 s C
02800 0080 INCLUDE 'TITL . .COWM'
03100 0081 o COMMON /TITLE/ ATITLE(4Q)
20200 0082 LOGICAL®Y ATIVLE
00300 * C
05400 s C ATITL. 15 THE TITLE PRINTED AT EACH PRINT TIME
3500 s C AS WELL AS THE TOP OF EACH PLOT
0600 s C
02900 0083 INCLUGE 'MODE.COW’ ]
95100  00B4 o COMMON /MODE / WCJE{10) ]
06200 . C v
00300 7 MODE (1) = LANDMARK TRACKER SWEEP MODE |
07400 s C 0 = RANDOM
00500 * C 1 = FINED AT INPUT THET
00600 e C 2 = NO DEFAULT TO STAR TRACKER
0570¢ «C MODE (2) = CLOUD SELECTION MODE
‘ 06800 * C 0 = RANDOM CLOUD DEWSITIES BASED
] 00906 . C ON INPUT TABLES CLOTBL
01000 « C 1 = FIXED DENSITY AT NO CLOUDS
01100 s C 2 = NG CLOUDS WITM 100% CLOUD
_%f
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01200
01300
01400
01500
03000
03100
03200
03300
03400
03500
03600
Q3700
03800
03200
04000
04100
04200
04300
04400
04500
04600
4700
04800
04900
05000
05100
05200
05300
05400
05500
05600
05700
05800
05900
06000
05100
06200
06300
06400
06500
06600
06700
06800
06900
07000
07100
07200
07300
07400
07500
07600
07700
07800
07900
08000
08100
08200

0085
0086

0087

00868
ooas
0090
0091
¢092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
0110
o111
o112
0113
o114
0115
0116
0117
o118
o119
0120
0121
0122
0123
0124
0125
0126
0127
ot28
0129
0130

[ 2R 2R 2N 3

0000

no0on 00

o

.

10-Apr-1981 06:56:10
10~-Apr-1981 06:51:31

COVER FOR A SPECIFIED
PERIOD (CLOTBL(11,12))
MODE (3-10) NOT SPECIFIED AT PRESENT
DIMENSION TP(4.3).TPT(3,4).PTP(3,3),PQ(4,4),TMP(3,4)
DIMENSION SDA({ 16),50N(6)
EQUIVALENCE (11(1).p>l).(71(2).THE).(TI(S).PHI)

REAL+B Av.A2.A3.A4.A5.A6.A7,Aa.c1.cz.casi.s:.sa.YSTARr,po.PTP.
SDA,TMP,TP,TPT,.C3,51

ATTITUDE PLOT TAPE

NAVIGATION PLOT TAPE

TAPES
TAPE7

OPEN(UNIT=4,TYP 2'0LD')
READ(4,4) (ATITLE(I),1=1,40)
FORMAT (20X,4041)

READ(4,60)((A(1,u),151,3),d=1,3)

READ(4,10)AL

READ(4,10)ATM

READ(4.60)((8B(1,

READ(4,60)(BD( 1)

READ(4,60)(BDD(1

READ(4.45)(BKL (I

READ(4,45)(BL( 1)

READ(4,10)8RE

READ(4,45)((BS(1,4),1=1,2),u=1,2)

READ(d.dS)((BSK(I.dl.I=1.2).d=1.2)

READ(4,60)(BSF(I),1=1,3)

READ{4,60)(BWD(1)},1=1,3)

READ(4,80)((C(1.3),1=1,3),d=1,3)

READ(4,90)(CLOTBL(I},1=1,10)
R£A0(4.45)cLoraL(11).CLDTBL(12)

READ(4.115)((c0v(l.u).1=1.22).u-1.22)

READ(4.130)(COVA(I,1),I=1,16)

READ(4,130)(COVN(I,1),1=1,6)

READ(4,60)(0(1),i=1,3)

READ(4,120)DATED

READ(4,120)DATER

READ(4.60)(DD(I).I=1.3)

READ(4,70)(DE(I),I12:,4)

READ{(4,10)DEL

READ(4.10)DHCL

READ(4,45)(DHCS(I),1=1,2)

READ(4,10)DTA

READI4,20)DTGPS,DTN

READ(4,10)0TPRINT

READ(4,20)DTPS,DTST

READ(4,10) DTy

READ(4,10)DVCL

REAO(d.dS)(DVCS(I).X=1.2)

READ(4.70)(E{1),1=1,4)

READ(4,70)({EA(I,u),1=1,8),u=1,12)

READ(4,70)((FA(I,u),121,4),421,4)

READ(4.80)((FN(I.J).I=1.G).J=1.6)

READ(4,140)1COVD]

READ(4,200)1DEBUG. IENTER

)
}
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08300
08400
08500
08600
08700
08800
08900
03000
03100
03200
09300
07400
03500
093600
09700
02800
u3999Q
10000
10100
106200
105300
10400
10500
10600
10,700
10800
16300
11000
11100
11200
11300
11400
11500
11600
11700
11800
11900
12000
12100
12200
12300
12420
12500
12609
12709
12600
12300
1340¢0
133500
13269
13309
13400
13500
13600
13700
13800
13900

o131

0132
0133
0134
0135
0136
0137
0138
0139
0140
0141

0142
0143
0taa
014%
0146
0147
o148
0t49
0150
0151

0152
0153
0'54
0159
0156
0157
0158
0159
D160
0161

0162
0163
0164
0165
0166
0167
0168
0169
0170
Ct71

C172
0173
0174
c175
0176
5177
0178
0179
0180
o181

0182
0183
0184
018%
0186
0187
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READ(A.166)(IDELAY(]I),i=1,11)
READI(4,140) [DLMAX
READ(4,180)(IES(1),1=1,25)
READ(4,210)IFLAG
READ(4.,14C;1GCP
RELCI(4,160){(11GCROTIT,U),121,4),Jm,10)
READ(4,140)INIT
READIA4,1959)(IP(]1),121,22)
RELTI4,130)(IPA(]L,,1=21,16)
READIA,170){1IPN(2),i=1.6)
REACI4,140)18
PEADIG,160;((1TS(I.,J),.i=1,4),d=1,8)
REAS(4,120)J2
READ(4,120)J3
READI4,120)J4
READ(4,210)JFLAG
REALD(A,10)LAT
READ(A,601(LMUIL),1=1,3)
REAC(4,10)L0ON
AEAT (4,140 )MC0O05

RELDI4,165) (WODE(1),i=1,10)
READI4, 140 )MGP
REAC(A4.ED)((MSIM],4),121,3),J21,2)
RZATIA,140)MTYP

READI4,80)(MI( 1), 1=1,5h)
READ(A,115)((P(],1),.1=1,22),421,22)
READ(4,70)((PAIL,J,,1=21,4;,d21,4)
REALIG . E0)(PB(1),[=1,3)
READ(4,60)(PBKI(]),1=1,3)

REASIA, 70)(tPDAI,J),i=1,8),Js1,186)
READ(4,115)(PDHLI],),[=2,22)
READIA,115)({POHS71,0),121,22),0s1,2)
RPEADI4,80)((POIT,.,,1=21,6),d=1,6)

- .

..

READ(A,115)3(PDJLIT,, ,22)
READIA,115)((POJSIT,J),121,22),421,2)
READIA4,115)(!PHI(L1,J),i=1,22),4=1,22)
REAS(A, 110 (/PHIA(L, 3}, 121,16),471,18)
REACIA.BO)I(PHINIT,J),1=21,6),d21,8)
READ(A,10)P]

REAT (4,120 )PK?
READIG,BO)I(PNIL 5y, 121,B),021,6)
REACIG, 11S)( (P31, ,i.221,22),J=1,22)
READ(A,110)({P5AYI.,).121,16),d=21,16)
READ(A.BO)((PONI ], si.121,6),J=1,86)
REAL(AG, 90 ((PRIFILECT.J),I=1,10) ,Js1,4)

REATIG.E0)(PS5({11,1:=,3)
REATI(4,60;(PSK(],;,1=1,3)
READ(4,115)(PXI{],1=",22)
READIA, 115} (PYII),1=21,22)
READ(4,115)(P21(1,,1=21,22)
REAS(4,115)(PXDII}j,121,22)
READ(4.115)(PYDI];,[=1,22)
REAC(4,.115){P20(1).1=1,22)
READ(4.,80)({Q(},u).1=1,6),4d=1,6)

READ(4,110)(QA(]),1=1,16)
READ(4,BC)({QDCT(I,J4).i=1,8),4=1,8)
READ(4,10)QMAX
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il

INDATA

14000 ot88
14100 0189
14200 0190
14300 0191
14400 0192
14500 0193
14600 0194
14700 019%
14800 0196
14900 0197
15000 0198
15100 0199
15200 0200
15300 0201
15400 0202
15500 0203
15600 0204
15700 0205
15800 0206
15900 0207
16000 0208
16100 0209
16200 0210
16150 0211
6400 0212
16500 0213
16600 0214
16700 0215
16800 0216
1¢900 0217
17000 Q28
171Q0 n219
17208 220
173¢C¢C 0221
17400 0222
17500 0223
17600 0224
17700 0225
17800 0226
17900 0227
18000 0276
18100 0229
18200 0230
18300 u231
18400 0252
18500 0233
18600 0234
18700 0235
18800 0236
18900 0237
19000 0238
19100 0239
19200 0240
19300 0241
19400 0242
19500 0243
19600 0244

I

10-Apr-1981 06:56:10
10-Apr=1981 06:51:31

READ(4.B0)(QN(1),1=1,6)
READ(4.115)((QT(1,u1,1=1,22),d%1,22)
READ(4,40)RADE ,RADM, RBE,RBM
READ(4,10)RBO
READ(4,120)RE2
READ(4,B0)((RGPS(I,y),1=1,6),J=1,6)
READ(4.70)((RLI(I,J).1=1,2),J21,2)
READ(4,120)RM2
READ(4,45)(((RS{1,U.K),1=1,2),y=21,2),K=1,2)
READ(4,60)(SD(1),1=1,3)
READ(4.60)(SDD(I1),I=1,3)
READ(4.60)(SF(1),1=1,3)
READ(4.10)SIGGCP
READ(4,45)(SKL(I1),1=1,2)
READ(4.45)(SL(1),I=1,2)
READ.4.10)SRE
READ(4,60)(SSF(1).1=1,3)
READ(4,70)((SS(1,4),1=1,2),d=1,2)
READ(4,.70)({SSK(I,Jd),1=1,2),d=1,2)
READ(4,80)(STAT (1),1=1,10)
READ(4,60)(SwWD(I1),1=1,3)
READ(4.60) ((TBNLII,.U),i=1,3),d=1,3)
READ(4.60)(((TBNS(I,J.K),1=1,3),J=1,3),K=1,2)
READ(4,10) THET
READ(4,60)((TI1EO0(].v).i=1,3),d=1,3}
READ(4,60)((TNL(I.J).1=1,3),u=1,3)
READ(4v60)((TNLK(1,4),i=1,3),d=1,3)
READ(4.60) (((TN3(I,J,K),1=1,3),J=1,3),K=1,2)
READ(AQ,60)(((TNSKI(L,J,XK),1=1,3),u=1,3),K=1,2)
£20(4,60)(T1(1),1=1,3}
R&AD(4,60)((T11(1,4),1=1,3),J=1,3)
READ(A4.60)(T2(1).[=1.,3)

READ(4.60)(T3(1),1=1,3)
READ(4,60)((T33(!,J).,1=1,3),y=1,3)
READ{4,90)(T4(1).1=1,10)
READ(4,70)((T44(1,J),I=1,4),u=1,4)
READ(4.70)(75(1).I=1,4)
READ(4.70)(T6(1}).1=1,4)
READ(4.80)((766(1.J}.,1=1,6),J=1,6)
READ(4.70)(T7(1),I=1,4)

READ(2.80)((T77(1.J),1=1,6).J=1,6)
READ(4.7C)((TA(I,J).1=1,4),u=21,12)
READ(4.30)TVIA, TIME,TIN
READ(4,40)TINT ,TIS,.TISN,TMEAS
READ(4,10)TNEXT
READ(4,30)TP1,TP2,TPI
READ(4,10)TPRINT

READ(4,10)7ST0P

READ(4,10)TZERO

READ(4,120)UE
READ(4,120)UM
READ(4,120)US
READ(4,60)(vB(
READ(4,60)(VBK
READ(4,60)(VS{
READ(4,60)(VSK
READ(4,60) (WD(
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; 19700 024% READ(4,115)(XT(1),1=1,22)
1 13800 0244 READ(4,80)(X(1),1I=1,6)
4 1990¢ 247 READ(4,80)(XD(1),1=1,6)
20000 C
20100 0248 16 FORMAT(20X,F20.10)
20200 0249 20 FORMAT(20x,F20.10,/,20X,F20.10)
20300 0250 30 FORMAT (20X ,F20.10,/,20X,F20.10,/,20X,F20.10)
" 20400 0251 40 FORMAT(20X,F20.10,/,20X,F20.10,/,20X,F20.10./,20X,F20.10)
] 20500 0252 45 FORMAT(20x,2F20.10)
20600 0253 60 FORMAT(20X,3F22.10)
20700 0254 70 FORMAT(20X,4F20.10)
20800 225% ao FORMAT (20X ,6F20.10)
20900 0258 90 FORMAT(20X,10F20.10)
21000 0257 100 FORMAT(20X,11F20.10)
21100 0258 110 FORMAT (20X ,16F20.10)
; 21200 0253 115  FORMAT(20X,22F20.10)
21300 0260 120 FORMAT(20X,E20.10)
21400 0261 130 FORMAT(20X,5€20.10)
] 21500 0262 140  FORMAT(20X,110;
21600 0263 150 FORMAT(20X,3110)
1 21700 0264 160 FORMAT(20X,4110)
21800 0265 165 FORMAT(20x,10110)
21900 0266 166 FORMAT(20X,11110)
22000 0267 170 FORMAT(20x,1:1110)
= 22100 0268 180 FORMAT(20X,12110)
t 22200 0269 190 FORMAT(20X,16110)
S 22300 0270 195 FORMAT(20X,22110)
22400 0271 200 FORMAT(20Xx,110,/,20x,110)
22500 0272 210 FORMAT(20X,L7)
22600 0273 REWIND 7
22700 COPB0BP0 488000000800 80000a000tPARNRPRIRIIRRROIRBORLISORNI LIRSS 490802 RPRORRRIESNSE
22800 c PS] = 361.
22900 Cores0800 000003 082¢0Ctsentssrntstst sttt ottetfaotetfosstssdssetnsrstssvtagsnotigdess
4 23000 0274 T1(3)=361. 1 TEMPORARY FIX; JACK
! 23100 0275 DO 400 1=1,18 | TEMPORARY FIX
23200 0276 400 SOA(1)=0. | TEMPORARY FIX
23300 0277 DO 450 1=1,6 I TEMPORARY FIX
23400 0278 450 SON(1)=0. ! TEMPORARY FIX
23500 0279 DO 5001 = 1,6
23600 0280 00 S00 ¥ = 1,6
23700 0281 500 Q(I,J) = 0.
23800 Crovesssssssts sttt sscetsttIstosttsdstesttdodtetotesttetsseettuitsnestosnsetasnsesne
23900 [ IF(PSI.EQ.361.) G0 TO 1000
24000 CO 00003 ¢80 100408800 30880 0872800880800 00000008000080 000030000 Es3¢00020R0eRtted
, 24100 0282 IF{(Y1(3) .EQ. 36%.) GO TO 1000 1 TEMPORARY FIX: JACK
- 24200 0283 Ct = COS(T1(1))
24300 0284 St = SIN(T1(1))
24430 0285 C2 = COS(TH(2))
i 24500 0206 52 = SIN(T1(2})
r 24600 0287 €3 = COS(T1{(3))
? 24700 0288 S3 = SIN(T1(3))
24800 0289 At = S1eC2e(C3
L 24900 0290 A2 = C1e52+53
* 25000 0291 A3 = C1+52+C3
25100 0292 Aqd = S51eC2e53
25200 0293 AS = C1e(2e53
25300 0294 ABG = S1+52¢C3
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INCATA

25400
25500
25600
25700
25800
25900
26000
26100
26200
26300
26400
26500
26500
26700
26800
269C0
27000
27100
27200
27300
27400
27500
27600
27700
27800
27900
28000
28100
28200
28300
28400
28500
28600
28700
28800
28900
22000
29100
22200
29300
29400
23500
23600
29700
29800
29900
30000
30100
30200
30300
30400
30500
30600
30700
30800
30900
31000

0295
0296
0237
0298
0299
0300

0301

0302
0302
0304
0305
0306
0307
0308
0309
0310
0311

0312
0313
0314
0315
0316
0317
0318
0319
0320
0321

0322
0323
3324
0325
0326
0327
0328
0329
0330
0331

0332
0333
0334
033%
0336
0337
0338
0339
0340
0341

0342
6343
0344
0345
0346
0347
0348
0349
0350

1000

1100

2200

3300

2000

2100
2500

3000

3100

4000

5000

6000

7000

7500
8000

A7 = C1eC2eC3
A8 = 51+52¢53
E(1) = A7+AB
E(2) = B5-A6
E(3) = AJ+A4
E(4) = A1-A2

CONT INUE

DO 1100 1=1,6

QUI,1)=QN(I1)
IF(ICOVD!I.EQ.0) GO TG 8000
00 2200 I=1,6
COVI(I,1)=COVN(I,I)

DO 3300 I= 1,16
COV(1+86,1+46)=COVA(I, I}
IF(SDN(1).EQ.0.) GO TO 2500
DO 2000 I=1,6

COVN(I.,1) = SDN(])ee2

D0 2100 I=1,6
Cavil,1)=COVN(IL,I)
IF{SDA(2).EQ.0.) GO TO 8000
DO 3000 [I=1,16

COVA(1,1) = SDA([)ee2

DO 3100 I=1,16
COV(I+6,1+46)=COVA(Ll,1)

DO 4000
J o= [+

PTP(1.1)

™(t,1)
TP(2,1)
P(3,1)
TP(4,1)
TP(1,2)
TP(2,2)
TP(3.2)
TP(4,2)
1P(1,3)
TP(2,3)
TP(3,3)
TP(4,3)
0a %000
DO 5000
TP(JU,1}

TPT(I1.J)

DO 6000
DO 6000

1=1,3

= SDA(J)e*2

= A2-A?
=-A3-A4
= AS-AG
= A7+AB
= A4~A3J
z=A1-A2
= A7-AB
2=~AS5~A6
*r AG6-AS
z A7+AB
z A1-A2
==A3-A4
1=1,3
Jzi,4

= .5¢TP(y,.I)
= TP{d4, 1
CALL MATAB(PTP, TP
CALL MATAB(TP,TMP ,PQ,4,3,4)

I=1,4
J=1.,4

,TMP,3,3,4)

COVA(l,y) = PQ(1.,y)

DO 7000 [=1,16

00 7000 J=1,16

POA(],J})=COVA(L,J)}

00 7500 1=21,6

DO 7500 J=1,6

PON(I,J; =COVN{ 1,J)

WRITE(6,9000) TSTART,TSTOP,E, X
WRITE(6,10000) (COvA(l,I1}).1=1,16)

A e w:’rﬂu—'-— B o
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INDATA

31100
31200
31300
31400
31500
31600
31700
31800
31900
32000
32100
32200
32300
32400
32500
326900
32700
32800
32300
33000
33100
33200
33300
33400
33500
33600
33700
33800
33200
34000
34100
34200
34300
34400
34500
34600
34700
34800
34900
35C90
35100
35200
35300
35400
35500
35600
35700

0351
0352

0353
0354
0355
0356
0357
0358

0359
0360

0361
0362
0363
0364

0365
0366
0367
0368

0369
0370
0371
0372
0373
0374
0375
0276

0377

0378

0379

0380
0381

10-Apr-1981 06:56:10 VAX-11 FORTRAN Vv2.0-2
10-Apr-1981 06:51:31 DBAO:[D11R.GCP]INDATA.FOR ;63

WRITE(G,11000) /COVNI(I1.1).1=1,6)
9000 FORMAT(1HI1,S5X, 46HGROUND CONTROL POINT SIMULATION PROGRAM GCPSIM
.//5%.25HRUN START AND STOP TIMES ,2F10.0/5X,
L2SHINIT QUATERNION VALUES .4F10.7/5X%,
L2SKINITIAL POSITION VALUES ,3E27.14/30X,3€27.14/30X,5€12.4///)
10000 FORMAT(SX,25HATT PARAMETER VAKIANCES ,B8E12.4/30X,8£12.4)
11000 FORMAT(SX,25HNAV PARAMETER VARIANCES ,6E12.4/30X,5E12.4///)
WRITE(6,11200) MmMGP
11200 FORMAT(/,4X,' MODE OF OPERATION = ',I1)
WRITE(6,11300) UE,US,UM
11300 FORMAT(4X,' GRAVITATIONAL CONSTANTS == EARTH, SUN, MOON ', 4aX,
. 3E22.14)
WRITE(6,11400) 2, u3, Jd
11400 FORMAT(4X,' ZONAL GRAVITATIONAL HARMONIC TERMS -~ ',
. 'Y2, J3, Ja',3 22.14)
WRITE(6,11500) RBE, RBO, RBM
11500 FORMAT{4X,' REAL WORLD RADII -- EARTH, SUN, MOON ', 11X,3E22.14)
WRITE(6.,11600) RADE, RADM
11600 FORMAT(4X,' ESTIMATED RADII == EARTH, MOON ', 11X,
. £22.14,22X,E22.14,7)
TIME=TSTART
TINsTSTART
TIA=TSTARTY
TIS=TSTART

CPrOe08es 0000028088080 2¢s000 sttt atettteltettaetttteeritiosustteststtasitstttasssdd

[ FOR EOR2, TMEAS READ FROM NAMELIST. IN ALL OTHER CASES WISH 1IT
C TO EQUAL TSTART. FOR EQOR2, HOWEVER, TMEAS IS A CONSTANT OF 30 SECS.
c AND MUST BE R _AD IN THROUGH NAMELIST. SEE SPECIAL LOGIC IN EXEC.

Cosovassscrnnassones R R R R R Y R Y R N R NI TR AN IR RN R RIS SR RS E N SRR R 210 )
IF{MOP.NE.2) TM AS = TSTART
WRITE(6.12000) IES
WRITE(6,13000) ITS
WRITE(G, 14000) IST.1AA
WRITE(6, 15000) IPA,IPN
WRITE(6,16000)
RE TURN

12000 FORMAT{20X,16HEVENT SEQUENCING/15Xx,75% ' 2 3 4 5 6 7 8 9
.10 11 12 13 14 1S5 16 17 18 19 20 21 2» 23 24 25 /15%,2513///)

13000 FORMAT(20X,13HEVENT CYCLING/25X,SOHEVENT START - STOP, MAX NO. CYC
.LES, MAX TIME - “RS /15X,%(413,4X)///)

14000 FORMAT(20X,12HACTION TABLE/20X,52HCODE 1 2 3 4 5 6 7 8
.9 10 11 12 13 14 15 /20X,18HSTAR SPECIFICATION/3(29X,1113/)20X,
.1GHALTERNATE ACTION/3(50X,413/)///7)

15000 FORMAT(20X,17HPARAMETER UPDATES /20X,BHATTITUDE,S5X,1612/18X,
.1OHNAVIGATION,5X,1112///)

16000 FORMAT(1M1Y)

END

Page 13
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INDATA

PROGRAM SECT IONS
Name

$CODE
SPOATA
$LOoCAL
DE BuUG
CONTRL
ENVIR
GF PART
NO ST
TARGETS
ASTATE
10 FILTER
11 SEQu

12 T™ar

13 NSTATE
14 ARRPAYS
15 TIwng

16 CONST
17 UPpT

18 PLOTY

19 PHIA

20 PH N

2% GCPDAT
22 STARPAR
23 COMPOSIT
24 LMTPAR
25 MEASOUT
26 GPSPAR
27 PART

28 CLOUD
29 TITLE
30 MODE

OO NDbWN-0O

ENTRY PQOINTS
Addaress Type Name

0-00000000 INDATA

VARIABLES
Address Type Name

2-00000260 Re+B A1
2-000002A0 R+*8 AS
24-000000C0 R+*8 AL
2-000002C8 R*8 (2
15-00000070 Re8
11-000000F0 Re8
11-000000E8 R+*8 DTST
25-00000280 Re8 EDVL
3-00000004 1e4 [DEBUG

Address

2-00000288
2-00000248
16-0003C000
2-000002F0
15-00000020
15-00000030
16-00000060
21-000000B0
21 ~000000AC

Att

PIC
PIC
PIC
PIC
PIC
PIC
PI1C
PiC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PiC
PIC
PIC
PIC
PIC
PIC
PIC
PI1C
PIC

Type

Re*8
R*B
R*8
R+*8
R+8
Re8
R+*8
R*8
4

10-Apr-1981 06:56:10
10-Apr-1981 06:51:31

ributes

CON REL LCL SHR EXE
CON REL LCL SHR NOEXE
CON REL LCL NOSHR NOEXE
OVR REL GBL SHR NOESXE
JVR REL GBL SHR NOEXE
OVR REL GBL SHR NOEXE
OVR REL GBL SHR NOSXE
OVR REL GBL SHR NOTXE
OVR REL GBL SHR NOEXE
OVR REL GBL SHR NOEXE
OVR REL GBL SHR NCEIXE
OVR REL GBL SHR NOEXE
OVR REL GBL SHR NOEXE
OVR REL GBL SHR NQGEXE
OVR REL GBL SHR NOfXE
UVR REL GBL SHR NOSxXE
OVR REL GBL SHR NQEXE
OVR REL GBL SHR NOEXE
OVR REL GBL SHR NOEXE
OVR REL GBL SHR NOEXE
OVR REL GBL SHR NQEXE
OVR REL GBL SHR NOTXE
OVR REL GBL SHR NOEXE
OVR REL GBL SHR NCEXE
OVR REL GBL SHR NOEXE
OVR REL GBL SHR NOEXE
OVR REL GBL SHR NOEXE
OVR REL GBL SHR NOEXE
OVR REL GBL SHR NOEXE
OVR REL GBL SHR NOEXE
OVR REL GBL SHR NOEXE

Name Address

A2 : 2-00000290
AG 2-00000280
ATM 7-000000C8
C3 2-00000200
DEL 25-00000%EQ
OTN 15-00000080
oty 25-00000tE8
GCPN 2-00000300
IDLMAX 3-00000000

VAX-11 FORTRAN Vv2.0-2

_DBAO: [D11R.GCP]INDATA.FOR ;63

RD NOWRT LONG
RD NOWRT LONG
RD WRT QUAD
RD WRT LONG
RD WRT LONG
RD WRT LONG
RO WRT LONG
RO WRT LONG
RD WRT LONG
RD WRT LONG
RO WRT LONG
RO WRT LONG
RD WRT LONG
RO WRT LONG
RD WRT LONG
RD WRT LONG
]D WRT LONG
RD WRY LONG
RD WRT LONG
RD WRT LONG
RO WRT LONG
RO WRT LONG
RD WRT LONG
RD WRT LONG
RD WRT LONG
RO WRT LONG
RD WRT LONG
RD WRT LONG
RD WRT LONG
RD WRT LONG
RD WRT LONG
Type Name
R*8 A3

R+8 A7

R*8 BRE

Re8 (C3St
Re*8 DOMCL
R*8 OTFPRINT
R*8 DVCL
14 ]

1+4 IENTER

Address

2-00000298
2-00000288
<-000002cCO
15-00000038
15-00000068
21-00000088
25-00000278
4-00000308
11-000000¢E4

Type

R-8
R*8
R+*8
Re8
R+8
R+*8
R+*8
I*4
Led

Name

A4

A8

4]
DATEO
DTA
o1PS
EDML
1covol
IFLAG
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‘ 10-Apr-1981 06:51:31 _DBAO:[D11R.GC» JINCATA.FOR :63 |
? 2-0000030C [*4 IGCP 5-00002190 [+4 INIT 8-00000004 ¢4 IS I-60000314 1+4 IST |
: 2-00000304 [+4 16-0CC50048 R+B8 J2 16-00000050 Re8 J3 16-00000058 R+8 uJ4 |
b B8-0000000C L*4 JFLAG 2-COCC0310 1*4 K 24-000C0010 Re*B (AT 21-000000A0 J+4 LINNUM ;
24-00000008 Re*8 LON 8-000272010 1+4 MCODE 4-00000000 ¢4 wNMOP 8-00000000 Je*a MTYPE |
8-00000008 1+4 NS B-CCCCC014 Re8 P] 16-00000068 Re8 PK1 19-G0001C00 R+*8 QMAX
13-00000068 Re8 RADE 13-065C2060 R+*8 RADM 16-00000010 RsB HRBE 16-00000008 R+9 RBM
16-00000018 Re8 RBO 16-00C20020 R+8 RE2 16-00000028 R+«8 AM2 2-000002FB R*8 S1
2-00000208 Re8 S2 2-00GTC2€EC ReB S3 24-00000178 Re8 SIGGCP 7-G000C0D0 Re8 SRE
7-000000C0O ReB SRM 21-0C000034 Re8 TGCP 24-00000180 ReB THET 15-00006018 Re+8 TIA
1 15-00000000 ReB8 TIME 15-00206028 ReB TIN 4-00000004 R*B TINT 15-00000058 Re8 T[S
15-00000060 Re8 TISN 15-0000C048 R+*B TMEAS 15-00000008 R+*8 TNEXT 18-00000000 Rs*8 TP1
18-00000008 Re8 TP2 8~-0C0G00IC Re8 TP 15-00000078 R+*8 TPRINT 15-00000050 R*8 TRACK
2-000002€8 Re8 TSTART 15~00000010 R*8 TSTOP 15-00000040 R+*8 TZERO 16-00000CG40 R*8 UE
16-00000030 R*8 UM 16-00000038 Re8 US
E ARRAYS
; Address Type Name Bytes Dimensions
‘ 12-00000000 Re+8 A 72 (3, 3)
j 29-00000000 Le?! ATITLE 40 (40)
‘ 12-00000048 Re+B B 72 (3, 3)
7-00000060 Re+8 BD 24 (2)
7-00000090 Re8 BDD 24 (3)
24-000000C8 Re*8 BKL 16 (2)
24-000000A8B Re*8 BL 6 (2)
22-00000000 ReB B8S 32 (2, 2)
- 7-00000030 Re+8 BSF 24 (3)
| 22-00000760 R*B BSK 32 (2, 2)
< 7-00000000 R*B BWD 24 (3)
12-000C0090 ®R*8 C 72 (3, 3)
28-00000000 Re*8 CLOTBL 96 (12)
23-00001E40 ReB COV 3872 (22, 22)
19-00000C00 R*8 COVA 2048 (16, 16)
20-000G0360 R*B COVN 288 (6, 6)
9-0000G070 R+8 o] 24 (3)
9-00000088 Re*8 DO 24 (3)
9-00000000 R+8 DE 32 (a)
25-00000150 Re*8 DMCS 16 (2) ]
25-00000160 Re8 DOVCS 16 (2) :
9-00000020 Re8 E 32 (4)
6-00000080 R+*8 EA 384 (4, 12)
25-C0000258 R+*8 EDHS 16 12)
25-00000268 R+8 EOVS 16 (2)
12-00000008 Re*B8 €M 96 (4, 3)
25~00000228 R+*8 EMXG 48 (6)
6-00000000 Re*B FA 128 (4, 4)
6-00C00200 Re+*B FN 288 (6, 6)
| 11-00000084 [*4 IAA a8 (3, 4)
5 11-000000F8 [*4 JDELAY 44 (11)
11-00000000 Ie4 IES 100 (29%)
21-00000000 1*4 [GCPOT 160 (4, 10)
23-00003C80 1*4 P 88 (22) :
10-00000018 [s4 IPA 64 (16) :
10-00000000 I*4 PN 24 (6)
11-00000064 14 1TS 60 (4, 5)
3 p
i -




INDATA

25-00C001FQ
30-30000000
25~-00000170
25-00co00000
23-00C" 3088
19-000C0000
26-00000000
26-00000060
19-00000200
27-002006KE0
27-00000420
20-00G00120
27-00300710
27-00 ;u0%30
23-00000900
19-060Cna00
20-00000240
20-00000000
23-00002060
19-00001400
20-00C00480
2-00c00108@
5-C00000%0
26-00000030
26-00000090
2-000000C0O
27-00000000
27-00000210
27-00000080
27-00 20022C
27-000001K0
27-00220370
17-00520080
t71-000600230
1700000190
17-000¢0000
23-00CC0F20
25-00000030
25-000200208
«5-000C0T1A0
7-00C.06078
2-00100%¢€R
7-00000048
2-00000268
9-00020058
24-00000008
24-0007G0BA
22-0000G6020
7-00000048
22-000001R0
5-00000000
7-00r 70018
14-00400000
14-00006098
14-0005¢01'8
14-00000023¢0
4=000000€0

Re8
I[»a
Re8
R+*8
R+8
Reg
ReB
Rep
R+8g
ReB
R+8
ReB
ReB
A*R
Reg
Reg
ReB8
R+8
R+8
R+*8
R*8
R+8
Re*B
ReB
Re*B
Re*8
Q8
ReB8
A+8
Re*8
R*8
Re*B
R*H9
R*8
R*8
R*8
Rep
R+B
Reg
R*B
R*8
R+8
R+*8
Red
Re+Q
ReB
Re8
ReB
ReB
ReB
ReB8
ReB
ReB
R+*B
R*8
Re8
Re8

PQ
PROFILE
PS
PSK
(3L
X
PXO
PY
PYD
P4
P20
Q

QA
QDOT
[°L]
Qr
RGPS
RL
RS
SO
SDA
S00
SON
(3
SKL
SL
ss
SSF

(3}

(19Q?

(3, 2)
(6)

(22, 22)
(a4, &)
i3)

(3)

(a4, 16)
122)
(22, 2)
(6, 6)
t22)
(22, 2)
(22, 22)
(16, 16}
(6, 6)
(6, 6)
(22, 22)
(16, 16)
(6, 6)
(e, 4)
(10, 4)
(3)

(3)

(3. 3)
i22)
122)
(22)
(22)
(22)
122)

(6, 6)
i16)

(6, 6)
(6)

(22, 22)
(6, 6)
t2, 2)
(2, 2, 2)
(3)

(16)

(3)

(8)

(3)

(2)

(2)

{2, 2)
(3)

(2, 2)
(10)

(3)

13)

(3, 3)
(3)

(3)

(3, 3)

10-Apr-1981
10-Apr-1981 06:51:31

VAX—11 FORTRAK Vv2.0-2
.DBAO:[D11R.GCP]INDATA.FOR ;63




i

;
|

Q] -V

INOATA

14-00000048 W8 T4 80
14-00000128 R+*8 TA4 128
14-700003¢8 Re8 15 32
14-00000408 R+*8 16 32
14-00nrnN1AB Re8 166 288
14-00:0%428 ReB 17 32
14-000002C8 ReE 7 288
19-00000080 R*8 TA 384
24-000000+8 ®+8 TBNL 72
22-00000000 ReB8 TBNS 144
24-~00000130 R*B TIEOD 72
2-00000188 R+8 TMP 96
24-00000060 Re+8 TNL 72
24-000000E8 R+@8 TNLK 72
22-00000040 P8 TNS 144
22-0000C1A0 ReB TNSK 144
2-00000000 R+8 TP 96
2-00000060 Re+8 TPT 96
26-00000018 R+*8 VB 24
26-00000076 Re+8& VB8R 24
26-0000004P ReB8 VS 24
26-060000A8 A8 VSK 24
9-00000040 ReB WJ z4
13-00000030 R+8 X 48
13-00000000 Re8 X0 40
23-00003C08 Re8 AT 176
LABELS
Address Labe | Addr ess Labe!l

1-00000000 4' +-00000007 0

1-00000048 60° 1-00000053 70°
1-00000073 115’ 1-00000078 120°
1-0000009% 165’ 1-00000097 16%°
1-0000008F 200° 1-000000C9 °°n'
.o 1100 ve $ 00
.o 3100 s 3360
.o 7500 0-00002008 8000
1-000001F7 11300° 1-0000023C 11400’
1-0000039E 14000' 1-00000430 15900
FUNCTIONS AND SUBROUTINES REFERENCED
FORSOPEN MATAB MTHSDCDS

Tota! Space Allocated = 4823% Bytes

(10)
(a, 4)
(4)
(4)
{6, 6)
(a)
(6, 6)
(4, 12)
3. 3)
(3. 3, 2)
{3, 3)
(3, &)
(3, 3)
3)

[
[~ ]
-
~
-

3, 2)
3
4)

-~~~
P WWWWWRdW
- e s w4 S

P
oo
A -
~

Addrecs

1-00000000
1-00000058
1-goclo00el
1-00C 00A3

*e

r .

LY
1-9200000CE
1- 00000250
1~-00000471

MTHSDSIN

Lebw!

20’
80’
130
170’
400
2100
4000
£200'

11500°'
16000

Address

1-02000019
1-0000006]
1-0000008%
1~-0000J0AA

[ R ]

X

.o
1-00000181
1-0000029F

10-Apr=-1981 06:56::0
10-Apr=-1981 06:51:31

Label

30"
90"
140"
180"
450
2200
5000
10000*
11600°

Address

1-00000028
.o
oo
1-00000081
e
0-00001F22
LA
1-00000VAC
1-00000205

VAX=-11 FORTRAN V2.0-2
_o!Ao:[oain.ccvllnoutl.roa;ss

Label

40"’
1092°
150"
120’
500
2500
6000
11000
12000°

Aogdress

1-00000043
1-00000068
1-0000008E
1-00000088
0-00001E237

X3

.
1-00000:0A
1-00000344

Page

Lavel

a5’
110
160°
195"
1030
3000
7000
11200°
13000°

7
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INDATA

10-Apr-=1981 06:56:10 VAX~-i1 FORTPAN v2.0-2 Page 18 3

10-Apr=1981 06:51:31 -DBAO:[D11R.GCF]INDATL.FOR ;63
COMMAND QUAL IFIERS

FORTRAN /L INDATA

/CHECK=(NOBOUNDS ,OVERF LOW)
/DEBUG= (NOSYMBOL S, TRACEBACK)

/FTT  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE_CODE /CONT INUATIONS=19
COMPILATION STATISTICS

Run Time: 22.24 seconds

Etepsed Time: 68 .35 seconds
Page Faults: 1281
Dynamic Memory: 298 pages
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2.2 BEvent Sequencer (GCPSEQ)

One of the primary functions of GCPSIM ie to analygze the effect of
different measurement sequences and to establist. a baseline sequence which

vill meet the operational requirements. The operations sequencer (GCPSEQ) has
been designed to allow any sequence of operations to be simulated.

The GCPSEQ module is responsible for comtrolling the type of megsurements
performed by the onboard GCP detection system. The possible measurement types
are identified by an event code as illustrated in Table A~1. The delay times
listed in the table were chosen to be multiples of the cycle time between two
coneecutive scans of the mirror in the MSS. This would allow the
implementation of a scan initialization signal which would be generated by the
onboard navigation system to control the scanner of the MSS. Control of the
scan mechanism in this manner would eliminate the distortions (as large as 28
pPixels) associated with variation of the scan period and would reduce the
amount of onboard processing required for image correction. The primary

interrupt period of the onboard navigation system will be chosen such that it
divides evenly into the scan period.

An event sequencing table has been established to identify series of
events to be performed. The overall mission may be broken down into different
types of operational sequences defined by partitioning locations in the event
sequencing table coutaining the event codes to be performed. A sample event
sequence table is shown in Table A-1. In the table, the first partition
contains a sequence which performs a GPS measurement followed by a 10 second
wait. The second partition contains a sequence where a GPS measurement is
followed by a #1 star tracker meaurement, a 10 second wait, a second GPS
measurement, and a #2 gtar tracker measurem:nt.

PARTITION
4
NUMBER ! 2 3

SEQUENCE 1 12 13 14 15{16 17 18 1
eER |1 2|3 4 5 6 7|8 9 10 11 1 4 15 7 9

EVENT
3 2 4 3 6 4
CODES 2 812 3 8 2 4]2 6 3 8 6 8 6

Table A-l. Event Sequence Table
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Partitions within the event sequence table are defined by an event cycling
table. The cycling table defines partitions in terms of the sequence numbers
which mark the beginning and end of the sequence within the partition.

In addition to defining partitions the event cycling table defines either
the number of repetitions of a partition or the maximum amount of time to be
spent cycling through a partition. Operations within a partition are
terminated when one of these limits is reached. A sample event cycling table
is shown in Table A-2, A partition is defined in terms of the event
sequence numbers. In the table, the firat event group defines a partition
beginning at sequence number 1 and ending with sequence number 2. Operations
within the partition will be repeated five times or for two hours depending on
which occurs first.

SEQUENCE SEQUENCE CYCLE REP, CYCLE
START STOP LIMIT TIME (HOURS)

1 1 2 5 2
PARTITION 2 3 7 100 15
NUMBER

3 1 2 50 2

4

5

Table A-2. Sample Event Cycling Table

GCP measurement are considered to take precedence over all other types of
events and will therefore be scheduled on a separate basis. A GCP count table
(Table II-IV) containing all information necessary to locate the predicted GCP
locator has been implemented in the sequencer.

The location and size of the search area is completely defined by the line
start, line stop, element start, and element stcp indicators ccentained in the
count table as shown in Figurce A-H ,

A-41
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Present Sensor
Scan Line

Field of View Over time

Element
Element 1" Start
Stop Search Area (i)
Start Count (i) top Count (i&+

Figure A-5 Explanation of Parameters in Count Table

In Figure A-5 the two long horizontal lines enclose a diagram of the
imaging sensor's field of view over time. The vertical swaths depict one scan
of the sensor's instantaneous field of view, and the small squares within the
scan line are individual picture elements. The start count contains the
number of scans between the present scan line and the first line of the search
area. The stop count contains the size of the search area in scan lines.

Once it is known that the gsearch area is within the field of view, it is
necessary to determine its location. The element start count contains the
distance, in picture elements, of the search rea from the start of the scan
line. The element stop count contains the distance to the end of the search
area from the start of the scan line. These four parameters totally describe
the position and size of the search area relative to the current position of
the sensor's field of view. The center of the search area is coincident with
the estimated center of the landmark and its size is a direct function of the
uncertainty in satellite position and attitude.



MG

R

R R T

g,
?
1

The functional flow of the sequencer is illustrated by the VCLR in Figure
A-6 ." On the first entry into the sequencer, all indices in the sequence
table, the cycle repetition table and the GCP count table are initialized. Oa
all other entries to the sequencer, the event sequence index, ISS, is
incremented. A test is conducted to determine if the sequence index has
exceeded the bounds established by the cycling table. If these bounds have
not been exceeded the event code is read from the sequence table. 1If the
limits have been exceeded, the sequence index is set back to the start of the
event partition defined by the first column in the cycling table. The cycle
repetition index is then incremented to indicate the total number of cycles
through that partition. If the number of cycles does not exceed the limits
established by the cycling table the event code is obtained directly from the
sequence table. If the total number of cycles exceeds the limits, the cycling
rep index and the cycle time are reinitialized to zeru and the next partition
entered by incrementing the event group counters. If the event group counter
exceeds the number of partitions set up in the cycling table, the simulation
is effectivly terminated.

Following extraction of the event code, MCODE, from the sequence table a
test is made to determine if the event is a measuremeant or a delay. 1If MCODE
is greater than five, indicating a delay, the measurement time is found by
adding the length of the delay to the current time.

If MCODE denotes a measurement a sequence test is initiated. First, a
test is made to determine if a GPS update is to be made. If it is then the
measurement time is found by

TMEAS = TIME+DTGPS
where: DTIGPS is the time required to make the GPS measurement

If the measurement is not a GPS update a test is made to determine if a
measurement is being made by star tracker ome. If this is the case, a vector
from the star tracker to the star is generated by the subroutine BVECT. BVECT
is described later in this chapter. Since the star being cbserved by the
tracker might be obscured by a major body such as the sun, moon, or earth, a
test is made by the subroutine VISIBLE to determine if the tracker is
occulted. VISIBLE is cescribed later in this chapter. If the first star
tracker is occulted the process is repeated for the second star tracker, and
if both trackers are occulted the sequencer will delay measurcments for a
period of time. If the measurement code originally indicated a star tracker
two sighting, the process is performed in the reverse sequence. Assuming that
one of the star trackers is not occulted the measurement time is found by

TMEAS = TIME+ DTST

where: DTST is the time required to make a star tracker measurement

A-43




Following computation of the measurement time, either through delay

sequencing or measurement sequencing, a test is per formed to determine if
there is sufficient time prior to the next GCP sighting for the measuremeni to
be made. First, the number of scan lines to the GCP is computed by

LINLEFT = LINNUM-( TIME-TGCP) /DTPS

were: LINLEFT = number of scan lines remaining to the GCP
LINNUM = number of times between last GCP and next GCT

TIME = current time
TGCP = the time at which last GCP was sighted

DTPS = time required per scan line

. 1f the number of scan lines left to the GCP is larger than the number of
lines that will be scanned during the planned measurement, the measurement is
made. If there is insufficient time remaining, the measurement code is set to

1 indicating a GCP sighting and TMEAS is computed.

A-44
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Sequence Operations

First visit to sequencer

Increment event index 188

Initialize sequence counters

Store event index as ISEQ

Sequence index greater than sequenc T

Set sequence index to sequence start

Store sequence index ISS

Increment cycle repetition index e
Cycle rep or time exceeds limits //;

Generate number of lines left prior to GCP sighting
Time left prior to GCP sighting 1s less than TMEAS

r - NULL
E Increment event group counter -
(Z Event group greater than max
( Set cycle rep index to O
! ~ s E
| 5 Set cycle time to 0 | 5_;
Set sequence index to sequence startj
r 7 +
| Store sequence index ISS L . )
Read event code NCODE from sequence table ]
%; MCODE .GE. 5 _//{
- A o
MCODE .EQ. 2 TMEAS = TIME +
IDELAY (MCODE)
MCODE .EQ. 3 T TMEAS = o
BVECT BVECT TIME +
Generate angle from ST2 Generate angle from STI DTCPS
to star to star
VISIBLE VISTELE
Star visible to ST2 Star visible to ST1
MCODE.EQ.3 TMEAS = MCODE.EQ.4 TMEAS =
BVECT TIME + BVECT TIME +
Generate angle DTST Generate angle DTST
from STl to star from ST2 to star
S NULL
VISIBLE VISIBLE NULL
Star visible Star visible
F to ST1 T F to ST2 T
MCODE = 5 §{ TMEAS= MCODE = 5| TMEAS=
mEAs = | TUC N N | ommas = | T ) NuLL
TIME + TIME +
IDELAY(5) IDELAY (5)
NULL | NULL
i i I S

A MCODE.EQ. 1
.
T. 35 = time of GCP sighting

JR—

Update GCP index

Read number of lines to next GCP

Update GCP time flag

r—— e

Return

a sl

Figure A-6 GCPSEQ VCLR

Bae .




94~V

00100
00200
00300
00100
00200
00300
00400
00500
00600
00700
00400
0CcsS00
00500
0C500
00500
cC500
00500
00500
0Cc500
00500
00500
00500
00500
c0500
00600
017600
00600
00600
00690
00600
07600
00600
¢0600
00600
00600
00600
00600
00100
00200
00300
00400
00500
00600
00700
00300
0C900
01000
01100
01200
01300
01400
01500
01600
01700
01800
01900
02000

0001
0002
0003
0004

0005
6006
0007
0008

0009
oc10

0011
0012

0013

0014

0015

e e &8 80

0OO0O0nNnoO0n

......0.3..'

co00ON000Nn

....Q..O....

0o o000 0n

QOQQQOOQQOQQQOOOQOQ

ﬂ!ﬁf‘ﬂ(ﬁf’f)n(ﬁfif)ﬂtﬁf)n

6-Apr=-1981 14:47:55%
18-Feb-1981 15:30:55

SUBROUTINE GCPSEQ

REAL+-8 ANGLE,CT.57,VEC
INCLUDE 'DEBUG.CCM’

COMMON /DEBUG/ IENTER,.DEBUG

USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL

I NTER
10EBUG

IF 1, PRINTS WHEN ENTERS MOST SUBROUTINES
0-10, HIGHER NUMBER MEANS MORE PRINT

INCLUDE *TARGETS.COM'

COMMON / TARGETS/ MTYPE.XS.NS.JFLAG.MCODE.P!,TPI
LOGICAL JFLAG

REAL*8 PI,TPI

MEASUR MENT SPECIFICATIONS

MTYPE MEASUREMENT TYPE
JFLAS SET FOR STAR 0BSTRUCTION
tACODE . *  MEASUREMENT PROCESSING
PI Pl
TPl 2+P1
INCLUDE 'SEQU.COM’

COMMON /SEQU/ 1 5(25).175(4.5).IAA(3.4).1FLAG
.DYSY.DTGPS.IDELAY(il)

REAL*8 DTST,DTGPS

LOGICAL IFLAG

SEQUENCE DOF EVENTS TABLES

| EVENT SCHEDULAR
175 CYCLE SEQUENCER
1AA ALTERNATE ACTIONS
IFLAG SET WHEN TARGET IS OBSTRUCTED
INCLUDE 'TIME.COM'

COMMON / TIME/ TlME.YNEXT.TSTOP.TIA.OEL.TIN.DTN.DATEO.TZERO
,YMEAS.YRACK.TIS.TISN.DTA.DATER.TPRINT.DTPRINT

REAL*8 TIHE.TNEXT.TSTDP.TIA.DEL.TlN.DTN.DkTEO.TMEAS.TRACK.TIS.

TlSN.DTA.TZERO.DATER,TPR[NT.DTPRINT

THESE ARE THE TIME REFERENCE FRAMES

TIME ATOMIC TIME SINCE INITIALIZATION (SEC)
TNEXT TIME FOR NEXT POSITION INTEGRATION (SEC)
TSTOP RUN TERMINATION TIME (SEC)

TIA ATTITUDE INTEGRATION TIME (SEC)

DL . . STEP S12E (SEC)
TIN POSITION INTEGRATION TIME (SEC)

DTN - . STEP SIZE (SEC)
DATEO OATE OF FLIGHT EPOCH (JD)

DATER DATE OF 1950 EPOCH (JD)

TZERO START TIME IN SECS. SINCE DATEO

TSLEW TIME NEEDED TO S.EW AND ACQUIRE (SEC)
TIS REAL WORLD REFERENCE TIME (SEC)

—

VAX-11 FORTRAN v2.0-2
_DBAO:[D11R.Gcw16CPSEQ.F0R:16
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GCPSEQ

02100
02200
02300
02400
02500
02600
00700
00800
00800
00800
00900
01000
01100
01200
01300
01400
01500
01600
01700
01800
01900
02000
02100
02200
02300
02400
02500
02600
02700
02800
02900
03000
03100
03200
03300
03400
03500
03600
03700
03800
03900
04000
04100
04200
04300
04400
04500
04600
04700
04800
04900
05000
05100
05200
05300
05400
05500

00186
0017
0018
0019

0020
0021

*® 4 2 8 0 0

6-Apr-1981 14:47:5% VAX=11 FORTRAN v2.0-2
18-Feb-1981 15:30:5% -DBAO:[D11R.GCP ]GCPSEQ.FOR: 16

[+ TISN TIME FOR NEXT RW POSITION INTEGRATION (SEC)
(o D7TA USUALLY + DEL BUT + TSLEW - TIA WHEN DEL
C TOO LARGE AT MEASUREMENT TIME
c TPRINT TIME FOR PPINT (SEC)
Cc DTPRINTY INCREMENT ON TPRINT (S€EC)
[

INCLUDE 'GCPDAT.COM'

COMMON /GCPDAT/ KGCPDT(d.lo).LINNUM.TGCP.IDLMAX.GCPN.DTPS
REAL*8 TGCP,GCPN,DTPS

OIMENSION MT(15),.M5¢15),VEC(3)
[
C-toooooo..oc-ooooco...-o,‘..'-.-ao-o.o..co.ocooc.t.n...otoo-.tt.oooto.oo..tc..
oS THIS PROGRAM OETERMINES EVENT SEQUENCING
[of
c THE PROGRAM PARAMETERS ARE:
c TIME THE CURRENT FLIGHT TIME
Cc MTYPE THE TYPE OF MEASUREMENT
Cc MTYPE = 1 FOR GCP MEASUREMENTS
C TYPE = 2 FOR GPS NAVIGATION
C MTYPE = 3 FOR STAR TRACKER 1 MEASUREMENTS
Cc MTYPE = 4 FOR STAR TRACKER 2 MEASUREMENTS
C 18 THE STAR NUMBER SPECIFICATION
c JFLAG OPERATIONAL FLAG = SET IF THE
C TARGET IS NOT AVAILABLE
[«
C THE LABELED CCMMON (SEQ) PARAMETERS ARE:
c IES EVENT SCHEDULE TABLE
[ ITS TIME CYCULING TABLE
c IOT STAR SPECIFICATION TABLE
C MT AND MS RELATE MTYPE AND MSET TO MCODE, RESPECTIVELY
[o
(o MCODE ACTION
[of
C 1 GCP MEASUREMENT
[ 2 GPS NAVIGATION
[o 3 STAR TRACKER 1 MEASUREMENT
[ 4 STAR TRACKER 2 MEASUREMENTS
c S DELAY OF XXXXXX US
(o 6 DELAY OF XXXXXX US
C 7 DELAY OF XXXXXX US
[ 8 DELAY OF XXXXXX US
C 9 DELAY OF XXXXXX US
C 10 DELAY OF XXXXXX US
C 11 DELAY OF XXXXXX US
[ 12 DELAY OF XXXXXX US
C 13 DELAY OF XXXXXX US
[+ 14 DELAY OF XXXXXX US
Cc 15 DELAY OF XXXXXX US
(o
Ceesasnsasrsnsssasonsy LA Z T E TN RN XY tt..oo.“““t‘t‘.““to....o.-ott.‘.n..o.....‘
[

IF{IENTER.EQ.1)WRITE(6,999)
939 FORMAT(' ENTERING GCPSEQ ')

c
C.“‘..O“.O0.0.t.t“ttn.-Oattttt.‘.‘t.‘.‘...““.‘.“t.OO..O““.‘.““......‘
C FLAG.EQ. FALS_ INDICATES NEW SEQUENCE TABLES

C..‘.‘.‘C..“..‘..“‘.l.l.‘t"..“..‘...‘.‘....‘..“‘.“t‘.‘..‘....‘.......‘.‘.




GCPSEQ

05600
05700
056800
05900
06000
06100
06200
06300
06400
06500
06600
06700
06800
06900
07000
07100
07200
07300
07400
07500
07600
07700
07800
07900
08000
08100
08200,
08300
08400
08500
08600
08700
08800
08200
09000
09100
09200
09300
09400
09500
09600
09700
09800
09900
10000
10100
10200
10300
t0400
10500
10600
10700
10800
10900
11000
11100
11200

0022
0023
0024
0025
0026
0027
0026
0029
0030
0031

0032
0033
0034
0035
0036
0037
0038

0039
0040
0041
0042
004)
0044

0045
0046
0047
0048
0049
0050

0051
0052
0053

0054

6-Apr-19681 14:47:55
18-Feb-198% 15:30:55

1IF(IFLAG) GO TO 10

ISEQ = ITS(1,1)

1SS = ISEQ

IR = 1

1C = 1

LINNUM= IGCPDT(1.1)

TGCP = TIME

GCPN = 1

1IFLAG = .TRUE.

GO 1O 40
C
Ccoo.oo.o.ootooooocoooc.ooOOcOOQntattaoo....oo..oooottvo.oooo.00.0............‘
o INCREMENT SEQUENCE
C.“‘.'..O.‘."0..."0..'......".‘.‘...63‘."‘.....‘..‘.....‘.....t‘.‘....“.‘
c

10 ISS = 1SS + 1
ISEQ = ISS
20 IF(ISEQ.LE.ITS(2,IC)) GO TO 40 | LIMIT OF PARTITION
30 ISEQ = 175(1.1C) I SET SEQUENCE TO START

1SS = ISEQ
IR = IR + 1
IF(IR.LT.ITS(3,1C}) GO TO 40

(< 1 PARTITION REPITITIONS GT MAX
IC = IC + 1 | INCREMENT PARTITION NUMBER
IF(IC.GT.IPMAX)GO TO 80 ! PARTITION NUMBER GT MAX
IR =0 | REINITIALIZE
ST = TIME
ISEQ = 1T75(1.IC)
1SS = ISEQ

C

CO...‘...O.....t-tt.oto-o‘0.0.“.‘....“.‘.....0..‘0.‘.‘.0.0..o.‘

C GET MEASUREMENT CQOOE

Coooo.ontoantoono.ooo'o.ooOo.ooo.O......‘...‘.O..‘O...O..O‘O“tt

C

40 MCOOE = LES( 1SEQ)
IF(MCODE .NE. t) GO TO 42
WRITE(6,41)

| GET MEASUREMENT CODE

4 FORMAT (5X, 'MCODE ERROR - MCODE =1')

CALL EXIT
42 IF(MCODE.GE.5) GO TO 85
c
C.............o.....-..0..“..O..t.‘......‘...“.".‘..‘.....‘...‘.‘.‘.‘...‘..‘
c GPS MEASUREMENTS?

(0000000060000 04000 tsteresrettstsisttottoidnittststsitetositetsstestsnesstostnis
c

1F{MCODE.NE. 2)G0O TO a5

TMEAS = TIME + DTGPS

GO YO 100
C
C........‘.O...‘..“.0.0‘0.......‘...‘......‘..‘.‘....‘.“““’.“‘....‘.““..
C STAR TRACKER 1 OR 27

e teesensesteetssnsteessetaesseantostiotettdeoosotettitinstssorstsnssssesnssnssee
c

45 IF(MCODE.EQ.3) GO TO 50
c

c.‘..“‘.‘.‘........‘..O.‘.".‘..0.0‘0““.‘.“.‘.‘...“......“‘.‘...‘.......‘

AL - ittt o

VAX-11 FORTRAN Vv2.0-2
_DBAO:[D11R.GCP]JGCPSEQ.FOR: 16

ST RN

Page 3




He=V

GCPSEQ

11300
11300
11500
11600
11700
11800
11900
12000
12100
12200
12300
12400
12500
12600
12700
12800
12900
13000
13100
13200
13300
13400
13500
13600
13700
13800
13200
14000
14100
14200
14300
144300
14500
14600
14700
14800
14900
15000
15100
15200
15300
15400
15500
15660
15700
15800
15900
1600
16100
16200
16300
16400
16500
16600
16700
16800
16900

005%
0056
0057

0058
0059
00€0
0061
0062

0063
0064
0065

0066
0067
0068
0069
0070
0071
0072

0073
0074

0075
0076

0077
0078

Bt N, camne o

6-Apr=~1981 14:47:55 VAX=11 FORTRAN v2.0-2
18-Feb-1981 15:30:55 _DBAO:[D11R.GCPIGLCPSER.FOR:16
C STAR TRACKER 2: CHECK TO SEE IF VISIBLE AND GET ANGLE TO STAR

20000000000t 000000000000trtituttittetttttestsststessicntsttatiettneststansess
C .

CALL BVECT(VEC.2)

CALL VISIBLE(VEC,4,JFLAG) ! IS TRACKER OCCULTED

IF(.NOT. JUFLAG) GO TO 55

C
C.O‘.O.‘t'.otto..ocn.o.oo-.o-.o..‘.-‘c0..‘.0.0"“t‘t“t‘.‘..“‘.tt..“‘......‘
C OTHERWISE STAR TRACKER 1 MEASUREMENTS

Caoo.oo.ct--o..onoo.-o-.o.--‘noot-.oo.ooooo.ottooccooot..toooooooo..‘ooo..ooo“
c

MCODE=2]

CALL BVECT(VEC,1)

CALL VISIBLE(VEC,4,JFLAG) | IS TRACKER OCCULTED

IF(.NOT. JFLAG) GO 70 S5

GO TO 85
C
09 000000000000 000000 10000001000ttt tttinertattet ittt esstesttstesesntonsdnss
c STAR TRACKER 1 MEASUREMENTS
C o 000000000000 00000000000a80200a00000atRttRadtettstttteatsttrestontasssstnsness

c

50 CALL BVECT(VEC,1)

CALL VISIBLE(VEC.4,JFLAG) I IS TRACKER OCCULTED

IFC.NOT. JFLAG) GO TO 55
c
C.ooo...oo..noooeoo.oo'oo.oonott0..0‘.0‘.‘0.00...“..‘..‘0....o.o--........t...
c OTHERWISE STAR TRACKER 2

Cc..‘..o.oo‘caot..o.o.too.oto.ooo.‘.‘.0.0...‘..‘OO.".OO‘0.0..t‘to...‘.‘o.....‘

c

MCODE=4

CALL BVECT(VEC.,2)

CALL VISIBLE(VEC.4,JUFLAG) I IS TRACKER OCCULTED

IF(.NOT. JFLAG) GO TO 55

GG T0 85

55 TMEAS = TIME + DTST

GO T0 100
[
C‘O.......0.“...t'..t..t."l‘.......0‘.‘....“‘.......‘..“....
[ JUMP TO LAST DELAY
COP0E00800E100 2000806330000t 9000N0RtNsssstesststaasnsnses
C
80 MCODE=15

GO T0 87
C
C"........O.‘.“.‘..‘0.‘....00..’.....“.....‘.‘..........‘...‘
C SET UP NORMAL DELAY
Co 0000000120060 00880 202004204002t 00 PeRtteteetdesesttosnnttnts
[+
85 MCODE=S
a7 TMEAS= TIME+ID LAY (MCODE-4)
C
C...“‘..‘....O‘.“"...t.O....t‘....t.‘....‘..‘......“..‘..“.“.O“.
Cc CHECK FOR TIM TO MAKE GCP MEASUREMENTS
C....‘..'.‘.‘.‘..“.'..OtotO..‘.‘.‘.‘..‘....‘...-‘...‘....."“.‘.‘...‘
Cc
100 LINLEFT=LINNUM-(TIME-TGCP)/DTPS

IF(LINLEFT .GT. (TMEAS-TIME)/DTPS) GO TO 200 .

i . b oot /ot ambiaiiiiie oo aaddacfn. ot
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6-Apr-1981 14:47:55 VAX=11 FORTRAN Vv2.0-2 Page S
18-Feb-1981 15:30:55 _DBAO:[D11R.GCP]GCPSEQ.FOR; 16
17000 Cc
17100 c.ooooooooooooooooooo.ooo.oooo.o.ooot-‘ooooooooooooooooo.ooooooo.oo....
17200 Cc GCP MEASUREMENTS
17300 c.oooooo'o-.ooooooo.oo.oo.-onooooooooo.oooo.oocoooo.oooooooooo.tooocooo .
17400 c i
17500 0979 60 MCODE = i
17600 0080 TMEAS = (TIME + LINLEFTeDTPS)
17700 [ t COMPUTE MEASUREMENT TIME !
17800 [+ GCPN = GCPN + 1 ! TEMPORARY
17900 0081 GCPN = 1 1 TEMPORARY FOR LONG RUN = JACK
18000 0082 LINNUM= IGCPDT(1.GCPN)
1200 0083 TGCP = TMEAS + IGCPDT(2,GCPN)/DTPS
16 .00 0084 200 RETURN
18300 0085 END
k
PROGRAM SECT IONS
Name Bytes Attributes
0 $CODE 553 PIC CON REL LCL SHR EXE RD NOWR7T LONG
t SPOATA 59 PIC CON REL LCL SHR NOEXE RD NOWRT LONG
= 2 SLOCAL 236 PIC CON REL LCL NOSHR NOEXE RO WRT QUAD
! 3 DEBUG 8 PIC OVR REL GBL SHR NOEXE RD WRT LONG
< 4 TARGETS 36 PIC OVR REL GBL SHR NOEXE RD  WRT LONG
$ SEQU 292 PIC OVR REL GBL SHR NOEXE RD WRY LONG
6 TIme 136 PIC OVR REL GBL SHR NOEXE RO WRT LONG
T GCPOAT 192 PIC OVR REL GBL SHR NOCXE RO WRT LONG
ENTRY POINTS
Address Type Name
0-00000000 GCPSEQ
VARIABLES [
Address Type Name Address Type Name Address Type Name Address Type Name !
-
2-06000090 ReB ANGLE 2-00000098 Re+8 CT 6-00000038 R+*8 DATEO 6-00000070 R+8 DATER :
6-00000020 Re+*8 DEL 6-000C0068 R*B OTA 5-000000F0 Re*B DTGPS 6-00000030 R+*8 DTN
6-00000080 Re+8 DTPRINT 7-000C00B8 Re+*8 DTPS 5-000000E8 R*8B DTST 7-000000B0 R+*B GCPN
2-0000008C l+4 I 2-000000B4 ¢4 IC 3-00000004 1+4 [DEBUG 7-000000AC 1+4 1OLMAX
3-00000000 [e4 1ENTER 5-000000E4 L+4 IFLAG 2-00000088 1+*4 IPMAX 2-60000080 [*4 IR
4-00000004 l+4 [S 2-000000A8 [+4 [ISEQ 2-000000AC 1+*4 |ISS 4-0000000C L*& JFLAG
2-000000C0 1+4 LINLEFT 7-000000A0 1+4 LINNUM 4-00000010 J*4 MCODE 4-00000000 1+4 MTYPE
4-00000008 1I*4 NS 4-000G0014 Re*8 P| 2-000000A0 Re*8 ST 7-000000A4 R*8B TGCP i
6-00000018 Re8 TIA 6-00000000 Re+8 TIME 6-00000028 R+8 TIN 6-00000058 R+*8 TIS
6-00000060 Re® TISN 8-00000048 R+*B8 TMEAS 6-00000008 Re8 TNEXT 4-0000001C R»*B TPI
6-00000078 R*8 TPRINT 6-00000050 R+*8 TRACK 6-00000010 Re8 7TSTOP 6-00000040 R+*8 TZERO
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GCPSEQ 6-Apr=-1981 14:47:55 VAX=-11 FORTRAN v2.0-2 Page 6
186-Feb-1981 15:30:5% ~DBAO: [D11R.GCP[GCPSEQ.FOR:16
ARRAYS ]
Address Type Name Bytes Dimensiong
500000084 [+4 laA 48 (3, &)
5-000000F8 14 [DELAY 44 (11)
5-00000000 [e4 |[ES 100 (25)
7-00000000 14 [GCPOT 160 (4, 10)
5-00000064 [e4 TS 80 (4, 5)
2-00000054 [ea WS 60 (15)
2-00000018 lea mT 60 (15)
2-00Q000000 ReB VEC 24 (3)
* LABELS
Address Labe! Address Lape! Address Labe! Address Labe Address Lavel Addres s Label
0-00000064 10 .e 20 .o 30 0-000000C1 40 1-00000014 41 0-000000F8 42 !
0~0000011A 45 0-0000014€E 50 0-0000017C Ss .o 60 0-0000018E 80 0-00000197 @S :
0-0000019¢ 87 0-09000189 100 0-0000C228 200 1-00000000 9599

FUNCTIONS AND SUBROUTINES REFERENCED
BVECT FORSEX!Y VISIBLE

1
g

Tota! Space Allocated = 1512 Bytes

-y

COMMAND QUAL IFIERS

FORTRAN /LIST GCD.INDA!A.MATAU.OUYDAYA.RUNG.DNAV.EPHEU.THUEA.SPRESS.OCCULT.G°EﬂT.GCPSEO.VlSlBLE.GENENV.THEG.GYROUT.RATE.II‘T.C-l

/CHE CK = (NOBOUNDS ,OVERF LOW)
/CEBUG=(NOSYMBOLS, TRACEBACK)

; /FTT  /NOG_FLOAYING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE /CONT INUATIONS=19

COMPILATION STATISTICS

Run Time: 2.52 seconds
! Elapsed Time: 27.61 seconds
b Page Faults: 372 |
¢, Dynamic Memory: 180 pages




2.2.1 CHECK FOR STAR OCCULTATION (VISIBLE)

Subroutine VISIBLE acts as an executive for the determination of whether
the target star is occulted by a major body. The bodies checked are the
earth, moon, and sun. The occultation geometry is checked by passing to
subroutine OCCULT a unit vector to the targat star, a vector to the center of
the body of concern and the effective radius of the body of concern. OCCULT
then returns a .TRUE. in the logic variable L if the star is occulted by the
body. Figure A-7 is a VCLR of the process.

Input Variables and Output Variables
VEC = Unit vector to the targef star. (Unitless)

RSO = Radius vector to the sun (KM)

RBO = Obstructinn radiue of the sun (kM)
RSM = Radius vector to the moon (iM)

RBM = Obstruction radius of the moon. (KM)
R = Radius vector to the earth. (xM™)

RBE = Obstructing radius of the earth (xM)
L = Logical flag . TRUE. if occulted,

Calling Routines - GCPSEQ, MEASURE

Routine and Functions Called - OCCULT

A-52




( VISIBLE - VCLR

Occulted by the sun?

Occulted by the moon?

Occulted by the earth?

Figure A-7

A-53
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00100
00200
00300
00400
00500
00100
00200
00300
00400
00500
00600
02700
00600
00700
00700
00700
00700
00700
00700
00700
00700
00700
00700
00700
00700
00700
00700
00700
00700
00700
00700
00800
00800
00800
00800
00800
00§00
00800
00800
00800
00800
00800
00800
00800
00800
20800
00800
00800
00800
00800
00900
01002
01100
01200
01300
01400
01500

0001
0002
0003
0004
0005
0006

0007
0008

0009

0010
00114
0012

00:3
0014
0015

L EE BR 2R 2N IR B J

IR IR IE IR K DR B B B B BN R B 2R BN BN 4

IR BE BE RE NN R BN R R BE K R BE AR BN BE BN J

6-Apr=19s1 14:48:25
30-Sep-1980 08:3n:14

SUBROUTINE VISIBLE(VEC,NO, L)
DIMENSION VEC( 3}

REAL*B V,ZETL,V C,v&AG
LOGICAL L

INCLUDE 'DEBUG.COM’

COMMON /DEBUG/ LENTER,iDEBUG
c
c USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL
c
c I NTER IF 1, PRINTS WHEN ENTERS MOST SUBROUTINES
c 10EBUG 0-10, HIGHER NUMBER MEANS MORE PRINT
c
INCLUDE ‘'RVEC.COM'
COMMON /RVEC/ R(3),RM(3),RO(3),RS5M{3),RS0(3),RSS(3),SB(3)
,RA.R2,R3,RSMA,RTG(3)
"REAL®8 R,RM,RO,RSM.R50,RSS,SB,RA,R2,R3,RSMA,RTG
c
o THESE ARE RADIUS VECTORS IN £CI AND BODY COORDINATES
c
c R EARTH CENTER T0 S/C - ECI (KM)
o RM MOON - ECI (KM)
c RG " . SUN -  ECI (KM)
¢ RSM SDACELRAFT TO MOON - ECI (KM)
c RSO SUN - ECI (HM)
c RSS EARTH CENTER TO STAR - ECI
c RA ABSOLUTE OF VECTOR R (KM)
c A2 SQUARE OF RA (KM 2)
c R3 CUBE OF RA (KM 3)
c RSMA ABSOLUTE OF RSM (KM)
c
INCLUDE °'CONST.COM’
COMMON /CONST/ ATM,RBM,RBE,RB0,RE2,RM2,UM,US,UE,J2,03,J4,DTU,PKY
REAL*8 ATM,RBM,RBE,RBO,RE2,RM2,UM,US ,UE,J2,U3,4d,DTU.PK1
C
c PROGRAM CONSTANTS
[
C ATM S/C AREA TO MASS RATIO (METERS/KG)
c RBM oesrnucrxon RADIUS OF THE MOON (KM)
c RBE EARTH (KM)
c RBO " " SUN (KM)
c R.2 SQUARE OF THE EARTHS RADIUS (KM 2)
c RM2 LUNAR RADIUS (KM 2)
c UM LUNAR GRAYITATION CONSTANT (KM 3/sec 2)
c us SOLAR .
c u. EARTH . . "
c J2,43,U4 ZONAL GRAVITATIONAL HARMONIC TERMS
c DTU REGULARIZED TIME STEP SIZE (SEC)
C PKI JOLAR PRESSURE CONSTANT
c
c
c
c STAR AVAILABILITY
c
[

IF(IENTER.FQ.1) WRITE(6,999) VEC,NO
999 FORMAT(' ENTERING VISIBLE ',3F15,5,15)
IF(NC.EQ.1) GO TO 10

VAX-11 FCRTRAN v2.0-2 Page 1
_DBAO:[D11R.GCP|VISIBLE.FOR:5




VISIBLE 6-Apr-1981 14:48:295 VAX-11 FORTRAN V2.0-2
30-Sep~1980 08:30:14 _DBAO:[D11R.GCP]VXSIBLE.FOR;5
: 01600 C
3 0170C Cr ot asataest et s assa rsacr et tadt s st dts sttt aetiRig It st aplestastastranstsnsnuse
0i800 c 1S THE TARGET OCCULLTED BY THE SUN
g 01900 R e e R T L AL L A R A L A AR A el L A dd
; 02000 0016 CALL OCCULT(RSO,VEC,FBO,L)
02100 0017 IF(L) GO TO 40
3 02200 0018 IF(ND.EQ.2) GO TO 20 !
02300 CHPIBIEI R 420t 4 CTAERE F AT IR AAAASAN L AEEAREAIRARF TN LR L GERBRIFNEDTRRNSSSRESEN
02400 [ 15 THE TARGET OCCULTED BY THE MOON
2300 A e e R T LA T L LR L R AR d A L LA L AR AL R ALl A A et
0260C 0019 10 CALL OCCULT{RSM,VEC,RBM,L)
02700 0020 IF(L) GO TO 40
¢2800 0021 IF(NO.EQ.3) GO TO 30
02900 CQO‘.“.&OO.“‘O“!‘ot‘trtt'v‘ttt‘.‘.t“‘.“.'..“tt.ﬁ“t.“‘t“"‘t‘t.t“-tt.‘
03000 [ IS THE TARGET QOCCULTED BY THE EARTH
03100 Coctoot.o-t-o-tcottatoua--ttoc.ato..‘o‘o.o..ttottat‘ottntatttoaot‘tnt.ott.ttot.
V3200 002z 20 CALL OCCULT(R.V C,RBE,L)
03300 0023 IF(L) GO 70 40
03400 0024 IF(NO.EQ.4) GO TO 50
Q93500 e e R R R 2 A R R A L L L R AL A A A ALl Al A AL A d A A AL L Ead
+3600 C 1S THE TARGET OCCULTED BY THE S/C
03700 COSPREEA ARSI IFEIER ASSRPArHSE I REISP I EOAGEN SIS RAB RSN A EEBEO R LRI NS IRIRNRIGES
02800 3025 30 V = VMAG(VEC,3)
03900 0026 IF(VEC(3)/V.GT.ZETL) GO TOo 50
3> 04000 0227 490 L = ,TRUE.
', 04100 0028 50 RETURN
~ 04200 0029 END
PROGRAM SECTIONS

Name Bytes Attributes
0 $CODE 197 PIC CON REL LCL SHR EXE RD NOWRT LONG
1 SPDATA 32 PIC CON REL LCL SHR NOEXE RD NOWRT LONG
2 $tocaL 108 PIC CON REL LCL NOYHR NOEXE RD WRT QUAD
3 DEBUG 8 PIC OVR REL GBL SHR NOEXE RD WRT LONG
4 RVEC 224 PIC OVR REL GBL SHR NOEXE RD WRT LONG
S CONST 112 PIC OVR REL GBL SHR NOEKE RD WRT LONG

ENTRY POINTS

Address Type Nane

0-00000000 VISIBLE
VARIABLES ;
Address Type Name Address Type Name Addres= Type Name Acddress Type Name %
a
5-00000000 R+8 ATM 5-00000060 R*8 OTU 3-00000004 I+4 IDEBUG 3-00000000 I=*4 IENTER j
$5-00000048 R+*8 J2 5-00000050 R+*8 J3 5-00000058 R*8 u4 AP-0000000C@® L=*4 L

AP-00000008¢ [*4 NO §-00000068 Re+8 P“° 4-00000080 R=*8 R2 4-00000088 R*8 R3




9¢-v

VISIBLE
4-000000A8 Re*8 RA §-00000010 R+*8 RBE
5-0000002 R+*8 RE2 §~-00000028 R+*8 RM2
5-00000030 R+*8 UM 5-00000038 R»*8 US
ARRAYS
Address Type Name Bytes Dimensions
4-00000000 R*8 R 24 (3)
4-00000018 ReB RM 24 (3)
4-00000030 R+B RO 24 (3)
4-00000048 R+B8 RSM 24 (3)
4-00000060 R+*8 RSO 24 (3)
4-00000078 R*8 RSS 24 (3)
4-000000C8 R+B8 RTG 24 (3)
4-00000090 R*B S8 24 (3)
AP-00000004® R*8 VEC 24 (3)
LABELS
Address Labe! Address Label Address Labe)
0-00000069 10 0-00000085 20 0-000000AY 30

FUNCTIONS AND SUBROUTINES REFERENCED

OCCuLT VMAG

Total Space Allocated = 681 Bytes

COMMAND QUALIFIERS
FORTRAN /LIST GCP.INDATA.MATAB.OUTDATA.RUNG.DNAV.EPHEM,TRUEA.

/CHECK=(NOBOUNDS ,OVERF LOW)
/DEBUG=(NOSYMBOLS, TRACEBACK)
/F77 /NOG_FLOATING /14 /OPTIMIZE /WARNINGS

COMPILATION STATISTICS

Rin Time:
Elapsed Time:
Page Faults:
Dynamic Memory:

1.19 seconds
13.87 seconds
351

160 pages

/NOD_LINES /NOMACHINE _CODE

e 2

6-Apr-1981 14:48:25 VAX=11 FORTRAN Vv2.0-2 Page 3
30-Sep-1980 08:30:14 _DBAO:[D11R.GCPVISIBLE.FOR:5
5-00006008 R=8 RBM 5-00000018 RsB RBO
4-000000C0 R+*8 RSMA 5-00000040 R=*B UE
2-00006000 R+8 V 2-00000008 R=+8 ZETL
Address Label Address Labe) Address Label

0-000000C0 40 0-000000C4 S0 1-00000000 999'

SPRESS.OCCULT.GPERT.GCPSEQ.VXSIBLE-GENENV.TREG.GYROUT.RATE.BMAT.CMA

/CONT INUATIONS=19
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2.2.1.1 SUBROUTINE OCCULT (RSB, RSS, RB,L)

Subroutine OCCULT determines whether the target star is occulted by the

major body of concern.

Processing Requirements

The processing uses the dot product of the two vectors RSS and RSB and
compares the sine of the included angle with the sine of the angle opposite RB
in such a manner as to not require trigonometric functions.

s/c

Figure A-8 Occultation Geometry

A-57
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In referring to Figure A-8, if a is greater than B, the star will not be
occulted. Further it may be seen that g<90 for all spherical bodies.
Therefore, given

RSS'RSB = |RSS||RSB|Cos a

if the following condition does not exist the star is occulted
Test A

RSS'RSB < 0 , o 2 900

A second condition that must exists is that be greater than B.

Sina > Sing is also a valid condition indicating o > B

and so is
(Sina)2 > (Sina)? provides a < 900
Since
(sina)? = 1 - (Cosa)? = 1 - fRSS " RSB)
|1 RSS RSB
and

(SinBY -(TRJ_T\ 2

Non occuitation is therefore implied by
RSS-RSB Y >(RB )2
! - (TrssTTrse] TRSB]

RSS 'RSB\?

or Test B 2 (222 ) 2
| RsB| (ﬁ@ > (RB)

Both of these expressions (A) and (B) are used in the program. Figure A-9 is
a VCLR of the process.

i
£
i
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( Input Requirements

RSS = BSI unit vector to the target star (unitless)
RSB = BCI vector to the body of concern. (KM)
RB = Obstruction radius of the body of concern. (KM)

Output Requirements i

L - Logical variable. TRUE. if the target star is occulted, otherwise
.FALSE.

Subroutine and Functions Called - VMAG, VDOT
Calling Subroutine - VISIBLE
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OCCULT - VCLR

INITIALIZE L = TRUE

CALCULATE MAGNITUDE OF
VECI'OR TO BODY

7 CRITERION Z SATISFIED //éﬂ

CRITERION 1

L = FALSE. p\ SATISFIED

NULL L =,FALSE, NULL

Figure A-9
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00100
00200
003900
crano
0C500
00600
00700
0800
00900
01000
0t100
01200
01300
01400
01500
01600
01700
01800
01900
02000
02100
00100
00200
oC300
004090
00500
00600
00700
02200
02300
02400
02500
0z600
02703
OJR3Y
02900
03000
03100
03200
03300
03400
03500
03600
03700

0001

0002
0003

o004
0005
0006
0007
0008
0009
0010

0011
0012
0012
0014
00°S

2 8 & 0 0

6~Apr-19g1
29-0ct-1980

14:47:36
11:50:55

VAX=11

SUBROUTINE OCCULTIRS .%55,RB, L)
COBPOBOBEI 0ot a S840 4 2 v od v et stst s RRaPtR Ittty t ettt st dig I sssdnsgnedtantsse
THIS ROUTINE NETERVINES IF SATELLITE(S)IS BEING
SHADED BY BODr B: K55 IS ECL VECTOR FROM SATELLITE TO
TARGET, RSB IS TwE LCiI VECTOR TO THE BOODY, AND RB 1S5 THE
OBSTRUCTED BODy RADIUS. L IS TRUE FOR SHADING

THE METHOD US S THE DOT PRODUCT OF RSS AND RSB AND
COMPARES THE SINE CF THE INCLUDED ANGLE WITH THE
SINE OF THE ANGLE UPPOSIT RB IN SUCH A WAY AS TO
NOT NEED TRIG FUNCTIONS
CALLING ROUTINE - VISIBLE

VMAG
vDOoT

CALLED ROUTIN S -

CHECKED BY JACK MYLRS 2UUNE1980

OO0 OOO0OO0OO00OO0000n

(RTINS R R R RN A A R R AR R AR AR AR AR A RN 2SI R A RS AL R RS AR RN T R 2 2] ]

INCLUDE 'CEBUG.CCM’
COMMON /DEBUG/ 1ENTER,IDEBUG
[
C USER CGNTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL
C
[ I NTER IF 1, PRINTS WHEN ENTERS M7ST SUBROUTINES
[ IDEBUG 0-10, HIGHER NUMBER MEANS MORE PRINT
C

DIMENSION RSB(3),RS5S5(3)
REAL*8 RA,RB,RDR,RSB,RSS,VDOT,VMAC
LOGICAL L
L = .TRUE.
RA = VMAG(RSB, 3)
RDR = VDOT(RSB,RS5.3)
IF(RA**2-RDR**2,yMAGItRSS,3)*+»2 _GE. RB*RB)L=.FALSE.
c“‘.‘..“".' X R R NN R R N R R R R R A A R A A N R R Y R R R R AR R R P Y]

[+ TO COVER POSSIBLE PROBLEMS ARISING FROM THE SQUARING

c PROCESS ABOVE

C.‘.‘ott.O'Ovo.o.o't.-.o--vt'too0...0.0“."‘.0“.‘...0.ot.‘t‘tc....o‘.‘.t.“..
IF(RDR . LE. 0. )}iL=.FALSE.

If (IDEBLS .GT. 3) wWRITE(6,999) RSB,RSS,RB,L
FORMAT(4X,' AN _XITING OCCULT ',7F13.2,L5)
RETURN

END

999

FORTRAN

B

—

v2.0-2

_DBAO:[D11R.GCi JOCCULT.FOR ;7
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CY=Y

ocCuLT

PROGRAM SEZTIONS

Name Bytes
0 $CoDEe 199
1 $PCATA as
2 sLocAL 84
3 DEBUG 8

ENTRY POINTS

Addgress Type Name

0-00000000 OCcCuLT

VARIABLES

Address Type Name Aduress

3-00000004 4 1DEBUG
AP-0000000C® R-8 RB

3-00000000
200000008

ARRAYS

Address Type Name Bytes

AP-00000004@ Re8
AP-00000008® R+8

RSB 24
RSS 24

LABELS
Address Labe 1

1-60000000 99’

FUHCTIONS AND SUBROUTINES REFERENCED

Voot VMAG
Totat Space Allocated = 326 By tes

COMMAND QUAL.FIERS

FORTRAN /LIST GCP.IND&TA.MATAB.OUTOATA.RUNG.DNAV.EPHE”.

/CHECK = (NOBJUNDS ,OVERF LOW)
/DEBUG!(NOSVMBOLS.TRACEBACKI

/F77  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE

6-Apr-19g1

Attributes
PIC CON REL LCL SHR EXE
PIC CON REL LCL SHR NOEXE
PIC CON REL LCL NOSHR NOEXE
PIC OVR REL GBL SHR NOEXE
Type Name Address
I1*4 IENTER
Re8 ROR
Dimensions

(3)
(3)

14:47:36
29-0ct~1980 11:50:55

RO NOWRT LONG
RO NOWRT LONG
RD WRT QUAD
RO WRT LONG

Type Name

AP-000000100 Le4

/CONT INUATIONS=19

VAX-11 FORTRAN v2.0-2
_DBAO: [D11R.GCP JOCCULT.FOR ;7

Address Type

2-00000000 Re8

Page 2

Name

RA

TRUEA.SPRESS.UCCULT.GPERT.GCPSEQ.VISIBLE.GENENV.YREG.GVROUT.ﬂATE.BﬂAT.CﬂA




e S

occuLr

COMPILATION STATISTICS

Run Time:
€lapseg Time:
Page faults:
Dynamic Memory:

0.687 seconds
9.62 seconds
351

160 pages

6-Apr—-1981

14:47:36

29-0Oct-1980 11:50:55

VAX=-11 FORTRAN V2.0-2
_DBAO:[D11R.GCPJOCCULT.FOR:7

Page




2.2.1.1.1 Compute vector to star (BVECT)

The function of this module is to compute a unit vector in inertial space
pointing along the boresight of the Kth star tracker where K is an input. The
process, illustrated by the VCLR in Figure A-10, begins by establishing a unit
vector in star tracker coordinates defined by

!.

- O O

Note that the z axis of the star trackers point along the boresight., This
vector is transformed into body coordinates using a two step process. First,
the vector is transformed from star tracker coordinates to nominal star
tracker coordinates to account for known misalignments. The resulting vector
is transformed from nominal star tracker coordinates to body coordinates to
account for orientation of the sensor.

The transformation from body coodinates to inertial coordinates is
computed by the subroutine AMAT. This transformation matrix is then used to
transform the boresight vector into inertial coordinates.

A-64
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Figure II-3  BVECT

Form unit vector in star tracker coordinates
along the sensor boresight

Transform unit vector into nominal star tracker
coordinates to account for known misalignment

AMAT
Compute transformation from body
to inertial coordinates

Transform unit vector in body coordinat-s
into inertial coordinates

-

Return vector to star
in inertial coordinates

Figure A-i0
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? 6-Apr-1981 14:54:38 ViX-11 FORTRAN 2.0-2
] 11-Sep=-1980 11:62:38 _DBAO:[D11R.GCP}BVECT.FOR; &

0001 SUBROUTINE BVECT(VECT.K)

c...'....l PPCPOR BB EP R0 CRP R PPt ee? 0Pttt stPsd0gdRode  )oedene

THE FUNCTION OF SUBRCULTINE BVECT IS TO ESTABLISH A UNIT
VECTOR ALONG THE INSTRLMENT BORESIGHT FOR THE RTH STAR
TRACKER, THME VECTOR wiLL BE KNOWN IN INERTIAL SPACE.

INPUT FARAMETERS
L a AN INTZGER DEFINING THE STAR TRACKER
TO BE USED

OUTPUT PARAMETERS
JECT = A UNIY VECTOR XNOWN IN INERTIAL SPACE
CEFiNING THE BORESIGHT OF THE
KTH STAI, TRACKER

WRITTEN BY JACK MYERS - 2)ULY19580
EXT 4443

OO0 NON0

B AEEsEE0sEsE N ettt tiesetI0crtetissesttstteresetetioesatiesne
S 0002 INCLUDE 'ENVIR.COW'
s 0003 COMMON /EMVLIP/ STATE(10),PROFILE(10,4),INIT

0004 REAL*8 STATF . PROFILE

REAL WORLD STATE PARAMETERS

STATE STATE VALUES; X,Y,2,XD,YD,20.E0,E1 ,E2,E3
PROFILE ATTITUDE PROFILE-TIME (SEC) VS

INERTIAL ANGULAR RATES (RAD/SEC)
INIT INTEGRATION INITIALIZATION KEY (-1)

Qr=y

[SU U

[z 2K s X2 XsNaNaKsl

000S INCLUDE 'STARPAR.COM'

0006 COMMON /STARPAR/ BS(2.2),5:¢2,2),TNS(2,3,2),TBNS(3.3,2),
BSK(2,2),55K{2.2),TNSK(13,3,2)

REAL®P BS5,5S5.TNS.TBNS,BSK, 55K, TNSK -

0007

STAR TRACKER PARAMETERS
IN EACH CASE THE LAST SUBSCRIPT REFERS TO THE
TRACK R USED

8s s BIAS - ACTUAL (RAD) R

£ 1 s NOISE STANDARD DEVIATION = ACTUAL (RAD)

NS = MISALIGNMENT ARRAY - TRANSFORMATION FROW :
STAR TRACKER TO NOMINAL ]

TBNS = DRI NTATION ARRAY - TRANSFORMATION FROM ]
NOMINAL 7O BODY

BSK = B1AS - XNOWLEDGE (RAD)

SSK = NOISE STANDARD DEVIATION -KNOWLEDGE (RAD)

TNSK s MISALIGNMEN) XKNOWLEDGE ARRAY ~ TRANSFORMATION :
FAOM STAR TRACKER TO NOMINAL

* 8 5 0 & 0 0 8 0 9B " 0P BN e

DN OHOOOONO

0008 EQUIVALENCE (Q,STATE(7))

0009 DIMENSION UNIT(3),UNIT2(3),A1(3,3),81(3,3),VECT(3)

0010 REAL*S VECT,UNIT,UNIT2,A1,81,Q
c‘........ 900000820005 0000CR S804 0200002308800 088000000R0¢eSstte
c GENERATE A UNIT VECTOR IN TRACKER COORDINATES

CO00 000000 900000000000 00000dTRCROITIRIIORREOEOORINNPORoIROISOEOEROS

0011 UHIT(Y)=0.




BVECT 6-Apr-1981 14:54:38 VAX-11 FORTRAN Vv2.0-2 Page 2
11-Sep-1980 11:02:38 _08A0:[Dl1R.GCP]BVECT.FOR:4
0012 UNIT(2)=0. !
0u13 UNLT(3)=1.
C.‘. XX ZENETIE RN AL A TR R R AL AL *sAERN K ‘...'.l..t'tt'."t r,!‘
Cc TRANSFORM 1O INERTIAL SPACE !
C‘....‘..t ' YIIZERESE R IR Rl 2 2 tntto.‘tt‘tc‘lt‘t“.‘.“‘tt“.“‘t‘.
0014 CALL MATAB(TNSK(1,1.K),UNIT UNIT2,3,3,1)
0015 CALL MATAB(TBHS(I.l.K).UN1T2.UNIT.3,3.1)
0018 CALL AMAT(Q.A1)
0017 Do 10 I=1,3
0018 00O 10 JU=1,3
0019 10 81 (1,J4)=A1(u,1)
0020 CALL MATAB(Bi.UNIY.VECT.S.S.I)
Q021 RE TURN
0022 END

PROGRAM SECTIONS

Name Bytes Attributes
0 SCODE 143 PIC CON REL LCL SHR EXE RD NOWRT LONG
1 $PDATA 8 PIC CON REL LCL SHR NOEXE RD NOWRT LONG
2 SLOCAL 316 PIC CON REL LCL NOSHR NOEXE RD WRT QUAD
3 ENVIR 404 PIC OVR REL GBL SHR NOEXE RD WRT LONG
4 STARPAR 560 PIC OVR REL GBL SHR NOEXE RO WRT LONG

ENTRY PCINTS

L9~V

Address Type Name

0-00000000 BVECT
VARIABLES
Address Type Name Address Type Name Address Type Name Address Type Name
2-000000CO0 1+4 I 3-00000190 1*4 INIT 2-000000C4 1*=4 J AP-000000080 14 K

3~-00000030 R+*8 Q

ARRAYS
Address Type Name Bytes Dimensions

2-00000030 R+*8 A1 72 (3, 3)
2-00000078 R+*8 B1 72 (3, 3)
4-00000000 R+*8 8BS 32 (2, 2)
4-C0000160 R#*8 BSK 32 (24 2)
3-00000050 R*B PROFILE 320 (10, 4)
4-00000020 R+*B SS 32 (2, 2)
4-00000180 Re*8 SSK 32 (2, 2)
3-00000000 Re8 STATE 80 (10)
4-00000000 R+*8 TBNS 144 (3, 3, 2)

. F ! e v e 0 R 1 A SRR 8




BVECT 6-Apr-1981 14:54:38 VAX=11 FORTRAN v2.0-2 Page 3 ’
11~5ep—-1980 11:02:38 -DBAO:[D11R.GCPBVECT.FOR: 4

4-00000040 Re8 TNS 144 (3, 3, 2)
4-000001AC ReB TNSK 144 (3, 3, 2)
2-00000000 R+*8 UNIT 28 (3)
2-00000018 Re*B UNIT2 24 (3)
AP-00000004® Re*8 VECT 24 (3)
LABELS
Address Ltabe}
.o 10
FUNCTIUNS AND SUBROUTINES REFERENCED
AMAT MAT AB
Total Space Allocated = 1431 Bytes j
COMMAND QUALIFIERS %
FORTRAN /LIST GCP,INDATA ,MATAB,OUTDATA, L RUNG,DNAV,EPHEM, TRUEA,SPRESS,0CCULT,GPERT,GCPSEQ, VISIBLE,GENENY, TREG,GYROUT ,RATE , BMAT , CMA %
5 /CHE CK={NOBOUNDS ,OVERF LOW)
N /DEBUG=({NOSYMBOLS, TRACEBACH ;
s /FTT  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE /CONTINUATIONS=19 ;

COMPILATION STATISTICS

Run Time: 1.04 seconds
Elapsed Time: 13.93 seconds
Page fFaulits:® 341

Dynamic Memory: 160 pages
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: (‘ 2.3 Generate Environment (GENENV)

| The generate environment module (GENENV) is responsible for propagating

P the true vehicle navigation and attitude states and for generating the

: |
E gyro output between measurements. The true vehicle state is used to gen- :
é erate the measurements and for determining the error in the estimated state.

T S R T I

The gyro output, which is processed by the executive tkrough a call to
GYRO, is used to propagate the vehicle attitude between measurements.
GENENV is called by the executive module (GCP). During the first call,

GENENV is called by the true navigation state from present time up to
measurement time using the real-world integrator, RUNG. This process is
performed in small increments determined by the default integration inter-
val DEL.

i Puring all subsequent calls, GENENV simply generates the gyro output
over a specified sampling period, DTA, by calling GYROUT. Before exiting,
GENENV updates the vehicle time word, TIME,

A VCLR of GENENV is contained in Figure A-11.

A-09




GENERATE ENVIRONMENT GENENV

New Measurement Sequence

Compute normal integration time
using a fixed step size (TISN)

P ok b i s s L e b I

Compute integration step size (DT)
as the minimum of TMEAS and
TISN minus the time to which
position has been integrated

NULL

Integrate truc vehicle state
from TIS to TISH+DT

0L~V

Do until nosition is integrated to }
measurement time TIS=TMEAS

Set old measurement sequence flag

Compute total remaining gyro interval

Compute gyro outptut interval (DTA) as the minimum
of the remaining interval and normal sampling interval ;

Generate Gyro output GYROUT

Update attitude integrator time flag TIA

Update atomic time flag

Figure A-11
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0001
0002
0C03
0704
00100
00200
0300
0.400
¢I%00
oceo0
U700

0C100
01200
00300
00400
00500
02600
00700
00800
04,900
01000
01100
01200
01300
01400
01500
01600
01700
01800
01900
02000
02100
02200
02300
02400
02500
02600

T

0005

0006
0007

0008

0009
Q010
0011
0012

0013
Q014
0015

*® 2 8 0 0 00

@ 9 ® @0 2 B B G QSO RN

QOO0 O0

* & 5 & & 8 0 2 20 0

ODOOONOO0ONO

* 0 0 @

noo0

6-Apr=1981 14:483:40 VAX-11

11-5ep~1980 12:27:34

SUBROUTINE GENENV(FLAG)
LOGICAL FLAG

REAL*B DGYRO,DT,DSTAT
INCLUDE 'ODEBUG.COM'

O OO nn

COMMON /DEBUG/ I[ENTEX,iDEBUG
USER CONTRCULLED PARAMETERS TO VARY DEBUG PRINT LEVEL

I ~TER IF 1, PRINTS WHEN ENTERS MOST SuBROUTI NES
ICE2JG 0-10, HIGHER NUMBER MMEANS MORE PRINT

INCLUDE 'TIME.COM'
COMMON /TIME/ TIME,TEXT,TSTOP,TIA,DEL,TIN,DIN,DATEOQ,TZERD
L,TMEAS , TRACK,TIS,TISN,DTA ,DATER,TPRINT,DTPRINT
REAL'B T IME, TNEXT TSTCP,TIA,DEL.TIN,DYN,DATEC,.TMEAS , TRACK,TIS,
. TISN,OTA,TZERO,DATER,TPRINT ,DTPRINT

THESE ARE THE TIME REFERENCE FRAMES

TIVE ATOMIC TIME SINCE INITIALIZATION (SEC)
THEAT TIME FOR NEXT POSITION INTEGRATION (SEC)
157T0P RUN TERMINATION TIME (SEC)

TiA ATTITUDE INTEGRATION TIME (SEC)

DL ] STEP SIZE (SEC)

TIN POSITIDN INTEGRATION TIME (SEC)

DTN STEP SIZE (SEC)
DATEO DATE OF FLIGHT EPOCH (JD)

DATER DATE OF 1950 EPOCH (JD)

TZERQ START TIME IN SECS. SINCE DATEO

TSLEW TIME NEEDED TO SLEW AND ACQUIRE 1SEC)
T1S REAL WORLD REFERENCE TIME (SEC)

TISN TIME FOR NEXT Rw PNSITION INTEGRATION (SEC)
DTA USUALLY + DEL BUT + TSLEW = TIA WHEN DEL

TOO LARGE AT MEASUREMENT TIME
TPRINT TIME FOR PRINT (SEC)
DTPRINT INCREMENT ON TPRINT (SEC)

INCLUDE ‘TARG .TS.COM'
COMMON /TARGETS/ MTYPE,15,N5,JFLAG,MCODE,PI,TP]
LOGICAL JUFLAG
REAL+8 PI,TPI

MEASUR MENT 5GPECIFICATIONS

MTYPE MEASUREMENT TYPE

JFLAG SET FOR STAR OBSTRUCTION

MCGCOE * MEASUREMENT PROCESSING
PI P1

TPl 2+P1

INCLUDE 'ENVIR.COM'
COMMON /ENVIR/ STATE(10) ,PROFILE(10,4),INIT
REAL*B STATE,PROFILE

REAL WORLD STATE PARAMETERS

£2.0-2
_DBAO:[D11R.GCv |GENENV.FOR: 6

M A e,

Page 1




= TRLTSERER T TR e T T

=

L=V

GENENYV

0016
0017
co18

00t9
0020

0023
0022
0023
0024
0025

0026
0027
0028
0029
0030
0031
0032

® & & B 22 e 00

6-Apr-1981 14:48:40 VAX=11 FORTRAN Vv2.0-2 Page
11-Sep-1980 12:27:34 _DBAO:[D11R.GCP JGENENV.FOR:6
[ STATE STATE VALUES: X,Y,2,XD,YD,ZD,E0,€1,E2,E3
C PROFILE ATTITUDE PROFILE-TIME (SEC) VS
c INERTIAL ANGULAR RATES (RAD/SEC)
C INIT INTEGRATION INITIALIZATION KEY (=~1)
[+
INCLUDE 'CONTRL.COM'
COMMON /CONTRL/ MQOP, TINT
REAL*B TINT
o
[ PROGRAM CONTROL DESCRIPTORS FOR MULTIPLE RUNS
[
[ MOP MODE OF OPERATION
c t = PREFLIGHT SIMULATION
c 2 = POSTFLIGHT SIMULATION
c 3 = MONTE CARLO SIMULATION
[+ TINT NUMBER OF SECONDS OF FULL OPERATION PER CYCLE
c

DIMENSION DSTATE(10)
IF(FLAG) GO TO 10

Creeestss10860 463880088080 tatiettsiteststOetOtuitetteesstttsRintsas*o880dtnttansess

c THIS IS A NEW MEASUREMENT

c

C INTEGRATE TRU STATE TO MEASUREMENT TIME

(P P00 ettesre 1o atta tseseetiassettstssdssstaitetsstsdteattsnteitettsstensnttsns
S CALL TREG(TIS,TISN) ! TISN=TIS+DTU

DT = MIN(TISN,TMEAS) =TIS

IF{DT.GT..01) CALL RUNG(INIT,STATE,DSTATE,TIS,.0T)

IF(TIS + .01 .LT. TMEAS) GO TO S

FLAG = .TRUE.
COtBettt0s00citsttsssanstastistattstosttatteitstisttstttatettatistotngsnssusnsos

o GENERATE GYROD OUTPUT
CorP00000R 0440408308890ttt ttRSCeRlRERRIRRIRglisttsetnsnsnrtsdtadsestettosy
10 DGYRO=TMEAS - TIA 1 COMPUTE INTERVAL REMAINING

DTA = MIN(DEL,OGYRO) ! COMPUTE OUTPUT INCREMENT

CALL GYROUT { GENERATE GYRO OUuTPUT

TIA=TIA + DTA {f UPDATE GYRO TIME WORD

TIME = TIA

RETURN

END

2




GENENYV

PROGRAM SECTI
Name

$CaDE
SLOCAL
OE BUG
TINE
TARGETS
ENVIR
CONTRL

N~V BLAWNO

ENTRY POINTS
Address

0-00o0c0oC0O0

VARIAB €S
Address
4-00200038
2-000000%8
I AP-00QQOCDA®
S5-00u000CA
5-000000G0
4-"20600C00
4-00000060
4-00000078
ARRAYS
Address
2-00000000
6-00000050
€-00000000
LABELS
Address

0-0000000D

FUNCTIONS AND

GYROUT

Total

ONS

Type

Type

R+*8
Re8
Lea
144
1+4
Re8
ReB
R+*8

Type
Re8

R*8
R+8

Label

Name

GENEN

TISN
TPRIN

Name

DSTAT
PROF1
STATE

v

T

E
LE

Address

0-000000S0

Bytes

139
132

136
36
aca
12

Address

4-00000070
4-00000068
3-000cco04a
$-00C0G0G0C
5-0¢0CCGC8
4-000CC028
4-0C0000048
4-00000050

Bytes
80

320
80

Label

10

SUBR UUTINES REFERENCED

RUNG

TREG

Space Allocated = 867 Bytes

Attributes

PIC
PIC
PIC
PIC
PIC
PIC
PIC

CON
CON
CVR
OVR
OVR
OVR
OVR

REL
REL
REL
REL
REL
REL
REL

Type Name
Re«8
R*8
1*4
L*4
14
R*8
R+8
R*8

DATER
DTA
1DEBUG
JF LAG
NS

TIN
TMEAS
TRACK

Dimensions

(10)
(10, 4)
(10)

6-Apr-1981 14:48:40
11-Sep=-1980 12:27:34

LCL
LCL
GBL
GBL
GBL
GBL
GeL

SHR
NOSHR
SHR
SHR
SHR
SHR
SHR

EXE
NOEXE
NOEXE
NOEXE
NQEXE
NOEXE
NOEXE

RD NO
RD
RD
RO
RD
RD
RD

Address Type
4-00000020
4-00000030
3-00000000
5-00000010
5-00000014
7-00000004
4-00000008
4-000350010

R*8
R*8
I1+4
1+4
R+8
R*8
Re8
R+8

VAX-11 FORTRAN Vv2.0-~2
_DBAO:[D11R.GC» ]GENENV.FOR ;6

WRT LONG

WRT QUAD

WRT LONG

WRT LONG

WRT LONG

WRT LONG

WRT LONG

Name Address Type
DEL 2-000000250 R+*8
DTN 4-00000080 R+8
IENTER 6-G0050190 [+4
MCODE 7-00002009 [+4
Pl 4-00000018 R+8
TINT 4-03000058 R=8
TNEXT 5-0000001C R=+8
TSTOP 4-00000040 R+8

ki Dl . T e M 1

Page

Name

DGYRO
DTPRINT
INIT
MaP

TIA

TIS

TPl
TZERC

3

.. o o iootton: 7
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GENENY 6-Apr-1981 t4:48:40 VAX~11 FORTRAN V2.0-2 Fage 4
11-Sep=-1980 12:27:34 _DBAO:[D11R.GCP]GENENV.FOR ;6

COMMAND QUALIFIERS
FORTRAN /LIST GCP.INDAYA.MATAB‘DUTDATA.RUNG.DNAV.EPHEH.TRUEA.SPRESS.OCCULT.GPERT.GCPSEO.VISIBLE.GENENV.TREG.GYROUT.RATE.BMAT.CNA
/CHE CK= (NOBOUNDS ,OVERFLOW)

/OEBUG={NOSYMBOLS, TRACEBACK)
/FTT /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE /CONTINUATIONS=19

COMPILATION STATISTICS 4

Run Time: 1.10 seconds ]
Elspsed Time: 19.39 seconds E
Page Faults: 340 :
Dynamic Memory: 160 pages

~4
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2.3.1 INTEGRATE ACTUAL NAVIGATION STATE (RUNG)

The position state is advanced in time by numerical integration of the
equations of motion. The second order equations of motion are composed of the
external forces acting on the spacecraft. The external forces consist of
geopotential, lunar gravitation and solar gravitation and radiation pressure.

A study showed that the Runge Kutta Gill (RKG) 4th order numerical
integration method is optimal for this application. it is selt-starting,
handles variable step sizes, and is sufficiently accurate.

The Runge Kutta Gill (RKG) method for numerically integrating differential
equations is described here.

The change in the value of the function during the computing interval is
calculated by

Ay = %{Kl + 2(1-1()'(2 + 2(1+k)'<3 + Kli}

where
Ky = h-f(tn,y,) k = v/2/2
k2 = hef(ty + %h, y, + %)
k3 = hef(ty + %h, yq +(-% + k)ky +(1-k)ky)
Ky = hef(ty + h, yy - kep +(I1+k)k3)
h = computing interval (seconds)

th = time of beginning of computing interval (seconds)

¥n = value oi. function at beginning of computing interval

The derivative function f shall be evaluated four times to calculate the
change in the function being integrated during the computing interval.

At first appearance, the software algorithm has no relation to the

mathematical description of the integrator. The following is intended to show
that the two are indeed identical.

Proceeding through the outer do loop for K = 1 to 4 we find the following
results:

K =1 f = f(tn’ yn)
t) = &f
}'] = yO + ;idtf
q = f
K=2 £fr = f(t, + g£~, yo t+ éEf)
ty = (1 -{g)(f’- f)
y2 = yo + 55 + dt1 —/g)(f‘— £)
= yo + dt(-% +/—2‘;=)f + de(1 -'/——g—)f'
V2, .. 2, ..
a2 = £+3 (1" 6 :/El -TDf
= f - 3(1 -/g)f + 2(1 - %)f‘

A-75
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K=3 £'' = f(ty + dt, y + de(-2 +/2)f + de(1 ~/D)f’
2 2 2 2

ty= (1 +2)(£'" - £+ 31 -Y2)f - 201 -/2)f')
2 2 2

2 2
-2(1 -/2)£')
2

X y3 = yo + dt(=1 +/2)f + dt(l =/2)£' + de(1 +/2) (£''- £ + 3(1 -/Df
2 2 2

E = yo - dtV2f' + de{l +/2)f""
_ 2 2
q3 = £ - 3(1 =/2)f + 2(1 -/Df' + 3((1 +/D{£''-f + 301 /Dt - 2(1 V')
i 2 2 2 2 2
-(1 +/2)£'")
2
i = -1f - (1 +/2)f'+ 2(1 +/2)f""
l 2 2 2
K =4 £'7" = £ty + dt, yg - dt/2f' + de(l +/2)f'")
2 2
ty = 1(£'"'- 2 - 1f ~(1 +/2)F' + 2(1 +/2)f'")
6 2 2 2
= 1(f'"+ £+ 2(1 +/2)F' - 4(1 +/DE')
6 2 2
Yy = yp - dtV2f' & dt(1 +/2)f''+ 1(dtf + 2de(1 +/2)f'- 4dt(1 +V/2)£' '+ def'"!
2 2 6 2 2
= yo - 1(dtf + 2dt(1 -/2)f' + 2de(l +/2)f' '+ def''')
6 2 2

Making the substitutions

K, = dtf
Ky = dtf’
Ky = detf'"
; Ky = dtf'""

k =2
2

Yields

6

which is identical to the original algorithm.
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RUNG VCLR

INITIAL ENTRY

NULL Q MATRIX NULL

COMPUTE POSITION DYNAMICS

K=1O0R3

T=T+ DT/2 NULL

TP = AA(K) * (ZD(I) - BB(K) * Q(I))

W= 2(1)

Z(I) = Z(I) + TP * DT

TP = ((I) - W)/DT

Q(I) = Q(I) + 3*T - CC(K) * 2D(I)

Wwhere AA = .5, 1-v2/2, 1 + ¥2/2, .5/3 BB = 2,1,1,2

cc = .5, 1- V2/2, 1 + v2/2, .5

t
O

DO UNTIL I

i
I

DO UNTIL K

Fipgure A-12




00100
00200
0¢300
00400
00500
0C600
o700
00800
00100
00200
0300
0c400
00500
00600
00700
00900
01000
01100
01200
01300
01400
01500
01600
01700
01800
01900
02000
02100
02200
02300
02400
02500
02600
02700
02800
02900
03000
03100
03200
03300
03400
03500

0001

0002
0003

0004
0005
0006
0007
0008
0009

0010
0011

0012
0013
0014

0015
0016
0017
0018
0019
0020
0021
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6-Apr-1981 14:46:01 VAX-11 FORTRAN J2.0-2 Page
19-5ep=-1980 09:10:59 _OBAO:[D11R.GCP JRUNG.FOR:T

SUBROUTINE RUNG(INIT,Z,20,71,DT)

C..'...."...l‘0‘.!...-‘00- "'....‘......‘....‘....l'...'0“.."....“.‘......3

c THIS ROUTINE INTEGRATES THE SIX REAL WORLD NAVIGATION

c STATES FROM TIME T1 10 T1 + DTU USING A RUNGE KUTTA GILL
C FORMULATION. STATE PART1ALS,.Z0 , ARE GENERATED BY DNAY

c AND INTEGRATED TO FCRM Z.

C.‘...Q..0.0Q..c.“.o--o-ooqtcot0.0‘0..‘.....0..0.‘0.0.0totoooo'o.‘....t....".
INCLUDE 'DEBUG.COM’
COMMON /DEBUG/ IEMTER,IDEBUG

USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL

I NIER 1F 1, PRINTS WHEN ENTERS MOST SUBROUTINES
10EBUG 0-10, HIGHER NUMBER MEANS MORE PRINT

DIMENSION 2(6),200(5)

DIMENSION AA(4).BB14).CC(4).Q(T)

REAL*8 DT,T,TI,AA.B8,CC.0.2,20

DATA AA /.5..292693.1.707107..1665537/

OATA BB /2..,1.,1..2./

DATA CC /.5..292893.1.707‘07..5/
CQ....O....:O.a.tooo.o.....'ttoooot..o.‘..‘0.......00...‘.‘...0.....‘..“......
C INITIALIZE Q ARRAY
Co....o...onto.n...ooooooootoo.‘..0.‘00....‘.“‘..0..0...O...‘t..‘.o.......‘..‘

00 10 1=1,6
10 Q(I) = 0.
c.o‘..ootoooo.oo.oto-oooogoaooooooooo..no...o.‘o.ooooooo.ooo.o.oooo............
[ COMPUTE FOUR TERMS OF RUNGE KUTTA INTEGRATOR
CO....‘...-Q'.....O....0..00'.‘..0...0.‘............‘...““.‘.‘.O.........‘...

00 30 X=1,4
CALL DNAV(TI.Z.ZO,1DUMy) ! COMPUTE POS. DYNAMIC PARTIALS
IF(K.EQ.1.0R. K. EQ.2; TI = T1 + Dv/2.
C.o.ooo..o.o-..oto‘o;---:..oc.t-.'0.00...0.‘...00....‘.0“..O.‘.oo‘t.‘..‘...‘.‘
C INTEGRATE SIX NAVIGATION STATES
c".....*..t"......‘t‘..o00......‘..‘..‘.......’0.‘..‘........“.........‘....
DO 30 l=1,6
T = AA(K)*(Z0(1)-BB(K)+Q(1))
Z(3) = Z(1)+7e0T
QL) = 0(1)03.°T-CC(K)OZD(1)
30 CONTINUE
RETURN
END

1




RUNG

PRCGPAM SECT IONS
Name
0 $CooE

2 $L0caL
3 DEBuG

ENTRY POINTS

AdAd~¢ss  Type
0-0G 000000
VARIAB.ES
Add-ess3 Type
AP-000000140 R*8
3-00000000 1e4
AP-00000010@® Re*B
ARRAYS
R Address Type
Ay 2-00000000 Re8
< 2-00000020 w8
2-00000040 Re*8
2-00000060 Re8
AP~00000008® Re<8
AP-0000000C® Re*8
LABELS
Address Labe |
ve 10

DNAV

Bytes

169 PIC CON REL LCL SHR EXE

6-Ac~~1981 14:46:01

VAX=11 FORTRAN V2.0-2
19-5ep-1980 09:10:59

_DBAO:[D11R.GCPJRUNG.FOR: 7

Attributes

RD NOWRT LONG

232 PIC CON REL LCL NOSHR NOEXE RD WAT QUAD

8 PIC OVR REL GBL

Name
RUNG
Name Address Type
DT 2-000000A0 [e4
IENTER AP~-00000004® J*4q
TI
Name Bytes
AA 32 (a4)
88 32 (a4)
cc 32 (a)
Q 56 (7)
4 4ac (6)
ZD 48 (6)

Address Labe!

L4 d 30

FUNCTIGNS AND SUBROUTINES REF - 'ENCED

Total Space Allocated = 409 Bytes

SHR MOEXE RO WRT LONG

Name Address Type Name Address Type
I 3-00000004 1«4 IDEBUG 2-00C000A8 g
INIT 2-000000A4 4 2-00000098 Rs8

Dimensions

Name

1DUMMY

Page

2




RUNG 6-APr-1981 14:46:01 VAX-11 FORTRAN V2.0-2 Page 3
19-Sep~1980 09:10:59 _DBAO:[D11R.GCP JRUNG. FOR: ?

COMMAND QUAL IFLERS
FORTRAN /LIST GCP,INDATA MATAB,OUTDATA,RUNG,DNAV EPHEM, TRUEA ,SPRESS,OCCULT ,GPERT ,GCPSEQ.VISIBLE ,GENENY . TREG.GYROUT ,RATE ,BMAT ,CMA
/CHECK = (NOBOUNDS ,OVERF LOW)

, /DEBUG= (NOSYMBOL S . TRACEBACK)
: /FTT  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOWACHINE _CODE /CONTINUATIONS=19Q

COMPILATION STATISTICS

fun Time: 1.02 secunos
Elapsed Time: 13.59 seconds
Oynamic Memory: 160 pages

|
Paje Fauits: 332 !
I
)

0g-v
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2.3.1.1 SPECIFY INTEGRA1ION STEP SIZE (TREG)

This module generates the endpoint of the integration period using the
default intervel DTV.

A-81
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SPECIFY INTEGRATION STEP

COMPUTE MAXIMUM TIME FOR NEXT
POSITION INTEGRATION

TNEXT = TIME + DTV

Figure A-13
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s T

r 6-ApPr-1981 14:49:00 VAX-11 FORTR 2.0-2 Page I
1 11-Sep-1980 11:58:50 _DOBAO:[D11R 1REG.FCR:3 i
0001 SUBROUTINE TREG(TIME,TN XT) :
0002 INCLUDE 'DEBUG.COM' i
00100 0093 . COMMON /DEBUG/ IENTER, i1DEBUG .
00200 . C i
‘ 00300 + C USER CONMTSXOLLED PARAMETERS TO VARY DEBUG PRINT (LEVEL ‘
d G0400 » C
! G0500 * C 1 NTER IF 1, PRINTS WHEN ENTERS MQOST SUBROUTINES '
00600 . 1DEBUG 0-10, HIGHER NUMBER MEANS MORE PRINT ;
00700 * C
0604 INCLUDE 'RVEC.COM’ !
0005 » COMMON /RVEC/ Ri3),RM13),RO(3),RSM(3),RS0(3),RS5(3).,58(3)
. JRA,72,R3,RSMA,RTG(3)
Q0086 . REAL‘S R,RM,RO, R:M RbO.RSS,SB.RA,R?.RS,RSMA.RTG
s C
s C THMESE ARE RADIUS VECTORS 1IN EC1 AND BODY COORDINATES
e C
- C R EARTH CENTER TO S/C - ECI (KM)
e C RM MOON - ECI (KM)
.« C RO - . SUN - ECI (KM)
. ¢ R SPACECRAFT 10 MOON - ECI (KM) :
«C RSO SUN - ECI (KM)
« C RSS EARTH CENTER TO STAR - ECI
s C RA ABSOLUTE OF VECTOR R (KM)
. C R2 SQUARE OF RA (KM 2}
e C R3 CUBE OF Ki (KM 3)
.« C R3MA ABSOLUTE OF RSM (XM)
*« C
) 0007 INCLUDE 'CONST.CCM' ;
= 0008 * COMMON /CONST/ ATM,RBM,RBE,RBO0..'E2,RM2,UM,US,UE,J2,43,J4,0TU,PK1 5
z 0009 o REAL-8 ATM.RBM,RBE ,RPO,: c2,RM2,UM,US ,UE,J2,U3,44,DTYU,PK1 :
- - c
e C PROGRAM CONSTANTS
. C
o C ATM S/C AREA TO MASS RATID (METERS/KG)
. C R8M OBSTRUCT 10N RADIUS OF THE MOON ( KM)
1 . C RBE EARTH (KM)
; . C R8O " . SUN (KM)
E' . C R 2 souuna OF THE EARTHS .RADIUS (KM 2)
} * C AM2 LUNAR RADIUS (XM 2)
- . C Lt LUNAR GRAVITATION CONSTANT (KN 3/SEC 2)
s C us SJLAR . "
. C u. EARTH » " "
» C J2.J3,J4% ZONAL GRAVITATICNAL HARMONIC TERMS
. C DtU REGULARIZED TIME STEP SIZE (SEC)
* C Kl SOLAR PRESSURE CONSTANT 3
s« C :
c COMPUTE REGULARIZED TIME INTERVAL 3
0010 REAL®8 TIME,TNEXT g
0011 TNEXT = TIME ¢ DTU
012 RE TURN

0013 END




£8-V

TREG

PROGRAM SECT IONS
Nane
0 $CODE
3 OEBUG

4 RVEC
5 CONST

ENTRY POINTS

Address Type Name

0~00000000 TREG
VARIABLES

Adaoress Type Name

5-00000000 Re*8 ATM
5-00000048 R+*8 2
4~000000B0 R+~ R2
5-00000008 R+*8 RBM
4-000000C0O0 Re8 RSMA
5-00000030 Re«8 UM

ARRAYS

Address Type Name
4-00000000 Re*8 R
4-00000018 R+*B RM
4-00000030 R*8 RO
4-00007048 Re+B RSM
4-00000069 Re+8 RS0
4-000u0078 R*B RSS
4-000000C8 Re8 RTG
4-00000090 Re+8 SB

Jota! Space Allocated = 357 Bytes

COMMANG QUALIFIERS

FORTRAN /LIST GCP.INDATA.MATAB.OUTDATA.RUNG.DNAV,EPHEH.TRUEA

/CHECK=(NOBOUNDS ,OVERF LOW)
/DEBUG= (NOSYMBOLS , TRACEBACK)
/F77 /NOG_FLOAT ING

/14 /OPTIMIZE

Bytes
13

224
12

Agdress

5-00000060
§-000000%0
4-0005088
5-00000018

AP-000000048®

5-00000038

WARNINGS /NOD_LINES

Attributes

PIC CON REL LCL
nIC OVR REL GBL
PIC OVR REL GBL
PIC OVR REL GBL

Type Name
Re8 DTV
pe8 J3
R*B R3
R+*8 R8O
R*8 TIME
R+8 US

Dimensions

SHR EXE
SHR NOEXE
SHR NOEXE
SHR NOEXE

Address

3-00000004
5-00000058
4-000000A8
5-00000020

6-Apr-1981 14:49:00
11-Sep-1980 11:58:50

VAX-11 FORTRAN Vv2.0-2
_DSAO:[Di\R.GCP]TREG.FOR:3

RD NOWRT LONG

RO
RD
RO

Type

14
R+8
R+8
R*B

AP-00000008@ R+8

/NOMACHINE _CODE

/CONT INUATIONS=19

WRT LONG
WHT LONG
WRT LONG

Name

1DEBUG
Ja

RA

RE2
TNEXT

Address

3-60000000
5-00000068
5-00000010
5-00000028
5-00000040

Type

1+4
R*8
R+8
Re8
R*8

Page

Name

IENTER
PK1
RBE
RM2

UE

.SPRESS.OCCULT.GPERT.GCPSEQ.VISIBLE.GENENV.TREG.GVROUT.RATE.BHAT.

CMA




s
5‘ sitiaba,
%
é
. TREG 6-Apr-1981 14:49:00 VAX-11 FORTRAN Vv2.0-2 Page 3 - |
: 11-5ep-1980 11:58:50 _DBAO:[D\IR.GCF]TREG.FOR:3
k COMPILATION STATISTICS 1
F g
‘ Run Time: 0.66 seconds ‘
Elapsead Time: 12.52 seconds
9 Fage Faults: 271
Oynamic Memory: 160 pages

Ea




2.3.1.2 COMPUTE POSITION DYNAMICS (DNAV)

This module computes the forces acting on the spacecraft and generates the
differential equation to be integrated by the state propagator.

The position of the spacecraft is calculated by solving three
simultaneous, second order differential equations:

X = ‘xl"%3+ g (t,x) + a;(t,x)
Xy = -Xp° %‘3*’ go (t,x) + ap(t,x)

k3 = -x3+ ot g3(t,x) + a3(t,x)
where
T
x = |x1, %2, x3]
u = Earth gravity constant (3.985491204E + 05 Km3/sec2)
R = (xlz + x22 + x32)l§

X1,Xp,X3 = Coordinate of spacecraft

£1,82:83 = Accelerations caused by zonal harmonia of earth gravity

ay,az,as = Solar radiation pressure perturbations, sun and moon gravity

The zonal harmonic accelerations are computed by:

g = v h1

X2
g2 = ~M §3'F1

X3
g3 * "‘f;z §"F1-F2\
where 2 3 R 4 ‘
Re.“. Re, °, e,
F, = ('—‘R faJ2 + (—"'R ) f3J3t (—'—R ) fydy
3 b
Re,?, Rey~. Re, ", l
Fp = “(‘ﬁ--‘ f13, + () f2Jat G - fale
and

- .1 X3
f1 3 R
415
f2= -7.5(R) .
3
X3y X1
fq = -17.)\?1) + 7.56GD

L 2
iy, = -39.375(%3) + 26.25(%3-) - 1.875

Jp = 1082.7E -6 (Harmonic term in earth gravity model)

e an i L

Jq = -2.56E -6 (Harmonic term in earth gravity model)

Jy = -1.58E -6 (Harmonic term in earth gravity mode 1)

—— o . - »
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The process shown in Figur
corresponding to current time.
solar and lunar ephemerides.

spacecraft, radi
radius vectors are t
gravitational pertur
then used to generat

hen used t
bation, an
e the 2nd

previously discussed.

e A-~14 begins by computing the Julian day
This parameter is required to compute the
Given the locations of the sun, £oon, and

us vectors are generated to each of these bodies. These

o compute solar pressure, lunar and solar
d local gravitational effects. These forces are
order differential equations of motion
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COMPUTE POSITION DYNAMICS

COMPUTE JULIAN DAY

COMPUTE SOLAR/LUNAR EPHEMERIDES

COMPUTE RADIUS VECTOR FROM S/C TO EARTH

COMPUTE RADIUS VECTOR FROM S/C TO MOON

COMPUTE RADIUS VECTOR FROM S/C TO SUN

U ——

COMPUTE SOLAR RADIATION PRESSURE

COMPUTE SOLAR/LUNAR FERTURBATION

COMPUTE GEOPOTENTIAL - 4 ZONAL HARMONICS

COMPUTE SECOND-ORDER EQUATIONS OF MOTION

Figure A-14
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00100
02200
oL 300
0ouagco
02500
oC102
00209
onN30n
ocaQo0
07%00
Co600
Qo700
07600
00100
02200
07300
00400
coeon
U600
Cu700
07BOO
ougCo
01000
01100
01200
01300
01400
1500
01R00
¢G'7C0
21800
019090
02000
22100
02200
02300
02400
¢2500
025100
0700
0800
0800
5800
00800
079300
[oXo1:102 0}
0c800
CL8CO
Q0800
o800
07800
0.300
00800
0c800
00800
o0cB800
0928¢C0

0001
0002
0003
0004
0005
0006

0007
0008

0009

G010
0011
0012

& 2 & & » @

o OO0 nN

..Q'...O.l.......0........

® 2 2% 58 8 50 00 8 8 00080

ITOO0OOODOCCOOONOOOG

OO0OO0CO0OMNNOONCOO000000O

.

6-Apr=19yg1 13:46:1¢
3-Apr~1981 09:43:22

SUBROUTINE DNAVIT,» xD.!CALL)

OIMENSION X(6) ,xD1b%, ,A5P(3),A5LG(3)

REAL«8 X.XD.ASP.AS_G.T.FQ,Y2.DATE.F3.F4.FI.REQ.RER?.TI,ZR.ZRZ
REAL*B VMAG

INCLUDE 'DEBUG.CQW’

COMMON /DEBUG/ IENTER,iDEBUG

USER CONT=OL.ED PARAMETERS TO VARY DEBUG PRINT LEVEL

I NTZR IF 1, PRINTS WHEN ENTERS MOST SUDRRTUTINES
ICEBUG 0-10, HIGHER NUMBER MEANS MORE PRINT

INCLUDE 'TIME.cCCw'
COMMAON /TIME/ TI%C . TNEXT,TSTOP,TIA,DEL,TIN,DTN,DATEQ,TZERD
» TMESS, TRACK , TIS, TISN,CTA,DATER,TPRINT ,DTPRINT
REAL*B TIME,TNEXT.T5TCP,TIA,DEL, TIN, DTN, DATEO,.TMEAS, TRACK, TIS,
TISN,DTA.TZERO.DATER,TPRINT ,DTPRINT

THESE ARE THE TIME REFERENCE FRAMES

TIME ATOMIC TIME SINCE INITIALIZATION 1SEC)
TNEXT TIME FJOR NEXT POSITION INTEGRATION (SEC)
TsTOR FUN TEFMINATION TIME (SEC)

TiA ATTITUDE INTFGRAYION TIME (SEC)

DL K STEP SIZE (SEC)

TIN POSITION XNTEGRATION TIME (SEC)

Dy " " STEP S1ZE (SEC)
DATEQ CATC OF FLIGHT EPOCH (JD)

CATER DATE OF 1950 EPOCH (uJD)

TZERQ START TIME IN SECS. SINCE DATEO

TSLEW TIME NEEDED TO SLEW AND ACQUIRE (SEC?
TIiS REAL WIRLD REFERENCE TIME (SEC)

TISN TIME FOR NEKT RW POSITION INTEGRATION (SEC)
OTA USUALLY + DEL BUT + TSLEW =~ TIA WHEMN DEL

700 LARGE AT MEASUREMENT TIME
TIME FOR PRINT (SEC)
INCREMENT ON TPRINT (SEC)

TPRINT
DTPRINT

INCLUDE 'CONST.COM’
COMMON /CONST/ ATM,RBM,R3E,RBG,RE2,RM2,UM, US,UE,Ju2,43,Jq,DTU,PK1
REAL*8B ATM.RBM,RBE ,RBO,RE2,RM2,UM,US ,UE,J2,u3,ud DTU,PK1

PROGRAM CONSTANTS

ATM S/C AREA TO MASS RATIO (METERS/KG |
RBM DssrnucrIQN nADIUS OF THE MMODN (#M)
RBE EARTH (KM)
RBO " ° SUN (KM

R 2 SOUARE OF THE EARTHS RADIUS (KM 2)
AM2 LUNAR RADIUS (KM 2)

UM LUNAR GRAvxTAerN COVSTANT (KM 3/SEC 2)
us SOLAR »

U EARTH . " "
J2,J3,U4 ZONAL GRAVITATIONAL HARMONIC TERMS
OTu REGULARIZED TIME STEP SIZE (SEC)

PRI SOLAR PRESSURE CONSTANT

VAX=11 FGFTRAN .2.0-2
_DBAO:[D11R.GCP ;ONAV.FOR: G

Page




UU’V

DNAV

00800
00800
0c9a00
0C900
00900
00900
00900
0C900
00900
00900
00900
00900
00300
00900
00900
00900
00900
00900
00900
00900
01000
01100
01200
01300
01400
01500
01600
21700
01300
01900
02000
02100
02200
22300
02400
02500
02600
92700
02800
02900
$3000
02100
c3290
03309
034C0
03500
07600
03700
03600
03900
040006
04100
04200
04300
04400
04500
04600

003
0014

0015

0016

0017
0018

0019
0020
2021
0022
0023
0021
0025

0026

0027
0028

0029

G030
oc3t

0032
0033
2034
c035
0036

L]

PO IR 2 K K B A o0 0 00

6-Apr-1981 14:46:16 VAX-11 FORTRAN v2.0-2
3-Apr-1981 09:43:22 _DBAO:{D11R.GcP10NAv.Fon:9

C

INCLUDE 'RVEC.CC*'

COMMON /RVEC/ R(J).RV|3).RO(3).RSM(3).RSO(3).RSS(3).SB(3)

. ,RA,R2,R3,RSMA.RTG(3)

REAL®8 a.nn.no.asm.aso.nss.ss.nn,nz.ua.nsuA.RvG
[
[ THESE ARE RADIUS VECTORS IN ECI AND BODY COORDINATES
c
c R EARTH CENTER 70 S/C - ECI (KM)
c RM™ " . MOON - EC1 (KM)
c RQ " . SUN - EC1 (KM)
(o R¢ SPACECRAFT TO MOOH - ECY (HM)
c R . SUN - ECI (KM)
c 4 EARTH CENTER 10O STAR - ECI1
c g ABSOLUTE OF VECTOR R (KM)
C R. SQUARE OF RA (KM 2)
[ R3 CUBE OF RA (Xm 3)
(o RSMA ABSOLUTE OF RSM (KM)
c
C ~=—=-- COMPUTE JUL IAN DAY —==—--=<~ ———

DATE = DATEO#(T-TZERO)/BGAOO.
¢ -=---- COMPUTE SOLAR AND LUNAR EPHEMERIS =======-<
CALL EPHEM(DATE ,RM,RO)
po 10 1=1.3
c-.o..c'cO--Oc.0000‘ooc--oo-to.cot..o.o.t....oooo.tto.‘o.oa.c.t-t..-.......‘..s
C EC1 COORDINATES OF S/C (R), $S/C~MOON {(RSM), S/C-SUN (RSO)
c...‘.‘.‘..,.....‘..v.t..‘.‘“...‘....‘...‘Q‘...‘."““"‘..‘.“‘...“......“
R(1) = =-X(1)
RSO(1) = RO(E)}+R{I}
10 RSM(1) = AM(1)+RL1)
RA = VMAG(R,3)
R2 = RA+RA
R3 = RA*R2
RSMA = VMAG(RSM,3)
Co.ooo‘oco-QO..-t.oo-o--o.tto-o..o.oo.o.t...t.ottottt.ttt..‘totto“tooo.oo‘t‘oo
C SOLAR PRESSURE COMPUTATIONS
c. ..“..t"t"“..‘.’......'.“‘...“.OO‘..“.“‘Q.".“‘...‘.t..‘....“.“....
CALL SPRESS(ASP)
¢ ===--- FIRST TIME WRITE SOLAR PRESSURE AT TIME T -——w==-=="
1F (IDEBUG .GT. 23) WwRITE(S,998) TIN,ASP
998 FORMAT(/4X,' ACC. DUE TO SOLAR PRESSVRE (KM/SEC2) AT TIME ',F7.1%,

{ COMPUTE JULIAN DATE

+ 3E22.14)
C. FSIII AR R A B sehete t""tt"'.‘....“‘.‘.“.'O‘.."‘.'. .‘.“O‘.".‘.“...‘....
C SOLAR LUNAR GRAVITATIONAL PERTURBATIONS

Co.....ooaot-ono.ct.-oooootootttctttto.‘..0..‘..0‘.t..‘.t.'.‘..oo‘.t....t.‘tt..
CALL GPERT(X,AS5LG)
¢ ====-= FIRST iIME WRITE GRAVITATIONAL PERTURBATIONS ==-===-===
1f {!:EBUG .GT. 3) WRITE(6,996) TIN,ASLG
99¢€ FORMAT4X,' ACC. OUE 7O MOON AND SUN AT TIME ',F7.|.12X.3E22.14)
C...'.o..-.n-.Ao......oco.co-‘l.“"ttttt‘.......“..".t...'.tt..‘o‘.."‘...‘.
Cc GEOPGTENTIAL — 4 ZONAL HARMONICS
Coo‘ooo..tton-to..‘o‘.oot.‘ot..tQ.t.‘....‘.“t-.‘..t.“‘.to.t‘tot.-..tooo‘...t.
ZR = X(3)/RA
IR2 = IR*ZIR
F1 = =3.*2ZR
F? = = 7.5%ZR2+1.%
€3 = ZR*(7.5-17.5¢ZR2)

-~
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ONAV

04790 0037
04800 0038
04900 0039
05000 0040
05100 0041
05200

05300

05400

05500 0042
05600 0043
05700 0044
05800 0045
05900

06000 0046
06100 0047
06200 0048
06300 0049
06400 0050
06500 0051
06600

06700 0052
06800 0053

6=V

Name

$CODE
SPDATA
$LOCAL
CEBuUG
TIME
CONST
AveC

AUNAdUN-=-O

ENTRY PQOINTS

Address

0-00100000

VARIABLES

Address

$-00000000
4-00000020
5-00000060
2-000000S0
3-0000G000
5-00000n68
$-00000C10

C....to.oooooot-.u..QOOOOot'o‘toc.t.lo.00‘.00.‘0..“‘00‘00-...nvo‘.oo.t‘t..'t"

C

Cooeetsstrsone AR RS A AALE R NS AAA R AT AR R 2T R R R R R L L N IR N Y B R PO aapapy

PROGRAM SECTIONS

6~Apr-1981 14:46:1
3-Apr-1981 09:43:2%

F4 = ZR2+(26.25-239.375¢2R2)-1.875

RER = RBE/RA

RER2 = RER*RER

T1 = RER2+(F2e J2+RER*(F3+y3+RER+(F4su4)))
T2 = RER2+(F10J2+RER*(F2*J3+RER=(F3vJq)))

COMPUTE STATE PARTIALS

xD(1) = Xx(4) ! X VELOCItY
xp(2) = X(5) t ¥ VELOCITY
XD(3) = X{(6) I Z VELOCITY
XD(4) = =UE*X(1)/RIe{T141,)+ASP(1)+ASLG(Y) ! X ACCELERATION
XD(S) = =VUE*X(2})/R3¢(T141,)+A5P(2)+ASLG(2) ! Y ACCELERATION
XD(6) = ~UE/R2+(ZR*(T141.)=T2)+ASP(3)+ASLG(3) 1 Z ACCELERATION

IF (IDEBUG .G). 3) WRITE(F,995) TIN,XD(4),XD(5),XD(6)

995 FORMAT(4X,' TOTAL ACCELERATION AT TIME 'WF7.1,18X,3€E22.14)
IF (IDEBUG.GT.$%) WRITE(6,.,994) (Xx(1),I=1,3), R
994 FORMAT(/,' AT END OF DNAV, PQSITION VECTOR',3(1X,E20.10),/,
' AT END OF DNAV, SS TO EARTH ' 3(1X,E20.10))
RETURN
END
Bytes Attributes
736 PIC CON REL LCL SHR EXE RD NOWRT LONG
255 PIC CON REL LCL SHR NOEXE RO NOWRT L_ONG
288 PIC CON REL LCL NOSHR NOEXE RD WRT QUAD
a PIC OVR REL GBL SHR NOEXE RO WRT LO%”
136 PIC OVR REL GBL SHR NOEXE RO WRT LG
112 PIC OVR REL GBL SHR NOEXE RO WRT LONG
224 PIC CVR REL GBL SHR NOEXE RO WRT L2NG
Type Name
DNAV
Type MName Address Type Name Address Type Name
Re8 ATM 2-00000040 Re+8 DATE 4-00000038 R+8 DATEO
Re8 DEL 4-000000A8 R*8 ODTA 4-00000030 Re+8 DIN
ReB DTV 2-00000058 Re8 F1 2-00000030 R+*8 F2
Re8 Fa 2-00000088 1s4 | AP-00000010@ I*4 [ICALL
I*4 [ENTER 5-00000048 R*8 J2 5-00000050 R*8 uJ3
R*8 PK! 6-0000008Q2 R*8 R2 6-00000088 R+*8 R3
R*8 RBE $~00000008 R+8 R8M 5-00000018 Re+*8 &BO

VAX=11 FORTRAN v2.0-2
.DBAO:[D:1R.GCP]ONAV.FOR; 9

Address

4-00000070
4-00000080
2-00000048
3-00000004
$-00000058
6-G00000A8
$-00000020

Type

R*8
R*B
R*8B
1=4
Re8B
R+8
R*6

Page

Name

DATER
DTPRINT
F3
IDEBUG
Ja
RA
RE2

3




T TR A T TR e

>

1
L

~

-

Total

*e

FPHEM

FORTRAN /LIST GCP,INDATA ,MATAB, OUTDATA,RUNG,LNAV,EP4EM,TRUEA,SPRESS,OCCULT,GPERT,GCPSEQ.VISIBLE . .GENENV,TREG,GYROQUT ,RATE ,BMAT,CMA

/CHE CK= (NOBOUNDS ,OVERF LOW)
/DEBUG: (NOSYMBOL S, TRACEBACK)
/NOG_FLOATING /14 /OPTIMIZE

/F17

Run Time:

DNAYV
2-00000060 R+8
AP-00000004@ Re+8
4-00000000 Re8
4-00000048 Rey
4-00000010 Re8
5-00000038 R+8
ARRAYS
Address Type
2-000027018 ReB8
2-00000000 R+8
6~-00000000 Re8
6-00000018 Re8
6-00000030 Re+8
6-00000048 R+8
6-00000060 Re+8
6-00000078 Re8
6-000000C8 Re8
6~00000090 Re*8
AP=00000G0B® Re*B
AP-0000000C® R+8
LABELS
Address Labet

RER

TIME
TMEAS
TSTQP
us

Namo

ASLG
ASP

&M
RO

RSO
RSS
RTG
$8

X0

GPERT

COMMAND QUALIFIERS

Elapsed Time:
Page Faults:
Dynamic Memory:?

Space Allocated = 1759 Bytes

COMPILATION STATISTICS

2.63 seconds
34.97 scconds
407

160 pages

2-00000068
2-00000070
4-00000028
4-00000008
4-00000040
2-00000078

Bytes

24
23
24
24
24
24
24
24
24
24
a8
48

Labe)

1-00000098 994'

FUNCTIONS AND SUBROUTINES REFERENCED
SPRESS

/WARNINGS

R*8 RER2
Re¢8 T1
Re8 TIN
R+8 TNEXT
R+*8 TZERO
R*8 IR

Dimensions

(3)
(3)
(3)
(3)
(3)
(3)
(3)

o~ -~
O WLW
- -~ -

Address Labe!

1-0r000060 99S°

VMAG

T

S-Apr—-1981 14
3-Apr-1981 09

$-00000028
2-00000038
4-00000058
4-60000078
5-00000040
2-00000080

Address

1-0000003C

/NOD_LINES /NOMACHINE _CODE

:46:16
143:22

Re8
R+8
Re8
Re8
Re8
KT

Label
996

VAX=11 FORTRAN Vv2.0-2
_DBAO:[D11R.GCP JONAV.FOR:9

RM2

T2

TIS
TPRINT
UVE

ZR2

Address

6-000000C0O
4-00000018
4-00000060
4-00000050
$-00000030

Label

1-00000000 998’

/CONT INUATIONS=19

R*8
R+B
Q8
ReB
R*8

RSMA
TIA
TISN
TRACK

Page

4
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2.3.2 GENERATE GYRO OUTPUT (GYROUT)

The spacecraft attitude is determined from a tabular input of the 8/C
Euler angle rates as a function of time. This tabulation is cslled an
attituda rate profile array. The gyro errors must be added to attitude rates
calculated from the attitude rate profile to make these data realistic, Since
the gyro drift effects are accumulative the gyro attitude diverges
significantly from the profile attitude permitting only the determination of
gyro updates to an accumulated gyro state.

The gyro drift error is accumulative and causes the output data to
drift from the nominal attitude profile. To accommodate this drift effect a
gyro attitude state is maintained and updated with the attitude profile. This

effect is illustrated below.

Gyro Rate

AW” /

__—--- Rate Profile Table
W L
S/C Attitude ‘ :jI“""I
Rate AW

L

t - Flight time

Procedure:
1. Find the attitude rate from the profile table at time Tj.
2. Compute the change in rate since previous time.
3. Update the gyro rate and multiply the new rate by the scale

factor bias error and then add a drift bias error
W = SFpe: (Wo + AW) + Wdbe
4. Account for the rendom errors
W’= SFpre W + Wdre
5. Compute the incremental gyro outpu: data
AW = (W - W33 /DT
6. Add random error to the gyrc wisalignment term.

7. Transform to cutput trame.

A-93
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GENERATE GYRO GUTPUT MODULE

Find actual attitude rate from profile rate tabdle

LaGrange interpolation module (Module 3.3.1)

Find incremental change in attitude rate

Compute random and bias values of gyro drift and scale factor

Compute senced attitude rate

find incremental change in actual attitude rate

Add increment to senced attitude rate

U - - — ——m e —— [T — e e

Adjust for scale factor and drift biases

Adjrsat for scale factor and drift variances

Multiply rate by incremental time (DTA)

Find rate gyro output

— . - - —_— e

| Find random value of nonorthogonal coefficient

———— oy R ER .- e e B T S ——

Do until all three components of gyro output are computed

Compute nonorthogonal transformation matrix

Transform gyro output to update quaternions

Normalize quaternion coefficients

Figure A-15
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R et

G6-V

00100
00200
00300
00400
00500
00500
00500
00500
00500
00500
00500
00500
00500
00500
00500
00500
00100
00200
00300
00400
00500
00600
00700
00800
00900
01000
01100
01200
01300
01400
01500
01600
01700
01800
01900
02000
02100
02200
02300
02400
02500
02600
00600
00700
00700
00700
00700
00700
00700
00700
00700
00700
00700
00700
00800
00800
00800

0001
0002
0003
0004
0005

0006

0007
0008

0009

0010
0011
0012

0013
0014

0015

FECZE 3K BE BE B 2R BN IR BN J

PUFS A SRS I I I IR 2R B R BE K R R AR AR 2R AR B 4

- LIX 2K B 2R R B 2K 2 3N
O0OO0O0O0O00

O 00000000

AO0O0aANNOOO00000000000

SUBROQUTINE GYROUT
DIMENSION TEMP(3,3)

6-Apr-1981 14:49:13
30-0ct-1980 09:12:39

REAL*8 GD,DUMMY,OMEG, TEMP, GAUSS

INCLUDE 'ARRAYS.COM’

COMMON /ARRAYS/ T1(3),T2(33,13(3),74(10),T11(3,3),733(3,3)
. ,1T44(4.4),166(6,6),T77(6,6),75(4),T6(4),T77(4)
REAL+8 T1,72,73,74,711,733,744,166,777,75,76,77

THMESE ARE TEMPORARY STORAGE ARRAYS FOR USE BY ALL MODULES

Ty - T4

Tty - 177

T

INCLUDE 'TIME.COM'

SINGLE OIMENSION ARRAYS
DUAL DIMENSIONED ARRAYS

DUAL ARRAY; OFF DIAGIONAL SET TO ZERO

COMMON /TIME/ TIME,TNEXT,TSTOP,TIA,DEL,TIN,DTN,DATEO,TZERD

. ,TMEAS, TRACK,T1S,TISN,DTA,DATER,TPRINT ,DTPRINT
REAL*8 TIME,TNEXT,TSTOP,T1A,DEL, TIN,DTN,DATEOQ,TMEAS,TRACK,TIS,
. TISN,DTA,TZERO,DATER,TPRINT,DTPRINT

THESE ARE THE TIME REFERENCE FRAMES

TIME
TNEXT
TSTOP
TIA
D.L
TIN
DTN
DATEO
DATER
TZERO
TSLEW
TIS
TISN
DTA

TPRINT
DIPRINT

INCLUDE 'TMAT, COM'

ATOMIC TIME SINCE INITIALI

ZATION (SEC)

TIME FOR NEXT POSITION INTEGRATION (SEC)

RUN TERMINATION TIE (SEC)
ATTITUDE INTEGRATION TIME
" " STEP
POSITION INTEGRATION TIME
" " STEP
DATE OF FLIGHT EPOCH (uD)
DATE OF 1950 EPOCH (JD)
START TIME IN SECS. SINCE

(SEC)
SI1ZE (SEC)
(SEC)
SIZE (SEC)

DATEO

TIME NECDED TO SLEW AND ACQUIRE (SEC)

REAL WORLD REFERENCE TIME

(SEC)

VAX-11 FORTRAN V2.0-2
_OBAO:[D11R.GCP JGYROUT.FOR ;8

TIME FOR NEXT RW FOSITION INTEGRATION (SEC)

USUALLY + DEL BUT + TSLEW = TIA WHEN DEL

TOO LARGE AT MEASUREMENT TIME

TIME FOR PRINT (SEC)
INCREMENT ON TPRINT (SEC)

COMMON /TMAT/ A(3,3),B(3,3),C(3,3),EM(4,3)

REAL*8 A,B,C.EM

TRANSFORMATION MATRICES

A
8
c
EM

INCLUDE 'NOISE .COM'

INERTIAL TO BODY AXES

GYRO TO BODY AXES
GYRO NON-ORTHOGONAL TO GYRO AXES
BODY TO QUATERNIAN AXES

COMMON /NOISE/ BWD(3),5WD(3),BSF(3),SSF(3),B0(3),50(3)
. ,BDD(3),SDL(3),SRM,BRE,SRE
REAL+8 BWD,SWD,BSF,SSF,80,50,800,500,SRM,BRE,SRE

Page
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RN

Ap-V

GYROUT

00800
00800
00800
00800
00800
00800
00800
00800
00800
00900
00900
00900
00900
00900
00900
00900
009C0
00500
00900
00900
00900
00900
00900
01000
01000
01 0
01000
01000
01000
01000
01000
01000
01000
01000
01100
01100
01100
01100
01100
01100
01100
01100
01100
01100
01200
01300
01400
01500
01600
01700
01800
01900
02000
02100
02200
02300
02400

00186

0017
0018

0019
0020
0021

0022
0023
0024

0025

0026
0027
0028
0029
0030
0031

0032

e e o8 BB PN OFOEL PO K B3R B B 2N J

T B K B A

e 8 B 00 B a0

30-0ct-1980 09:12:39 _DBAO:[D%!R.GCD]G(ROUT.FOR:8

6-Apr-1981 14:49:13 VAX=11 FORTRAN Vv2.0-2
c
c REAL WORLD GYRO MEASUREMENT ERRORS
¢
c BwD SWD . . GYRO DRIFT (RAD / SEC)
c BSF SSF . . GYRO SCALE FAZTOR
c BD SO - . GYRO NONORTHOGONALITY (RAD)
c 80D SOD . " GYRO RELATIVE ORIENTATION (RAD)
c
INCLUDE 'ASTATE.COM'
Cc
COMMUN /ASTATE/ DE(4).E(4) ,wD(3),5F(3),D(3),00D(3)
REAL*B DE.E,wD,SF,0.00
c
c ATTITUDE STATE AND CONSIDERED ;ﬁRAuerERs
c
c D. DIFERENTIAL OF QUATERNIONS
c E QUATERNIONS
[ wo GYRO DRIFT RATE (RAD/SEC)
c SF GYRO SCALE FACTOR
c o) GYRO NON-ORTHOGANALITY (RAD)
[ 1o} GYRO RELATIVE ORIENTATION (RAD)
[
INCLUDE 'ENVIR.CCW’
COMMON /ENVIR/ STATE(10),PROFILE(10,4),INIT
REAL*8 STATE,PROFILE
[
c REAL WORLD STATE PARAMETERS
[
c STATE STATE VALUES: X,Y,2.x0,YD,2D,E0,€E1,E2,E3
c PROFILE ATTITUDE PROFILE-TIME (SEC) VS
c INERTIAL ANGULAR RATES (RAD/SEC)
C INLT INTEGRAT ION INITIALIZATION KEY (=1)
[
INCLUDE *ROTAT .COM’
COMMON /ROTAT / OTHR(3).DTHEM(3) ,0THE(3)
REAL*8 DTHR,.DTH M, DTHE
c
c GYRO ATTITUDE PARAMETERS
Cc
c nrHl REAL WORLD GYRO DATA (RAD)
c U I HEM FILTER WORLD GYRD DATA (RAD)
c DTHE FILTER WORLD COMPENSATED GYRO DATA (RAD)
[+

DIMENSION OMEG (3).DuMwY(3)
CC......OOQOOOCt.‘-.-n--o-.-..'..'..Oo..Ot.....t.t'........l‘.l't....‘..‘.g?%.‘
C INTERPOLATE TO FIND INTERTIAL RATES BETWEEN TIMES IN TABLE
C..O...‘Ot..l.t.tto.cocunntnttt...-.-a..“..t.tt.“"'.l0‘0.'..00.‘0....'...‘..

00O 200 I = 1,10

IF (FROFIL.(X.1).LT..001) GO TO 200
IF (TIME,GT.PROFILE(]I,1)) GO 710 200
DO 100 Vv = 2.4
OMEG(J-1) = PROFILE(1,4)
1F (PROFILE(i,1)}-PROFILE(I~1,1) .GT. 1.E-12)
. OMEG(u=') = ((TIME-PROFILE(I-1,1))/(PROFILE(I. V)"

. PROFILE(1’1,1)))'(PROFILE(Z-G)‘PROFILE(l".d))+
. PROFILE(I=1,J)
100 CONT INUE

T

Page
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0033
0034
0035
0036
0037
0s38

0039

0040
0041

2042

0043
0044

coas

0046
0047

0043

0049

0050
CG51
G0S2

0053
0054
0055

00S8
Ges?

|
6-Apr=1981 14:49:13 VAX=11 FORTRAN v2.t¢
30-0ct-1980 09:12:39 -OBAO:[D1IR.CCPIGY U ..
o0 13 208
200 CONTINUE

205 [F (IEMTER.EQ.2) w&]"E:(5,125)
125 FORMAT/I ' EMTERISS LeRT T )
IF (TENTER.EQ,.2: wRiT£i6,150; TIME,OMES

150 FCRWAT: "~ TIME = Fz, ¢,  2HES =',3(1X,E156.9))
c........l.............--.l.lt..tl.'tl'.t.tl.ll...'.t'...-.....'...-.......O...
C COMPUTE TRANSFTZAVATION MATRIZ FROM GYRG TO BAODY COORTINATES

C........to'.'t'.'l.H..'c-l'..l..............l'..."'l...‘......0."‘..'.....“

CALL BYATI2DD, "1t
Coooc-.-.---tnn-.-t...-.-.-a-.---ta.v-'-.n..ab--oo-nnot-..-.-.u-b.t....ot......
c COMPLTE TRANSFUEMAT LN MATRIL ACCOUNTING FOR GYR3 NOMORITHOGONMALITY
Ca.-..n-o-t'tto...--t--.-.---onn.-t----‘--.coto.o.oao.--.0--..--..:..-0..-.....

CALL CMAY(PSF,BD,T33)

c

IF (1ENTER . £Q.2)

WRITE(G,17%) AT 0,5y, 028,37, 184,3),((T3301,4),021,3),1=1,3)

175 FOAMAT( B IS',/.3° 2(1X.E16.9)}./,' C IS',/.3(3(1X  €16.9),/))
C-.-.--.tt-tunn.....n‘..--.'-tc....on'o.."n.--00..--....-..-..-.cnt.vooo..o...
C FIND (IN/ERSE 5F )+ INVERSE GF B)s]NVERSE OF (BeC)., STORE IN TEMP
C...‘o.-t.-n-.-tn.....-o..--nn:-c.t.......‘.cttk.olt..tt..‘oo-uoo'-...t.t.‘-‘..

CALL MATAB(TYY ,733.7€¢%9,3,3,3)

CALL MINJ/I(TEMP,TEMSD
:lt..'...no.~n--0....-..o.--.-......0.0..-.....0‘..-........0-.v-t.o...t..t.o..
[« FIND RPEAL WORLS CHAYWGE IN GYRO ANGLES
Cttt.t'.tln--..'.tl.to-.n.-v.t....n.oot....t..l.'.l.'t..tt..'.t..t........l....

CALL MAYAB(TEH;,CVES.7',3.3.1)
Cttoo.-ton-------tn.-t---.--...ul'--..Olltitotttn.tlttt....l..tv'ltto.....oo..‘
[« CORRUPT REAL #T3%.D GrRT ANGLES WITH BIAS
CO..‘O...--..-..'...--.--.u.t..ctt.o......'...l‘t.00.0'..t.t.ctt.."tto"....l‘

00 300 1 = 1,3

300 ODTHRI(L) = (BaZ(1l) + TY(1))=DTA
c
IF !1E%TER.ED.2)
WRITE(G,18B0) (ITEMSI],5),4=1,3),1%1,3),0THR.GTHEM
180 FORMATI ' INVERS <Ff 8 « 2./ 331X, F16.9),/).
- | MEAL WOPLD CHAWGEL 1% GYRO ANGLES',/,3(1X.E16.5),/,

" FILTER CHANG 5 IN /80 ANGLES e/ 301X ,E16.9)
C.‘l.‘l..l..l..-."......--n-n.'-..'l......‘.l'..ll.l.'.l...!.l'...'.'.......'.
C FIMD FILTER wCRLZ CHaANGE IN GYRO ANGLES BT ADDING RANDOM ERROR
o Dug TC DRIFTY

C.'......l'.'..-..l.lt.'-.l'll.l.'.I.l.‘......................l‘.......‘......‘
00 40C [ = 1,3
GD = GAUSSIG.5,5%al(]))

400 ODTHEMIL) = DT=a,, ¢ GOsDTA
C-.....c..--o..I....-----.tt---.l-.0.....'...0...."-...'...a....'o.......‘....
c UPDATE REAL w3HLT GUATERNION
C HOTE: COMPENSATE wiTwi SAME
[« MOISE TERMS T2 GET ~iAL WORLD

c..‘....l.t"ll-..'.t.'-...-'n...l..'.......‘...‘.O............l.........‘.....
IF (1ENTER.EQ.2) wRITEI6,500)
500 FORMAT(/,' CALL XATT FGR RLAL WGRLD *)
CALL KATT(DTmR ,B4C.B800,85F ,B0,0UMMY ,STATE(7) )

RETURN
EnND

el palCMEEREL L

“CR .8

Page
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TR IS T RS e E A Ee r

)

g86-V

GYROUT

Name

$CODE
SPDATA
$LOCAL
ARRAYS
TIME
TMAT
NOISE
ASTATE
ENVIR
ROTAT

CONAPA2AWN-O

ENTRY PQINTS

Address

0-00000000

VARIABLES

Address

6-000000C8
4-00000658
2-00000080
6-00000000
4-00000028
4-00000008
4-00000040

ARRAYS

Address

$5~00000000
5-00000048
6-00000060
6-00000090
6-00000030
6-00000000
$-00000090
7-00000070
7-00000088
7-00000000
9-00000030
9-00000018
9-00000000
2-00000048
7-00000020
$-00000008
2-00000060

PROGRAM SECT IONS

Type

Type

Re8
Re8
1e4
Ra8
A8
a8
Re8

Type

ReB
Re8
R+8
R+8
Re8
Re3
Re8
Re8
R+*B
R*8B
Re8
Re8
Re8
R*8
Re8
R*8
ReB

Bytes Att
576 PIC
2714 +IC
328 PIC
1096 PIC
136 PIC
312 PIC
216 PiIC
160 PIC
404 PIC
72 PIC
Name
GYROUT
Name Adc.ress Type
BRE 4-00000038 Re8
OTA 4-00000030 Rse8
1 2-00000088 4
SRE 6-000000C0 Re8
TIN 4-00000058 R+*8
TNEXT 4=-00000078 Re8
TZERG
Name Bytes Dimens
A 72 (3, 3)
8 72 (3, 3)
80 24 (3)
800D 24 (3)
85F 24 (3)
B8wD 24 (3)
C 72 (3, 3)
[} 24 (3)
[»}0] 24 (3)
DE 32 (4)
DTHE 24 (3)
DTHEM 24 (3)
DTHR 24 (3)
DuMMY 24 (3)
E 32 (4)
(4] 96 (4, 3)
OMEG 24 (3)

ributes

CON REL
CON REL
CON REL
OVR REL
OVR REL
OVR REL
OVR REL
OVR REL
OVR REL
OVR REL

Name

DATEO
DTN
IENTER
SRM
T1S
TPRINT

ions

LCL
LcL
LCL
GeL
GBL
GBeL
GBL
GBL
GBL
GBL

SHR
SHR

EXE
NOEXE

NOSHR NOEXE

SHR
SHR
SHR
SHR

NOEXE
NOEXE
NOEXE
NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE

Address

4-00000070
4-00000060
8-00000190
4-00000018
4-00000060
4-00000050

6-Apr-1981 14:49:13
30-0ct-1980 09:12:39

RD NOWRT
RD NOWRT

RD
RD
RD
RD
RD
RO
4y}

D

Type

R+8
R*8
1+4
R+8
R*8
Re8

WRT
WRT
WRT
WRT
WRT
WRT
will
WRT

VAX=11 FORTRAN v2.0-2
_DBAO:[D11R.GCP]GYROUT.FOR ;@

LONG
LONG
QUAD
LONG
LONG
LONG
LONG
LONG
LONG
LONG

Kame

DAT

ER

DTPRINT

INT
TIA

T

TISN

TRA

CK

Address

4-00000020
2-00000078
2-00000084
4-00000000
4-00000048
4-00000010

Tyoe

R+8
Rs8
I[+4
ReB
R+8
R*8

Name

DEL
GO0

TIME
TMEAS
TST0P




i

-
] GYROUY 6-Apr-1981 14:49:13 VAX-11 FORTRAN V2.0-2 Page S
’ 30-Dct~1980 09:12:39 -DBAO:[DI1R.GCP]GYROUT.FUR:8

8-000000%50 Re+8 PROFILE 20 (10, 4)

6-00000078 Re+B SD 24 (3)

6-00GC00AB Re*8 SDD 24 (3)

7-0000G6058 Re8 SF 24 (3)

6-00700048 Re*8 SSF 24 (3)

8-C0C0O0D00 ReB STATE 80 (10)

6-00200018 R*B SaD 24 ({3)

3-00000000 Re*8 T1 24 (3)

3-00,20038 Re8 T11 72 (3, 3)

3-00000218 Re8 T2 24 (3)

3-00000C30 Re8 13 24 (3)

3-006GO%EN ReB T33 72 (3, 3)

3-00000048 ReB T4 80 (10)

3-00000128 Re*8 Taq 126 (4, 4)

3-000003E8 Re8 T5 32 (4)

3-00000408 ReB 16 32 (4)

3-005001AB ReB T66 288 (6, 6)

3-00000428 Re8 717 32 (4)

3-000002C8 ReB T77 288 (6, 3)

2-00000000 Re8 TEMP 72 (3., 3}

7-00000040 Re8 WD 24 (3)

LABELS
Address Labe! Address Laoe! Address Label Adoress Lanel Address Label Agcress Label
e . 100 1-00000000 125' 1-000G0013 150° 1-00000033 175* 1-00000062 180' 0-00000083 200
g 0-00000088 205 e 300 L24 400 1-000000E5 500

FUNCTIONS AND SUBROUTINES REFERENCED

BMAT CMAT GAUSS KATTY MATAB MINV3

Tots! Space Allocated = 3571 Bytes

s COUMMAND QUALIFIERS
FORTRAN /LIST ch.xuoava.narAa.ouroATA.nanc.DNAv.EpHEu.TaUEA.SPRESS.OCCULT.GPERT.GCPSEO.VISXBLE.GENENV.TREG.GVQOUY.RATE.BIAT.CHA
/CHE CK = { NOBOUNDS ,OVERF LOW)

/DEBUG= (NOSYMBOL S, TRACEBACK)
/F17 /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE /CONTINUATIONS=19

COMPILATION STATISTICS

Run Time: 2.92 seconds
Elapsed Time: 46 .70 seconds
i Page Faults: 408
Oynamic Memory: 160 pages




2.3.3 Transformation from Euler Angles (BMAT)

Subroutine BMAT uses DD(3) an array of Euler angles to generate the
direction cosine array B(3,3). The B matrix is an array used for
transformation of data from the gyro coordinate set to the body coordinate set.

RS A

Processing Requirements

a standard Euler angle transformatiocn with a
from the gyro coordinates first about the z gyro
d by the x axis. All rotations are considered

The processing generates
rotational sequence starting
axes, then the y axis, followe
‘ positive.

é
h\
-

Input Requirements
DD - Euler angle array
pD(1) = x-axis rotation (rad)

DD(2) = y-axis rotation (rad)
DD(3) = z-axis rotation (rad)

Output Requirements

B = Direction coeine transformation from gyro axes to body
axes (unitlese)

Subroutines and Function Called - SIN, COS (Math Package)

Calling Subroutines - GYROUT, KATT
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"B'" TRANSFORMATION MATRIX

FIND SINE AND COSINE OF EACH OF THE
THREE COMPONENTS OF GYRO RELATIVE v

COMPUTE ELEMENTS OF B MATRIX USING THE
ABOVE, WHERE B TRANSFORMS DATA FROM
GYRO TO SEXTANT COORDINATES

Figure A-16
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coL-v

0001

0002

00100
00200
00300
00400
00500
00600
00700

(s XeNaN el

0003

0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
¢018
0019
0020
0021
0022

6-Apr-1981 14:50:07
11-5ep-1980 11:01:46

SUBROUTINE BMAT(DD,B)

THIS ROUTINE COMPUTES THE B(3,3) MATRIX
THE B MATRIX TRANSFORM> DATA FROM GYRO TO BODY COORDINATE

INCLUDE 'OEBUG.COM'

. COMMON /DEBUG/ 'ENTER,I1DEBUG

s C

* C USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL

e C

e C 1 NTER IF 1, PRINTS WHEN ENTERS M(iST SUBROUTINES
* C IDEBUG 0-10, HIGHER NUMBER MEANS MORE PRINT

« C

DiMENSION DD(3).8(3.3)

REAL+*8 DO,B,CDX,CDY,CDZ,50X,S0Y, SDZ
CDZ = COS(DD(3))

SDZ = SIN(DD(3))

Covy = COS(DD(2))

SOY = SIN(DO(2))

COX = COS(DD(1))

SOX = SIN(DD(1))

B(1,1) = COZ+COLY

B(1,2) = SDZ+COY

8(1,3) = -50Y

B8(2,1) = CDZ*SDY*SOX-SDZ+*CDX
B(2,2) = SDZ+SDY*SDX+CDZ*COX
8(2,3) = CDY+SOx

B(3,1) = CDZeSOY*COX+502Z+50X
8(3,2) = SDZ*SOY+CDOX-CDZ*SDX
8(3,3) = CDY*COX

RETURN

END

VAX-11 FCRTRAN Vv2.0-2
_DBAO:[D11R.GC+ BMAT.FOR:S
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BMAT

PROGRAM SECT IONS

j
:
£ Name

FUNCTIONS AND SUBROUTINES REFERENCED

MTHSDCOS MTHSOSIN

Tota! Space Allocated = 319 Bytes

COMMAND QUAL 'FIERS
FORTRAN /LIST GCP.INDATA.MATAB.DUTDAYA.RUNG.DNAV.EPHEU.
/CHECK:(NOBOUNDS.OVERFLOH)

/DEBUG:(NOSVMEOLS.TRACEBACK)
/F1T /NOG_FLOATING /14 /OPTIMIZE /WARNINGS

COMPILATIIN STATISTICS

1.03 seconds

Run “ime:
Elapsed Time!? 14.26 seconds
Page Faults: 313

Dynamic Memory:?: 180 pages

6-Apr-1981 14:
11-Sep-1980 11:

Bytes Attributes
0 $CODE 223 PIC CON REL LCL SHR EXE
2 SLOCAL a8 PIC CON REL LCL NOSHR NOEXE
3 DEBUG 8 PIC OVR REL GBL SHR NOEXE
ENTRY POINTS
Add.ess Type Name
0-00000000 BMAT
VARIABLES
Addaress Type Name Address Type Name Address
2-00000000 Re8 COX 2-00000008 R*8 CDY 2-00000010
3-00000000 I*4 IENTER 2-00000018 Re+8 SDX 2-00000020
ARRAYS
? Address Type Name Bytes Dimensions
S AP-00000008@ Re8 8 72 (3, 3)
AP-00000004@® R¢8 0O 24 (3)

/NOD_LINES /NOMACHINE _CODE

50:07
01:46

VAX-11 FORTRAN Vv2.0-2
_DBAO:[Dt1R.ch}aMAr.F0R:5

RD NOWRT LONG

RO
RO

Type

Re8
R*8B

TRUEA,SPRESS.OCCULT.GPERT.GCPSEO.VISIBLE.GENENV.TREG.GVRUU

/CONT INUATIONS=19

WRT QUAD

WRT LONG
Name Address Type
(o074 3-00000004 I+4
sDY 2-00000028 R=*8

Page

Name

IDEBUG
502

T.RATE,3MAT ,CMA




T R et e s = e e e e -

2,3.4 Transformation from Quaternians (AMAT)

Subroutine AMAT completes the direction cosine matrix A(3,3) from the
quaternian array E(4). The resulting A matrix may be used to transform data
from the ECI to body coordinates.

Processing Requirements

The standard transformation equations from quaternian elements to A matrix
elements are used. Refer to Motensen, RE "Strapdown Guidance Error Analysis"
1EEE Transactions on Aerospace and Electronic Systems May 1974, pp 451-457

Input Requirements

E = The quater.aian array describing the body attitude in inertial space
(unitless)

OQutput Requirements

A = Direction cosine matrix for transformation of data from ECI to body
coordinator. (unitless)

Subroutine and Functions Called - None E
Calling Subroutines - BVECT, LAMKT, HLMT, HSTAR, EST
Mathematical Specification

The transformation from a quaternian array to a direction cosine array is
given by

I

Elz + E22 - E32 - Euz 2(E2E3 + EIEQ) Z(EzEu - E1E3)

A= 2(E;E3 - EjEy) E12 - Ep2 + E3° - Ey2 2(E}E, + E3Ey)
2(E- 2 _ 2 _ 2 L F.2 4 2
(E2Ey + EjE3) (E3Ey - EqEp) E1© - Ep® - E3° + Ey

Where the quaternian array is given by

IR T o L T A S T
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"A" TRANSPORMATION MATRIX

COMPUTE E COMPONENTS AS FUNCTIONS
OF PRESENT QUATERNION

COMPUTE A MATRIX USING E COMPONENTS,
WHERE A IS MATRIX REQUIRED TO TRANS-
PORM DATA FROM ECI TO SEXTANT
COORDIRATES

F: ‘e A-17

A-105




[Jef )
0002
0003

0004

00100
00200
00300
00400
00500
00600
00700

401~V

s NaNaRaRakaRakaRaREsaXaNalal

000S

0006
0007
0008
0009
0010
0011

0012
003
0014
0015
0016
0017
008
0019
0020
0021

0022
0023
0024
0025
0026

R TR AL R A I BRI R 3
11-50-19380 11:03:36

SURROU”™ ' NE AMAT(E,A)
DIVMENS]. E1a),a(3,3;
REAL*B E.A EOC.E11,E22, 33.5.1.602.E03.,€12,E1),E23
THIS ROUTINE COMPUTES Twf 3¢ 4.3} MATRIX
THE A MATRIX TRANSFORWYS CATA FROM ECI TD SEXTANT COURNINATES
INPUT VARIABLES
E = QUATERN] AN TRANSFORMATION FROM INERTIAL 10 BOOY
OUTPUT VARIABLES
A = DIRECTION COSI™E TRANSFORMATION FROM INERTIAL
T0 600Y

CODOE CHECKED BY JACK MYERS 2JUUNE 1980

INCLUDE ’DEBUG.COM'

. COMWON /DEBUG/ IENTER,.DEBUG
e C
*« C USER CONTAQLLED PARAMETERS TO VARY DEBUG PRINT LEVEL
s C
s C 1 NTER IF 1, PRINTS WHEN ENTERS MOST SUBROUTINES
« C 1DEBUG 0-10, HIGHER NUMBER MEANS MORE PRINT
s C

EQOO0 = E(1)sEC(Y)

E1Y = E(2)°E(2)

€22 = E(J)*€E(3)

€33 = E(4)E(4)

E0Y = E(1)*E(2)

€02 = E(1)*E(3)

€03 = E(1)*E(4)

E12 = E(2)+E(I)

E13 = E(2)+E(4)
E23 = E(3)°E(4)
A(1,1) = EOO+E11-€E22-E3]

A{1.2) = 2.(E12+4E03)
A(1,3) = 2.¢(EV3-EQ2)
A(2.,1) = 2.¢(E12-E03)
A(2.2) = EOO-E11+E22-E3D
A(2,3) = 2.9(EQ1+E2])
A(3,1) = 2.o(E1I+E02)
A(3,2) = 2.%(E23-EQ)
A(3.3) = EOO-E11-E22+EJ3
RETURN

END

YAX=11 F v TRAN
_DBAO: [D1'R.CC

IR 2N

V)
n

sl 30Vd TVNIORO

ALI'TVND q00d 40

D = o

Pa-.

T, T
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AMAT 8-Apr—-1981 14:54:54 VAX~-1% FORTRAN V2.0-2 Page 2 é
11-Sep=1980 11:00:36 _DBAO:[D11R.GCH JAMAT . FOR: 3 |
PROGRAW SECT IONS
Name By/tes Attributes
0 $COoDE 216 PIC CON REL LCL SHR EXE RD NOWRT LONG
2 SLrCAL 120 PIC CON REL LCL MOSHR NOEXE RO WRT QUAD
3 DEBUG 8 PIC OVR REL GBL SHR MOEXE RO %RT LONG ]
ENTRY POINTS
Address Type Name
0-00000000 AMATY
VARIAB{ES
Adoress Type Name Address Type MName Adcress Type Name Address Type Name
2-00000000 Re+8 EOO 2-00000020 Re*8 EO1 2-0G000023 R+® €02 4-00000030 R+*8B EO0)
2-00000008 ARe8 Et 2-000C0038 R+*8 E12 2-00000040 R*8 E13 2-00000010 R+8 E22
2-000G0048 R*8 €23 2-000000'8 Re8 E33 3-00000004 1I°4 1DEBUG 3-0C000000 1+4 JENTER
ARRAYS
5 Address Type Name Bytes Dimensions
1
= AP-00000003® Re8 A 72 (3. 3)
N AP=00000004® Re8 ¢ 32 (&)
Total Space Allocated = 344 Bytes

COMMAND QUALIFIERS

! FORTRAN /LIST GCP,INDATA MATAB,OUTDATA,RUNG,DHAV , EPHEM, TRUEA,SPRESS,0CCULT +GPERT ,GCPSEQ.VISIBLE, SENENV, TREG,GYROUT ,RATE,BMAT ,CMA

/CHECK={ NOBOUNDS ,OVERF LOW)
: /IEBUG={NOSYMBQ .S, TRACERACK)
/F7T  /NOG_FLOATING /14 /CPTIMIZE /WARNINGS

/NOD_LINES /NOMACHINE _CODE /CONTINUATIONS=19

COMPILATION STATISTICS

ARun Time: 1.18 seconds
Elapsed Time: 11.6) seconds
Page Faults: 210

Dynamic Memory: 180 pages




2.4 PROCESS GYRO DATA (GYRO)

The general function of the Process Gyro Data Module is to process the
angular changes sensed by the strapdown gyros at evenly spaced time intervals
determined by one scan 1ine of the science sensor.

This data is corrected for gyro considered paraumeters; drift,
nonorthogonality, scale factor, and misalignment. it is then used to update
the quaternion so that the attitude of the spacecraft can be known as
accurately as possible at all times. Then, it

is used to propagate the

attitude state transition matrix. This matrix is used each time an attitude

measurement is taken to propagate the covari

ance matrix.

The major input to the Process Gyro Data Module is the angular changes

sensed by the 2yros during each sample

period.

The length of this period

defaults to .l s=cond, which is assumed to be the time it takes for one scan

1ine of the GMLA.

The input data consists of three variables which correspond to the angular
changes sensed by the gyros about the three orthogonal gyro axes during the

most recent period.

Other input data required by the Pr
value of the attitude quaternion and th
attitude reference measurement time).

ocess Gy
e time a
The atti

ro Data Module are the initial
t which it is valid (the last
tude quaternion 18 initially

set with a default accuracy of .125 degrees about each axis.

The attitude quaternion, which is propagated by the Process Gyro Data
Module, is later updated by the State Estimation Module when an attitude
reference measurement is processed. It is also used by the State Estimation

Module for calculating the predicted attitu

de reference measurement when

updating the attitude quaternion. The three components of the attitude
quaternion are in the closed interva].[}l, +11.

The attitude state iransition matrix which is progapated in the Process
Gyro Dat “nodule is later used in the State Estimation Module to determine an

updated covariance matrix after an attitu

de reference measurement is

processed. At this point, the attitude state transition matrix 1is reset to

the identity.

The Process Gyro Data Module processes the gyro data to climinate gyro
systematic errors (process noise). The systematic errors include the constant
drift rate, the scale factor, the non-orthogonality of the zyro input axes,
and the misalignment of the ideal gyro input axes with respect to the
spacecraft axis system. These compensated angular chauges 2rc calculated by

the equation:

A1 A8im + Wpx - At

A62 =B - c - Aelm + WDy « Ar

LAG:; AB3m t+ Wpz At
A-103
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where

B = gyro misalignment transformation matrix

C = gyro scale factor and non-orthogonality transition matrix
48y, 467, 463 = compensated gyro data (radians)
A81m, 485y, AB3p = input data from gyros (radians)
Wpxs Wpy, Wpz = gyro constant drift rate (rad/sec)

At = gyro measurement interval (sec)
The matrix C has the following components:

Sx 0 0
C=|-Sx:6, Sy 0
—Sx+8, -Sy-83 Sz

where
Sx, Sy, Sz = gyro scale factors (radians/count)
81, 85, 683 = gyro misalignment angles (radians)

The matrix B has the following components:
CA3*CA,y SA3-Ch, -SA,
SAy.SAp+S43-CA1+SA3  SAy+SAz+SA3+CAy.CA3  CAp+SAy
CAy-SAp-CA3+SA) -SA3  CAp-SAp+SA3-SAy-CA3  CAp-Chy

where the abbreviations C and S are used for cosine and sine, respectively, and
b3, Ay, A}  are Euler angles representing rotations abovt the z axis, y
axis, and x axis, in that order.

The compensated gyro data is then used to compute the differentinl of the
quaternion which is used to propagate the quaternion. The quaternion is used

to update the attitude transition matrix. The net result of this module being
an update in the SS attitude estimate and a new attitude transition matrix.

A-109
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GYRO PROCESSING MODULE (GYRO)

0T1-v

Compensate for Gyro drift {KATT)

Compensate for Gyro nonorthogonality (KATT)

Compensate for Gyro coordinate
misalignment (KATT)

Update quaternion with
angular changes (KATT)

Compute state partials, attitude
parameter partials, and asztitude state
transition submatrices (PDATT)

Load new attitude transition
matrix (PATT)

Figure A-18
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; : 6-Apr-1981 14:51:4% VAX=11 FORTRAN Vv2.0-2 Page 1
! ‘ 28-Aug-1980 15:54:20 .OBAO:[D111..GC+]GYRO.FOR: 4
ﬁ 0001 SUBROUTINE GYRO
i 0002 INCLUDE 'DEBUG.COM'
: 00100 0003 » COMMON /DEBUG/ I[ENTER, iDEBUG
| 00200 . C
| 00300 «C USER CONTROLLED PARAMETERS TO VARY DEBUG FRINT LEVEL
i 00400 s C
00500 «C I NTER IF 1, PRINTS WHEN ENTERS MOST SUBROUTINES
‘ 00600 «C 1DEBUG 0-10, HIGHER NUMBER MEANS MORE PRINT
| 00700 . c ;
: 0004 INCLUDE ‘'ROTAT.COM'
0005 * COMMON /ROTAT / DTHR(3),DTHEM(3),0THE(3)
0006 REAL*8 DTHR,DTH M, DTHE
e C
*«C GYRO ATTITUDE PARAMETERS
e« C
* C DTHR REAL WORLD GYRO DATA (RAD)
3 . C DTHEM FILTER WORLD GYRO DATA (RAD)
‘ * C DTHE FILTER WORLD COMPENSATED GYRO DATA (RAD)
s C
A 0007 INCLUDE 'ASTAYVE.COM'
3 *C
0008 COMMON /ASTATE/ DE(4).E(4).wD(3),SF(3),0(3),00(3)
0009 REAL*8 DE,E,wD,5F,D,DD
. C
* C ATTITUDE STATE AND CONSIDERED PARAMETERS
. C
. = C 0. OIFERENTIAL OF QUATERNIONS
T . C E QUATERN]IONS
— .« C WD GYRO DRIFT RATE (RAD/SEC)
- e C SF GYRO SCALE FACTOR
. C o} GYRO NON-ORTHOGANALITY (RAD)
« C oo GYRO RELATIVE ORIENTATION (RAD)
. C
] 0010 INCLUDE 'PHIA.cOM’
‘ 00100 0011 = COMMON /PHIA/ PA(4,4),TA(4,12),PDA(4,16),PHIA(16,16),
00200 . COVA(16,15) ,POA(16,16) , QMAX
00300 Q012 o REAL-a PA,TA,PDA,F4IA,COVA,POA,QMAX
} 00400 s cC
00500 ¢ C THESE ARE THE ATTITUDE TRANSITION AND COVARIANCE MATRICES
00600 «C
00700 . C PA ATTITUDE STATE TRANSITION MATRIX :
1 00800 e C TA PARAMETER TRANSITION MATRIX .
1 00900 . C PDA . DERIVATIVE OF TRANSITION MATRICES :
N 01000 e C PHIA . AGGREGATE TRANSITION MATRIX f
: 01100 e C COVA . NEW COVARTANCE MATRIX j
; 01200 . C P0A . PREVIOUS COVARIANCE MATRIX
h 01300 ¢ C QmMAX . COVARIANCE NORM MAX :
; 01400 * C ;
! 0013 IF (IENTER.EQ.1) WRITE(6,999)
] 0014 999  FQRMAT(' ENTERING GYRD ')
r C..“‘.“.00‘.‘.“‘..‘.0“"t..t..“.‘...‘..““““‘.‘.“t..‘tt“'.‘..‘..“‘..
” c UPDATE FILTER QUTERNION
C‘..t‘.“.tttt.'..."tttn‘tt‘o."O.“t.‘....‘.t“t“.“.tt“"tt.“..‘.“..“.. ’
0015 IF (IENTER.EQ.2) WRITE(6,100)

? 0018 100 FORMAT(/,' CALLING KATT FOR FILTER WORLD')

E‘ C‘..‘..‘t“‘..‘..“.t.‘.‘tt‘.“tt.‘t“.“‘..“t.'.".“...O".t.“'..“‘..“.‘-
T c KATT

2




6-Apr-1981 14:51:41 VAX=11 FORTRAN V2.0-2 Page 2
28-AuQg-1980 15:54:20 _DBAO:[D11R.GCP]GYRO.FOR; 4

COMPENSATE FOR GYRO DRIFT
COMPENSATE FOR NONORTHOGONALITY
COMPENSATE FOR GYRO MISSALIGNMENT
UPDATE QUATERNION

b4 AP IC RIS 42N EE F AR 4B S RL LA RER RN RO AT E LR S LRGSR RN RS RR RN RN ERERESS
i 0017 CALL KATT(DTHEM,wD,DD,SF.0,DTHE,E)
Coocco-ttaaot-ton‘.ttoao-.tt.atv3t‘tt“ttotttt‘ttttttttott-o‘tt#to‘tonto“ttt“
i C PDATT
H C COMPUTE STATE PARTIALS
! COPRRES R st 2 IR ARER S AR ra s ¥4 RS RIEFSABAPOBERIRRB R EIRS RN AS X RN TR IR0 E0ED
0018 CALL PDATT
Coresssssntsnsnsadnns EEES A AN A SRR A S RIRENEIREA B G RR KNS A NRRB OSBRI TR D RRE NSNS
[+ LOAD NEW STAT_ TRANSITION MATRIX
Ce ..l‘.t“.“.t"“‘tt‘tttOtOIO"tt.“t.‘t...‘.“““‘.“ii..‘...i“‘“.‘t"‘.‘l
0019 CALL PATT(PHIA ,PA,TA)
0020 RETURN
0021 END

PROGRAM SECT IONS

Name Bytes Attributes
0 SCQDE 94 PIC CON REL LCL SHR EXE RD NOWRT LONG
= 1 $PDATA 52 PIC CON REL LCL SHR NOEXE RD NOWRT LONG
b 2 sLocAL 48 PIC CON REL LCL NOSHR NOEXE RD WRT LONG
— 3 DEBUG 8 PIC OVR REL GGL SHR NOEXE RD WRT LONG
o 4 ROTAT 72 PIC OVR REL GBL SHR NOEXE RD WRT LONG
S ASTATE 160 PIC OVR REL GBL SHR NOEXE RO WRT LONG
6 PHIA 7176 PIC OVR REL GBL SHR NOEXE RD WRT LONG

ENTRY POINTS

Address Type Name

0-00000000 GYRO
f VARIABLES
: Address Type Name . dress Type Name Address Type Name
S
] 3-60000004 [*4 IDEBUG 3-00u20000 1+*4 IENTER 6-00001C00 R+8 QMAX
1 ARRAYS
Address Type Name Bytes Dimengicns
; 6-00000C00 R+*8 COVA 2048 (16, 16)
5-00000070 R+*8 D 24 (3)
5-00000088 R+*8 DD 24 (3)
§-00000000 R#*8 DE 32 (4)
4-00000030 R*8 QOTHE 29 (3)




f11-v

GYRO

4-00000018
4~00000000
5-00000020
6-00000000
6-00000200
6-00000400
6-00001400
$-00000058
6-00000080
$-00000040

LABELS
Address

1-00000012

FINCTIONS AND SUBROUTINES REFERENCED

wh

Tot:* Locce Allocated = 7610 Bytes

COMWAND QUALIFLERS

FCRTRAN /LIST GCP,INDATA.MATAB.OUYDAYA.RUNG.DNAV.EPHEH.T“UEA.SPRESS.UCCULT.GPERT.GCPSEQ.VISXBLE.GENENV.TREG.GVROUT.RATE.BMAT.CMA
/CHE CK=(NOBOUNDS ,OVERF LOW)

/DEBUG=(NOSYMBGLS . TRACEBACK)
/ETT  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE

COMPILATION STATISTICS

Run Time:

Re*8
Re8
R+8
R*8
k*8
Re8
R*8
Re*8
R#*8
Re8

Labe!
100"

PATT

Elapsed Time:

Page Faults:

Dynamic Memory:

1.04 seconds
12.51 seconds

24
24
32
128
512
2048
2048
24
364
24

Labe!

1-00000000 999°

6-Apr-1981 14:51:41
28-Aug-1980 15:54:2¢C

VAX=11 FORTRAN Vv2.0-2
-DBAC:{UiiR.GCP]GYRO.FOR; 4

o~~~ o~
WHW==-ddbWW
~e DM » -~

/CONT INUATIONS=19




2.4.1 PROPAGATE ATTITUDE (KATT)

This module finds the differential of the quaternion for the last gyro i
period and uses it to update the quaternion (i.e., propagate the attitude L
estimate). )

The differential of the quaternion is calculated by multiplying the
compensated gyro data in sextant coordinates by the sextant to quaternion
transition matrix. This transition matrix is:

et . g 1 s

-e1 -e2 —e3
1 eq -€3 (-3}
EM =3
ej eq -e]
~22 e} eg :

where e; is the ith element of the attitude quaternion.
i

This differential is then added to the quaternion to determine the new
attitude.
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ATTITUDE PROPAGATION (KATT)

RELATIVE ORIENTATION (BMAT)

i
]
3
% COMPUTE COMPENSATION OF GYRO OUTPUT FOR

. COMPUTE COMPENSATION OF GYRO OUTPUT FOR
NONORTHOGONALITY (CMAT)

COMPUTE TRANSFORMATOR FROM
INDIVIDUAL GYRO TO S/C
COORDINATES

TEMP = BMAT % CMAT

COMPENSATE FOR GYRO DRIFT DTH - DRIFT

ST1-v

TRANSFORM GYRO OUTPUT INTO BODY COORDINATES
DTHUP = TEMP =» TI

COMPUTE CHANGE IN QUATERNION

Ty

UPDATE QUATERNION (QMULT)

UNITIZE QUATERNION (UNIT)

TR E

Figure A-19
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| 6~-Apr-1981 14:50:57 VAX-11 FORTRAN v2.0-2 Page 1
; 6-Nov~-1980 10:29:06 _DBAO:[D11R.GCP}KATY FOR:?7
] 00100 0001 SUBROUTINE KATT(DT~_"72,FT RELOR,SCALEF ,NONOR,DTHU® K QUAT)
I 00200 0 00ses ot tassuensdotessnss st 20028080t sdtsdta ssstdadrestibsnnntatdittivtatsosssss
; 00300 Cc THIS SUBROUTINE USTJATES THE REAL AND FILTER WORLD QUATERNIONS ABOUT
7 0ca00 c THE BODY AXIS
00500 c..‘..¢..-oo-.'.-ot-.-..-.a»"-.n.ootot.to..t...t.‘0000..-‘00.0vato..‘....‘...o
00600 0002 INCLUDE 'DEBUG.COM’
: 00100 0003 o COMMON /DEBUG/ I[ENTER,IDEBUG
: 00200 s C
g 00300 « C USER CONTEOLLEDS PARAMETERS TO VARY DFRUG PRINT LEVEL
' 00400 * C
: 00500 - C 1 NTE® 1§ 1, PRINTS WHEN ENTERS MOST SUBROUTINES
05600 « C I1DEBULG 0-10, HIGHER NUMBER MEANS MORE PRINT
0C700 e C
00700 0004 INCLUDE 'NOISE.COM’
00800 0005 o COMMON /NOISE/ 8wD13).5#3(3),B85F(3),55F(3),8D(3).50(3)
00809 . . L,BDD(2).50D0(3),5RM,BRE, SRE
00800 0006 = REAL+*8 BWD,SWD,BSF,S5F,8D,5D,800,500,5RM,BRE, SRE
ore0o « C
00800 *» C REAL WORLD GYRO MEASUREMENT ERRORS
00ROO + C
00800 e C BWD SWD - b GYRO DRIFT (RAD / SEC)
00800 s C BS5F SSF . " GYRO SCALE FACTOR
208006 « C 8D SD . - GYRO NONORTHOGONALITY (RAD)
00800 L 320 SDD - " GYRO RELATIVE QRIENTATION (RAD)
00800 e« C
> 00800 0007 INCLUDE 'ARRAYS.COM'
J. oosso *C ;
— 00850 0008 o COMMON /ARRAYS/ T1(3).72(3),T3(3), 7T4(10),7T11(3,3),733(3,3) i
< 00850 . ,74414,4),166(6,6),T77(6,6),75(4),76(4),T77(4) 1
‘ 00850 0009 REAL‘B T1,12,73,.74,711,713_,744,766,177,75,76.77
: 00850 * C
; 00850 s C THESE ARE TEMPORARY STORAGE ARRAYS FOR USE BY ALL MODULES
: 00850 « C
! 00850 s« C Ty - T4 SINGLE DIMENSION ARRAYS
! 00850 e C Ty - 177 DUAL DIMENSIONED ARRAYS
o 00850 e C Tt DUAL ARRAY; OFF DIAGIONAL SET T0 ZERO
| 00850 e C
' Goese 0010 INCLUDE 'TIME.COM®
00100 e C
00200 00ty o COMMON /TIME/ TIWME,TNEXT,TSTOP,7TIA,DEL,TIN,DYN,DATEOQ,TZERD
00300 . LTMEAS ,TRACK,TIS, TISN,DTA,DATER,TPRINT, DTPRINT
€04a00 0012 = REAL‘B TIME, TNE!T 1STGP,T1A,DEL, TIN,DTN,DATEO, TMEAS ,TRACK,TI1S,
00500 - . TISN,DTA,TZERO,DATER,TPRZT,DTPRINT p
¢ i 00600 s C <
0C700 L THESE ARE THE TIME REFERENCE FRAMES
00800 s C 1
E Cs900 s C TIME ATOMIC TIME SINCE INITIALIZATION (SEC)
: 01000 ¢ C TNEXT TIME FOR NEXT POSITION INTEGRATION (SEC) |
4 01100 * C TST0P RUN TERMINATION TIME (SEC) 4
4 012C0 e C TIA RTTITUDE lNTEGRATlON TIME (SEC)
; 01300 e C D.L STEP SIZE (SEC)
01400 e C TIN POSIYION INTEGRATXDN TIME (SEC)
; 01500 . C DTN STEP SIZE (SEC)
01600 s C DATEQ DATE OF FLIGHT EPOCM (JD)
c1700 s C OATER DATE OF 1950 EPOCH (JD)
01800 s C TZERQ START TIME IN SECS. SINCE DATEO
01900 » C TSLEW TIME NEEDED TO SLEW AND ACQUIRE (SEC)

| e,
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02000
02100
02200
02300
02400
02500
02600
00900
01000
01100
01200
01300
01400
01500
01600
01700
01800
01900
02000
02100
02200
02300
02400
02500
02600
02700
02800
02900
03000
03100
03200
03300
03400
03500
03500
03700
03800
03300
0400
0 GO
(A h]
04300
04400
04500
04600
04700
04800
04900
050900
05100

6-Nov=-1980 10:29:06 -DBAO:[D11R.GCP]KATT.FOR:7
s C TIS REAL WORLD REFERENCE TIME {SEC)
s C TISN TIME FOR NEXT Rw POSITION INTEGRATION (S5EC)
e C OTA USUALLY + DEL BUT + TSiEw - TIA WHEN DEL
e C TOO LARGE AT MEASUREMENT TIME
e C TPRINT TIME FOR PRINT (SEC)
e C DTPRINT INCREMENT ON TPRINT (SEC)
e C
0013 DIMENSION DTH(3).DRIFI(3).RELOR(3).SCALEF(3).NONOR(a),DTHUP(3).
+ QUAT (4).QTEMP(4) ,TEMP(3,3)
0014 REAL¢8 DklFT.DYN,DTHUP.OTEMP.OUAT.RELOR.SCALEF.TEMP.VDDT
co1ts IF (1EMTER.GT. 1) WRITE(6,999)
0016 999 FORMAT(' ENTERING KATT ')
Consvececenene (AR A LT RN .O-.tlt‘..00.'..‘......0""...“.t.‘.tt“.....‘......“
c COMPENSATE FOR RELATIVE ORIENTATION AND NONORTHOGONALITY
Co 0000000 trsnsscensane seswey ‘000.‘oo..‘.‘..“.t‘..‘o‘t.‘.. 2002042000 50000 0000000
0017 CALL BMAT(RELUR,T11)
o013 CALL CMAT(SCALEF,NONOR,T33)
0019 IF {(1ENTER.EQ.2)
- WRITE(6,50) ((ftl(l.d).d:t.3).(-1.3).((733(I.J).J=1.3).l=|.3)
0020 50 FORMAT(' 8 1S'.,/.3(3(1%,E16.9),/),' ¢ 1S',/.3(3(1%,£16.9),/))
c..oooo‘ooooooooc‘o.-oo-o.oaooo.tnoooo.ot“.ootoo.n’o..oo.o‘-.oto.oaooo‘oo..t.t
c COMPUTE TRANSFORMATION FROM GYRO TO S/C COORDINATES
CQOOOOtotﬁooo.co.to.o.ooo..--oo..tnooatot.o.ooototoottoootooo.ct.oo..o.oo..oo.o
0021 CALL HATAB(Yli,YJJ.TEMP.3.3.3)
Cooo.ooocooo'oo.otoo.-..oooncot.t.oooo‘.oo‘ot.no.ottoooo‘.o.‘oooo.o.ooooooo..o.
c COMPENSATE FOR DRIFT BY SUBTRACTING ESTIMATED VA LUE
Ceveovcocesens 000‘..0...0.'.0‘0"..‘....‘.‘0‘...“..“..‘....‘00‘....“.“.‘.‘.
0022 DO 100 1 = 1,3
0023 1vo TI(I) = DTH(I) - ORIFT(I)*DTA
c....ooototoocaootoacooooo:'-ooctootoooooooo0.000.00000.ooto.ct.no‘u.too‘o.o‘.t
c TRANSFORM GYRO RATES 10 BODY RATES
C...0.0‘...tt'tot‘..tt.tto..‘ttn..tt......00...‘.‘.....‘O.ﬁ.....‘..‘..‘..‘.....
0024 CALL MATAB(TEMP,T1,DTHUP,3,3,1)
C..‘..toooo.oootoo.otn-o-oon'tooooo.oo.00.0‘.0.00‘0‘0000t.ootooo.‘.o.t.t.c...‘.
[ UPDATE QUATERNION
Cooo...oooonoooo.oo.ooooo-t'oooooo.ooo.oo.o.‘oootoooqtoo‘t.o.otoo.oo‘o....t....
0025 QUEMP(1) « 1.0 - VDOT(DTHUP,DTHUP,3)/8.
0026 DO 200 1 = 2,4
0027 2C0 QTEMP(I) = .SeDTHUP(1-1)
0028 CALL QMULT(QUAT ,QTEMP,QUAT)
0029 IF (IENTER.E£Q.2) WARITE(6,250) DTHUP,DUAT
0030 250 FORMAT(' DTHUP =',3(1x,E16.9),/.' QUAT =',4(1X,E16.9))
Ce .“‘.0.‘....0‘.....‘.00..‘0‘........“‘.‘.“.‘..'..‘...0.“....‘........‘....
[ UNITIZE QUATERNION
C.0‘...00.0.00.-00...0.0.-.oouoo.0000...0“00000.0000000.00...00‘0.0.‘.0‘..‘.0.
0031 CALL UNIT(QUAT ,QUAT.4)
0032 RETURN
0033 END
o it

i Ml
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PROGRAM SECTIONS

$Co0E
$PDATA
stocaL
O€ BUG
NOISE
ARRAYS
Time

GRBWUN-O

ENTRY POINTS
Address

0-00000000

VARIAB (S
Adstre s

4-00gorocy
6-00000068
3-00000004
4-000000C0O
6-00000058
6-00000079

ARRAYS
Address

4--00000060
4-00000090
4-00000030
4-00000000
AP-000000088
AP-000000048@
AP-00000018@
AP-000000140
2-00000000
AP-0000001C®
AP-0000000Ce®
AP-00000010¢
4-00000078
4-000000A8
4-00000048
4-00000018
5-00000000
5-00000098
$-00000018
5-00000030
$-000000c0

Type

Type

Reg
Reg
fea
%8
Reg
RoB

Type

ReB
Reg
Reg
Re8
R+B
R+*8
Re8
Te4
R+*8
Re+8
R+B
Re8
Re8
R*8
Re8
R+*8
ReB
Re8
R+8
Reg
Red

Neme

KATT

BRE
OTA
I10EBUG
SRM
T1S
TPRINT

Name

80
800
(113
BwD
DRIFT
OTH
DTMUP
NONOR
QTEMP
Quart
RELOR
SCALEF
SD
SO0
SSF
SWO
T
T
T2

T3
133

Bytes

475
118
384

216
1096
136

Address

6-00000038
8-00000030
3~00000000
8-00000018
6-00000060
8-00000050

Attributes

PIC
PIC
PIC
PIC
PIC
PIC
pPIC

CON
CON
CON
OVR
CVR
OvR
OVR

REL
REL
REL
REL
REL
REL
REL

Type Name
OATEO
DTN
LENTER
TIA
TISN
TRACK

R*8
R+8
1e4
R*9
R+
Reg

Dimensiong

(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(a)
(q)
(3)

-
w
~

e e i
WWWwWwwwwww
T NN S v et et

Lct
LcL
LCL
GBL
GaL
GBL
GBL

6-Apr-1981 14:50:57
6-Nov-19g0 10:29:06

SHR EXE RD NO
SHR NOEXE RD NO
NOSHR NOEXE RD
SHR NOEXE RD
SHR ROEXE RO
SHR NOEXE RD
SHR NOEXE RD
Address Type
6-00000070 Rep
6-00000080 Rsg
2-0000006C o4
6-00000000 hReg
6-00000048 Reg
6~0000001¢0 Re*8

VAX=11 FORTRAN v2.0-2

_naao:[ni1n.ccn]nArr.ron:1

WRT LONG
WRT LONG
WRT QUAD
WRT LONG

WRT LONG
WRT LOUNG
WRT LONG

Name Address
DATER 6-00000020
OTPRINT 2-00000068
J 4-00000000
TIME 6-00000028
TMEAS 6~00000008
TSTOP 6~-00000040

Type

R+*8
1+4
R*8
R*8
Re*8
Re®

Name
DEL

SRE
TIN
TNEXT
TZERO

Page

3
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KATT

5-00000048
5-00000128
5-000003JEB
%-00000408
5-0000014A8
5-00000428
$-000002C8
2-00000029

LABELS
Address

1-00000012

FUNCTIONS AND SUBROUTINES REFERENCED

BRAT

fctal Space

Re8 T4

Re8 T44

Reg8 15

Re8 T6

Re8 T166

Re8 17

ReB T77

R*8 TEWP

Labe} Addr ess
%0° L2 J

CMAT

Allocated = 2433 Bytes

COMMAND QUALIFIERS

FORTRAN /L1ISY GCP, IND

/CHECKt(NOBOUNDS.OVE.FLOU)

/DElUG-(NOSVIBOLS.YRACEBACK)
/F17 /NOG_FLOAT ING /14

COMPILATION

Run Time:
Elspsed T
Page Faul

Oynamic Memory!

STATISTICS

1.83 seconds
ime: 19.48 seconds
te: 3290

160 pages

MATAS

80
128
32
32
288

288
72

Lebe}

100

/OPTIMIZE /WMARNINGS

(10}
(a, 4)
(4)
()
(6, 6)
(4)
(6, 6)
(3, 3)

Address

owuLYy

AYA,ﬂAYAl.OUTDA7A.RUNG.DNhV.EPHEl

8-Apr-198% 14:50:57
8-Nov-1980 10:29:06

Label Address Lebel
200 1-0000007+ 250°'
Nt Tt vog T

.7RUEA.SPRESS.0CCULY.GPERY.GCPSEO.VISI'LE

VAX-11 FORTRAN v2.0-2
-D.AO:[DI!R.GCP}KAYV.FO“:?

Address Labe!

1-00000000 999'

/NOD_LINES /NOMACHINE _COOE /CONTINUATIONS=19

Page 4
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Output
C

2.4.1.1 Matrix Multiply (MATAB)

Subroutine MATAB is a utility routine that performs a matrix multiply of

the form
A(L,M) X B(M,N) = c(L,N)
Algorithm
c(1,3) -Krfl A(I,K)*B(K,J)

Input Variables

= First matrix to be multiplied dimensioned LXM
= Second matrix to be multiplier dimensioned MXN
= Row dimension of A and C

= Column dimension of A and row dimension of B

= Column dimension of B and C

Variables
= Resultant matrix dimensioned LXN

Subroutines and functions called - None

Calling Subroutines - Utility

A-120




MATAB VCLR

SuM = 0

SUM = SUM + A(I,K)*B(K,J)

DO UNTIL K = M

c(1,J) = sSiM

DO UNTIL J = N

DO UNTIL J = L

Figure A-20
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6-Apr-1981 14:44:20 VAX=11 FORTRAN Vv2.0-2 Page 1
t1-Sep-1980 15:15:29 _DBAO:[D11R.GCP]MATAB.FOR:S

SUBROUTINE MATAB(A,B,C,L,M.N)

CoOte BS80S B2 400 AP LE2 0 AFBARR IS0 e s 114t 2R PABEERERISALE RS AFRED R EU D FF TR S e Rk

c MATRIX A(L,M} X B{M,N} = C(L,N)
Ct‘t“'.'t.“t.tt‘t.lt.‘i‘.‘#*tc-ttttt‘.'t"#t..t.““t.‘.*““‘“1“"0#.“"‘
0002 INCLUDE 'DEBUG.COM’
00190 0c03 » COMMON /VEBUG/ IENTER, IDEBUG
00200 «C |
00300 * C USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL
00400 . C
00500 * C I NTER IF 1, PRINTS WHEN ENTERS MOST SUBROUTINES
00600 s C IDEBUG 0-10, HIGHER NUMBER MEANS MORE PRINT
00700 s C _
0004 DIMENSION A(L.,M},B(M,N),C(L,N)
0005 REAL*B SUM,A,B,C é
0006 DO 20 I=1,L
0007 00 20 J=1,N
0008 SuM = 0.
0009 D0 10 K=t M
0010 10 SUM = SUM+A(I,K)*B(K,J)
0011 20 Cil,d) = SUM
0012 RETURN ‘
0013 END A
= <
1
N
[
PROGRAM SECT IONS
Name Bytes At(;ibutos
0 $CODE 216 PIC CON REL LCL SHR EXE RD NOWRT LONG
2 SLOCAL 184 PIC CON REL LCL NOSHR NOEXE RD WRT QUMD
3 DEBUG 8 PIC OVR REL GBL SHR NOEXE RD WRT LONG
5
ENTRY POINTS
Address Type Name
0-00000000 MATAB
F VARIABLES
Address Type Name Address Type Name Address Type Name Address Type Name
3
2-00000008 1+4 I 3-00000004 1+4 IDEBUG 3-00000000 1I+4 IENTER 2-GOC0000C [+4 J 1
2~00000010 [*4 K AP-000000100® 1+¢4 L AP-00000014@ 1*4 M AP-00000018@ [+4 N i

2-00000000 R+«8 SUM i
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MATAD

ARRAYS
Address Type
AP-00000004@ R*B

AP-00000008@ R+8
AP-0000000C® R*8

LABELS

Address Labe |

s 10

Name

Address

Total Space Allocated = 408 Bytes

COMMAND QUALIFIERS

FORTRAN /LIST GCP.INDATA.MATAB.OUTDATA.RUNG.DNAV.EPHEM.TRUEA.SPRESS.OCCULT.GPERT.GCPSEQ.VISIBLE,GENENV.TREG.GVROUT,RATE.BHAV.Cﬂl

/CHE CK= (NORGUNDS ,OVERF LOW)
/OEBUG=(NOSYMBOLS, TRACEBACK)

/FT7 /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE_CODE

COMPILATION STATISTICS

Run iime:
Elapsed Time:
Page Faults:
Oynamic Memory:

0.91 seconds
11.50 seconds
283

160 pages

Bytes
- .

.
"

Labe!

20

6-Apr=1981 14:44:20
11-Sep~1980 15:15:29

VAX-11 FORTRAN Vv2.0-2
~-DBAO:[D11R.GCP]MATAB.FOR:S

Dimensions

/CONT INUATIONS=19




2.4.2 COMPUTE STATE PARTIALS (PDATT)

This module computes the state partials and tbe ¢ and 0 submatrixes of the
attitude transition matrix. These modules are loaded in the Load Tranmsition
Matrix module to form a new attitude transition matrix.

Two parts of the augmented state transition matrix %A are updated each
time the gyro data becomes available. The matrix $s contains 1) a submatrix
which represents the partisl derivative ot the quaternion with respect to the
value of the quaternion at the time the last measurement is processed, and 2)
a submatrix which represents the partial derivative of the quaternion with
respect to gyro model parameiers (drift, non-orthogonality, scale factor and
misalignment). The mathematical equations are more easily read if the

matrix oy 18 partitioned

where

¢ contains partial derivative of attitude quaternion witb respect to the
value of the quaternion at the last measurement time,

® contains partial derivative of attitude quaternion with respect to gyro
model parameters, and

1 is an identity submatrix

A-124
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;
;
3
a

The submatrix ¢ is updated each time the gyro data becomes available with
the following equation

¢(ty + 1, tg) = F' ¢(tg, to)

where F is the state gradient matrix for attitude and

0 -A8; -A8, -ABj g
26, 0 863 =48,
F' =1
2 | 465 -A03 0 464
263  +48,  -ABy 0

i ey e

¢(ty +1,tp) = state transition submatrix between times t, and t; + 1
6; = compensated angular changes sensed by the strapdown gyros.

The submatrix 6 is updated each time the gyro data becomes available using
the equation

8(ty + 1, tg) = F' 6(ty,tp) +E

where E is the parameter gradient matri» for attitude

[—e) -e; ey
[ ! !
€9 -e3 € . | ;
E=1 Mo, Mp ! My My
2 ey ey -e) ! ) '
! : [
-e; € €
b l
and the parts of the partitioned matrix are given by
At O 0
M - 0 At O
0 0 At
L - (drift)

A-125

e T o T i S R N Tt P J



0 0 0
My = -AfB1m 0 0
(non-orthogonality)
A8im O 0
(scale factor)
0 -06m3  Abmp
H4 = Aem3 0 -Aeml
L—Aemz ABmy 0
(misalignment)
woere ABm1s A6m2, Abmz, = most recent gyro data.

The net results of this module are updated ¢ and © submatrices.

2.4.3 LOAD ATTITUDE TRANSITION MATRIX (PATT)

This module uses the attitude state transition submatrix ( ¢) and the
attitude parameter transition submatrix ( 6) which were calculated in tbe
Compute State Partials module as inputs to update the aggregated attitude

transition matrix each time gyro data is received.

A-126
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i R0, e 1 1 v e s

LT1-v

COMPUTE ATTITUDE STATE PARTIALS (PDATT)

COMPUTE F~ MATRIX (STATE GRADIENT MATRIX)

COMPUTE E (PARAMETER GRADIENT MATRIX)

COMPUTE SCALE FACTOR PORTION OF M

E-=E° » (I/I/M3/1)

COMPUTE NONORTHOGONALITY PORTION OF M

E- = E" » (I/M2/I/I)

COMPUTE DRIFT PORTION OF M

E° = E° % (M1/I/1/I)

COMPUTE MISALIGNMENT PORTION OF M

E- =E” « (I/1/1I/M4)

ot + 1, tg) 1o F* % ¢(ti, tg) | 0
PDA ={- = = = = = = = =| =|- = = = = - =" L -
0 | 1 0 (I
| [
l ,~ o,
¢ |F9
PDA = [- = = - - - -
o ! =
' ip - |
¢ | F'0” +E o | ©
PDA="——I —————— = e o - - -
0 | I 0] I

Figure A-21
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6-Apr=—1981 10:51:56 VAX-11 FCRTRAN v2.0-2 Page 1
6 -Nov—198C 10:33:00 _osAoz[Dtsn.ccplpnArT.Fow;s
i
t 0C100 0001 SUBROUTINE PDATT
00200 C
00300 C COWPUTES STATE PARTIALS AD FORWS PHI AND THETA SUBMATRIXES
0c400 C OF THE ATTITUDE TRANSLTIUH MATRIX WHERE
00500 (o 1) PH1 CONTAINS PARTIAL NERIVATIVES OF THE ATTITUDE QUATERNION
0600 c WwiTH RESPECT 10 LAST NEASUREMENT TIME, AND
03700 c 2) THETA CONTAINS PARTIAL DERIVATIVES OF ATTITUDE QUATERNION
00800 o W1TH RESPECT T3 57RO MODEL PARAMETERS.
00900 C
01000 0002 INCLUDE ' DEBUG . COM'
00100 0003 = COMMON / DEBUG/ [ENTER,1DEBUG
00200 « C
00300 + C USER CONTROLLED P ARAMETERS TO VARY DEBUG PRINT LEVEL
00400 « C
00500 . C 1 NTER 1E 1, PRINTS WHEN ENTERS MOST SUBROUTINES
00600 - C 10EBUG 0-10, HIGHER NUMBER MEANS MORE PRINT
00700 * C
01100 0004 INCLUDE 'ASTATE.COM’
01200 « C
01200 0005 * COMMO. /ASTATE/ DE(O).E(4).ND(3).SF(3)oD(3).DD(3)
01200 0006 * REAL*6 E.E.ND.SF.D.DD
01200 + C
01200 « C ATTITUDE STATE AND CONSIDERED PARAMETERS
01200 « C
01200 « C v] D1FERENT1AL OF QUATERNIONS
? 01200 + C £ GUATERNIONS
D 01200 « C s} GYRO DRIFT RATE (RAD/SEC)
t~ 01200 « C SF GYRO SCALE FACTOR
“ aqi200 .« C D GYRO NON-ORTHOGANALITY (RAD)
! 6200 « C Do GYRO RELATIVE ORIENTATION (RAD)
1200 » C
31200 0007 INCLUDE 'GFPART.COM'
i 21300 0008 * COMMON/GFPART/ FA(4.4),EA(4.12),FN(6.6)
; 01360 go09 * REAL®B FA,EAFN
| 01300 « C :
01200 « C MEASUR .MENT AND STATE PARTIALS ]
G130 « C
01300 « C FA ATTITUDE STATE PARTIALS
1 01300 + C EA . CONSIDERED PARAME TERS PARTIALS
: 01300 - C FN * STATE PARTIALS
" 01300 = C
3 01300 00:0 INCLUDE "PHIA. COM'
1 00100 0011 ¢ COMMON /PHIA/ PA(d.A).TA(4.12).PDA(4.15).PHIA(16.16).
00200 . . COVA(16.16>.P0A(16.16).QMAX
V0300 0012 * REAL®B PA.TA.PDA.Pth.COVA.POA.oMAX .
k. : 00400 s« C 3
00500 *« C THESE ARE THE ATTITUDE TRANSITION AND CCVARIANCE MATRICES
4 00600 +« C
; 00700 + C PA ATTITUDE STATE TRANSITION MATRIX
A 00800 « C TA . PARAMETER TRANSITION MATRIX
‘ 00900 + C PODA . DERIVATIVE OF TRANSITION MATRICES
01000 « C PHIA . AGGREGATE TRANSITION MATRIX
01100 s C COVA - NEW COVARIANCE MATRIX
01200 « C POA . PREVIOUS COVARIANCE MATRIX
01300 « C QMAX " COVARIANCE NORM MAX
01400 s C
01400 0013 INCLUDE ' ARRAY S .COM'
-
€
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PDATT

01500
01500
01500
01500
01500
01500
C1EGO
01500
01500

1500
01500
01500
01600
01600
C1600
01600
0160¢C
01600
01600
01600
01600
01600
01600
01700
01700
01700
01700
01700
01700
01700
01700
c1700
01700
00100
0c200
00300
00400
00500
00600
00700
00800
009C0
010600
01100
01200
01300
01400
01500
01600
01700
01800
01900
02090
02100
02200
02300
02400

e R R R

0014
0015

00186
0017
00ta

0019
0020
0021

0022
0023

0024

maM‘ T ; . P N . —— g

* 2 ¢ 08 S 8000 e

LI B BRI N BN K B BN J
(2N 2X2XeXs R Ks]

OOOOO0O0O0

2 5 % 558 000

O 0000000

[ 2K B IR BE R BN BR BR BE IR SR BE K N BE X R BE K IR EE A X

OO0 COO0OO0O0ONONNO

TR T We 1 m

6-Apr—1981 14:51:56 v
6-Nov—-1980 10:33:00

COMMON /ARRAYS/ T1(3),T2(3),T3(3),T4(10),T11(3,3).733(3,3)
,T44(4,4),766(6,6),T77(6,6),T5(4),T6(4),T7(4)
REAL'B Tt,72,73,74,711,733,744,766,777,75,76,17

THESE ARE TEMPORARY STORAGE ARRAYS FOR USZ BY ALL MUDULES

T1 - T4 SINGLE DIMENSION ARRAYS
My - 177 DUAL DIMENSIONED ARKAYS
T DUAL ARRAY; OFF DIAGIONAL SET TO ZERO

INCLUDE 'TMAT, COM'
COMMON /TMAT/ A(3.3).B(3.3).C(3,3),EM(4,3)
REAL*8 A ,.B,C,EM

TRANS FORMAT ION MATRICES

A INERTIAL TO BODY AXES

B GYRO 1O BOOY AXES

C GYRO NON-ORTHOGONAL TO GYRD AXES
EM BODY TO QUATERNIAN AXES

INCLUDE 'ROTAT.COM'
COMMON /ROTAT / DTHR(3),DTHEM(3),0THE(3)
REAL*8 DTHR,DTH M.DTHE

GYRO ATTITUDE PARAMETERS

DTHR REAL WORLD GYRO DATA (RAL,
DTHEM FILTER WORLD GYRO DATA (RAD)
OTHE FILTER WORLD COMPENSATED GYIO DATA (RAD)

INCLUDE °‘'TIME, COM'

COMMON /TIME/ TIME, TNEXT,TSTOP,TIA,DEL,TIN,D7Y,DAED,TZERO
 TMEAS , TRACK ,TIS, TISN,DTA,DATER,TPRINT ,DTPRINT
REALOG T IME, TNEXT TSTOP, TlA DEL, TIN,DTN,DATEO,TMEAS ,TRACK,TIS,
TISN,DTA,TZERO,CATER,TPRINT ,OTPRINT

THESE ARE THE TIME REFERENCE FRAMES

TIME ATOMIC TIME SINCE INI:IALIZATION (SEC)
TNEXT TIME FOR NEXT POSITION INTEGRATION (SE£C)
TSsTOP RUN TERMINATION TIME (%EC)

TIA ATT[TUDE lNTEGRATIDN TIAE (SEC)

DL STEP SIZE (SEC)
TIN POSITION INTEGRATION TINE (SEC)

DTN " . STEP SIZE (SEC)
DATEO DATE OF FLIGHT EPOCH (4D)

DATER DATE OF 1950 EPOCH (JD)

TZERO START TIME IN SECS. SINUE DATEO

TSLEW TIME NEEDED TO SLEW AND ACQUIRE (SEC)
TIS REAL WORLD REFERENCE TIME (SEC)

TISN TIME FOR NEXT RW POSITION INTEGRATION (SEC)
DTA USUALL'Y ¢ DEL BUT + TSLEW - TI1A WHEN DEL
TOO LARGE AT MEASUREMENT TIME

TPRINT TIME FOR PRINT (SEC)

e S O g P - RN g A T A
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POATT 6-Apr-1981 14:51:56 VAX=11 FORTRAN v2.0-2 Page 3
6-Nov=1980 10:33:00 _DBAO:[D11R.GCP]PDATT.FOR:S

02500 «C OTPRINT INCREMENT ON TPRINT (SEC)
02600 * C
01800 0025 REAL+*8 DT1,D72,073.E0,E1,.E2,E3, TSLEW
01900 0026 IF (IENTER.GT.1) WRITE(6,999)
02000 0027 999  FORMAT(' ENTERING PDATT ')
02100 0028 IF (IDEBUG.GT.3) WRITE(6,998) TSLEW
02200 0029 998 FORMAT(4X,' IN PDATT, TSLEW = ',LF20.6)
02300 o e ittt -
02400 C COMPUTE F' STATE GRADIENT MATRIX
02500 Commmmm e -- -
02600 0030 DT1 = .SeDTHE( 1)
02700 0031 DT2 = .S5*0THE(2)
02800 0032 DT3 = .5¢DTHE(3)
02900 0033 FA(1,2) s -DT1
03000 0034 FA(1,3) = -pT2
03100 0035 FA{1,4) = -D13
03200 0036 FA(2,1) = DT
03300 0037 FA(2,3) = DT3
03400 0038 FA(2,4) = -DT2
03500 0039 FA(3,1) = DT2
03600 0040 FA(3,2) = -DT3
03700 0041 cA(3,4) = DT
03800 0042 FA(4,1) = DT3
03900 0043 FA(4,2) = DT2
. 04000 0044 FA(4,3) = -DTY
4 04100 [ e O L DL T -
— 04200 C COMPUTE BODY TO QUATERNION AXES TRANSFORMATION
= 04300 Commmmm o e - - H
044900 0045 E0 = .SeE(1) 0
04500 0046 E1 = .5%€(2)
04600 0047 €2 = .5¢E(3)
04700 0048 EX = .5¢E(4)
04890 0049 EM(1,1) = -E1
04900 0050 EM(1,2) = -E2
05000 0051 EM(1,3) = -E3
05100 0052 EM(2,1) = EO
05200 0053 EM(2.2) = -€E3
05300 0054 EM(2,3) = €2
05400 005% EM(3,1) = E3
05500 0056 EM(3,2) = EO
05600 0057 EM(3,3) = -E1
05700 0058 EM(a,1) = -E2Z
05800 0059 EM(4,2) = Ei
05900 0060 EM(4,3) = EO
06000 Commmomm o - - - -
06100 C COMPUTE SCALE FACTOR PORTION OF M, M3
06200 o T e T - -
06300 0061 DO 20 I=1,3
06400 0062 DO 10 J=1,3 :
06500 0063 10 T33(1,9) = 0. ! INITIALIZE T33 ARRAY i
06600 0064 20 TH1(I,1) = DTHEM(I) (
06700 065 CALL MATAB(EM,T11,EA(1,4),4,3,3) ! E*[0/0/Mm3] :
06800 Commmmmm e e e - -- -————- ;
06900 C COMPUTE NONORTHOGONALITY PORTION OF M, M2
07000 c- - - .
07100 0066 T33(2,1) = ~DTH M(1)
07200 0067 T33(3,2) = =DTH.M(1)
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6-Nov=-1980 10:33:00 _DBAO: [D11R.GCP]PDATT.FOR: S5
07300 0060 7T33(3,3) = -DTH _M(2)
07400 0069 CALL MATAB(EM, T33,EA(1,7),4,3,3) | E*[0/M2/M3]
07500 L e T R P T - - --
07600 C COMPUTE DRIFT PORTION OF M
07700 L T - -
07800 0070 0O 30 1=1,3
07900 0071 30 T11(1,1) = -~ DTA
08000 007z CALL MATAB(EM, T11,EA,4,3,3) 1 E*[M1/M2/M3)
08100 [ e -
3 08200 C COMPUTE MISALIGNMENT PORTION OF M
1 08300 Coememme e mee—m— e -- - -
b 08400 0073 1T33(1,2) = =DTH M(3)
08500 0074 T33(1,3) = DTH M(2)
08600 0075 T33(2,1) = DTH M(3)
08700 0076 133(2,3) = =DTH M(1)
08800 0077 733(3,1) = -DTH . M(2)
08900 0078 1T33(3,2) = DTH._M{1)
09000 0079 733(3,3) = O.
09100  0ORO CALL MATAB(EM, T33,.EA(1,10),4,3,3) 1 E[MI/M2/M3/M4]
09200 0081 CALL MATAB(FA,PA,PDA,4,4,.8) I DQ+DQ %
09300 0082 CALL MATAB(FA,TA.PDA(1,5),4,4,12) ! F * THETA j
02400 0083 DO 40 1=1,4
09500 (Q0B4 DC 40 J=5,16
5 09600 008s PDA(I,J) = EA(1,J-4)+PDA(1,J) t F o THETA + E
i 09700 0086 40 CONTINUE ;
o, 09800 0087 0O 50 I=1,4 ;
= 09900 0088 DO 50 J=1,4 f
10000 0089 50 PA(I,U) = PA(I,J}+PDA(L,J) I [PHI, THETA] 1
1010y 0090 00 60 I=1,4 i
10200 0091 DO 60 J=i1,12
10300 0092 60 TA(I,J) = TA(1,J)+PDA(]l,u+4)
10400 0093 RE TURN
108560 0094 END
I
4




b=V

PDATT

PROGRAM SECT IONS

Nane

$CiIDE
$PCATA
$LOCAL
D€ 8UG
ASTATE
GFPaART
PH A
ARRAYS
T™™ar
ROTAT
Time

CUDNJINDBWN~-Q

ENTRY POINTS
AdJdress

0-00000000

VARIABIES
Address

10-00000038
2-00000008
10-00000080
2-00000030
2-00000044
10~00000028
10-00000008
10-00000010

ARRAYS
AdJress

8-00000000
8-00000048
8-00000090
6~-00000C00
4-00000070
4-00 000088
4-00000000
9-0000003C
9-00000018
9-00000000
4-00000020
$-00000080
8-00000008
5-00000000
$-00000200

Type

Type

ReB
Re8
Re8
Re8
[e4
Re8
Re8
Re+8

Type

Re8
Re8
R+8
Re8
ReB
Re8
ReB
Re8
R+8
Re8
R*B
ReB8
Re8
ReB
Re8

Name

POATT

Name

DATEOQ
DT2
DTPRINT
E3

J

TIN
TNEXT
TSTO0P

Name

Bytes

606
%8
248

160
800
7176
1036
312
72
136

Addre 55

10-2C0350070
2-0CC00010
2-C0000018
2-00000040
6-00001C50
10-00050058
10-00000C78
10-00000040

Attributes

PIC CON
PIC CON
PIC CON
PIC OVR
PIC OVR
P1C CVR
PIC OVR
PIC OVR
PIC OVR
PIC OVR
PIC OVR

Type Name
R*B8
Re«B D13
R*B8 EO
1.4 1
R*8 QMAX
R*8 TIS
R*8
R+*8

Dimensions

(3. 3)
(3, 3)
(3, 3)
(16, 16)
(3)

(3)

(4)

(3)

(3)

3)

(a)

(4, 12)
(4, 3)
(4, 4)
(6, 6)

DATER

REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL

TPRINT
TZERO

LCL
LCL
LCcL
GBL
GBL
GBt
GaL
G8L
GBL
GBL
GBL

&E-apr=-1981
6~Nov-1680 10:33:00

SHR EXE
SHR NOEXE

NOSHR NDEXE

SHR NOEXE
SHR NJEXE
SHR NOEXE
SHR NOEXE
SHR NUEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE

Adgoress

10-00000020
10-00000CE8

2-00000020

3-00000004
10-000000°8
1000000060
t19-00000050

14:51:56

{D NCWRT
RD NOWRT LONG

Type

R*8
R+8
R*8
I+4
R*8
Re8
Re8

o men ey

VAX-11 FORTRAN v2.0-2
-DBAO: {D11R.GCP)PDATT.FOR: S

LONG

WRT QUAD
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG

Na~e

DEL
OTA

IDEBUS
TIA
TISN
TRACK

Address

<2-000000C0
10-00000030
2-G0000028
3-00000000
10-00000000
10-00000048
2-00000238

Type

R*8
Re8
R*8
14
R+*8
R+8
R+*8

Name

DT
DTN

IENTER
TIME
TMEAS
TSLEW




fel-v

POATTY

6-00000000 Re+8 PA
6-00000200 R+8 PDA
6-00000400 R+8 PHIA
6-00001200 R*8 POA
4-00000058 Re8 SF
7-00000000 Re8 T1
7-00000098 Re+8 T11
7-00000018 @Re8 T2
7-00000030 Re8 T3
7-000000€0 R+8 733
7-00000048 ®&eB8 T4
7-00000128 R+8 T44
7-000003€8 ReB TS5
7-00000408 Re+8 V6
7-00000148 Re8 766
7-00000420 ReB T7
7-000002C8 feB T77
6-00000080 Re® TA
4-00000040 Re<8 WD

LABELS
Address Labe ) Address Labe!
ve 10 .o 20
1-00000013 990" 1-00000000 999°
FUNCTIONS AND SUBROUTINES REFERENCED
MATAB

Tota! Space Allocated = 10666 Bytes

COMMAND QUALIFLERS
FORTRAN /LIST GCP,INDATA,MATAB,OUTDATA

/CHE Cx = ( NOBOUNDS ,OVERF LOW)
/OEBUG= (NOSYMBOL S, TRACEBACK )

/F7T  /NOG_FLOATING /14 /OPTIMIZE /wARNINGS /NOD_LINES /NOMACHINE_CODE

COMPILATION STATISTICS

Run Time: J3.46 seconds
Elapsed Time: 62.49 seconds
Page Faults: 370

Oynamic Memory: 160 pages

6-Apr-1981 14:51:56

VAX=11 FORTRAN v2.0-2 Page
6-Nov=1980 10:33:00

-DBAO: [D11R.GCP]PDATT.FOR: S

128 (4, 4)
512 (4, 16)
2048 (16, 16)
2048 (16, t6)

24 (3)
24 (3)
72 (3, 3)
24 (3)
24 (3)
72 (3, 3)
80 (10)
128 (a, &)
32 (4)
32 (a)
288 (6, 6)
32 (&)
2868 (6, 6)
384 (a, 12)
24 (3)

Address Label Address Labe) Address Labe! Address Lave!

e 30 .o 40 oo 50 . 80

.RUNG.DNAV.EPNEI.TRUEA.5PRESS.OCCU&T.GPiRT.GCPSEO.VIS!lti.GENENV.YREG.GVQOUT.RAYE.-.A’.Cﬂl

/CONT INVATIONS=19
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2.4.3 LOAD ATTITUDE TRANS1TION MATRIX (PATT)

submatrix (¢ ) and the
were calculated in the
he aggregated attitude

uses the attitude state transition
sition submatrix ( 6 ) which

module as inputs to update ¢
received.

This module
attitude parameter tran

Compute State Partials
transition matrix each time gyro data is

ALGORITHM AND PROCESS

The state transition matrix ¢, is updated each time the attitude
quaternion is updated, i.e., each time gyro data becomes available. The
matrix ¢, contains 1) a submatrix which represents the partial derivative of
the quaternion with respect to the value of the quaternion at the time the
last weasurement is processed, and 2) a subratrix which represents the partial
derivative of the quaternion 4ith respect to gyro model parameters (drift,
non-orthogonality, scale factor and misalignment). The &, is parctitioned aJ
tollows:

o i ®
op = |- v
04

I

attitude quaternion with respect

contains partial derivative of
at the last measurement time

where $
to the value of the quaternion

g contains partial derivative of attitude quaternion with respect

to gyro model parameters, and

1 is an identity submatrix

in the Computer State pPartials module.

¢ and 6 were calculated
her in this module to form the updated

They, along with I, are loaded toget
state transition matrix, ¢, °

A-134
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%

LOAD ATTITUDE TRANSITION MATRIX (PATT)

%

¢ E Initislize total traneition matrix to O.
4

f Load attitude state transition satrix (§)

{into aggregated transition matrix.

[ Loed asttitude parameter trams'tion matrix
i (@) into aggregated transitio. matrix.

[ Sst remaining diagonal elements to 1.

Figure A-22
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6-Apr—-1981 14:53:01 VAX=11 FORTRAN v2.0-2

11-Sep~1980 11:46:08 _DBAO:[D11R.GCPPATT . FOR: 4
0001 SURROUTINE PATT{PHIA,PA, TA)
0002 INCLUDE 'DEBJG.COM®
00100 0003 o COMMON . DEBUG/ IENTER,IDEBUG
00200 . C
00300 « C USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL
00400 e C
00500 «C I NTER IF t, PRINTS WHEN ENTERS MOST SUBROUTINES
00650 .« C IDEBUG 0-10, HIGHER NUMBER MEANS MORE PRINT
00700 . C
0004 DIMENSION PHIA(16,16).PA(4,4),TA(4,12)
0005 REAL+8 PA,PHIA,TA
c...‘t“"tttti.‘t“ttt.tt‘O‘t.O’O’l't.....““..‘".“‘t.‘t‘t#‘tl."...'..““
c LOAD THE TOTAL TRANSITION MATRIX
C‘ IR EEE R BAR L LA t""tttt.t-t.t“tttt....“.“.“.““‘."‘.‘.“ttt‘.t..‘!“t‘%-‘t'
0006 DO 10 1=1,16
0007 DO 10 J=1,16
0008 10 PHIA(L,J) = 0.
0009 Do 20 1=1,4
0G0 DO 20 U=1,4
0011 20 PHIA(f.,J) = PA(I,U)
0012 DO 30 [=1.4
0013 DA 30 J=5.16
0014 30 PHIA(LI,u) = TA(1,u-4)
0015 DC 40 125,16
0016 40 PHIA(I,I) = 1.
0017 RETURN
ocis END

PROGRAM SECT IONS

Name Bytes Attributes
0 $CODE 175 PIC CON REL LCL SHR EXE RD NOWRT LONG
2 SLOCAL 68 PIC CON REL LCL NOSHR NODEXE RD WRT LONG
3 DEBUG a8 PIC OVR REL GBL SHR NOEXE RD WRT LONG

ENTRY POINTS

Address Type Name

0-00000000 PATT
VARIABLES
Address Type Name Address Type Name Address Type Name

2-00000000 1+4 I 3-00000004 1+4 [IDEBUG 3-00000000 1*4 IENTER

Address

2-00000004

Type Name

1s4 J




M M M A 5 5 i

[N Y

——n

PATY

ARRAYS
Address Tyrce Name
AP-00000008® R+B PA
AP=~00000004® R*B PHIA
AP-00000C0C® Re8 TA
LABELS
Address Labe Address

e 10 L X ]

Total Space Allocated = 251 Bytles

COMMAND GUALIFIERS

Bytes
128

2048
3j84

Lape!

20

6-Apr-1981 14:53:01
11-Sep-1980 11:46:08

Dimensions

(4, 4)
(16, 16)
(8, 12)
Address Labe! Address
(1] 30 (2]

Laoel

40

VAX~-11 FORTRAN v2.0-2 Page
_DBAO:[D11R.GCP]PATT.FOR:4

FORTRAN /LIST GCP.INDATA.IATAB.OU?DAYA.R‘JNG.DNAV.EPHEI.ﬂ!UEA.SPRESS.OCCULT.GDERT.GCPSEO.V!SIBLE.GENENV.TREG.GVQOUT.RATE.B"AToCuA

/CHE CK = ( NOBOUNDS , OVERF LOW)
/DEBUG=(NDSYIBOLS.TRACEBACK)

JET7  /NOG_FLOATING /14 JOPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE /CONT INUATIONS=19

COMPILATION STATISTICS

Run Time: 0.92 seconds
E'spsea Tim: 11.55 seconds
Page Faulits: 307

Dynamic Memory: 160 psages

2




2.5 INTEGRATE POSITION STATE (INTG)

The Navigation State Time Update module shall numerically integrate the
differential equations of motion of the spacecraft and the linear differential
equation for the state transition matrix. The fourth order Runge-Kutta-Gill
method shall be used to perform the numerical integration.

The differential equations of motion require that the inertial
accelerations of the spacecraft be calculated. These accelerations are due to

1. earth gravity
2. harmonics of earth gravity
3. solar gravity, solar pressure and lunar gravity

The ephemeris of the moon and sun must be determined to evaluate the lunar
gravitational effects and solar perturbations.

The state transition matrix for the navigation state shall be integrated
simultaneously with the equations of motion.

This is a procedural module in that it only orders events and does not
perform calculations. The position state is integrated to the next specified
time needed to restrict integration errors or the measurement time, whichever
comes sooner. The maximum next integration step sisze is computed after each
integration.

A-138
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FILTER WORLD STATE

INTEGRATOR (INTG)

Compute integration endpoint
using a fixed step size (TNEXT)

Integration interval is the
minimum of TNEXT and TMEAS
minus current time

Integrate over interval
(RKG)

Figure A-23
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; 0001
: N002

: 00100
' 00200
001300
00400
00500
00690
00700

00100
00200
00300
00400
1 00500

00600
\ 00700
3 00800
00900
01000
1 01100
01200
01300
01400
01500
01600
01700
01800
01900
02000
02100
02700
02300
02400
02500
02600

-y

0003

0004
0005
0006

0007

0008
0009

0010

0011
0012
ov13
0014
0015

6-Apr-1981 14:56:40 VAX-11 FORTRAN ©2.0-2 Page 1
11-Sep-1980 12:28:48 _DBAO:[D1'R.GC~[INTG.FOR:3

SUBROUTIME INTG
INCLUDE 'DEBUG.COM'

DATA INIT/=1./

* COMMON /DEBUG/ [E%NTEN. [ DEBUG
. C
e C USER COMTRILLED PARAMETERS TO VARY DEBUG MRINT _EVEL
« C
s C I NTER IF 1, PRINTS WHEN ENTERS MOST SUBRDOUTINES
s C [0EBUG 0-10, HIGHER NUMBER “EANS MGRE PRINT
« C
INCLUDE 'TIME.COM™'
e C
» COMMON /TIME/ T ME . THLEXT.TSTCP,T1A,DEL,TIN,DTN.DATED,TZENRD
. . CJTHREAS, TRACK ,TIS,"ISN,DTA,DATER , TPRINT ,DTPRINT
. REAL*8 TIME,TNEXT, TSTCP, T{A,DEL,TIN,DTN,DATED, TMEAS, TRACK,T1S,
. TISN,DT A "2ERC,DATER,TPRINT ,ODTPRINT
s C
L THESE ARZ THE TIWME REFERENCE FRAMES
s C
s C T ATOMIC TIME SINCE INITIALIZATION (5SEC)
s C TNEAT TIME FOR NEXT POSITION INTEGRATIGN (SEC)
s C 19758 RUN TERMINATION TIME (SEC)
e C TiA ATTITUDE INTEGRATION TIME (SEC)
» C DL - . STEP SIZE (SEC)
s C Ti% POSITION INTEGRATION TIME (SEC)
s C O™N " . STEP 5IZE (SEC)
s C DATED CATE OF FLIGHT EPOCH (uD)
e DATER OATE OF 1950 EPOCH (D)
s C TZERD START TIME IN SECS. SINCE DATEQ
s C TS.Ew TIME NEEDEN TO SLEW AND ACQUIRE (SEC)
s C TIS REAL WORLD REFERENCE TIME (SEC)
s C TISN TIME FOR NEXT RwW POSITION INTEGRATION (SEC)
.« C DTA USUALLY + DEL BUT + TSLEW -~ TIA WHEN DEL
s C TO00 LARGE AT MEASUREMENT TIME
. C TPRINT TIME FOR PRINT (SEC)
e C DTPRINT INCREMENT ON TPRINT (SEC)
- C
INCLUDE 'NSTATE.CCM'

s C
» COMMON /NSTATE/ xD(6),X(6),RADM, RADE
. REAL*8 XD,X,RADM,RADE
s C
e« C POSITION STATE AND CONSIDERED PARAMETERS
* C
s C X0 STATE DERIVATIVES (KM/SEC AND KM/SEC/SEC)
L X STATE POSITION PARAMETERS (KM AND KM/SEC)
s C RADM RADIUS OF THE MOON (KM)
s C RADE EARTH DETECTABLE RADIUS (KM)
e C
* C

Cc

CALL TREG (TIN,TNEXT)

DTN = MIN(TNEXT,TMEAS) - TIN
IF(DTN.GT..01) CALL PKG(INIT,DTN)
RETURN

END

i e ol i e e
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INTG 6-Apr-1981 14:56:40 VAX-11 FORTRAN v2.0-2 Page 2 3
11-Sep~1980 12:28:48 .DBAO:[D11R.GCP]INTG.FOR:3
PROGRAM SECT IONS
Name Bytes Attributes
0 SCODE 67 PIC CON REL LCL SHR £XE RD NOWRT LONG
2 SLOCAL 28 PIC CON REL LCL NOSHR NOEXE RD WRT LONG
3 DEBUG 8 PIC OVR REL GBL SHR NOEXE RD WRT LONG
4 TIME 136 PIC OVR REL GBL SHR NOEXE RO WwRt LONG
S NSTATE 112 PIC OVR REL GBL SHR NOEXE RD WRT LONG
ENTRY PQOINTS
Address Type Name
0-00000000 INTG
VARIABLES
Address Type Name Address Type Name Address Type Name Address Type Name
4-00000038 R+8 DATEO 4-00000070 R*8 DATER 4-00000020 Re+8B DEL 4~-00000068 R+B DTA
4-00000030 Re+8 DTN 4-00200.30 R+B DTPRINT 3~00000004 1+4 |DEBUG 3-00000000 1+4 IENTER
2-00000000 1I+4 INj. $5-0CC0C058 R+*8 RADE S-00000060 R*B RADM 4-C0000018 R=*8 TIA
4-00000000 Re¢B TIME 4-00600028 R=*8 TIN 4-0000060%8 R«8 TIS 4-00005060 R+8 TSN
4-00000048 ReB TMEAS 4-00000008 we*8 TNEXT 4-00000078 R+*8 TPRINT 4-00000050 R+*8 TRACK
4-00000010 Re8 TSTOP 4-0000C040 R+*B TZEROD
T
—~ ARRAYS
Z-
- Adaress Type Name B8ytes Dimensions
$-00000030 Re*8 X 48 (6)
$-00000000 R+8 XD 48 (6)

FUNCTIONS AND SUBROUTINES REFERENCED
RKG TREG

Tota! Space Allocated = 351 Bytes

COMMAND QUALIFIERS
FORTRAN /LIST GCP.INDATA.MATAB.OUTDATA.RUNG.DNAV.EPHEH.TRUEA.SPRESS.UCCULT.GPERT.GCPSEO.VISIBLE,GENENV.T?EG,GYROUT,RATE,'MAT,CMA

/CHE CK= ( NOBOUNDS ,OVERF LOW)
/DEBUG=(NOSYMBOL S, TRACEBACK)
/FT7 /NOG_FLOATING /14 /OPTIMIZE /WARNINGS

/NOD_LINES /NOMACHINE_CODE /CONTINUATIONS=19

P A : P T——
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INTG 6-Apr=198t1 14:56:40 VAX-11 FORTRAN v2.0-2 Page 3
11-Sep-1980 12:28:48 _DBAO:{D11R.GCPJINTG.FOR:3

COMPILATION STATISTICS

Run Time: 0.74 seconds
Elapsed Time: 7.34 seconds
Page Faults: 329

Oynamic Memory: 160 pages
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2.5.1 INTEGRATE POSITION PARAMETERS MODULE (RKG)

The Runge Kutta Gill (RKG) numerical integration method is used to
integrate the position state and the position transition matrix
simulaneously. It is a fourth order technique that adequately accounts for
tbe nonlinear equations of motion for orbital flight and the bigher order
terms in the trausition matrix.

The purpose of the GCPSIM navigation software is to iucorporate filtered
measurement data as artifical corrections to the state position vector. This
requirement disqualifies multi-step techniques during the processing of
measurement data since artificial corrections would viclate the continuity of
the inherent curve fits coefficients of these techniques.

A second consideration for measurement processng is provisions for
variable time steps. Frequent navigation measurements will be needed during
convergence followed by infrequent measurements needed to maintain a specified
error tolerance. Changing the integration step size is simple and direct with
single step methods, but difficult with multi-step wmethods. Variations in
step size for multi-step methods is accomplished by interpolationa and
extrapolations for the Variable-Step/Variable-Order Metbods and by intervening
with a gingle step method to define the initial values at the new time
increment for standard multi-step methcds.

A study showed that the Runge Kutta Gill (RKG) 4th order numerical
integration method is optimal for this application. It is self-starting,
bandles variable step sizes, and sufficiently accurate.

The Runge Kutta Gill (RKG) metbod for numerically integrating differential
equations is described bere.

The change in the value of the function during the computing interval is
calculated by

by = 1Ky + 2(1 - K)Kp + 2(1 + KKy + Ky} k -/g

where 5 2
X} = h-f(ty, yn)
Ky = h.f(tn + %h, yn + %K)
k3 = hef(tp + %h, yn +(-% + K)K; + (1 - K)K;)

kg = h.f(ty + h, yu - kK; + (1 + K)K3)

b * computing interval (seconds)

n *time of beginning of computing interval (seconds)

Ya ™ value of function at beginning of computing interval

The derivative function f shall be evaluated four times to calculate the
change in the function being integrated during the computing interval.
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INTEGRATE POSITION DYNAMICS MODULE (RKG)

Initial Entry

NULL Q Matrix NULL

Compute Position Dynamics (5.2.1)

Compute Position Transition Matrix Derivatives (5.2.2)

K=1or3
T =T + DT/2 NULL
- e L _ L
TP = AA(K) * (ZD(I) - BB(K)*Q(I))
W= Z(I)
Z(I) = Z(I) + TP * DT
TP = (Z(I) - W)/DT ?
Q(I) = Q(I) + 3 * TP - CC(K) * 2D(I)
Where AA = .5, 1-/2/2, 1 +/%/2, .5/3 BB =2,1,1,2
cc=.5,1-J2/2, 1+ /J2/2, .5 |
, e e i
Do until I = 6 |
Do until K = &
!
Figure A-24
A-144
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E‘ 6-Apr-1981 14:56:49 VAX-11 FTURTRAN Vv2.0-2 Page 1
; 19-Sep-1980 09:11:44 -DBAO: [Di1R.GCP ]RKG.FOR;:S
¥ 00100 0001 SUBROUTINE RKG(INIT,DT) 1
: 00200 0002 INCLUDE 'DEBUG.COM’ *
f 00100 0003 COMMON /DEBUG/ I[ENTER.IDEBUG
; 00200 «C
: 00300 e C USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL
b 00400 o C
i 0500 . C I NTER IF 1, PRINTS WHEN ENTERS MOST SUBROUTINES
] 00600 s C IDEBUG 0-10, HIGHER NUMBER MEANS MORE PRINT
‘ 00700 * C
00300 0004 INCLUDE 'NSTATE.COM'
00400 .« C
00400 (€005 COMMON /NSTATE/ XD(6).X(6),RADM, RADE
00400 0006 = REAL*8 XD,X,RADM,RADE
00400 s C ;
00400 s C POSITION STATE AND CONSIDERED PARAMETERS
00400 * C :
00400 « C XD STATE DERIVATIVES (KM/SEC AND KM/SEC/SEC) |
00400 s C X STATE POSITION PARAMETERS (KM AND KM/SEC)
00400 . C RADM RADILS QOF THE MOON (KM)
00400 e C RADE EARTIH DETECTABLE RADIUS (M)
00400 « C
00400 s C
00400 0007 INCLUDE 'PHMIN.COM’'
00500 0008 = COMMON /PHIN/ PN(6.6),PON(6,6),PHIN(S,6),COVN(6,6),
00500 . . PON(6.6)
00500 0009 « REAL*B PN,PDN, PHIN.COVN, PON
00500 * C
5 00500 «C THESE ARE THE NAVIGATION TRANSITION AND COVARIANCE ARRAYS
I 00500 e C
‘= 00500 «C PN POSITION STATE TRANSITION MATRIX ‘
w 00500 e C PDN . OERIVATIVE OF TRANSITION MATRIX j
00500 « C Frigi - AGGREGATE TRANSITION MATRIX i
00500 « C COVN . NEW COVARTANCE MATRIX
00500 * C PON . PREVIOUS COVARIANCE MATRIX
00500 *«C
00500 0010 INCLUDE ‘TIME.COM'
00100 « C ]
00200 Q011 COMMON /TIME/ TIME, TNEXT,TSTOP,T1A,DEL,TIN,OTN,DATEO, TZERO
00300 . . + TMEAS , TRACK ,TIS.TISN,DTA,DATER, TPRINT,OTPRINT
00400 0012 o REAL*S TXHE.YNEXT.TSTOP,YI&.DEL.TIN.DTN.DATEO.TMEAS.TRACK.TIS.
00500 . . TISN.DTA,TZERO,DATER,TPRINT,OTPRINT p
00600 e C
00700 e C THESE ARE THE TIME REFERENCE FRAMES
1 00800 s C
A 00900 e C TINE ATOMIC TIME SINCE INITIALIZATION (SEC)
. 01000 «C TNEXT TIME FOR NEXT POSITION INTEGRATION (SEC)
v 01100 e TSTOP RUN TERMINATION TIME (SEC)
01200 « C TIA ATTITUDE INTEGRATIUN TIME (SEC)
01300 e C D.L » - STEP SIZE (SEC)
f 01400 e« C TIN POSITION INTEGRATION TIME (SEC)
4 01500 e C OTN - . STEP SIZE (SEC)
‘ 01600 + C DATEOQ DATE OF FLIGHT EPOCH (JD)
L 01700 s C DATER DATE OF 1950 EPOCH (uD)
01860 s C TZ€ERO START TIME IN SECS. SINCE DATEO
4 01900 . C TSLEW TIME NEEDED TQO SLEW AND ACQUIRE (SEC)
) 02000 . C TIS REAL WORLD REFERENCE TIME (SEC) ‘
: 02100 e C TISN TIME FOR NEXT RW POSITION NTEGRATION (SEC) 1
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02200
02300
02400
02500
02600
00600
00700
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00700
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00700
00700
00700
00700
00700
00700
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02000
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03300
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03900
04000
0400
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0013

Q014
0015

0016
0017
0ot8
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035

Q036
0037
0038
0039
0040
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0042
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0044
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0050
0051
0052

O 00nN00
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6-Apr-1981 14:56:49
19-Sep—~1980 09°11:44

DTA USUALLY + DEL BUT + TSLEW - TIA WHEN DEL
TOO LARGE AT MEASUREMENT TIME
TPRINT TIME FOR PRINT (SEC)

DTPRINT INCREMENT ON TPRINT (SEC)
INCLUDE 'uPOT. COM’

COMMON /UPDT/ QN(6),QA(16),Q(6,6),200T(6,6)
REAL*B ON,QA.Q.QDOT

STATE STIMATION PARAZETERS

oN NAV. DYN. NOISE COVARIANCE DIAGONAL

QA MIN. VALUES FOR ATT., COVARIANCE DIAGONAL
Q CONTRIBUTION TO NAV. COV. FOR DYN. NOISE
Qoar DIFFERENTIAL OF Q

DIMENSION AA(4).BB(4),CC(4),RNDOF1(8),RNDOF2(6,6),RNDOF3(6,6)
REAL*8 DTY,T,W,AA,83,CC,RNDOF1,RNDOF2,RNDOF3
DATA AA /.5,.292893,1.707107,.16668687/
DATA BB /2..%.,1.,2./
DATA CC /.5,.292893,1.707107,.5/
IF(INIT.EQ.O0) GO TO 20
DO 10 I=%,6
RNDOF1(1) = O,
DO 10 J=1,6
ANDOF2(1 ,4) = O.
RNDOFI(1,u) = O.
INIT = O
DO SO K = 1.4
CALL ONAV(TIN,X,XD.K)
CALL PONAV(PN, PDN)
IF(K.EQ.1.0R.X. Q.3) TIN = TIN + DT/2
00O 30 1=1,6
T = AA(K)*(XO{1)-BB(K)*RNDOF1(1))
w o= X(I)
X(I) = X(1)+TeDT
T = (X(I)-w)/0T
RNDOFI1(1) = RNDOFI(1) + 3.7 = CC(K)exD(1)
00 40 I=1.6
DO 40 J=1,6
T = AA(K)*(PON(1,U)~-BB(K)*RKOOF2({1,Jd))
W = PN(1,J)
PN(1.J) = PN{],4)+TeDT
T = (PN(Il.d)=W}/0T
ANDOF2(1,J) & RNDOF2(I,J) + 3.7 =~ CC(K)*PON(I,.J)
00 501 « 1.6
DO S0 4 = 1.6
T = AA(K)*(QDO1(1,J) = BB(K)*RNDOF3(1,J))
W= Q(I.J)
Q(1.J) = Q(1,J) + TeDY
T = (Q(1,J) - W)/0T7
RNDOF3(1.,J) = RNDOFI{(I,J) ¢ 3.¢T =~ CC(K)*QDOT(1.4)
RE TURN
END

T “”va‘v"
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t AXG 6-Apr-19681 14:56:49 VAX-11 FORTRAN v2.0-2 Page 3
19-Sep-1980 09:11:44 _DBAO:[D11R.GCP]RKG.FOR:S 4
PROGRAN SECT 1ONS |
Name Bytes Attributes ?
0 $CODE 455 PIC CON REL LCL SHR EXE RO NOWRT LONG !
2 SLOCAL 780 PIC CON REL LCL NOSHR NOEXE RD  WRT QUAD
3 DEBUG 8 PIC OVR REL GBL SHR NOFXE RD  WRT LONG
4 NSTATE 112 PIC GVR REL GBL SHR NOEXE RD  WRT LONG
5 PHIN 1440 PI1C OVR REL GBL SHR NOEXE RD  WRT LONG ;
6 TIME 136 PI1C OVR REL GBL SHR NOEXE RO WRT LONG |
7 uPDT 752 PIC OVR REL GBL SHR NOEXE RD  WRT LONG ‘
ENTRY POINTS
Address Type Name
0-00000000 AKG
VARIABILES f
:
Address Type Name Add-ess Type Name Adaress Type Name sod-ess Type Name :
;
6-00000638 Re8 DATED 8-00000070 ReB DATER 6-00000020 Re8 ODEL AP-000C0008® R+8 DT
6-000500068 ReB OTA 8-00000030 R+8 DIN 6-00000080 R*3 DIPRINT 2-GGO002ED lea 1
3-00000004 I+4 [DEBUG 3-0G00C0CO0 1+4 IENTER AP-000000048 1+4 INIT Z-0C00C2E4 1+8
.. 2-000002€8 l*4 K 4-060C2068 Re8 RADE 4-00000060 R+*B RADM 2-C0000200 Re8 T
7 6-000000'8 Re*8 TIA €~-00CC3000 ReB TIME 6~-00000028 R*8 TIN 6~00000058 R=*8 TIS
-  6=-00000060 Re8 TISN 8-00050048 Re8 TMEAS 6-00000008 R=8 TNEXT 6-00CC0078 R+8 TPRINT
I, 6=0r0000S0 Re8 TRACK 8-00000010 Re8 TSTOP 6-00000060 R+8 TZERC 2-00000208 R+8 W
ARRAYS
Adgress Type Name Bytes Dimensions
2-000C000Q0 R+*8 AA 32 (a)
A 2-00000920 ReB 88 32 (4)
h 2-00000040 RA+B CC 32 (a)
$-00000350 ReB8 COVN 288 (6, 6)
5-000G0120 Re8 PDN 288 (6, 6)
5-00000240 Re8 PHIN 288 (6, 6)
§-00000000 Re8 PN 2e8 (6, 6) 5
$-00000480 Re8 PON 268 (6, 6)
: 7-00000080 Re+*8 Q 288 (6, 6) ‘
: 7-006000033 ReB QA 128 (16)
7-00000100 Re8 QODOY 288 (6, 6) %
7-00G00000 Re8 ON 48 (6)
2-00000060 Re8 RNDOF! 48 (6)
2-00000090 Re8 ANDOF2 288 (6, 6)
2-00000180 Re8 RANOQFJ 288 (5, 6)
4-00000030 Re*8 X 48 (6)

4-00000000 R+*8 XD 48 (6)

TR 4ot A O o



G €~-Apr-1981 14:56:49 VAX=11 FORTRAN V2.0-2 Page 4

i 19-5¢p=1980 09:11:44 _DBAO:[D11R.GCPIRRG.FOR:S

: LABFLS &

; Address Labe! Agdress Lapei Address Label Address Labe Address Labe! ‘
e 10 0-0000003E 20 L4 30 L 40 Ldd 50

FUNCTIONS AND SUBROUTINES REFERENCED

DNAY POM AY
Tota! Space Allocated = 3683 Bytes

I COMMAND QUALIFIERS
FURTRAN /LI1S5T GCP,INDATA MATAB,.OUTDATA, RUNG,DNAV,EPHE L, TRUEA ,SPRESS,OCCULT,GPERT ,GCPSEQ.VISIBLE ,GENENV ,TREG,GYROQUT ,RATE, SMAT ,CMA j
/CHE CK = { NDBOUNDS ,OVERF LOW)

/DEBUG= (NOSYMBOLS, TRACEBACK}
/FT7T  /NGG_FLOATING /14 /OPTIMIZE /WARNINGS /NOO_LINES /NOMACHINE_COODE /CONTIWUATIONSs19

COMPILATION STATISTICS

) > Run Time: 2.40 seconds
| L Elapsed Time: 28.11 seconds
! i~ Page Faults: 381

; = Dynamic Memory: 160 pages

SV,
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2.5.1.1 COMPUTE SOLAR/LUNAR EPHEMERIDES (EPHEM AND TRUEA)

The moon and sun positions are needed to compute gravitational
perturbations, and star and lunar limb occultations. This module is used for
both actual and filter calculations and for a given time in Julian days
computes both positions in ECI coordinates to within 1 degree of arc.

The ephemerides of the sun and the moon are based upon the fundamental
orbital elements for these bodies given in tne Explanatory Supplement to the
Nautical Almanac, pp. 98-107. These elements are expressed as second and
third degree polynumials in time vhere the independent variable T is measured
in Julian centuries of 36525 days. The epoch for both orbits is January 0.5
E.T. 1900.

Equatorial Plane

Mean Orbital Elcments of the Sun and Moon

Mean Orbital Elements of the Moon:

( = The mean longitude of the moon, measured in the ecliptic from the
mean equinox of date to the mean ascending node of the lunar orbit,
and then along the orbit;

T's= The mean longitude of the lunar perigee, measured in the ecliptic
from the mean equinox of date to the mean ascending node of the lunar
orbit, and then along the orbit;

Q - The longitude of the mean ascending node of the iunar orbit on the
ecliptic measured from the mean equinox of date;

A-149




e = The constant of eccentricity;

vy = Sin i/2, where i is the constant of inclination;
(O The equatorial horizontal parallax
( = 270926'02:'99 + 13367307052'59¢ +31T - 4!'0812
r' = 334919746140 + 117109002'02! 521 - 37:'1712

Q' = 259010591179 - 5T134008'311'231 + 7!'4872 + 0!'008T3

e = 0.054900489

r = 0.044886967 (1 = 59145396366)

Te = 57'021'70 (T = 0.0165932496 radians)

Mean Crbital Elements of the Sun:

at 60.2665 equatorial radii.

+ 0!'0068T3
- 0!'04573

L = The geometric mean longitude of the gun measured in the ecliptic
from the mean equinox of date

r = The mean longitude of Perigee measured in the ecliptic frame the

mean equinox of date

e = The mean eccentricity

€ = The mean obliquity of the ecliptic

g = Horizontal parallax

L = 279%41'48!'04 + 129602768! '13T + 1!'08972

I = 281013'15!700 + 6189!'03T + 1!'6372 + 0!'0126T2
e = 0.01675104 - 0.00004180T - 0.000000126T2

€ = 23027108!'26 - 46!'845T2- 0!'0059T2 4 0!'00181T3
g = 8:'80 (g = 4.26624E - 5 radians)

The position vectors of the sun and moon in th
through the following chain of orthogonal transfo

Moon position vector (ECI)

(3] 2 [0 ][] [ocsec] =

[%]= Ea][wo+%tﬂ

un position vector (ECI) [
0]

A-150

e ECI system are computed
rmations:

S
0




e, S £ A S

(" The true anomaly of the moon computed from a literal expansion i
in terms of the sine function of the mean arnomaly, M and the :
eccentricity to the seventh degree;

u( = The argument of perigee of the moon's orbit;

and similarly for vg and wg.

B A L o A TP T T  A

These elements are determined by the following process:

M(-(—I"
Mg = L - T

Thence, for each respective orbit, §

v =M+ (2e - 1e3+5 e +107 e”) sin(M) f

4 96 4608 2

+ (5 e? =11 e* + 17 &) sin(2M) .%

4 24 192 .

+ (13 e3- 43 €5 + 95 ¢7) Sin(3M)
12 64 512

+ (103 e~ 451 eb) Sin(4M)
96 480
Furthermore, the arguments of perigee are determined,

~

we = r-a
= ]
(.00 r
and finally the radius vectors for the sun and the moon are computed,

r = a(l - %)

1 + eCosv

where the orbit mean distances, a, are obtained from the respective horizontal
parallaxes,

ag = RE/NQ
ag = RE/Tg
a( = 384421,87 km
ag = 149605590, km
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COMPUTE SOLAR/LUNAR EPHFMERIS (EPHEM)

-

Calculate Lunar Ephemeris

Calculate Solar Ephemeris

Calculate Ellipses Properties

Transform Axes

Figure A-25
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6-Apr-1981 14:46:52 VAX=11 FORTRAN +,2.0-2 Page 1
11-5ep~1980 11:15:24 -DBAO: [D11R.GCH JEPHEM.FOR; S
0001 SUBROUTINE EPHEM (T,RM,AC)
Ch....‘tto0.0.:.0.0.0.oc‘o..tv-.o-"c.o.oott‘o'tttttottttotn‘.taot‘n..otoo.o‘t..
C eessvesssees [ UNAR SOLAR EFHEMERIS DATA secesesossee
Cc
C INPUT PARAMETER
c T = TIME IN JULI&N DAYS SINCE JUD 0.0
< OUTPUT PARAMETERS
C RO = RADIUS VECTOI (EAKTH CENTER TO SUN) =~ ECI ZCORDINATES (KM)
™ AM = RADIUS VECTGR (EARTH CENTER TO MOON) -~ ECI COORDINATES {KM)
c.......‘.‘t.“...lt..t.-...t'o..-tt-...-.t.'t...‘.“'O.“CO.‘.'0..‘..0'.0’0.."
0002 INCLUDE 'DEBUG.COM’
00100 0003 o COMMON /DEBUG/ IENTER, |DEBUG
00200 s C
00300 s C USER CONTROLLED PARAMETERS TQ VARY DEBUG PRINT LEVEL
00400 e C
00500 e C I NTER IF 1, PRINTS WHEN ENTERS MQOST SUBROUTINES
00600 s C 10EBUG 0-10. HIGHER WUMBER HMEANS MORE PRINT
00700 s C
0004 DIMENSIOMN RO(3),RM(3)
000S REAL'E AM,AQ,C .cw.co.cvu.D.EM.EO.EP.GM.GO.LM.LO.MM.M0.0M.RMS. i
b4 ROS.SE.SKM.SU.SVN.T.T!.T2.VM.VD.VHM.VW5.RM.RO ‘
0008 DATA CIM,SIM/, 995962 ,-.089763/ j
0007 DATA AM.AO.EH/BBAGZ!.87.1.496055955..054900489/ ]
c :
? [ 0 = .0001 X DAYS SINCE 1900
— [+
1 0008 D21.E-4+(T7-2415020.}
- C o*osese MOON EPHEM RIS
C REFERENCE FOR EQUATICNS LM AND OM BELOW, P. 107 EXPLANATORY SUPPLEMLENT
0009 LM:d.7|996657\66o0-(2299.7150294-00(1.483529865-6-0*6.806784E—1o)) |
0010 GM=5.8351515389+0+(19.44368-0s (1 -3507103E-5+4D+4.537856E~9) ) 1
0011 0«:—4.52360151aaa*o-(9.2422029423-00(2.717477645-6+D-8.72665E-10)) [
C ®esees SUN EPHEMERIS ]
0012 LO= 4.8816279379760-(l.72027912665420003.95666145-7)
0012 GO=4.90822946103#0-(8.2149855364E-3+Dt(5.9166662E-7+D'1.22173E-9))
0014 EO=0.0|675104-0'(1.14445-5*0-9.42-9) i
0015 EP=°0.4093|97476400-(6.217909993E-§+DO(2.1467555‘9-001.797695-10)) ’
C esesse ELLIPSES PROPERTIES :
0016 MM = LM-GM
0017 CALL TRUEA(MM, EM, VM)
o018 RMS:AM'(1.-EMOEM)/(1.+EM-COS(VM))
0019 MO =L0~GO
0020 CALL TRUEA(MO, EC,VO0)
0021 ROSsAOt(t.-EO'EO)/(1.‘EOOCOS(VO))
C eseese AXES TRANSFORMATION
0022 VHMz-GM-OM~-VM
0023 CVW 2 COS(vWM)
0024 SYW = SIN(vwM)
002% CO = COS(OMm)
0026 SO = SIN(OM)
onaz CE = COS(EP)
0028 SE = SIN(EP)
C sesses TRANSFORM FROM LOCAL TO ECI COORDINATES
C sesese MOON
0029 RM(1) = RMSe(CVW*CC-CIM+SVW*S0)
0030 Tt a ~AMS*(CVW*SO+CIM=SVWeCO)
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EPHEM 6-Apr=1981 14:46:52 VAX=11 FORTRAN Vv2.0-2 Page 2 é
11-Sep=1980 11:15:24 _DBAO:[D11R.GCP)EPHEM.FOR: 5 3
0031 T2 = RMS+*SIM*SVW
0032 RM(2) = T1sCE+T2+SE |
0033 RM(3) = T2#CE-T1eSE |
C essses SUN
0034 VWS=-(VQ +GO)
0035 CVW = COS(VWS)
0036 SVW = SIN(VWS)
0037 RO(1) = ROS*CVW !
0038 RO(2) = —ROS*CE+SVW i
0039 RO(3) = RQS+*SE*SVW
0040 RE TURN
0041 END

PROGRAM SECTIONS

Name Bytes Attributes !
0 $COGE 828 PIC CON REL LCL SHR EXE  RD NOWRT LONG
2 $LOCAL 304 PIC CON REL LCL NOSHR NOEXE RD  WRT QUAD
3 DEBUG 8 PIC OVR REL GBL SHR NOEXE RD WRT LONG

ENTRY POINTS

Address Type Name

0-00000000 EPHEM
VARIABLES
Address Type Name Address TYType Name Address Type Name Address Type Name
2-000G0000 R=+*8 AM 2-00000008 R=*8 AOQO 2-000000t0 R+*8B CE 2-00009018 R+*8 CIMmM
2-00000020 R*8 CO 2-00000028 R»*8 CvWwW 2-0000CN30 R*8 D 2-00000038 R+*8 EM
2-00000040 Re¢B ED 2-00000048 R*8B EP 2-00000050 R+*8 GM 2-00000058 R*8 GO
3-00000004 1I+4 1DEBUG 3-00000000 1+4 [IENTER 2-00000060 R=*8 M <-00000068 Re+*8 LO
2-00000070 R=+*8 MM 2-00000078 R+8 MO 2-00000080 R+*8 OM 2-00000088 R»*B RMS
2-00000090 R+8B ROS 2-00000098 R+*8 SE 2-000000A0 R*8 SIM 2-000000A8 R=+*8 S0
2~000000B0 R+*8 Svw AP-000000046 R*8 T 2-0000008B8 R+*8 T1 2-C00000C0O R+*B T2
2-000000C8 R+*8 VM 2-00000000 R*8 VO 2-000000D8 R*8 VWM 2~000000E0 R+*B VWS
ARRAYS
Address Type Name Bytes Dimensions
AP=00000008@® R+8 RM 24 (3)
AP=0000000C® R*8 RO 24 (3)




EPHEM

FUNCTIONS AND SUBROUTINES REFERENCED

MTHSDCOCS MTHSDSIN TRUEA

Total Space Allocated » 1140 Bytes

COMMAND QUALIFIERS
FORTRAN /LIST GCP.XNDATA.MATAB.OUYDATA.R

/CHECK=(NOBOUNDS.DVERFLOH)
/DEBUG:(NOSYMBOLS.TRACEBACK)
/ET7T /NOG_FLOATING /14 /OPTIMIZE

COMPILATION STATISTICS

2.07 seconds
16.69 seconds
363

160 pages

Run Time:
Elapsed Time:
Page Faults:
Oynamic Me@monry:

(3 1 -V

/WARNINGS /NOD_LINES

VAX-11 FORTRAN Vv2.0-2 Page

6-Apr-1981 14:46:52
_DBAO:[D11R.GCP]EPHEM.FOR;5

11-Sep-1980 11:15:24

UNG.DNAV.EPHEH,TRUEA.SPRESS.OCCULY.GPERT.GCPSEO.VISIBLE.GENENV.TREG.GVROUT.RATE.BMAT.CMA

/NOMACHINE _CODE /CONT INUATIONS» 19

3
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96 1-v

0001

Cesse

0002
003
o004
0005
GoUB
00C7
0008
0009
0010
0011
0012
0013

0G14
0015

SUBROUTINE TRUEA(M,E.V)

.‘.tvo't-o.‘t‘t‘u.“.‘t‘t

TH1S ROUTINE COMPUTES THE TRUE AN

‘..0.‘.l."'..‘..““‘.“‘

REAL*8 E.E2,E3,E4,85,-

E2:-E*E
E3:EvE2

E4=€E *E3

£S=t *E4

€E6:=E *ES
E7=E*E6

SM=S5 IN(M)
S2M=SIN(2. *M)
S3M=SIN(3. *M)
S4M=SIN(4. *M)

V=M+5M-(2.'E—.25-E3¢0.0520833
1 -0.458333333~E440.08854
2 0.185546875¢E7) +5aMe (1.

RETURN
END

PROGRAM SECT1ONS

Name

0 $CODE
2 SLOCAL

ENTRY POINTS

Address Type Name
0-00000000 TRUEA
VARIABLES
Address Type Name
AP-00000008@® Re8 E
2-00000018 R*B ES
2-00000030 Re8 S2M

AP-0000000C® R*8 V

gytes

311
80

Agaress

2-0000G000
2-00000020
2-00000038

FUNCTIONS AND SUBROUTINES REFERENCED

MTHSOS IN

Total Space Allocated = 391 Bytes

33+E5+0.023220486+E7
\667‘E6)4S3M‘(1.08333333'53-0-67\875'ES+
072916667'E4-0.939583333‘E6)

Type

6-Apr-1281 14:47:10
11-Sep—-1980 12:34:45

OMALY

.-.'v-o'tn...t‘..“"".‘.."

6.E7.M.S2M.53M.S4M.SM.V

..--.o'-:--tttttt'..‘t.‘tt.“v‘.t.ttt

.‘."""...‘

PSS TR RIL AR R A

YeS2Me (1, 25E2

Attributes
PIC CON REL LCL SHR EXE RD NOWRT LONG
P1C CON REL LCL NOSHR NOEXE RD WRT QUAD
Name Address Type Name
rR+*8 E2 2-00000008 R+*8 E3
R+8 E6 2-u0000028 R*8 E7
R+8 S3M 2-00000040 R=+8 S4aM

VAX-11 FORTRAN V2.0-2
_OBAO:[011R.ch}TRUEA.F0a:5

Aadress Type
2-000000!0 Re8
AP-000G0004@ R+8
2-00000048 R=8

Name

£xc

page 1




TRUEA 6-Apr-1981 14:47:10 VAX-11 FORTRAN v2.G-2 Page
11-Sep-1980 12:34:45 _DBAO:[D!IR.GCP]TRU;A.FOR:S

COMMAND QUALIFIERS
FORTRAM /LIST GCP,INDATA ,MATAL ,OUTDATA.RU

NG,DNAV.EPHEM,TRUEA.SPRESS.DCCULT.GPERT.GCPSEO.VISIBLE.GENENV.TREG.GVQOUY.RAYE.BMAT.CMA

/CHECK=(N080UNOS.OVERFLON)

/DEBUG=(NOSYMBGLS, TRACEBALY)
/FT7 /NOG_FLOATING /14 JOPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE /JCONTINUATIONS=19

COMPILATION STATISTICS

Run Time: 0.94 seconds
Elapsed Time: 7.768 seconds
Page Faults: 297

Oynamic Memory: 160 pages

Ls1-v

2
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2,5.1.2 COMPUTE SOLAR PRESSURE MODULE (SPRESS)

8olar radiation pressure is an external force acting on the spacecraft and
must be included in the equations of motions. This force is calculated with
the assumption that the satellite is symmetric, the photon flux is constant,
and the sun behbaves as a point source of photons. If the sun is occulted by
either the moon or the earth, the acceleration is zero.

The acceleration of the spacecraft caised by solar radiation impinging on
the exposed vehicle body is equivalent to the change in momentum of the
incident radiation, divided by the mass of the spacecraft. The change in
momentum is equal to the product of tbe momentum per photon Py, the photon
rate persecond per unit area K, the exposed area projected to a flat surface
in the direction of the radiation A, the reflectivity of the surface K}, and
the unit vector from the spacecraft to the sun R,. The acceleration is the
change in momentum divided by the mass of the spacecraft, m.

.r'POK'A'R‘/m

Assuming that the spacecraft operates at a constant distance from the sun the
value of K is constant and may be combined with P,

P=P K

For a spherical or near spherical spacecraft the factor (A/m) may be
considered to be constant; furthermore a single value for K; may be used for
most vehicles.

The vehicle will not experience radiation
pressure from the the sun if it is baded by the
earth or the moon. No shading will occur if
either 1) the occulting body and the sun are on
opposite hemispheres from the spacecraft, i.e.,
the dot products of the unit vectors from the
spacecraft to these bodies is negative; or 2)
the radius of the occulting body is less than
the perpendicular from the spacecraft-sun
direction to the center of the body.

The procedure used in this module is shown in Figure A-26 . Compute
the unit vectors from the spacecraft to the sun, Ry, and to tbe earth, Re,
and moon, Ry (gee algorithms SE-1 and ST-4). Do not compute radiation
pressure if

A-158
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( Ry + Rg < 0 (b = earth or moon)

or if
‘ n, < |Rb|Sing
where
B = Cos” ! |Rp-Rs]
i If neither of the above conditions is met the spacecraft is irradiated by the

sun and radiation pressure should be computed
X = PK -(L)-Rs Km/sec?
1 mv

where

P=4.5 x 1079 ((Newtons)/m) (Km/m)

Ky = 1.7

A/mv = exposed vehicle area in m?/vehicle mass in kg




COMPUTE SOLAR RADIATION PRESSURE

COMPUTE SOLAR RADIATION PRESSURE
CONSTANT

CHECK FOR EARTH OCCULTATION OF
THE SUN

CHECK FOR LUNAR OCCULTATION OF
THE SUN

SUN 1S OCCULTED

! NULL COMPUTE ACCELERATION
| ACCELERATION VECTOR ALONG S/C -
: VECTOR SUN VECTOR

Figure A-26
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00100
00200
00100
00200
00300
00400
00500
00600
00700
00390
00402
00400
00400
0C400
00400
00400
00400
00400
00400
00400
00400
00400
00400
00400
00400
00400
00400
00400
00500
00500
00500
00500
00500
00500
00500
00500
00500
00500
00500
00500
00500
0000
00500
00500
00500
00500
00500
00600
00700
00800
00990
01000
01100
01200
01300
01400
01500

0001
0002
0003

0004
0005

0008

0007
0008
0009

0010
00114

0012
0013
0014
0015
Go16
0017

® 9 5 8 0 0 00 000 0B 0 e

[ 2R B BN B BN R BE AN Y BN BN BN BN N BEYE BN

6-Apr=17381 14:47:19 VAX=11 FORTRAN /2.0-2
30-Sep-1980 08:23:30 _OBAO:[D11R.GCH |SPRESS.FOR: 6

SUBROUTINE SPRESS(ACC)H
INCLUDE 'DEBUG.COM’

COMMON /DEBUG/ IENTER,iDEBUG
c
c USER CONTROLLED PARAMETERS TD VARY DEBUG PRINT CEVEL
c
c 1 NTER 1F 1, PRINIS WHEN ENTEKS MOST SUBROUTINES
c 10€8UG C~10, HIGHER NUMBER MEANS MORE PRINT
c
INCLUDE ‘RVEC.COM’
COMMON /RVEC/ R(3).RMI3) ,RO(3),.85M(3),RSC(3).RSS(3),SB(I)
LRA.R2,.R3I,RSMA RTG(3)
REAL“ R.RM,RO, ASM.R50,RSS , SB8,FA,R2,R3,RSMA,RTG
[
< THESE ARE RADIUS VECTORS IN ECI AND BODY COOROINATES
c
c R :An'u cent:a 10 S/C - EC1 (KM)
c v MOON ~ EC1 (KM)
c RO . . SUN - ECI (KM)
c RSM SPACECRAFY TO MOON - ECL (HKM)
c RSO SUN - EC1 (KM)
c KSS EARTH CENTER TO STAR - ECI
c RA ABSOLUTE OF VECTOR R {KM)
c R2 SQUARE OF RA (KM 2)
c R3 CUBE OF RA (XM 3)
c RSMA ABSOLUTE QOF RSM (KM)
c
INCLUOE 'CUNST ,COM
COMMON /CONST/ ATM,RBW RBE ,RB0,RE2,RAMZ ,UM,US ,UE,JU2,y3,U4,DTU,PKY
REALeE ATM,RBM,RBE ,ABO,RE2,AM2 ,UM,US ,UE,J2,u3,U4,0TU,PK?
c
c PROGRAM CONSTANTS
c
c ATM ‘C AREA TO MASS RATIO (METERS/KG)
c PBM uesrnucrlou RADIUS OF THE MOON (KM)
c RBE EARTH (KM)
c RBO - . : SUN (KM)
c R 2 souane OF THE EARTHS RADIUS (KM 2)
C RM2 LUNAR RADIUS (xmM 2)
c us LUNAR GRAVITATION cousranr (wm 3/szc 2)
c us SOLAR .
c u. EARTH . - .
c J2.,u3,J4 ZONAL GRAVITATIONAL HARMONIC TERMS
c oTu REGULARI ZED TIME STEP SIZE (SEC)
c PKI SOLAR PRESSURE CONSTANT
c

DIMENSION ACC(3)

REAL*8 AM, FSP, ACC.VMAG
Ct......“.oo.'.....00.-0-0..00‘0000?t..’.........o.....‘0.00..".“..0..0.‘0.‘
c SOLAR RADIAT]ON PRESSURE COMPUTAT1ONS
C.0.00..ot....o...‘..o..-o.o-“.0...0-...‘.‘.‘..‘..‘0.“.......‘. L AT IARY RTI L]}

LOGICAL L

FSP = ~PKIsATH

CALL OCCULT(R,RS0,ABE.L)

IF (.NOT. L) CALL OCCULT(RSM,RSO,RBM.L)

00 10 1=1,3
10 ACC(1)=0-0

el

Page
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SPRESS 6-Ap~-1981 i4:47:19 VAX-11 FORTRAN v2.0-2 Page 2
30-Sep-1980 08:23:30 _DBAO:[DI1R.GCP]SPRESS.FOR .6

01600 0018 1F(L) GO YO 40

01700 c.oooo.-oc-ooo.oooooo......o-.-.oooooooooooooocooooooooooooooooooocooooooooooot

01800 ¢ SOLAR RADIAN PRESSURE

01900 [ A= F/M = ~P(A/M) K1 RSS

02000 CQooo.o-ooo.oouo.oooooooo.'00000oooooooooo..ooooootttoooooooo.oo-ooo-ooooooooo. \

02100 0019 20 AM = VMAG(RSO,3J)

02200 0020 DO 30 I=1,3

02300 [J 3 30 ACC(1) = FSPeRSO(I1)/AM

02400 0022 40 RETURN

02500 0023 END

PROGRAM SECT IONS

Name Bytes Attributes
0 $CGCOE 112 PIC CON REL LCL SHR EXE RD NOWRT LONG
1 $SPDATA q P1C CON REL LCL SHR NOEXE RD NO®RT LONG
2 SLOCAL 96 PIC CON REL LCL NOSHR NOEXE RD WRT QUAD
b 3 DEBUG 8 PIC OVR REL GBL SHR NOEXE RD WRT LONG
l. 4 RVEC 224 PIC OVR REL GBL SHR NOEXE RD WRT LONG
jo S CONSY 112 PIC OVAR REL GBL SHR NOEXE RO WRT LONG

€

ENTRY POINTS

Adaress Type Neme

0-30000000 SPRESS
VARLIABLES
Address Type Name Adaress Type Name Address Type Name Address Type Name
2-00000000 ReB8 AM %-0000C000 Re8 ATM 5-00000060 R+*8 DOTU 2-00000008 R*B FSP
2-00000014 le4 | 3-00000004 [+4 I1DEBUG 3-00000000 14 [ENTER §-0000C048 R*8 u2
5-00000050 R+*8 J3 $-00000058 Re8 J4& 2-00 20010 L*4 | 5-00000068 Re<8 Px1 |
4-00000080 Re*8 R2 4-00000088 Rs+8 R3] 4-000000AB Re*8 RA 5-00000010 R+8 RBE 9
5-00000008 Re+B8 RDM 8-00000018 R+8 R8O $-00000020 Re*8 -2 5-00000028 R+*8 RAM2 !
4-000000C0 Re+8 RSMA $~-00000040 Re*8 UE 5-00000030 R+8 UM 5-00000038 R*8 US
ARRAYS
Address Type Name Bytes Dimensions
AP-00000004¢ ReB8 ACC 24 (3)
4-00000000 R+*8 R 24 (1)
4-00000018 Re8 RM 24 (3)
4-00000030 Re¢8® RO 24 (3)
4-00000048 Re8 RSM 24 (3)
4-00000060 R+*8 RSO 24 (3)
4-0000007_. Re*8 RSS 24 ’3)
4~-000000C8 R+*8 RATG 24 (3)
w4




f91-Vv

SPRESS

4-00000090 Re8 S$B

LABELS
Address Labe) AdUress Labe!

e 10 .o 20

FUNCTEONS AND SUBROUTINES REFERENCED

O TULY VMAG

Totsl Space Allocated = 556 Bytes

COMMAND QUALIFIERS

FORTRAN /LIST GCP, INDATA . MATAB, OUTDATA, QUNG,DNAY JEPHEM,

/JCHECK={ NOBOUNDS ,OVERFLCW)
/DEBUG= (NOSYMBILS, TRACEBACK)

6-Apr-1981 14:47:19 VAX-11 FORTRAN v2.0-2
30-Sep=-1980 08:23:30 _DBAO:[D1IR.GCP]SPRESS.FOR:G

Label Address Labe!
0 0~00000068 40

TRUEA,SPRESS,OCCULT,GPERT ,GCPSEQ, VISIBLE JGENENV,TREG,GYROUT ,RATE ,BMAT , CMA

JF17  /NOG_FLOANTING /14 JOPTIMIZE /wWARNINGS /NOD_LINES /NOMACHINE _COOE /CONT INUATIONS=19

COMPILATION STAVISTICS

Run Time: 0.93 seconds
Elapsed Time: 14.83 seconds
Page Faults: 3468

Dynamic Memory! 160 payes

Page 3




LUNAR GRAVITATIONAL PERTURBATIONS (GPERT AND FQ)

moon and sun uwust be
especially for high

2.5.1.3 COMPUTE SOLAR/

accelerations from the

The gravitational
of motion are to be accurate,

considered if the equations
altitude orbits.

computes the accelerations due to sun and moon in

o be added directly to the accelerations caused by

d moon are considered to be point masses, and their
£ time are computed in the module EPHEM.

This algoritbm
rectangular coordinates t
other forces. The sun an
positions as a function o

Classically, the accelerations due tc the sun and moon acting on the
ed as

spacecraft in a geocentric frame of reference are express

7 = us {1—%31%3]

Fm = Hm [l—%l_:" T%Ta]

-Earth-Vehicle Geometry

Sun-Moor.

the numerical difficulties that may arise in the
b as Rs and Rs, a somewhat different
This technique is described in

However, owing to
differencing of large numbers suc
technique is used to compute ag and apm.

tohe following procadure.

Procedure:

Compute solar perturbations,

- B2 [? - f(qs)JRSI

% = TeoT?

Compute lurar perturbations,

Tp = 'TI%.?’ [ﬁ - £(qm) "fu]

where
_as (3 + 3gs + qs2)
98 “7F(1 + gq8)° 2

R|? rR| .
‘{T“M“"Q -2 %T Cosas

and similarly for f (qg), qm, end cO8 om,

f(qs)

gs

F]

A-164
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COMPUTE SOLAR/LUNAR PERTURBATION

{
L
Do while all vector components
) -—ﬁb
3 ACC(SUN) = -US/(RS**3) * (R - FQS * RS)
2 ;
Do while all vector components
ACC(MOON) = UM/(RM**3) * (R - RQM * RM)
Where FQ = -Q(3 + 3Q + Q**2) /(1 + (1 + Q)**3/2)
3
And, Q = R**2/RS**2 - 2ABS(R/RS) COS(ALPHA) ]
ALPHA = R DOT RS / (ABS(R) * ABS(RS)) §
;
Figure A-27 é
i ]
i ‘
i
¢

A-165
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6-Apr-1981 14:47:47 VAX-11 FORTRAN /2.0-2 Page
30-Sep-1980 07:29:03 _DBAD:[D11R.GCH !GPERT.FOR:S
00100 0001 SUBROUTINE GPERTIX.ACC)
00200 0002 DIMENSION %(6) ,50C13) :
00300 0003 REAL*B X ,ACC,T1 72, VI'AG 5
00400 0004 INCLUDE ' DEBUG.CCM ;
0G100 000% b4 COMMON /DEBUG/ ENTER,IDESUG ]
00200 o
00300 . C USER CONTROLLED PARAMETERS TQ VARY DEBUG FRINT LEVEL
0G4a00 . C
00500 s C 1 NTER I¢ 1, PRINTS WHEN ENTERS MOST SUBROUTINcS
00600 e« C ICESJG 0-10, HIGHER NUMBER MEANS MORE PRINT
06700 o C
06500 0006 INCLUDE 'RVEC.cCOM'
00EU0  ©0CO7 » COMMON /RVEC/ R(3;,R"3),RO(3),RSM(3),RS0(3),RS5(3),S5B(3)
00600 . L,RA,R2,R3,RSMA,RTG(3) {
00600 0008 » "REAL®8 R,RM,RO,RSM.R50,R55,5B8.RA,R2,R3,RSMA, RTG '
00600 s C ‘
06600 s C THESE ARE RADIUS VECTORS IN ECI AND BODY COORDINATES 1
00600 . C ,
00600 s C R EARTH cenren T0 ¢/C -  ECI (KM)
00600 s C RM MION = ECI (KM}
00600 s C RO » " SUN - ECI (KM)
00600 s C RSM SPACECRAFT TO MOON = ECI (KM)
. 00600 . C RSO SUN - ECI (KM) :
< 00600 . C RSS EARTH CENTER TO STAR - ECI :
—~ 00600 *C RA ABSOLUTE OF VECTOR R (KM) ;
5 00600 « C R2 SQUARE OF RA (KM 2)
00600 e C R3 CUBE OF RA (KM 3)
00600 e C RSMA ABSOLUTE OF RSM (KM)
00600 « C u
00600 0009 INCLUDE ‘CONST.COM' i
00700 0010 COMMON /CONST/ ATV, RBM,RBE ,RBO,RE2,RM2,UM,US,UE,J2,43,U4,0TU, PKI :
06700 Q011 » REAL*8 ATM,RBM,RBE ,RBO,RE2,RM2,UM,US ,UE,J2,U3.U4,DTU,PK1
00700 e C
00700 ¢ C PROGRAM CONSTANTS
00700 - C
00700 . C ATM $/C AREA TO MASS RATIO (METERS/KG)
00700 e C RBM OBSTRUCYION RADIUS OF THE MOON (KM)
00700 s C RBE EARTH (KM)
00700 s C RBO " . SUN (KM)
00700 s C R 2 SQUARE OF THE EARTHS RADIUS (KM 2) n
00700 s C /M2 LUNAR RADIUS (KM 2) 3
00700 s C um LUNAR GRAVITATION CON;TANT (KM 3/559 2) ’
00700 s C us SOLAR 4
00700 s C u_ EARTH . . "
00700 . C J2,J3,J4 ZONAL GRAVITATIONAL HARMONIC TERMS
00700 s C oTu AREGULARIZED TIME STEP SIZE (SEC)
00700 o C PKI SOLAR PRESSURE CONSTANT
00700 s C
00700 ¢
00800 c ;
‘ 00900 c GRAVITY PERTURBATIONS FOR HANSS
i 01000 c EQ-15 '
i 01100 ¢ ACC - PERTURBATION ACCELERATION VECTOR (ECI)
: 01200 c
. 01300 0012 Tt s -US/VMAG(RS0,3)**3
! 01400 0013 T2 = =T1#FQ(X,R0)
| 01500 0014 DO 10 I=1,3

e i e e "

Cnllbne o awnn




6-Apr~1981 14:47:47 VAX-11 FORTRAN v2.0-2 Page 2
30-Sep~1980 07:29:03 _DBAO:[{D11R.GCP]GPERT.FOR:5
01600 0015 10 ACC(I) = X(1)®sT14RO(1)»72
01700 0016 Tt = =UM/VMAG( RSM,3)*+*3
01800 0017 T2 = -T1*FQ(X,RM)
3 01300 0018 DO 20 I=1,3
02000 0019 20 ACC(1) = ACC(I1)+X(I)}*T1+RM(J)*T2
02100 0020 RETURN
‘ 02200 0021 END 1
: PROGRAM SECT IONS
Narme gytes Attributes J
0 $CODE 213 PIC CON REL LCL SHR EXE RD NOWRT LONG E
t SPDATA 4 PIC CON REL LCL SHR NDEXE RD NOWRT LONG
2 $LOCAL 108 PIC CON REL LCL NOSHR NOEXE RO WRT QUAD
3 DEBUG 8 PIC OVR REL GBL SHR NOEXE RD WRT LONG
4 RVEC 224 PIC OVR REL GBL SHR NOEXE RD WRT LONG
S CONST 112 PIC OVR REL GBL SHR NOEXE RD WRT LONG
ENTRY POINTS
= Address Type Name
i
T 0-00000000 GPERT
~d
VARIABLES
Address Type Name Address Type Name Address Type Name Address Type Name
5-00000000 R+*8 ATM 5-00000060 R*8 DTU 2-00000010 1*4 1 3-00000004 1+4 IDEBUG
3-00000000 1+4 I1ENTER 5-00000048 R*8 J2 5-00000050 R*8 43 §-00000058 R=*8 J4
5-00000068 R*8 PK1 4-000000B0 R#*8 R2 4-00000088 R+*8 R3 4-000000A8 R+B RA
y $-00000010 R+8 RBE 5-00000008 R+*8 RBM 5-00000018 R*8 RBO 5-00000020 R+*B RE2
] 5-00000028 R+8 RM2 4-000000C0 R+*8 RSMA 2-00000000 R=*8 T 2-00000008 R=+*86 T2
5-00000040 R*8 UE 5-00000030 R*8 UM 5-00000038 R*8 US
ARRAYS
Address Type Name Bytes Dimensions
] AP-00000008@ Re*8 ACC 24 (3) ;
b 4-00000000 R*8 R 24 (3) ;
E i 4-00000018 R+8 RM 24 (3)
- 4-00000030 R+8 RO 24 (3) ,
.t 4-00000048 R*8 RSM 24 (3) ;
E 4-00000060 ReB RSO 24 (3)
! 4-00000078 R*8 RSS 24 (3)
: 4-000000C8 R+*8 RTG 24 (3)
. 4-00000090 R+*8 SB 24 (3)
] AP-000000040 R*8 X 48 (6)
; = e b

ot R

i gt MR e




GPERT 6-Apr=1981 14:47:47 YAX=11 FORTRAN V2.0-2 Page 3
30-Sep—-1980 07:29:02 _DBAO:[D11R.GCPJGPERT.FOR:5
4 LABELS
H Address Lave ) Address Labe!
.. 10 e 20

FUNCTIONS AND SUBROUTINES REFERENCED

FQ VMAG
Total Space Allocated = 669 Bytes

COMMAND QUALIFIERS
FORTRAN /LIST GCP.INDATA.MATAB.OUTDA?A.RUNG.DNAV,EPHEM,TRUEA,SPRESS.OCCULY,GPERT.GCPSEQ.VISXBLE'GENENV.TREG.GYROUT,RA(E.BMAT.CMA

/CHE CK=(NOBOUNDS ,OVERF LOW)

/DEBUG=({NDOSYMBOLS, TRACEBACK)
/F77 /NOG_FLOATING /14 /OPTIMIZE /wARNINGS /NOO_LINES /NOMACHINE _CODE /CONTINUATIONS=19

1 COMPILATION STATISTICS

Run Time: 1.17 seconds
Elapsed Time: 7.89 ceconds J‘
3'* Page Faults: 348 i
- Dynamic Memory: 160 pages {
y %
vl




691~V

00100 0001

Fit
L

NCTIGN FQIR,RS)

G200 Covsessasrosvsarsassvosgrvrren

00300 c
00500 0002
00600 0703
Q0700 0004
00800 1005
00900 00086
01000 0007
01100 0008
01200 0009
01300 0010

PROGRAM SECT IONS
Name
0 SCODE
1 SPDATA
2 SLOCAL
ENTRY PQOINTS
Address Type

0-00000000 Re8

VARIABLES
Address Type

2-00000008 R+8

ARRAYS
Address Type

AP-00000004@® R+8
AP-00000008@® R*8

6-Apr-1981 15:06:32 VAX-11 FORTRAN '2.0-2 Page
30-52p-1280 07:24:35 _DBAD:IDiiH.GCP]FQ.FOR;6

PV IEEEEANERC YIS IEES r oS

QS FUNCTION FOR MODN-SUN GRAVITY PERTURBATIONS
00400 Ccot.o-ctt-.noc.-.-.'o-o'--vo--c.ooot--..“.to..‘.-...
DIMENSION R(3),RS(3)
REALB CA.Q.RM,RSM.R.RS.FQ,VMAG,VDOT
RM = VMAG(R,3)
RSM = VMAG(RS, 3)
CA = VOOT(R,RS,3)/(RM+R5M)

Q = RM/RSM*(RM/RSM ~2.+CA)

FQ = -Qe (3.4Q% (3.+Q) )/(1.4(1.4Q)*+1.5)

RETURN
END
Bytes
158
4q
116
Name
FQ
Name Address
CA 2-0000001C
Name Bytes
R 24
RS 24

FUNCTIONS AND SUBROUTINES REFERENCED

vDbOoT VMAG

Total Space Allocated = 278 Bytes

Attributes
PIC CON REL LCL SHR

PIC CON REL LCL SHR
PIC CON REL LCL NOSHR

Type Name

R*8 Q 2-00000018 R<+*8 RM

Dimensions

(3)
(3)

SEEPEPS R I IFIET 2 AONERRSROND

PESEPRER S IIRIESEETCROPRED

EXE RD NOWRT LONG
NOEXE RD NOWRT LONG
NOEXE RO WRT QUAD

Address Type Namne Address Type Name

2-00000020 R=8 RSM
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FQ 6-Apr-1981 15:06:32 VAX-11 FORTRAN Vv2.0-2 Page 2

30-Sep-1980 07:24:35 _DBAO:[D11R.GCP]FQ.FOR;6
COMMAND QUAL IFIERS

FORTRAN /LIST GCP.[NDATA,MATAB.OUTDATA.RUNG.DNAV.EPHEM.TRUEA,SPRESS.OCCULT.GPERT.GCPSEO.VISIBLE.GENENV.TREG.GYROUT.RATE.BMAT'CM‘

/CHEC* = (NOBOUNDS ,OVERF LOW)
/DEBUG= (NOSYMBOL S, TRACEBACK)
/F17 /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE /CONTINUATIONS=19

COMPILATION STATISTIOS

Run Time: 0.70 seconds
Elapsed Time: 11.55 seconds
Page Faults: 332

Dynamic Memory: 160 pages




2,5.1.4

COMPUTE NAVIGATION STATE PARTIALS (PDNAV)

one time to changes in the position and vel

The state transition matrix shall be
linear differential equation

¢N = Foy

TR T

A A

elements of F are given by

The Position State Transition Matrix is a 6 x 6 matrix of partial
derivatives which relate small changes in the position and velocity state at

ocity state at a later time.

calculated by integrating the

with the initial condition ¢N(t0, tg) = Identity (6 x 6) where the non-zero

. Fyp = ~u 1 - 3(5%)2 ngz(gg)Z. u -35(x1- x3)2- 5(x324+ x32) + 1
? R3 | R 2 R R3 R? RZ
Fyp = u_ [3x1:%5] -~ 39,(Re)2. u (5xp- x2)-7(§3)2— 1
R} | R 2 R R3 R R
Fy3 = p |3x:x3] - 3J,(Re)2. u (5%1- x5) 7(53)2— 3
R3 | R? ] 2 R RS R? _ R
Fgy =  Fy2
=-4 I r 2 2
Fso = - u |1 - 3(xp)?]| - 395(Re)2. 35(x2. x3) - 5(x2%+ x3%) + 1
R? [ R 2 R R3 [ R R
Fs3 = u 3% x3] - 3J,(Re)?. u  (5%5-x3) [7(x3)2- 3
R3 [ R? ] 2 R R® R . R
Fg1 = Fu3
Feo = Fs3
| - = a(eas2] - 2 [ N 2
Fo3 u 1 3(53,] 3 (Re)2. p [35(x3)"- 30(x3)2 + 3
R3 R 2 R R3 R R
]
]
| where
| R
:

e = equatorial radius of earth
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COMPUTE NAVIGATION STATE PARTIALS

; COMPUTE STATE PARTIALS - 2 ZONAL HAR-
MONICS

COMPUTE THE TRANSITION MATRIX DERIVATIVES

(_, —
‘BY MULTIPLYING TRANSITION MATRIX BY
\STATE PARTIALS MATRIX

|

Figure A-28 :
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0001
0002
003
0004
0100
00200
00300
00400
00500
00600
00700

0005

0006
0007
0008

0009
0010

0011

0012
0013
0014

SUBROUTINE PONAV(PN,PON|
DIMENSION PN(6.6).°ON{(6.5)
REAL*B F1,F2,X2R ,XYR,XZR,Y2R,
INCLUDE 'DEBUG.COM'

h COMMON /DEBUG/ IENTER,1DEBUG

s C

s C USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVE.

« C

« C I NTER IF 1, PRINTS WHEN ENTERS MQST SUBROUTINES
« C IDEBUG 0-10, HIGHER NUMBER MEANS MORE PRINT

* C

INCLUDE 'CONST.COM'

€-Apr-1981 14:57:18
11-5ep=1980 11:47:39

YZR,2Z2R,PDN,PN

. COMMON /CONST/ ATM, RBY,RBE,RBO,RE2,RM2,UM,US ,UE,J2,43,J4,DTU,PK1
. REAL*8 ATM, AREM,RBE ,RBO,RE2,RM2,UM,US ,UE,J2,U3,J4,0TU,PK1
« C
- C PROGRAM CONLTANTS
= C
s C ATM S/C ARCA TO MASS "ATIO (METERS/KG)
L RBM OBSTRUCTION RADI'S OF THE MOON (KM)
L RBE EARTH (KM)
.« C RBO " " SUN (KM)
e C R 2 SOUARE OF THE EAR'HS RADIUS (KM 2)
* C RM2 LUNAR RADIUS (KM 2)
e C Um LUNAR GRAVITATION CDVSTANT (KM 3/SEC 2)
= C us SOLAR
« C u. EARTH . " "
* C J2,U3,J4 ZONAL GRAVITATIONAL HARMONIC TERMS
« C DTU REGULARIZED TIME STEP SIZE (SEC)
s C PKI SOLAR PRESSURE CONSTANT
+ C
INCLUDE 'RVEC. COm'
. COMMON /RVEC/ Ri13),RMiI3),R0O(3).RSM(3),RS0O(3),R55(3),58(3)
. ,RA,R2,R3I.RSMA,RTG(3)
. REAL‘B R,RM,RO ,RSM,R50.R55,5B,RA,R2,R3,RSMA,RTG
« C
s C THESE ARE RADIUS VECTORS IN EC! AND BODY COORDINATES
« C
s C R EARTH CENTER 10 s/C - ECI (KM}
« C RW " MOON = ECI (KM)
e C RO - - S5UN - ECI (KM)
e C RSM SPACE'RAFT TG MOOM - ECI (KM)
* RSO SUN - ECI (KM)
¢ C RSS EARTH CENTER TG STAR - ECI
» C RA ABSOLUTE OF VECTOR R (KM)
e C R2 SQUARE OF RA (KM 2)
~C R3 CUBE OF RA (KM 3)
s C RSMA ABSOLUTE OF RSM (KM)
« C
INCLUDE 'GFPART.COM'
. COGMMON/GFPART/ FA(4,4),EA(4,12),FN(6,8)
. REAL®*B FA,EA.FN
* C
« C MEASUR MENT AND STATE PARTIALS
e C
s C FA ATTITUDE STATE PARTIALS
e C EA . CONSIDERED PARAMETERS PARTIALS
» C FN " STATE PARTIALS

VAX=11 FUORTRAN +2.0-2
.DBAO:[D11R.GCP]PONAV.FOR; 4

Page
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TR T T TN Eaal e o e . I DL s 2 'W'—W'T
-
6-Apr-1991 14:57:18 VAX=11 FORTRAN V2.0-2 Page 2
11-Sep-1980 11:47:39 .DBAO:[D11R.GC>]PONAV.FOR: 4
s C
0015 INCLUDE 'NSTATE.COM®
{ «C
0018 o COMMON /NSTATE/ XD(5).X(6),RADM, RADE
0017 REAL+*8 XO,X,RADM RADE
* C
: e C POSITION STATE AND CONSIDERED PARAMETERS
p | L i
s C X0 STATE DERIVATIVES (KM/SEC AND KM/SEC/SEC)
* C X STATE Z0SITION PARAMETERS (KM AND KM/SEC)
s C RADM RADIUS OF THE MOON (xM)
s C RADE EARTH DETECTABLE RADIUS (KM)
¢ C
* C
0018 INCLUDE ‘'ARRAYS.ZOM'
s C
0019 COMMON / ARRAYS/ T1(3),72(3),T3(3),T4(10),T11(3,3),733(3,3)
. . .T44:4,4),766(6,6),T77{6.6).T5(4),T6(4),T7(4)
0020 = REAL*8 T1,7T2,73,7T4.711,733,744,766,177,15,76,77
e C
«C THESE ARE TEMPORARY STORAGSE ARRAYS FOR USE BY ALL MODULES
e C
s C Ty - T4 SINGLE DIMENSION ARRAYS
2 e C Tt - 177 DUAL DIMENSIONED ARRAYS j
- e« C Tt DUAL ARRAY: OFF DIAGIONAL SET TO ZERO ~
P *C f
‘ 0021 INCLUDE 'UPDT.COM'
«C i
0022 CCMMON /UPDT/ QN(6).QA(16),9(6,6),QD0T(6,6) ﬁ
0023 « REAL*8 ON.QA.Q,GDOT 72
e C #
e C STATE STIMATION PARAME TERS {g
e C
e C GN NAV. DYN. NOISE COVARIANCE DIAGONAL
. C QA MIN. VALUES FOR ATT. COVARIANCE DIAGONAL 1
e C Q CONTRIBUTION TO NAV. COV. FOR DYN. NOISE :
*+ C QooT DIFFERENTIAL OF Q i
e C 1
0024 Ft = UE/R3 !
0025 F2 = 1.5+F1¢J2+RE2/R2 i
0026 X2R = X(1)*X(1)/R2 H
0027 Y2R = X(2)*X(2)/R2
0028 Z2R = X(3)*X(3})/R2
0029 XYR = X(1)*X(2),82
0030 XZR = X{(1)*X(3)/R2
0031 YIR = A(2}eX(3)/R2
0032 FN{A,1) = Fle(3.2X2R~1.)4F2¢(5.+(Z2R+X2R-7.9X2R*22R)~-1.}
0033 FN(5,2) = F1#(3.¢Y2R~1.)+F2¢(S.¢(Z2R+Y2R-7.¢Y2R*22R)~1.)
0034 FN(6,3) = F1#(3.922R-1.)}4F2+(5.¢(6.%22R ~7.022R*22R)~3.)
0035 FN(4,2) = 3. ¢F1+XYR+5. »F2eXYP (1 ,~7.%22R) -
0036 FN(4,3) = 3.8F12XZR+5.+F2+X7A*{(3.~7.*22R) i
0037 FN(5,3) = 3.%F1*YZR+5.*F2+YZRe(3.=7.222R) ;
0038 FN(5.1) = FN(4,2) a
0039 FN(6.,1) = FN(4,3) 13
0040 FN(6.2) = FN(5,3) i
0041 CALL MATAB(FN,PN,PON,6,6,6) ;
COP 000000000000 180000808020 8¢490800000300800000080080¢03000 430000000030 0300000g0Rss |
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PONAY 6-Apr-1981 14:57:18 VAX-11 FORTRAN v2.0-2 Page 3
11-Sep-1980 11:47:39 _DBAO:[D11R.GCP]PONAV.FOR: 4

C COMPUTE THE OIFFERENTIAL FOR CONTRIBUTION YO COVN DUE TO DYNAMIC NOISE
C 1.€E COMPUTE QDOT = FN+Q ¢ QsFN(TRANSPOSE) + ON

[ ® FN*Q 4+ QN + (FN*Q)TRANSPOSE 1
CO PCEPIO IR0 G $¢000E 000823342280 880800000SCRIOPPRRICNRERSIPOEOSP S tRBeROSPEREDD k
0042 CALL MATAB(FN,Q,.QDOT,6,6,6) R
o0a3 00 200 1 = 1,6
ovaa DO 200 U = 1.6 ;
0045 QDOT(I,u) = QOOT(I,y) + QOOT(V,1) ‘
0046 1F (1.EQ.J) GO 1O 205 . ;
0047 GO TO 210 i
0048 205 QDOT(1.,J) = CNDTL1,4) + QN(1) F
0049 GC 1O 200 i
0050 210 QDOT(J,1) = QDOT(1,J) ;
0051 200 CONTINU _ !
0052 1F (1DEBUG.GT.3) WRITE(6.900) F1,F2,((FN(1,u),u=1.6),1I=1,6), g

. ((PON(1.J).us1,6),121,6),((Q007(I,¥),J=1,8),1=1,8)
0053 900 FORMAT(AX,' IN PDNAV:',/,

. 10X,' FY = ' E17.10.,' F2 = ', E17.10,

. /0K, FK:',/,.6(10X.6(1X,E17.10),/).

. Y0X," PON:',/,6('0X,6{1X,E17.10),/).

. 10X,' QDOT:',/,.6(10X,6(1X,E17.10),/))
0054 RE TURN
0055 END

PROGRAM SECTIONS

> Name Bytes Attributes

1 0 $CODE 662 PIC CON REL LCL SHR EXE  RD NOWRT LONG
1 SPDATA 126  PIC CON REL LCL  SHR NOEXE  RD NOWRT (ONG
2 SLOCAL 176  PIC CON REL LCL NOSHR NOEXE RD  WRT QUAD
3 DEBUG 8 PIC OVR REL GBL SHR NOEXE RD  WRT LONG
4 CONST 112  PIC OVR REL GBL SHR NOEXE RD  WRT LONG
S RVEC 224 PIC OVR REL GBL SHR NOEXE RD  WRT LONG
6 GFraRT 800 PIC OVR REL GBL SHR NOEXE RD  WRT LONG
7 NSTATE 112  PIC OVR REL GBL SHR NOEXE RD WRT LONG
8 ARQAAYS 1096 PIC OVR REL GBL SHR KROEXE RD WRT LONG
9 UPoT 752 PIC OVR REL GaL SHR NOEXE RD WRT LONG

ENTRY POINTS

Address Type Name

0}00000000 PONRAY
VARIABLES
Address Type Name Address Type Name Address Type Nome Address Type Name
4-00000000 Re+*8 ATM 4-00000060 Re8 DOTU 2-00000000 Re8 F1 2-00000008 RA*8 F2
2-00000040 [e4 I 3-00000004 1I+4 [DEBDUG 3-00000000 1¢4 [ENTER 2-00000044 [+4 4
4-00000048 Re*H J2 4~-0(000050 Re8 J3 4~-00000058 Re*8 y4 4-00000068 R+8

I T e P
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PONAY

$-00000080
7-00000060
4-00000020
4-0.,000930
2-00000020

ARRAYS
Address

6~-00000080
6-00000000
6~00000200
AP-0000000C8®
AP-00000004@®
9-000000B0
9-00000030
9-00000100
9-00000000
5-00000000
$-00000018
5-00000030
5 30009048
$-00000060
$-00000078
$5-000000C8
$-00000090
8-00000000
8-00000098
8-00000018
8-00000030
8-000000¢0
8-00000048
8-00000t28
8-000003EB
8-00000408
8-000001A8
8-00000428
8-000002C8
7-00000030
7-00000000

LABELS
Address

0-00C001FD

ReB
Reg
R+8
ReB
Re*8

Type

R+*B
Re8
Re8
ReB
Re8
Re*B
R+*B8
ReB
Re8
ReB
Re8
Re8
Reg
Re8
Re+8
ReB
R+*8
R+8
R+8
Rt8
R+B
R+B
R*8
R*8
Re8
R*8
RsB
ReB
R0
Re@
R*0

Labe!
200

R2
RADOM
RE2

XZR

Name

EA
FA
FN
PON
PN

QDOoT
4]

/M
RO
RSM
RSO
RSS
RTG
S8
Tt
T
T2
13
T33

TA4
5
16
768
7
177

5-00000088
4-00000010
4-00000028
4-00000038
2-900000028

Label

0-0000C1EA 205

Re8 RI
R+*8 RBE
R*8 Rm2
ReB US
R*B Y2R

Dimensions

(4, 12)
(a, 4)
(6, 6)
{6, 6)
(6, 6)
(6. 6)
(16)

(6, 6)
(6)

w
~

12
~—

Or ~rrrs - -
w
-~

-

OB - WNWWWWLWWWWWW
»
~

o~ —— ———~—~ ———, — o~

3
~ .

(6, 8)

»
~

(6, 6)

a
-

(6)

Address

0~000001F4 210

6~-Apr-19681 14:57:18
11-Sep~1980 11:47:39

5-0000004A8
4-00000008
5=-000000CO
2-00000010
2-00000030

Adcress

1-00000000 900C°'

Re8
R+*8
R=8
Re8
Re8

Label

VAX-11 FORTRAN v2.0-2
_DOBAO:{D11R.GCP|PONAV.FOR: 4

RA
RBM
RSMA
X2R
YZR

7-00002068
4-00000018
4-¢0000040
2-00000018
2-00000038

Re+8
R+8
Rl
R«8
R*8

RADE
RBO
] 3

XYR
i2R

Page 4




PONAV 6-Apr~1981 14:57:18 VAX~11 FORTRAN V2.0-2 Page S
11-Sep-1980 11:47:39 _DBAO:{D11R.GCP]PONAV.FOR: 4

FUNCYIONS AND SUBROUTINES REFERENCED

RATAB ;

Tote!l Space A!located = 4088 Bytes

LOMMAND QUALIFLERS
FORTRAN /11ST GCP.INDATA MATAB,OUTDATA,RUNG,DONAV ,EPHEM,TRUEA,SPRESS,0CCULT ,GPERT ,GCPSEQ.VISIBLE,GENENV , TREG,GYROUT ,RATE ,BMAT , CMA

/CHE CK+(NOBOUNDS ,OVERF LOW)
/OEBUG: (NOSYMBOL S, TRACEBACK)
/ETT  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE_COOE /CONTINUATIONSs1®

COMPILATION STATISTICS

Run Time: 3.16 seconis

Elapsed Time: 44 .34 seconds r'
Page faults: 307 i
Dynamic Memory: 160 pages

LL1=V
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2.6 GCenerate Measurement (MEASURE)

MEASURE acts as an executive directing tbe program flow to tbe module
appropriate for the simulation of the type of measurement to be made. The
branch to the specific measurement simulation subroutine is based on an 2vent
code that may range from 1 tbrough 15. Those significant to MEASURE are 1
tbrough 5. The mathematics relating to gpecific simulations will be spoken to
under that routine name. The measurement simulation perfcrmed under specific
event codes are listed b:low.

Event Code Measurement Simulaticn Selected
1 Landmark Tracker Measurement (GCP) with
alternate actions
2 Global Positioning System (GPS) Measurement
3 Star Tracker Measurement with ST1
4 Star Tracker Measurement witb ST2
5 No Mcasurements

Alternate actions are made available under event code 1 if cloud cover is
found to be in excess of 40%. These actions are to make ster tracker
measurements with priority ST1, ST2 unless STl or both fixed trackers are
occulted by a major body--esrth, sun, or moon.

Should the cloud cover be determined to be less than 40Z but greater than
10%, the accuracy of the landrark measurement is dugraded from an uncertainty
of 3 meters lg to 30 meters lo .

1f tbe event code is one, indicating a GCP sighting, the cloud cover is
determined by table hookup witb linear interpolation driven by a random number
from a random number generator.

If tbe cloud coverage is greater tban 402 tbe need for altermate action is
tested by examining the norm of the body attitude quaternian covariance. 1f
this exceeds a specified bound an attitude update will be made using a star
tracrker if not occulted by a major body.

After detarmination of cloud coverage, or if tbe original event code was
not 1, the p~ngram branches to the appropriate subroutine responsivle for
generating the measurement.

Figure 2-29 ° « vaces the process of MEASURE.
A-178
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olL1=V

SUBROUTINE MEASURE

EVENT CODE .EQ. 1

CALC

ULATE %CLOUD COVER

$CLOUDS .GT. 40

=

.
=

O UNCERTAINTY .GT. QMAX AN $CLOUDS .GT. 10 4
W]

STAR VISIBLE IO ST2 SIGGCP = 30m SIGGCP = 3m 2

oms STAR VISIBLE TO ST1 COMPUTE GCP OFFSET ANGLE
EC=4 EC=> TMEAS = TGCP (N)
TMEAS=TIME + DTST SET NOPRINT
READ TGCP(N + 1)
p——
—
\ DOCASE EVENT CODE
DEF
1 2 5

SIMULATE GCP MEASUREMENT
SIMULATE GPS MEASUREMENT

SIMULATE ST1 MEASUREMENT u//
SIMULATE ST2 MEASUREMENT “//

NULL

Figure A-29
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10-Apr-1¢B81 09:13:095 VAX-11 FORTRAN V2.0-2 Page 1
10-Apr-1981 09:08:14 _DBAO:[D11R.GC» |MEASURE.FOR 12
00100 0001 SUBROUTINE MEASURE
00200 R e R R R L A R A L A R A R L R ARl AL L
00300 c
00400 [ SUBRDUTINE MEASURE ACTS AS THE EXECUTIVE FOR ALL SPACECRAFT
00500 [od MEASUR EMENTS MADE USING AN EXTERNAL STIMULUS.
00600 c
00700 o INPUT VARIABL S
L 00800 [ MCODE = MEASUREMENT ZODE = THOSE SIGNIFICANT TO
i 0C900 C THIS MODULE ARE 1,2,3 AND 4
010G0 C 1 = LANDMARK TRACKER MLCASUREMENT
i L1100 c 2 = GPS MEASUREMENT
i 012090 C 3 = STARTRACKER 1 MEASUREMENT
: 01300 c 4 = STARTRACKER 2 MEASUREMENT
! 01400 c
! 015¢0 c CUTPUT VARIABLES
| 01690 [od THE QUTPUT VARIABLES ARE EXPLICIT IN THE
?‘ 01700 o SUBROUTINES CALLED
i 01800 c
E 01Q5" c PROGRAMMED BY JACK ™YERS 13JUNE1980
: 02009 c ExT 4443
02100 [
} 02200 CHSRPREAEEBRIE RIS SR 242 e ettt taNedOes sttt ea sttt aserttssnsttaosns
by 073wy 0002 REAL*B QNORM,PCNT,VECTY,VECT2
02400 [ COMMON BLOCKS
. 025900 0003 INCLUDE °'TARG T7S.COM!
1 nN2600 0004 » COMMON /TARGETS/ MTYPE,1S,NS,JFLAG,MCODE,P!,TPI1
-~z 02609 0005 » LOGICAL JFLAG -
< 02600 0006 = REAL*8 PI,TPI j
02600 . C ;
02600 + C MEASUR MENT ZPECIFICATIONS :
02600 = C |
02600 - C MTYPE MEASUREVENT TYPE E:
02600 « C UFLAG SET FOR STAR OBSTRUCTION
02600 *» C MCODE " *  MEASUREMENT PROCESSING
02600 e C PI Pl
02600 * C TPL PLE S
02609 e C
02600 0007 INCLUDE ‘'DEBUG.COM'
c0100 0008 o COMMON /DEBUG/ IENTER,IDEBUG
0C200 s C
012300 *» C USER CONTROLLED PARAMLTERS TO VARY DEBUG PRINT LEVEL
Qgua00 s C
02500 - C I NTER IF 1, PRINTS WHEN ENTERS MOST SUBROUTINES
00600 s C IDEBUG 0-10, HIGHER NUMBER MEANS MORE PRINT
00700 « C
02700 0009 INCLUDE 'LMTPAR.COM' !
00109 0010 » COMMON /LMTPAR/ AL ,LON,LAT,TBNL(3,3),TNL(3,3),BL(2),S5L(2), P
00200 . . BKL(2),SKL(2),TNLK(3,3),TIE0(3,3),SIGGCP, THET
00300 0011 . REAL+*P AL,TBNL,TNL,.BL,SL,BKL,SKL,TNLK,TIEQ,SIGGCP,LAT, LON,
00400 . . THET
00500 * C
00600 .
00700 + C LANDMARK TRACKER PARAMETERS
©Jaco . C AL = ALTITUDE OF LANDMARK (KM)
00900 = C LON = LONGITUDE OF LANDMARK (DEG)
0000 s C LAT = LATITUDE OF LANDMARK (DEG)
01100 = C TBNL = OR.ENTATION ARRAY FOR LANDMARK TRACKER

g g s e - y o - oo e o i Al o R e
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MEASURE

Q1200
01300
01400
01500
01600
¢1700
01800
01900
02000
07100
02200
02300
02400
02500
02800
00100
00200
00300
00400
00500
00600
00700
00800
00900
01000
01100
01200
01300
01400
01500
01600
01700
01800
01900
02000
02100
02200
02300
02400
02500
02600
02909
00100
00200
00300
00400
00500
00500
00700
00800
00900
01600
01100
01290
01300
01400
03000

0012
0013

0014

0015
0016

0017

0018

.

10-Apr-1981 09:13:05 VAX=11 FORTRAN v2.0-2

1¢-Apr-1981 09:08:14 _DBAO:[D11R.GCP JMEASURE.FOR; 12
e C NOMINAL TO BODY
* C TNL + MISALIGNMENT ARRAY = ACTU/L
- C TRACKER TO NOUMINAL
+ C BL = BIAS - ACTUAL (RAD)
s C SL = NOiISE STANDARD DEVIATION - ACTUAL (RAD)
e C BKL = BIAS ~ KNOWLEDGE (RAD)
«C THET = LOOK ANGLE (RAD)
e C SKL = NOISE STAWDARD DEVIATION —-KNOWLEDGE (RAD)
= C TIEQ = INiTIAL EARTH FIXED TO INERTIAL
s C TRANSFORMATION
- C TNLK = MISALIGNMENT ARRAY KNOWLEDGE
e C TRACKER TO NOMINAL
o C SIGGCP = PCSITION UNCERTAINTY DUE TO CLOUDS
s -
. INCLUDE 'TIME.COM'
« C
. COMMON /TIME/ TIME,TNEXT,TSTCP,TIA,DEL,TIN,DYN,DATEQ,TZERD
. . , IMEAS, TRACK,T1S,TISN,DTA,DATER, TPRINT ,DTPRINT
. REAL*B TIME,TNEXT,TSTGP,TTA,DEL, TIN,OTN,DATEO,TMEAS TRACK,TIS,
] . T1ISN,DTA,TZERO,DATER.TPRINT,DTPRINT
s C
« C THESE ARE THE TIME REFERENCE FRAMES
* C
s C TIME ATOMIC TIME SINCE INITIALIZATION (SEC)
s C TNEXT TIME FOR NEXT POSITION INTEGRATION (SEC)
« C TSTQP RUN TERMINATION TIME (SEC)
s C TIA ATTITUDE INTEGRATION TIME (SEC)
.« C DL v . STEP SIZE (SEC)
«C TIN POSITION INTEGRATION TIME (SEC)
. C CTN " . STEP SIZE (SEC)
* C DATEO DATE OF FLIGHT EPOCH (uJD)
* C DATER DATE OF 1950 EPOCH (JD)
e C TZERO START TIME IN SECS. SINCE DATEOQ
¢« C TSLEW TIME NEEDED TO SLEW AND ACQUIRE (SEC)
«C TiS REAL WORLD REFERENCE TIME (SEC)
* C TISN TIME FOR NEXT Rw POSITION INTEGRATION (SEC)
. C DTA USUALLY + NEL BUT + TSLEW - TIA WHEN DEL
.« C TOO LARGE AT MEASUREMENT TIME
« C TPRINT TIME FOR PRINT (SEC)
e C DTPRINT INCREMENT ON TPRINT (SEC)
s C

INCLUDE 'PHiA.COM’

* COMMON /PHIA/ PA(4.4).TA(4,12).PDA(‘.!G),PH!A(16.16),
- . CQVA(16,16).POA(16.16).QMAX
. REAL*8 PA,TA,PDA,PHIA,COVA,POs,QMAX
e C
« C THESE ARE THE ATTITUDE TRANSITION AND COVARIANCE MATRICES
. C
e C PA ATTITUDE STATE TRANSITION MATRIX
e C TA . PARAMETER TRANSITION MATRIX
s C PCA . DERIVATIVE OF TRANSITION MATRICES
« C PHIA . AGGREGATE TRANSITION MATRIX
s C CGvA » NEW COVARIANCE MATRIX
e C POA - PREVIOUS COVARIANCE MATRIX
o C QMAX . COVARZANCE NORM MAX
. C
INCLUDE ‘NMODE.COM’
r

T R ” o
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i % MEASURE 10-Apr-1981 09:13:05 VAX-11 FORTRAN Vv2.0-2 Page 3
; 10-Apr-1981 09:08:14 _DBAO:[D11R.GCP]MEASURE.FOR:‘2
00100 0019 = COMMON /MODE/ MGDE(10)
002C0 s C
00300 e« C MODE (1) = LANDMARK TRACKER SWEEP MODE
G0400 s C 0 = RANDOM
00500 « C t = FIXED AT INPUT THET
00600 « C 2 = NO DEFAULT TO STAR TRACKER
00700 « C MODE (2) = CLOUD SZLECTION MODE
00800 e C 0 = RANDOM CLOUD DENSITIES BASED
00902 « C ON INPUT TABLES CLOTBL
01000 v C {1 = FIXED DENSITY AT NO CLOUDS
01100 e C 2 = NO CLOUDS WITH 100% CLOUD
01200 s C COVER FOR A SPECIFIED
01300 e C PERIOD (CLOTBL(11,12))
e 01400 « C MODE (3-19) NOT SPECIFIED AT PRESENT
] 01500 e C
f 03100 0020 DATA 11.12/54321,12345/
0320¢C 0021 IF(MCODE .NE. i) GO TO 1000
-3300 COlt‘..tttottlOt‘tt"ttoootvttt..-t.to...“.‘t“.tttt“.-t“tttt
03400 c CALCULATE PERCENT CLOUD COVER
03%00 C‘“..“.t..'..tt‘.‘t..tt.tttt.t.tt“‘.‘.“.‘.‘..“i‘.“.-.“.t.
03600 0022 CALL RANDU(I1,12,.X)
03700 0023 CALL CLDTBL( X,PCNT)
03800 0024 IF{PCNT .GT. 40.) GO 10 100
03900 0025 SIGGCP=3.
04000 0026 IF(PCNT .GT. 10.) SIGGCP=30.
04100 Cooooo......-.aacoo.oo--o.-toctoonato.ootocott.ot‘toottc—‘ottott
04200 C COMPUTE OFFSET ANGLE
= 04300 CtO.....‘ttot.itt“‘“tttoQto.t.#tt..t.“.t‘ttt..“‘t“.t‘t‘!.t‘
! oaa00 0027 CALL RDGCP
~ 04500 0028 GO 10 1000
'~ 04600 C.t...‘t‘tt.‘tt‘.‘.tcttottitt.‘t‘..t‘tt‘.“...‘.“-““.t‘t“‘tt
04700 C COMPUTE NORM OF ATTITUDE QUATERNIAN COVARIANCE
04800 c (AN APPROXIMATION TO VARIANCE)
04900 C“‘.O.‘tt-'tat.ntt.‘ttttott‘t“t..t.“...‘.‘..““t.‘t..t...‘tt
05000 0029 100 OHORM=0.
05100 €030 N0 105 1=1,4
05200 0031 105 QNORM=QNORM+COVA(I,1)
05300 0032 GNORM= SQRT (QNORM)
05400 0033 IF(INORM ,LE. naMAX) GO TO 500
05500 0034 1F(MODE(1) .EQ. 2) GO TO 500
05600 C‘.““.'0000.“tt‘ot‘tt..tocota.tattotttt.ottttttttt“.‘tt“‘.t
05700 c CHECK TO SEE IF KNOWLEDGE OF STAR LOCATION IS VISIBLE
05800 c T0 ST
05900 Ct.t..“.ttt.tttt.“ttt.“itnt‘t‘.t‘tt“....“...“.‘t“-‘tt...'
06000 0035 CALL BVECT(VECT1.1)
061C0 0036 CALL VISIBLE(VECT1,5,L)
Y 06200 0037 ;e(.NOT. L) GO TO 300
. 06300 C.““‘.»tht"tto‘.-‘o-o‘ottotttttt“"t.t“#.t.‘t“t.“.to.‘s.
i 06400 C CHECK TO SEE IF WKNOWLEDGE OF STAR LOCATION IS VISIBLE
) 06500 c 10 ST2
06600 Coooo.ogtto--'ctoo-.-o-oooout‘t.t‘t.nat‘tot‘ottooottttoot.co..t
06700 0038 CALL BVECT(VECT2,2)
06800 0039 CALL VISIBLE(VECT2,5,L)
06900 0040 IF(.NOT. L) GO TO 200
07000 0041 500 MCODE=S
07100 0042 GO TO 1000
i 07200 0043 200 MCODE= 4
1 % /£ ;
| B ’ .
— - i
e et T 3 A
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MEASURE

07300
07400
07500
07600
07700
07800
07900
08000
98100
08200
08300
08400
08500
08600
08700
08800
08900
09000
©9100
09200
09300
03400
09500
0960¢C
09700
09800
09900
10000
10100

0044
0045
0046

0047
0048

o049
0050

ons
0052

0053
0054

0055
0056
0057

e . Sl e
- A U 2 et AN (Rt i

10-Apr-1981 09:13:05 VAX-11 FORTRAN Vv2.0-2 Page
10-Apr-19g1 09:08:14 _DBAO: [D11R.GCP|MEASURE. FOR; 12
GO TO 1000
300 MCODE=3
1000 CONTINUE
c....““‘."....". ‘....."."...‘..‘...‘.."..“.‘...‘."‘.‘..'.‘...“
c BRANCH TD THE APPROPRIATE SUBROUTINE ON MCODE

Ct...‘..‘osttn.‘.t“tttolo0Ott'at.‘o‘t..t.-.‘ttttottttt.t.o....tn...‘.‘.

50 10 (10,20,30,40).MCODE

KMETURN
Ct‘.‘.‘.htttto.nt.o.tt.ntoono-o"t.ato‘.tt.'i‘.ct‘t.t‘!‘.oo‘t..to.......
[« MAKE {.ANDMARK TRACKER MEASUREMENTS
C..oe*iootaotta-t.toaooo-.o'-ctctttttotaatt.tttooncttto.o.ooto.ttnoo..o.
10 caLl LAMKTY

RETURN
C--aooo.oooovt'tootgc.o.-.t-.oc..ottt.ﬂat‘.ot‘tocott.toato.to.otownc.‘..
C MAKE GPS MESSUREMENTS
Ct00"to¢t.ct-.t.ttcoo.-og.--ao.‘tooct.t.“.t.o‘.otoco‘.oo.oc..t.o‘....o
20 CAaLL GPS

RETURN
Cotto:..ot.too.ttc‘.o:c-c-ttzttoctotoato‘t...t‘otntttot..no...c:o.tg....
C MAKE MEASUREM NTS WITH STARTRACKER 1
Ct...t“‘ttt-ou‘.l.nt.ﬁ.‘zt"ttt..t‘.‘.‘..'.0...‘.“00.‘..““.“t'tt‘.‘
30 CALL START(1)}

RETURN
C'..O.'Ot.‘..‘.....‘*‘O.'.ot-.“...“...0.‘.‘..‘..‘...0‘..‘O‘..t“.“‘..
C MAKE MEASUREM_NTS WITH STARTRACKER 2
c"...““.“..O.......0.-.t..t.“..“‘....O..‘.".“.“‘.."...“'.“..
40 CALL START(2)

RETURN

END

4
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MEASURE

L PROGRAM SECT IONS

3 Name

$coov”
$PDATA
$LOCAL
TARGETS
DE BUG
LMTPAR
TIME
PHIA
MODE

ONOMBLRN-OQ

ENTRY POINTS

Address Type

0-00000000

VARIABLES
Address Type
. $-00000000 Re8
2 6-00000068 Re+8
= 2-00000020 1+4
L 3-00000004 [*4
§-000000C8 Re8
2-00000008 R+*8
5-00000178 Re+8
6-00000028 Re*8
6-00000008 R+*8
6-00000010 Re8
2-00000028 Re4
ARRAYS

o Address Type
5-000000C8 Re8
4 5-000000A8 Re+8
3 7-00000C00 ReB
8-000600000 1+4
7-00C00000 Re¢B
7-0000200 Re*8
1 7-00000400 R+8
: 7-00001400 Re*8
3 5-00000008 R+*8
b 5-000000B8 R+8
] 7-00000080 R+8
: 5-00000018 R+8
) 5-00000130 Re+8
3 5-00000060 R=8

hﬁhhmumuwAManuummmﬂﬁﬁHi:&_

Bytes
248
12
152
36
8
392
136
7176
40
Name
WMEASURE
Name Address
AL 6-~00000038
DTA 6-00000030
It 2-00000024
1S 3-00C00000C
LON 3-000000C10
PCNT 3-00000014
SIGGCP §-00000180
TIN 6-000000%8
TNEXT 3-0000001C
T8T0P 8-00000040
X
Name Bytes
BKL 16
BL 16
COVA 2048
MODE 40
PA 128
PDA 512
PHIA 2048
POA 2048
SKL 16
18 16
TA 384
TBNL 72
TIEQ 72
TNL 72

Attributes

pIC
PIC
PIC
pPIC
PIC
PIC
PIC
PIC
PIC

Type

ReB
Re8
1+4
Le4
1+4
R+*8
R*8
RB
R*8
R*8

CON REL
REL
CON REL
REL
REL
REL
REL
REL
REL

CON

OVR
OVR
OVR
OVR
OVR
OVR

Name

DATEO
DTN
12
JFLAG
MCODE

THET
1718
TPl
TZERO

Dimensions

1

Mo+ O N~
-
F 3
~—

-
[}

6, 1

o o
Nos=DB=s NN

(3. 3)
(3, 3)
(3, 3)

6)

-

€)

12)

LCcL
LCL
LCL
GBL
GBL
GBL
GBL
GBL
GBeL

1C-Apr—1981

SHR
SHR
NOSHR
SHR
SHR
SHR
SHR
SHR
SHR

EXE
NOEXE
NOEXE
NOEXE
NOEXE
NOEXE
NOEXE
NOEXE
NOEXE

Address

6-00000070
6-00000080
4-00000004
2-00000030
3-00000000
7-00001C00
6-00000018
6-00000260
6-00000078
2-00000010

09:13:35
10-Apr~1981 09:08:14

RO NOWRT
RD NOWRT

Type

R*8B
R*8
1+4
1+4
1+4
R*8
ReB
R*8
Re8
Re8

VAX-11 FCRTRAN Vv2.0-2

_DBAO:[DliR.GCP]MEASURE.FOR:12

LONG
LONG
QUAD
LONG
LONG
LONG
LONG
LONG
LONG

WRT
WRT
WRT
WRT
WRT
WRT
WRT

Name

DATER
DTPRINT
IDEBUG

L
MTYPE
QMAX
TIA
TISN
TPRINT
VECT1

Address

6-00000020
2~0000002C
4-00000000
5-00000010
3~-00000008
2-00000000
6-00000000
6-00000048
6-00000050
2-00000018

Type

R+B
1+4
1+4
R*8
=4
R*8
R+8
R+8
R*8
R»*8

Name
DEL

1
JENTER
LAT

QNORM
TIME

TMEAS
TRACK
VECT2

Page 5




A MEASURE

$-000(00EB R*8 TNLK

LABELS
Address Labe !

0-00000004 10
0-00000083 200

BVECT cLoTBL
VISIBLE

COMMAND QUAL IFIERS

FORTRAN /L MEASURE

-V

ct

COMPILATION STATISTICS

FUNCTIONS AND SUBROUTINES REFERENCED

10-Apr-1981 09:13:05 VAX=-11 FORTRAN Vv2.0-2

10-Apr-1981 09:08:14 _DBAO:[DI1R.GCP]MEASURE.FOR;12
72 (3, 3)

Address Label Address Labe! Address Label Address Label Agdress
0-0000000C 20 0-000000E4 30 0-000000EE 40 0-00000048 100 L4
0~-000000B8C 300 0-000000AA 500 0-000000C3 1000

FORSRANDU GPS LAMKT MTHSOSQRT RDGCP START

Tota! Space Allocated = B200 Bytes

/CHE CK = (NOBOUNDS ,OVERF LOW)
/DEBUG=(NOSYMBOLS, TRACEBACK)
/F77 /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE_CODE /CONTINUATIONS=19

Run Time: 1.99 seconds
Elapsed Time: 20.71 seconds
Page Fautlts: 171

Dynamic Memory: 47 pages

Page

Label

105

i
:
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2.6.1 GPS Model (GPS)

Subroutine GPS simulates a Global Positioning System measurement by
corrupting the true vehicle position-velocity vector with bias and random
poise. Compensation is then made for any biases known to be in the
measurement. On the first pass through the subroutine, the measurement noise
covariance is computed. All constraints and variables are communicated through

common.

Simulation Equations
Measurements

MP = P + PB + N(0,PS) - PBK

MV = V + VB + N(O,VS) - VEK

g) = normal random variable with mean, u, and

where N(u,
standard deviation, o,
Covariance B 9 =
PSK(1)
[rops] = )
PSK(2) O
pSK(N?
O vsk(1)?
VsK(2)>
L VSK(3)2

A-186
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GPS MODEL (GPS)

of JPT POSITION-VELOCITY VECTOR
WITH BIAS AND NOISE 1

COMPENSATE FOR BIAS KNOWLEDGE

FIRST PASS e ‘

GENERATE MEASUREMENT NULL g
NOISE COVARIANCE :

Figure A-30
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S RS AR

[ e o )

881~V

0Cc100
hloplaled
00300
00aeo
nosoo
ovsS00
007¢C0
00800
00900
01000
01100
01270
01300
01400
01500
01600
01700
01800
01900
02000
02100
02200
02300
02400
02500
02600
02700
02800
02900
0300¢C
03100
03200
03300
€300
03500
03600
03700
03800
03300
04000
04000
04009
04000
04000
04000
04000
04000
04000
040090
0400)
00100
00206
00300
00400
00500
208500
00700

00014

0002
0003
0024

0005
0006

® 2 0 00 00 0 0o

L 2R 2K BN N BN I

6-Apr-1981 14:.56:00
30-Sec:-t4B0 07:33:03

SUBROUTINE GPS

COr 00000 et P10t 150000 0ttt v oot e st eststseseatietdetssttssrsttnisre

SUBROQUTINE GPS SIMULATES A MEASUREMENT MADE BY AN ONBQARD
GPS RECEIVER By SIMPLY ADDING BIAS AND NOISE TO THE
ACTUAL VEHICL POSITION AND VELOCITY STATE VECTOR.

ONCE THE MEASUREMENT 1S MADE , COMPENSATION FOR TN HE
BIAS TO THE EXTENT OF BI1AS KNOWLEDGE 1S SUBTRACTED

FROM THE MEASUREWMENT POSITION AND VELOCITY VECTOR.

INPUT PARAMET RS
P s ACTUAL POSITION VECTOR (XM)

v = VELDCITY " (KM/S)

[2: S " POSITION BIAS VECTOR (KM)

ve = * VELOCITY * . (KM/S)

PS -~ - POSITION NOISE STANDARD DEVIATION
(KM)

v§ = " VELNTITY * " .
(xM/S)

PBK = POSITION BIAS KNOWLEDGE (MM)

VK = VELCCITY d . (KM/S)

PSK = POSITION STANDARD DEVIATION KNOWLEDGE
(KM)

VSK = VELOCITY " . -
(KmM/5S)

QUTPUT PARAMETERS
MP = MEASUREMENT POSITION VECTQOR (KM)

My = VELOCITY " (KM/S)
RGPS 2 COVARIANCE OF GPS MEASUREMENT NOISE
(KM)*+2,(KM/S)»e2

PROGRAMMED BY JACK MYERS =~=---=~ EXTENSION 4443
4JUNE1980

(AL LI A A2 A A R Rl N e R N I P Y E PR R L A R R

COMMON BLOCKS
INCLUDE ‘'ENVIR.COM'

(2R N s N N e N e NN o N e N e N o N o N e N N s N e N e N o N a Na X o NaXa N2 N e N Ko R o X2 XaXaXa Xz

COMMON /ENVIR/ STATE(10).PROFILE(10,4),INIT

REAL*B STATE,PROFILE
C
c REAL WORLD STATE PARAMETERS
c
c STATE STATE VALUES: X,Y,Z,XD.YD,2D.E0.E',E2,E3
c PROFILE  ATTITUDE PROFILE-TIME (SEC) VS
c INERTIAL ANGULAR RATES (RAD/SEC)
c INIT INTEGRATION INITIALIZATION KEY (-1)
C

INCLUDE ‘DEBUG.COM’

COMMON /DEBUG/ IENTER,IDEBUG
c
c USER CONTROLLED PARAMETERS TO VARY OEBUG PRINT LEVEL
[
c 1 NTER IF 1, PRINTS WHEN ENTERS MOST SUBROUTINES
c 1DEBUG 0-10, HIGHER NUMBER MEANS MORE PRINT
[

VAX=11 FORTRAN V2.0-2
_DBAQO:[D1IR.GCP }GPS,FOR; 3

Page
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GPS 6-Apr-1981 14:56:00 VAX=11 FORTRAN V2.0-2 Page 2
; 30-Sep-1980 07:33:03 _DBAO:[D11R.GCP)GPS.FOR:®
b
L 04100 0007 INCLUDE 'GPSPAR.COM'
04200 0008 ¢ COMMON /GPSPAR/ PB(3),VB(3).°S(3),VS(3),PBK(3},.VBK(3),PSK(3),
04200 . VSK( 3)
{ 04200 0009 REAL*8 PB,VB,PS5.VS,PBX,VBK, PSK,VSK
04200 «C
54200 «C GPS PARAMETERS
04200 e C (1) = POSITION BIAS = ACTUAL
04200 s C ve + VELOSITY BIAS = ACTUAL
04200 . C PS + POSITION NOISE STANDARD DEVIATION ~ ACTUAL
04200 e C VS = VELOCITY HNOISE STANDARD DEVIATION =~ ACTUAL
04200 ¢« C PBK a2 FGSITION BIAS - KNOWLEDGE
04200 e C vBK x VELOCITY B1AS = MNOWLEDGE i
04200 e« C PSK s« POSITION NOISE STANDARD DEVIATION -
04200 . C KNOWLE DGE 3
04200 + C vSK = VELOSLTY NOISE STANDARD DLVIATION -
04200 *» C KNOWLE DGE
04200 «C
04200 0010 INCLUDE 'MEASJUT.COM'
00100 001y ¢ COMMON /MEASQUT/ MX(6).RGPS(6,6),DHCS(2),0VCS5(2),m5(3,2).
00200 . . ascz.2.2).DNCL.DVCL.LMU(S).RL(2.2).Euxc(a).
00300 . . EDHS (2) . EDVS(2), EDHL,EDVL
00400 0012 o REAL*B MX,RGPS,0HCS ,DVCS ,MS, RS ,DHCL , DVCL, LMU,RL, EMXG,
00500 . . EDHS , .DVS, EDHL . EDVL
00600 « C
> 00700 e C
! oosoo0 «C MEASURENMENT OUTPUT PARAMETERS
00900 e C Mx « P051T1ON/VELOCITY STATE MEASUREMENT - GPS
‘© 01000 e C (KM, KM/SEC)
01100 e C EV.G s ESTIMATED POSITION/VELOCITY STATE
01200 e« C MEASUREMENT - HGPS
01300 e« C RGPS e STATE MCASUREMENT NOISE COVARIANCE
01400 e C (KNOWLEDGE) - GPS (KWso2 KM/SECe2)}
01500 *+ C DHCS e STAR MEASUREMENT HORIZONTAL NEVIAIION
01600 e C FROM BORESIGHT = START (RAD)
L1700 e C OvCS = STAR MZASUREMENT JERTICAL DEVIATION
01800 ¢« C FRO% BORESIGHY = START (RAD)
01900 *« C EDHS s ESTIMATED STAR MEASUREMENT HORIZONTAL
02000 2 C DEVIATION FROM BORESIGHT (RAD)
02100 ¢ C EOVS a ESTIMATED STAR MEASUREMENT VERTICAL
02200 s C DEVIATION FROM BORESIGHT (RAD)
02300 e C “s « STAR MEASUREMENT UNIT VECYOR {SECOND
02400 s C SUBSCRIPT REFERS YO TRACKER) - START
02500 ¢« C RS « STAR MEASUREMENT NOISE COVARIANCE
02600 « C (KNOWLEDGE) - START (RAD»*2)
02700 e C DHCL = LANDMARK WMEASUREMENT HORIZONTAL DEVIATION
02800 e C FROM BORESIGHT - LAMKT (RAD)
02900 e C pveL » LANDMARK MEASUREMENT VERTICAL DEVIATION
03000 «C FROM BORESIGHT = LAMAT (RAD)
03100 e C EOML » ESTIMATED LANDMARK MEASUREMENT HOR1ZONTAL
; 03200 e C DEVIATION FROM BOKESIGHT (RAD)
P 03300 e C EDVL s ESTIMATED LANDMARK MEASUREMENT VERTICAL
4 03400 «C ODEVIATION FROM BORESIGHT (RAD)
03500 o C LM a LANDMARK MEASUREMENT UNIT VECTOR - LAMXT
03600 . C RL e« LANUMARK MEASUREMENT NOISE COVARIANCE
03700 ¢« C (KNOWLEDGE) = LAMKT (RADe+2)
03800 s C
04300 c




061-v

GPS

04200
04500
0460C
04700
04800
04900
05090
05100
05203
0%3C0
05409
05500
05600
05700
¢5800
05900
0¢000
06100
06200
0630"°
06400
065C0
06600
¢6° )0
06800
06900
07000
oT100

0013

0014

0015
00'6

004~
o018
0019
002¢

004
0022
0023
0024
0029
0026
0027
0028
co29

6-Apr-1981 14:56:00
30-Sep-1980 07:33:03

EQUIVALENCE
EQUIVALEKCE (M:,up;.(ux(d),MV).(P.StAYE).(v.SYAYE(4))

DIMENS ION
GCIMENS [ON MP(3) ,MV(3).P(3),V(3)

0o 600 0

RE&L*8 MP, MV, V P GAUSS
DATA 1FLAG /0/
c.00....0¢..0.000‘..o...t.0vo........o“.....‘....‘....‘.O..‘..Q.
c ADD BIAS AND NOISE TO THE POSITION/VELOCITY VECTOR
[ THEN SUBTRACT BIAS WNOWLEOGE
Ce n...t.o&.o-o.ot...soooo.n-o-l..o.....t....t......‘....t..‘..t.‘
0O 10 12,3
WP (1)=P(1)*PB(I/+GAUSS(0.,PS(1))-PBX(])
ERL MV(T)<V(1}eVB(1)+GAUSS(0.,VS(1))-VBK(L)
IF (iFLAG .EQ. 1) RETURN
c.Q’Q“...Ok.tt“..‘...t‘.‘0'..0O‘.v..‘.......‘...“........‘..‘.

[ SET UP NDISE COVARIANCE - FIRST PASS ONLY
C-oo‘.t.tooo-o.oooo.tsoooocn-o‘o.0‘00..0..0.00..0.000.0.o..t.‘tot
JFLAG=1
Co 5 1=1,8
DC 15 Jet,6
15 AGPS(1 ,J)=0.

Do 20 1s1,3
RGPS(1,1)=PSK(I)ePSK(I)

29 RGPS(1+3,143)avSK(1)eVSK(I}
RETURN
END

..... G e

VAX=11 FORTRAN Vv2.0-2
_DBAO:[D1tR.GCP]GPS.FOR;8

Page
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Goes

PROGR™ 4 SECT IONS
Name

$CODE
$ODATA
SLOCAL
ENVIR
D€ 8UG
.GPSPAR
MEASOUT

CABWN-~O

ENTRY POINTS

Address Type Name

0-00022090 GPS
VARIABLES

Address Type Ne.re
6-000001EQ0 Re8 DHCL
2-G0000004 4 |
3-00000190 1+¢ INIY

ARRAYS

Address Type Name
6-00000150 Re+8 DHCS
6-00000160 R+*8 [DVCS
6-00000258 Re+B EDHS
6~00000268 R+0 EDVS
6-00000228 R*8 EMXG
6-000C01FO Re*38 LU
6-00000000 &K+8 wMmP
6-00000t70 R+8 WS
6-00000018 R+B MV
6-C0000000 R+*8 MK
3-00000000 ReG P
5--00000000 A+8 P8
5-00000060 Re8 PBK
»-00000050 Re8 PROFILE
$-0000003N0 Re8 PS
5-00uC0090 Re*8 PSK
6-00000030 R+8 RGPS
6-00000208 R+*8 RL
6-~000001A0 R+*® RS
3-00000000 R+8 STATE
3-00000018 R:2 -
$-000000i0 Re+8 VO
5-00000078 Re+8 vBX
8-00000046 R0 VS

Bytes

210

404

192
648

Address

6-000001€8
4-00000004
2-0000000b

Attributes

PIC CON REL
PIC CON REL
PIC CON REL
PIC OvR REL
PIC OVR REL
PIC OVR REL
PIC OVR REL

Type Name

R+*8 OvCL

1+4 1DEBUG
14 J

Dimensions

(2)

-
N

(2)
(2)
(6)
(3)
(3)
i3, 2)
(3)
(6)
(3)
(3}
(3)
(10, 4}
J)
(3)
(6, 6)
(2, 2)
(2, 2, 2)
(10)
(3}
(3)
(3}
(3)

LCL
LCL
LCL
GBL
GoeL
GeL
GaL

6-Apr-1981 14:56:C0
30-Sep-198" 07:35:03

SHR EXE RD NO

SHR NOEXE RD NO
NOSHR NOEXE |0

SHR NOEXE RD

SHR NGEXE RD
SHR NOEXE RD
SHR NOEXE RD

Address Type
6-00000278 Re8
4-00000000 14

VAX-11 FORTRAN Vv2.0-2
-DBAO: [D11R.GCP|GPS.FOR: 8

WRT
WRTY
WRT
WRT
wWRT
WRT
WRT

LONG
LONG
LONG
' ONG
LONG
LONG
LONG

Name Address
EDHL

1ENTER 2-00000000

lype Name

Jeoa

Page 4

6-00000200 P+8 EDVL

IFLAG




GPS 6-Apr~1981 14:56:00 VAX=11 FORTRAN V2.0-2 Page 8
30-Sep-1980 07:33:03 _DBAO:[011R.GCP]GPS.FOR38

5-000000A8 Re*8 VSK 24 (3)

LABELS
Address Labe! Addr ess Labe! Address Label
. 10 e 15 L L) 20
FUNCTIONS AND SUBROUTINES REFERENCED ]
GAUSS
Total Space Allocated = 1490 Bytes
COMMAND QUALIFIERS
ENENV.TREG.GYROUT.RATE.BMAT.CMA

FORTRAN /LIST GCP.INDATA,MATAB.DUTDATA.RUNG.DNAV,EPHEM.TRUEA.SPRESS'OCCULT.GPERT.GCPSEO.VISIBLE.G

e il ek o aoe s g e

/CHECKs(NOBOUNDS.DVERFLOW)
/DEBUG:(NOSYMBOLS.TRACEBACK)
JFTT  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _COOE /CONTIMUATIONS=19

61-V

COMPILATION STATISTICS

1.42 seconds

Run Time:

Elapsed Time: 21 .19 seconds
Page Faults: 3s8

Dynamic Memory: 160 pages

G -

g

-
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2.6.2 Star Tracker Model (START)

Subroutine START simulates a star tracker measurement made by tbe Kth
tracker, where K is passed througb the subroutine calling sequence. For
purposes of simulation the star of interest is assumed to be along the Kth
tracker boresight. A unit vector along the Kth tracker boresight is
established and corrupted witb bias and noise. Compensation for known bias is
made by subtracting this knowledge from the unit vector. After the corrupted
vector is unitized, the data is passed out through common. The measurement
noise covariance is reestablished on each pass. This information is also
passed out through common.

GAUSS is required to gemerate normally distributed random measurement noise.

Mathematical Specification -
Establish a unit vector along the tracker boresight.

0

u=|o

1

Establish star measurement vector by adding bias and noise to the unit
vector, and compensating for bias knowledge.

MS(K) = U + BS(K) + N(0,SS(K)) « BSK(K)
N(u,0) = Normal variable with mean, y , and standard deviation, ¢ .

Reconstruct a unit vector

Establish sensor measurement

DVCS
DHCS

ASIN(MS(1,K)
ASIN(MS(2,K)/COS(DVCS(K)))

0o

Establish measurement covariance

[1sco] -

SSK(1,K)2 0

0 SSK(2,K) 2
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STAR TRACKER MODEL (START)

GENERATE MEASUREMENT UNIT
VECTOR

CORRUPT MRASUREMENT WITH
BIAS AND NOISE

COMPENSATE FOR BIAS RNOWLEDGE

NORMAI.IZE MEASUREMENT VECTOR

vel-v

T FIRST PASS

GENERATE MEASUREMENT

NOISE COVARIANCE NULL

Figure A-31
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6-ipr-1681 14:5€:22 VAX=11
g-fen-198t 18.:22:05

SUBROUTINE STARPTI¥

C..O..‘..Ut...tll...tt-.-.on-ot..t...-....."..'.n"..0..--‘.‘-0-'

"annnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

[2 X aK2l

SUBROJTINE STAZT SIV._ATES A VEASUREVENT WADE BY AN
GHBOARD FIXED S 29 ITHALKER BY ADDING B1AS 44D NOISE

TG A UNIT VECTCR ALTHNG THE STAR TRACKER BORESIGHT.

OMCE THE MEASLREWEST 15 MADE COMPENSATION FCR THE KNOWN
BIAS 1S5 MADE 8v SUBTRACTING THAT BIAS FROM THE
MEASURENMENT

INPUT PARAMET RS
Q = InERTIAL T BODY QUATERNIANS (491

8s = >TAR TRACFER ACTUAL BIAS VECTOR (2%1)
(RAD)

S5S = . * ° HOTSE STANDARD
(2AD)

DEVIATION (291}
NS . - MISALIGHMENT ARRAY (3¢3)
iSTAR TRACKER TO NOWINAL)
18NS = " - ORIENTATION ARRAY (3¢3)
{NOMItAL TO BODY)

BSK z . . BIAS KNOWLEDGE (33)
(RAD)
SSK 3 : * NOISE STANDARD DEVIATION

KNOWLEDGE (2°¢1) (RAD)
. . MISAL iGHMENT KNOWLEDGE
(3+3){STAR TRACKER 10 NOMINAL)

TNSK

CUTPUTY VARIABLES

DHCS s WCEIZONMT&. CEVIATICN FROM BORESIGHT (RAD)

oves : VERTICAL DEVIATION FROM BGRESIGHT (RAU)

NS = MEASUREMENT STAR VECTOR (3e1)

RS = STAR NOISE COVARIANCE (2¢2) CHECK
(RAD}+*2

SROGRAMMED BY JACK WYERS 11JUNE1980
EXT 4443

SeseesreOSEOIBEIRNSR 'S XX E RS R R} seesPeeNentponedte SRV P P EEONNQIERS

COMMON BLOCKS
INCLUDE 'DEBUG.ZOM’

COMMON /DEBUG/ 1EMTER.IiDEBUG

USER CONTSOL.ED PARAMETERS 70 VARY DEBUG PRINT LEVEL

I MTER 1¢ 1, PRINTS WHEN ENTERS MKOST SUBROUTINES
CEBLS 0-10. HIGHER NUMBER WEANS MORE PRINT

INCLUDE 'STARZSR.COW

COMMON /STARPAR/ £512,2),55(2,2),TNG(3,3,2),TBN5(3.3.2).
BSK(2.2),55#(2,2),TNSK(3,3,2)

REAL*8 BS,5S5,Th5.7E'5.BSK, 55K, TNSK

STAR TRACKER PARAVETERS
IN EACH CASE TrE LAST SUBSCRIPT REFERS TO THE
TRACKER USED

L

FORTRAN

.UBAO:[D1'R.GC>,

2
0o

-

o
.,
}

]

2
T.

FOR:12

Page
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START

04400
0aano
04400
04400
c4400
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04490
04400
04400
04400
04400
00100
0s200
00300
00400
0cs00
00600
00700
017800
00900
01000
01100
01200
01300
01400
01500
01600
61700
01800
01900
02007
02420
v2200
02300
€2400
02500
02600
02700
02800
02900
03000
03100
03200
03300
03400
03500
03600
03700
03800
04500
04600
04700
04800
04900
05000
05100

0007
0008

0009

0010
00t1
0012

b el

® @ @ 2 8 2 0 0 8 0 0

OO0 ON0

LR B B BN K B BN N BN BN AR BN X BE BN B Y NE I A N I N N N R R R R R N N N N )

OO0 O0000D0

6-Apr-1981 14:56:22
9-Feb-1981 18:22:08

-3 = BIAS - ACTUAL (RAD)

SS = *%O.SE STANDARD DEVIATION - ACTUAL (RAD)

TNS = MISALIGNMENT ARRAY - TRANSFORMATION fROM
STAR TRACKER TO NOMINAL

TBNS = ORIENTATION ARRAY - TRANSFORMATION FROM
NOMINAL TO BODY

asK = BIAS - KNOWLEDGE (RAD)

SSK = NOISE STANDARD DEVIATION -KNOWLEDGE (RAD)

TNSK = MISALIGNMENT MNOWLEDGE ARRAY - TRANSFORMATION

FROM STAR TRACKER TO NOMINAL

INCLUDE 'MEASQUT.CO%'

COMMON /MEASOUT,/ MX:6).RGP5(6,5%),0HCS(2),0VCS(2).M5(3,2),
RS(2,2,2),0HCL.CVCL,INI(3).RL(2,2) ,EMXG(6),
EOHS (2).EDVS(2),EDHL,EL VL

REAL*8 MX,RGPS,DHCS.0VCS ,MS,RS ,DHCL,DVCL, LMU,RL, EMXG,
EDOHS, DVS.,ECHL,EDVL

MEASUREMENT CQUTPUT PARAMETERS
MX = POSITION/VELOCITY STATE MEASUREMENT - GPS
(KM, 1022 /SEC)
EMXG z ESTIMATED POSITION/VELOCITY S”ATE
MEASUREMENT - HGPS

RGP3 = STATE WMEASUREMENT NOISE COVARIANCE
(KNOWLEDGE) — GPS (KM+*2 WUM/SEC**2)

DHCS = S5TAR MEASUREMENT HORIZONTAL DEVIATION
FROM EQRESIGHT =~ START (RAD)

DYCS = 5TAR MEASURFMENT VERTICAL DEVIATION
FROM EORESIGHT = START (RAD)

EDHS = ESTIVATED STAR MEASUREMENT HORJZONTAL
DEVIATION FROM BORESIGHT (RAD)

EDVS = ESTIMATED STAR MEASUREMENT VERTICAL
DEVIATION FROY BORESIGHT (RAD)

MS = STAR MEASUREMENT UNIT VECTOR ( SECOND
SUABSCRIPT REFERS TO TRACKER) = START

RS = STAR NEASUREMENT NOISE COVARIANCE
(KNOWLEDGE) =~ START (RADe+2)

DHC L * LANDMARK MEASUREMENT HORIZONTAL DEVIATION
FROM BORESIGHT = LAMKT (RAD)

oveL = LnNDMARK MEASUREMENT VERTICAL DEVIATION
FROM SORESIGHT = LAMKT (RAD)

EDHL = ESTIMATED LANDMARK MEASUREMENT HORIZONTAL
DEVIATION FROM BORESIGHT (RAD)

EDVL = ESTIMATED LANDMARK MEASUREMENT VERTICAL
DEVIATION FROM BORESIGHT (RAD)

LMy = LANDMARK MEASUREMENT UNIT VECTOR - LAMKT

Ri r LANDMAAK MEASUREMENT NOISE COVARIANCE

(KNOWLEDGE) =~ LAMKT (RADe=*2)

DIMENS ION

DIMENSION U(3)
REAL*B U,GAUSS
DATA L AG/O/

c‘..‘..‘.‘.“.‘..~ Tl et 40 aESNSR SN NPPELPNRCNYESPEB Rt L SEVEBREVES LS

<

GENERATE WEAL ""MENT UNIT VECTOR IN STAR TRACKER COORDINATES

Crotos0s 0000 800¢ 10008t at s tstastetssnltstgoensstssssesssentttsnss

R o

VAX=11 FORTRAN v2.0-2
.DBAO:[D11R.GCP]START.FOR; 12

Page 2
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! START Somapr=1981 14:56:22 VAX-11 FORTRAN v2.0-2
E 9-Feb-1981 $18:22:05 _DBAO:[D11R.GCP]JSTART.FOR; 12
; 05200 0013 Ui1)=0.
r 05300 0014 ui2j)=0.
: 05400 oc15 U(3j=1.
05500 COPNBBe S 2000t e seseniset st e rstsstoaretlasssttsetasisstosesyunsgnt
05600 C ADD BIAS AND NOISE TO THE IDEAL MEASUREMENT AND
05700 [ SUBTRACT QFF SIAS KNOWLEDGE
05800 CP 0PI P I ees s 000t 0ot toatssstestesttagitestesssstossentens
05900 0016 00 10 I=1,2
06000 0017 10 MS(I.K)=U(1)+BS(1,K)+GAUSS(C.,SS(I,K))-BSK(],.XK)
06100 COPOns00 2000300000000V ca it tatssttoNltettoiistttsssssssnsesttogns
06200 Cc NORMAL IZE THE VECTOR
05300 COB00880 €008 00etvetner SENITIFETIUSITIIOIRERICEENQGEIST TR RINOSESESN
06400 0018 MS(3,K)2SQRT(1,-M7 (1 A)s22-MS5(2,K)%e2)
06500 0019 DVCS(K )=ASIN MS(1,¥))
06600 0020 OHCS (K ) =ASI* (MS(2,K)/COS{DVCS(K)}))
06700 Cr 000080100000 008000 800s0000400 8080800 Ptitttndeettarsonssstsssors
06800 C GENERATE STAR TRACKER NOISE COVARIANCE
06900 COEBP020002 000008800 92000 480000080000 sP00PPRIPEROEtOOitePssPOess
07000 0021 00 20 I=1,2
07100 0022 D0 20 ys1,2
07200 0023 20 RS(1.,y,K)=0.
¢7300 0024 OC 30 1s1,2
07400 0025 30 RS(1.1,K)sSSK(I,K)*e2
07500 00286 RETURN
07600 0027 END

vl-V

PROGRAM SECT IONS

/!

Name Bytes Attributes
0 $CODE 298 PIC CON REL LCL SHR EXE RD NOWRT LONG
1 SPOATA 4 PIC CON REL LCL SHR NOEXE RD NOWRT LONG
2 SLOCAL 48 PIC CON REL LCL NOSHR NOEXE RO WRT QUAD
3 DEBUG 8 PIC OVR REL GBL SHR NOEXE RD WRT LONG
4 STARPAR 560 PIC OVR REL GBL SHR NOEXE RO WRT LONG
5 MEASQUT 648 PIC OVR REL GBL SHR NOEXE RD WRT LONG

ENTRY POINTS

Address Type Name

0-00000000 START
VARIABLES
Address Type Name Address Type Name Addgress Type Name Address Type Name
$-000001€0 R+8 DHCL §~-0200C1E8 R*8 DVCL 5-00000278 Re*8 EDML 5~00050280 Re8 EDVL
2-0000001C e84 3-00000004 [¢4 I1DEBUG 3-00000000 1e4 1ENTER 2-C0000018 [+4 [FLAG
2-00000020 [I+4 AP -00000074® (¢4 K

e e e o s e




RIVI S

STaRt 6-ALr=1981 14:56:22 VAX~11 FORTRAN v2.0-2 Page
9-Feb=1981 18:22:05 _DBAO:[D11R.GCP]START.FOR: 12
ARRAYS
Address Type Name Bytes Dimensions
4-00000000 Re+8 B8S 32 (2, 2)
4-00000160 Re8 BSK 32 (2, 2)
5-00000150 Re8 ODHCS 16 (2)
5-00000160 Re8 OVCS 16 (2)
5-00000258 R*8 EDMS 16 (2)
5-00000268 Re*8 EDVS 16 (2)
5-00000228 Re*B8 EMXG a3  (6)
5-003001F0 R*8 LMU 24 (3)
5-00000170 Re+8 MS a8 (2, 2)
5~00000000 ReB MX a8  (6)
5-00000030 ReB RGPS 288 (6, 6)
5-00000208 R*8 AL 32 (2, 2)
5-000001AC Re*B8 RS 64 (2, 2, 2)
4-00000020 R+*8 5SS 32 (2, 2)
4-00000180 R*8 55K 32 (2, 2)
4-00000000 R+*8 TBNS 144 (3, 3, 2)
4-00000040 Re8 TNS 144 (3, 3, 2)
4-ND~001A0 Re*B TNSK 144 (3, 3, 2)
2-G0y00000 ReB U 24 (3)
LABELS
Address Labe! Address Labe! Address Labe)
.o 10 .o 20 *e 30

FUNCTIONS AND SUBRGUTINES REFERENCED
GAUSS MTHSDASIN MTH$DCOS MTHSDSQRT

Total Space Allocated = 1566 Bytes

COMMAND QUALIFIERS
FORTRAN /LIST GCP,INDATA ,MATAB,OUTDATA,RUNG,DNAV,EPHEM,TRUEA,SPRESS,OCCULT,GPERT,GCPSEQ.VISIBLE,GENENV.TREG,GYROUT ,RATE ,BMAT , CMA
/CHE CK = (NOBOUNDS ,OVERF LOW)

JCEBUG=(NOSYMBOLS, TRACEBACK)
/FT7T  ,NOG_FLOATING /14 /OPTIMIZE /wARNINGS /NO3S_LINES /NOMACHINE_CODE /CONTINUATIONSs=19

COMPILATION STATISTICS

Run Time: 1.55 seconds
Elapsed Time: 15.94 seconds
Page Fauits:® 355

Oynamic Memory! 160 pages

4




2.6.3 Landmark Tracker Model (LAMKT)

Subroutine LAMKT simulates a measurement made by the landmark tracker.
The landmark position vector is established in earth fixed coordinates through
knowledge of the landmark's longitude, latitude, and altitude, passed through
common. This position vector is then transformed to inertial coordinates. A
line-of-sight vector to the landmark from the spacecraft is established by
subtracting from the landmark position vector the spacecraft position vector.
The line-of-sight vector is transformed to exact landmark tracker coordinates
where it is normalized to a unit vector. The exact DH and DV measurements are
computed based on the computed line-of-sight unit vector. These DH and DV
measurements are corrupted with bias and noise and compensated by subtraction
of bias knowledge. A unit vector is reestablished from the corrupt
measurement and the noise covariance is established. £11 data output is
through common.

Processing Requirements

The landmark location on the surface of the eartb in Local Landmark
Coordinates (Figure VII) will Le a function of the altitude (Ap) above the
earth's mean radius.

AL
u = |0
0

However, in earth fixed corrdinates, the landmark will bave the earth's wean
radius (rg)added to the altitude. Using the angular transformation from local
landmark to earth fixed coordinates produces

g + AL cLcy -sL <cusa] 1
Lg = gTy, LL = ETL 0 = (rg + AL) |SLCA CL -SLSA 0
0 s\ 0 Cx 0

CLC?

SA

As shown in Figure A-32 the position vector of the spacecraft (Pg/c), when

subtracted from the 1andmark position in some coordinate frame, will provide
the measureuent vector (M).

Mp = (1Tglg) - Bs/cr

Accounting for bardware misalignments, the same measurement vector in landmark
tracker coordinates is:

My = ¢T1 ((ITELE) - Ps/cI)

= oTelg - TiPs/CI

A-199
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Figure A-32 Figure A-33

Landmark Tracker Geometry - Landmark Tracker Geometry -
Sighting Plane General




Prom examination of Figure A-33, the unit measurement vector in landmerk
tracker coordinates is:

vex]  [SinAv
Ug = Me = |Uy| = CosAVSinAH
M Uiz -CosAVCosAH

However, the tracker instrument has no sensitivity to projeccions along its

boresight axis. Therefore, the tracker response to the unit vector UL will
be:

g = |URX SinAV }

ULyl = CosAVSinAH

producing adH andAV as shown in Figure A-33 as seunsor outputs. Since the

senscr output will be corrupted by bias and noise, the sensed measurement will
be:

20 = [AHS] . [AH+bH+VH—\
AVs AV + by + Vy

Where:

by, by = Component landmark tracker bias.
VH, Vy = Component landmark tracker zero mean random noise, N (0,02).

The component biases and standard deviations (o) are user selectables.

The landmark tracker measurement may be compensated for knowledge of
instrument bias. The bias knowledge may be a priori or through estimation,
The compensated sensor output will be:

. |aHe] _ jAHs - by
AVe aVs - by
Where:

LM = the landmark being used = f(L, A, AL)

LEJ >
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the altitude of the landmark above the mean radius of the earth
longitude of the landmark

latitude of the landmark

vector position of the landmark relative to the center of the
earth

vector position of the spacecraft relative to the center of the
earth

altitude of the spacecraft above the mean radius of the eerth
measurement vector from the spacecraft to the landmark

unit vector along M

the landmark tracker horizontal plane angular deflection from
the boresight axis

the landmark tracker vertical plane angular deflection from the
boresight axis

e it



Landmark Tracker Model
( LAMKT)

Generate Landmark Position in Barth

Fixed Coordinates

Bring Landmark Position into Inertial

Space

Subtract Spacecraft Position
Vector

Transform To Landwmark Tracker
Coordinates

Normalize Line~-of-Sight Vector

Generate DN and DV Measurements

Corrupt Measurement With Bias
and Noise

Compensate for Bias Knowledge

Construct Measurement Unit Vector

Construct Measurement Noise
Covariance

Figure A-34
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048GO
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6-ADr=1981 14:55:08 VAX=11 FORTRAN V2.0-2
6-Jan-1981 12:48:32 _DBAO:[D1VR.GCP ] LAMKT .FOR: 21

SUBRCUTINE L AMKT

[ EXITEE R AN R AN TR S NASE RN IE R RN R A RE R AT AN AI SRR A AR R EL A RN D

FTOOOHNOOONAOONOO

OOOOCOCOOOOODONNOOOOOONOOONNAOONON

SUBROUTINE LAMKT SIVULATES A MEASUREMENT MADE DY THE
LANDMARK TRACKER. IT DCES SO BY SUBTRACTING FROM PERFELT
KNOWLEDGE OF THE LANUMARK POSITION (LONGTTUDE, LATITUDE.
AND ALTITUDE) PERFECT ¥NOWLEDGE OF THE SPACECRAFT POSITION.
TO THIS VECTOR BIAS AND NOISE ARE ADDED WHILE IN LANCMARK
TRACKER COORDINATES>. COMPENSATION FOR KNOWN BIAS 1S MADE

BY SUBTRACTING THIS KNOWLEDGE AT THIS POINYT. COMPENSATION
FOR KNOWN LANDMAAK TRACKER MISALIGNMENT 1S MADE WMEN THE
RESULTING VECTOR 15 TRANSFORMED BACK TO INERTIAL SPACE.

INPUT VARIABL.S .
AVERAGE RADIUS OF THE EARTH (KM)

RE =

AL = LANDMARX ALTITUDE (M)

LON = LANDMARK LONGITUDE (DEG)

LAY = LANDMARK LATITUDE (OEG)

T = TINME (T80)

[ 2 SPASECRAFT POSITION VECTOR (3e¢%) (XM)

Q = EXACT INERTJAL TO BODY QUATERNIAN (4+1)

TBNL = LANDMARK TFACKER QRIENTATION ARRAY
(NOMINAL TO BOOY) (3+3)

™L = LANDMARA TRACKER MISALIGNMENT ARRAY
(TRACKER TD NOMINAL) (3+-3)

sL = LANDMARX TRACKER BIAS (2+1) (RAD)

SL = LANOMARK TRACMER NOISE STANDARD DEVIATION
(2+1) (RAD) :

BXL = LANDMARX TRACKER BIA. KNOWLEDGE (2¢1%1)
(RAD)

(3% = LANDMARK TRACKER NOISE STANDARD
DEVIATION (2°1) (RAD)

TNLK = LANDMARK TRACKER MISALIGNMENT KNOWLEOGE

ARRAY (TRACKER TO NOWMINAL) (3,3)
SIGGCP = POSITION UNCERTAINTY DUE TO CLOUDS

OUTPUT VARIABLES

oMCL = LANDMARK HORIZONTAL DEFLECTION (R20:

ovCL = LANDMARK VERTICAL DEDLECTION (RAD)

Ly = SIMULATED LANDMARK TRACKER UNIT VECTOR
1O LANDMARK (3e1)

RL = LANDMARN TRACKER MEASUREMENT COVARIANCE

(3+3) (RAD)

FRIGRAMMED BY JUACK MYERS 11JUNE1980
EXT 4443

CRBVNT O LIV S SOB0COEENRDE S 28030600 C 2000000 CESRERSEICET P SIQOEECQOITOITOTEES

COMMON B8.0CKS
INCLUDE ‘ENVIR.COM'

COMMON /EMVIR/ STATE('0).PROFILE(1D,4) ,INIT
REAL®*8 STATE,PROFILE

KREAL WORLD STATE PARAMETERS

STATE STATE VALUVES: X.Y,2,X0,Y0,20,E0,E%,E2,E3

LT
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6-Apr-1981 14:55:08 VAX~=11 FORTRAN V2.0-2

€-Jan-1981 12:48:32

PROFILE ATTITUDE PROFILE-TIME (SEC) VS
INERTIAL ANGULAR RATES (RAD/SEC)
INIT INTEGRATION INITIALIZATION KEY (-1)

INCLUDE 'TIME.COM’®
COMMON /TIME/ TIME,TNEXT,TSTOP,TI1A,DEL,TIN,DTN,DATEO,TZERO
+TMEAS ,TRACK ,T1S,TISN,DTA,DATER,TPRINT ,DTPRINT
REAL‘G TIME, TNEXY TSTOP,T1A,DEL,1IN,DTN,DATEOD, TMEAS,TRACK,TIS,
. TISN,DTA,TZERO,DATER,TPRINT,DTPRINT

THESE ARE THE TIME REFERENCE FRAMES

TIME ATOMIC TIME SINCE INITIALIZATION (SEC)
TNEXT TIME FOR NEXT POSITION INTEGRATION (SEC)
TSTOP RUN TERMINATION TIME (SEC)

TIA ATYITUDE INTEGRATION TIME (SEC)

0oL STEP SIZE (SEC)
TIN POSITION INTEGRATION TIME (SEC)

DTN STEP SIZE (SEC)
DATEO DATE OF FLIGHT EPOCH (uD)

DATER DATE OF 1950 EPOCH (uJD)

TZERO START TIME IN SECS. SINCE DATEO

TSLEW TIME NEEDED TO SLEW AND ACQUIRE (SEC)
TiS REAL WORLD REFERENCE TIME (SEC)

TISN TIME FOR NEXT RW POSITION INTEGRATION (SEC)
DTA USUALLY + DEL BUT + TSLEW - TIA WHEN DEL
TOO LARGE AT MEASUREMENT TIME

TPRINT TIME FOR PRINT (SEC)

DTPRINT INCREMENT ON TPRINT (SEC)

INCLJDE ‘DEBUG.COM'
COMMON /DEBUG/ IENTER,IDEBUG

USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL

I NTER IF 1, PRINTS WHEN ENTERS MOST SUBROUTINES
1DEBUG 0-10, HIGHER NUMBER MEANS MORE PRINT

INCLUDE 'LMTPAR.COM'

COMMON /LMTPAR/ AL,LON,LAT,TBNL(3,3),TNL(3,23),BL(2),S5L(2),
BKL(2),SKL(2),TNLK(3,3),TIED(3,3),5IGGCP, THET

REAL*8 AL,TBNL,TNL,BL,SL,BKL,SKL,TNLK,TIEQ,SIGGCP,LAT, LON,
THET

LANDMARK TRACKER PARAMETERS

AL = ALTITUDE OF LANDMARK (KM)

LON = LONGITUDE OF LANDMARK (DEG)

LAT = LATITUDE OF LANDMARK (DEG)

TBNL = DRIENTATION ARRAY FOR LANDMARK TRACKER
NOMINAL TO BODY

TNL = MISALIGNMENT ARRAY - ACTUAL
TRACKER TO NOMINAL

BL = BIAS - ACTUAL (RAD)

SL = NOISE STANDARO DEVIATION = ACTUAL (RAD)

BKL = BIAS - KNOWL_EDGE (RAD)

_DBAO:[D11R.GCP ]I A%KT.FOR; 21
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THET
SKL
TIEO

TNLK

SIGGCP =

6-Apr—-1981 14:55:08
6-Jan-1981 12:43:32

LOOX ANGLE (RAD)
NOISE STANDARD DEVIATION -KNQWLEDGE (RAD)
INITIAL EARTH FIXED TO INERTIAL
TRANSFORMAT I ON
MISALIGNMENT ARRAY KNOWLEDGE
TRACKER TO NOMINAL
POSITION UNCERTAINTY DUE TO CLOUCS

INCLUDE 'MEASOUT.COM'

COMMON /MEASOUT/ MX(6) .RGPS(6,6),DHCS(2),0VCS(2),MS(3,2),
RS(2,2,2),0HCL,DVCL,LMU(3),RL(2,2) ,EMXG(6),
EDHS (2) ,EDVS(2), EDHL, EDVL

REAL®*8 MX,RGPS,DHCS,DVCS,MS,RS,DHCL,DVCL, LMU,RL, EMXG,
EDHS , .DVS, EDHL ,EDVL

MEASUREMENT
mMxX

EMXG
RGPS
OHCS
DvCsS
EDHS
EOVS
MS

RS

DHCL
ovCL
EDHL
EOVL

LMy
RL

OUTPUT PARAMETERS

POSITION/VELOCITY STATE MEASUREMENT - GPS
(KM, KM /SEC)

ESTIMATED POSITION/VELOCITY STATE
MEASUREMENT = HGPS

STATE MEASUREMENT NOISE COVARIANCE
(KNOWLEDGE) = GPS (KM#¢2 KM/SEC*+2)

STAR MEASURPEMENT MORIZONTAL DEVIATION
FROM BORESIGHT - START (RAD)

STAR MEASUREMENT VERTICAL DEVIATION
FROM BORESIGHT - START (RAD)

ESTIMATED STAR MEASUREMENT HORIZONTAL
DEVIATION FROM BORESIGHT (RAD)

ESTIMATED STAR MEASUREMENT VERTICAL
DEVIATION FROM BORESIGHT (RAD)

STAR MEASUREMENT UNIT VECTOR ( SECOND
SUBSCRIPT REFERS TO TRACKER) - START

STAR MEASUREMENT NOISE COVARIANCE
(KNONLEDGE)} - START (RADs+2)

LANDMARK MEASUREMENT HORIZONTAL DEVIATION
FROM BORESIGHT =~ LAMKT (RAD)

LANDMARK MEASUREMENT VERTICAL DEVIATION
FROM BORESIGHT =~ LAMKT (RAD)

ESTIMATED LANDMARK MEASUREMUNT HORIZONTAL
DEVIATION FROM BORESIGHT (RAD)

ESTIMATED LANDMARK MEASUREMENT VERTICAL
DEVIATION FROM BORESIGHT (RAD)

LANDMARK MEASUREMENT UNIT VECTOR = LAMKT

LANDMARK MEASUREMENT NOISE COVARIANCE
(KNOWLEDGE) - LAMKT (RAD=+2)

INCLUDE 'NSTATE.COM'

COMMON /NSTATE/ Xx0(6),X(6) ,RADM, RADE
REAL*8 XD,X,RADM,RADE

POSITION STATE AND CONSIDERED PARAMETERS

XD
X
RADM

STATE DERIVATIVES (KM/SEC AND KM/SEC/SEC)
STATE POSITION PARAMETERS (KM AND KM/SEC)
RADIUS OF THE MOON (KM)

VAX=11 FORTRAN v2.0-2 Page 3
.DBAOG: [D11R.GCPJLAMKT .FOR; 21
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05700
©5700
65700
¢S5700
0S800
05900
as800
05800
05990
65800
05800
0800
05800
05R8CO
65800
05890
05800
05300
06000
06100
06209
06300
G6400
05500
06600
C€ 700
£hB300
05900
07000
07100
07200
07300
%7400
07500
07600
07700
07800
07900
CACOY
08100
28200
08300
08400
08500
08660
08700
09800
©89690
03000
63100
03200
09300
09400
095C9
¢9600
09700
096890

0019
0020
0021
0022

0023
0024
002%
0026

0027
0028
0029
0030

0031
0032

0033
0034

0035
00386
0037
0038
0039

0040

0041

€ @@ &0 00 o0 > 8o

6-Apr-1981 14:55:08 VAX=11 FORTRAN v2.0-2 Page 4
6-Jan~1981 12:48:32 _DBAO:[D1IR.GCP JLAMKT .FOR; 21
c RADE EARTH DETECTABLE RADIUS (KM) ]
[
C
INCLUDE ‘TARG TS.COM'
COMMONM /TARGETS/ MTYFE, IS NS, JFLAG ,MCODE,PI, TP}
LOGICAL JFLAG
REALeB P1,TP1
[
C MEASUR MENT SPECIFICAT]ONS
o
C MT/PE MEASUREWENT TYPE
[ JFLAD SET FOR STAR OBSTRUCTION
[ MCODE - *  MEASUREMENT PROCESSING
[ Pl Pl i
c TRl 2.P1 :
c 1
EQUIVALENCE (3, ,STAYE(7)),(P,STATE),(DELT,DELTL),(B,BL),(S5,5L),
. (BK ., BK.).7L,#, 5% ) (T . TIME),(RE,RADE)
DIMENSION LE(3)..1¢3),%103),780(3,3),TLB(3,3),TBI(3.3),7.1(3,3), i
. MU(3),UWML(3) ,P(3),7;E13,3)
REAL*B DELTY,D LTL,OUn, DV ,RTD,TO,TIE,LE.LT . ML ML,
. TBI.TBL,T(B,.TLl,.uML,B,8K,Q,RE,S,T,P,GAUSS
DATA 1FLAG/O/ !
c.........a.n.......'---.tt'oll.t......‘..'.t.'tt"......O.'......
[ GENERATE THE LANIMAPK B0SITIC' IN EARTH FI1XED COORDIMATES :
c...“."Ol..l..l..‘.t'll...l.--.l..'t....‘...l"'.'...........‘..
RTD=180./P] * PAJ AN TQO DEGREE CONVERS]ON j
LE(1) =2 (RE+AL j*COS! L2M/RTD)sCOS{LAT/RTD)
LE(2)={RE4AL }*S5INILCN/BTD)»COS{LAT/RTOD)
LE(I )= (RESAL J*SINILAT/RTD)
c...........'...l...n't:.'l'l'-.t'tt'..‘O...O'..'.Q............'l.
[« BRING LANDMARK POSiTION INTO IMERTIAL SPACE
c.........O‘...'Q..‘".o.-.ll......'...........0..'...‘..'..O.....
CALL WET(TIEO.TIE) ! GENERATE TIE
CALL MATAB(TY ,LE,LI,3,3,1)
c.......‘.-..n.O...’ll...Il.l....t...........t.‘..l..‘..“....-'l.
[« SUBTRACT SPAC CRAFT POSITION IN INERTIAL SPACE
C..t....'.cto.t-‘l....--t--loo--.oo..tt...t...l.t..'..'....‘.‘.to.
00 10 1=1,3
10 MI(I}=LI(I)=P(1}
C‘Ot.t‘..n--'.noot"Q-nco..t.t-.t....."..ﬂ.‘t..tn..‘..r...00.0".
c TRANSFORM TO LANDMARK TRACKER COORDINATES
Coo..ot.ttt..tconntc---.-----.'.-loooe....0.....“‘...0‘.0-00.-.‘.
CALL AMAT(Q,T91)
CALL MATAB(TBNL,TNL,TBL,3,3,3)
CALL MINV3(TBL.TLB)
CALL MATASIT(8,78{,TL1,3,3,3)
CALL MATAB(TLI MI 1 ,3,3,1)
C...."‘.'.'........t...ll.'l...0.‘........‘..‘......'...'..."...
C HORMAL IZE THE MEASUREMENT VECTOR
C.n....‘to.tnto...t.-t..-..--nt..!o.t.o...t..‘o...c.t....o.t......
CALL UNIT(ML ,UML.3)
C.O‘.‘.“'...O.'..'.O....t.l»'l.t..‘.....‘.‘......l......l....t..
c GENERATE DN AND CV MEASUREMENTS FROM UNIT MEASUREMENT
< VECTOR

Ce PO0BS 0004006009000V NIITRATNCORIPIINRNNUOOS0PRCEISORSRGNBETITTSE

OveASIN(UML( 1))
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: LAMKT 6-Apr-1981 14:55:08 VAX-11 FORTRAN v2.0-2 Page S
i 6-Jan-1981 12:48:32 _DBAO:[011R.GCP]LAMKT.FOR:2!

09900 0042 DH=ASIN(UML{ 2)/COS(DV))
10000 coo.o.oocooon.coootocooocaaooot.oooo-oo.cc‘oao-o‘ottncto..c.a.yoc:-
10100 [ CORRUPT THE M ASUREMENT VECTOR WITH BIAS AND NOISE AND
10200 c COMPENSATE FOR THE BIAS KNOWLEDGE
10300 C.“.‘.Otltt“ttttt‘ct.t-.tttottt‘tttt.t“tttto“t“.“.tn.t“.“‘
10400 0043 SL(1)=.001*SIGGCP/VMAG(MI,3) 1CHANGE DISTANCE TO ANGLE IN RAD.
10500 0044 SL(2)=SL(1) IDITTO
10600 0045 DHCL=0H4BL(|)+GAUS$(O..SL(1))—BKL(1)
10700 0046 DVCL=QV¢BL(2)¢GAUSS(O..SL(2))-8KL(2)
10800 C‘O‘.ct.ttooa.oottto.oou-ott.tt.ttttt.ttt.‘t‘tt““t“.t.tt‘..ttt
10900 Cc RECONSTRUCT UNIT VECTOR FROM COMPENSATED MEASUREMENTS
11000 [ POSS IBLY NOT NEEDED AT THIS POINT
11100 C...“..jlt‘t‘.tc‘..0-000"ttttotto‘t‘..00."0.“.‘...‘...““"‘
11200 0047 LMU(1)=COS(DVCL) *SIN(DHCL) )
11300 0048 LMU(2) =SIN(DVCL) ]
11400 0049 LMU(3) =COS(DVCL)*COS(DHCL)
11500 c.oco..‘ot-o-.ooooooct..‘.tt-to‘oototootto‘.“to.ot-.-OQactoogntoo.‘.o. ]
11600 Cc FORM MEASUREM_NT NOISE COVARIANCE s
11700 C.“.“t.‘oot‘t.o...t.t‘ttt‘tt‘..“‘t..“.'C“t.‘t“t.“....'.t.t. ;
11800 0050 D0 20 I[=1,2
11900 0051 00 20 u=1,2 o
12000 0052 20 RL(1.J)=0. ﬁ
12100 0053 00 30 1=1,2 ]
12200 0054 30 RL(I.,1)aSL(T)eSL(I)
12300 005S RETURN 4
12400 0056 END f

80TV

PROGRAM SECT IONS

Name Bytes Attributes
0 $CODE 501 PIC CON REL LCL SHR EXE RD NOWRT LONG
1 SPDATA 12 PIC CON REL LCL SHR NOEXE RD NOWRT LONG
2 SLOCAL 748 PIC CON REL LCL NOSHR NQEXE RD WRT QUAD
3 ENVIR 404 PIC OVR REL GBL SHR NOEXE RD WRT LONG
4 TIME 136 PIC OVR REL GBL SHR NOEXE RD WRT LONG
5 DEBUG 8 PIC OVR REL GBL SHR NOEXE RD WRT LONG
6 LMTPAR 392 PIC OVR REL GBL SHR NOEXE RO WRT LONG
T MEASOUT 648 PIC OVR REL GBL SHR NOEXE RO WRT LONG
8 NSTATE 112 PIC OVR REL GBL SHR NOEXE RD WRT LONG
9 TARGETS 36 PIC OVR REL GBL SHR NOEXE RD WRT LONG

ENTRY POINTS
Address Type Name

0-00000000 LAMKT




i
E LAMKT
.

VARIABLES
Address

6-00000000
4-00000070
2-000001c8
4-00020080
7-00000280
2-00000208
9-00920000C
9-00000020
B-00900068
6-00000088
2-00000200
4-00000028
4-00000008
4-00000010

ARRAYS
Address

6-000000C8
6-0000004A8
7-00000130
7-00000160
7-00000258
7-092900268
7-00050228
2-00005008
2-00000020
7-0000%1F0
2-09900038
2-00000170
7-00000170
7-006200000
3-000G0000
3-09070050
7-C0 200030
] 7-00200208
p 7-000C01A0
6-00000008
6-000%00B8
3-00%736000
2-C0%NO0EC
2-005G9050
6-06c70018
2-0000014A0
6-002001350
2-00700098
2-00060129
; ' 6-005G60060
i : 6-000000€8
2-900¢0188
8-0€ 000030

_\-‘

[TIeN

Type

R*H
ReB
AeB
Re8
R+*8
L4
Led
1ea
Re8
ReB
Re«B
R*8
ReB
Re8

Type

R*B
Re8
Re*8
ReB
Re+B
Re8
ReB
ReB
ReB
R*B
Re8
Re*B
Re*8
Re8
Re8
Re8
Re8
R«
fe8
ReB
R*8
ReB
Re*8
R*8
ReB
Re8
PeB
R*8
ReB
Re8
Re8
Red
Re8

Name

AL
CATER

[*1a}
OTPRINT
EDVL
IFLAG
JFLAG
MTYPE
RADE
S

10
TIN
THERT
T1SYOP

PROFILE

RGPS
AL
RS
SKL
SL
STATE
TBI
TeL
TBML
T1iE
TIEQ
TLB
7Ll
TNL
TNLK
uML
X

Add-ess
6-CO0LI0AR
4-00505020
7-GLLLZIED
2-C00G01FR
2-045%5L320%
300005130
6-0Cs2n010
9-¢0CTL0%A
B8-CCOL0060

6-0C050178
6-000751%0
4-00005058
9-000C0GIC
4-00060040

Bytes

16
16
16
16
16
156
43
24
24
24
24
24
48
an
24
32¢
287
32
64
1€
15
[
T2
72
72
72
72
72
72
72
T2
24
48

Type

R*B
R*8
ReB
ReB
1+4
1.4
R*8
14
R*8
Re8
Re8
Re8
R+*8
R*8

Name

DelL
OHCL
ov

INIT
LAT

RADM

S i GGCP
THET
TiS
TPl
TZERO

Cimensions

(2)
12)
(2)
12)
(2)
(2)
(6)
(3)
(3)
(3)
(3)
(3)
(3, 2)
(6)
(3)
(10, 4)
t6, 6)
12, 2)
(2, 2, 2)
(2)
2}
{(10)
L, 3)
{3, 33
(3, 2
(3, 3}
(3, 3)
(3. 3)
(3, 3)
(3, 3)
{3, 3)
(3)
(6)

i e

6-Apr-1981 14:55:08
8-van-1981 12:48:32
Address Tyope
6-0006007°8 Re8B
2-00600000 Re+8
4-00405068 w8
7-000001EB Re8
5-00000004 i*4
9-0006G0004 [*4
6-C00020008 R+*8
9-00000014 ReB
B8-00000068 Re8
6-00000008 R4
4-00600018 Re8
4-00060060 R+*8
4-009000078 R~8

VAX-11 FORTRAN v2.0-2
-DBAO:(Di1n.Gc91LAuxr.Fon:21

Name

8x
DELTY
OTA
cvCL
1DEBUG
15

LON

Pl

RE

SK

TIA
TISN
TPRINT

Adress

4-¢00C2038
2-CGL520C0
4-0000G030
7-¢5C06278
§-000020L0
Z2-06000%210
9-(500s010
3-4000C030
2-000CO1F8
4-0(00G00G0
4-00006GC000
4-00005048
4-00000050

Type

Re8
R*8
ReB
ReB
14
1+4
4
Re8B
R+8
R*8
Re8
ReB
Re*8

Name

DATEQ
DELTL
DIN
EOHML
JTENTER
J
MCGCOE
Q

RTD

T
TIME
IMEAS
TRACK

Page [ ]




LAMKTY 6~-Apr-1981 14:55:08 VAX=131 FORTRAN Vv2.0-2 Pige 7

6-Jan-1981 12:48:32 _DBAO:[D11R.GCP]LAMKT .FOR; 21
8-00000000 Re8 XD a8 (8)
LABELS .
Addaress Labe ) Address Labe! Address Label
ee 10 ve 20 e 30
FUNCTIONS AND SUBROUTINES REFERENCED
AMAT GAUSS MATAB MINV3 MTHSDASIN ®TH$DCOS MTHSDS IN UNIT

VMAG wET

ikl Space Allocated = 2997 Bytes

CC »-»NO QUALIFIERS

SORTRAN /LIST GCP,INDATA MATAB,OUTDATA ,RUNG,DNAV ,EPHEM,TRUEA,SPRESS,OCCULT ,GPERT ,GCPSEQ.VISIBLE ,GENENV,TREG,.GYROUT ,RATE ,BMAT ,CMA

/CHECKH={ NOBCUNTS ,QVERF LOW)
/DEBUG=(NOSYMSOLS, TRACEBACK)
/FTT7  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE_CODE /CONTINUATIONS=19

COMPILATION STATISTICS

Run Time: 2.60 seconds
Elapsed Time: 35.98 seconds
Page Faults: 400
Oynamic Memory: 160 pages
|
[ >4
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2.7 Perform State Estimation (EST)

(‘ EST incorporates the latest GPS, star tracker, and GCP measurements into
an estimate of the spacecraft state using an extended Carison Square Root
filter. The extended filter incorporates propagation of the state, the state
transition matrix, and the process noise through integration of non linear
differential equations. The square root filter has been selected to overcome
numerical difficulties associated with small spacecraft computers.

The process, illustrated in Figure A-35 begins by constructing a
single composit state out of navigation and attitude states. The two portions
of the state were separated because they are propagated in dcamatically
different ways. The navigator state, X, is propagated through non-linear
integration of the equations of motion while the attitude stae, E, is
propagated by the gyros. Similarly the composite state transition and
covariance matrices are constructed from the attitude and position
components. The last composite array to be found is the process noise.
However, the attitude portion of the process noise array is loaded with zeros
because it was previously considered in gyro processing. After the composite
’ process noise array has been loaded, the navigation process noise array is
reinitialized to zero for the next measurement interval.

Following construction of the composite arrays, the covariance matrix is
propagated forward to current time by the subroutine PROP. PROP uses the
{ state transition matrix PHI to perform this function. PROP also reinitializes
the state transition matrix to the identity matrix, and EST loads the
independent attitude and navigation state transition matrices.

The measurement partials and the estimated measurement are computed by
MPART. MPART uses the measurement code to determine which partials to
generate. These partials are used along with the measurement residual, to
estimate the state of the spacecraft. This process is performed in a
systematic manner. First, the measurement residual is computed by subtracting
) the estimated measurement vector from the true measurement vectors. Each

component of the measurement residual is used sequentially in a two step
\ process to update the state and covariance and to reload the old covariance.
It is necessary to reload the old covariance between each updatc because the
P original old covariance is no longer valid after one update.

Following state update, the navigation and attitude states are loaded with
the new state estimate. The attitude quaternions are unitized to insure
orthogonality, and the various transformation matrices are computed.

The final procedure in EST is to insure that the attitude covariance does
not drop below some minimum required to insure stability. If the covariance
were allowed to converge to zero, new measurements would be ignored and the
state estimate would diverge.

i
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STATE ESTIMATION MODULE (EST)

R AL, s A~ i B

FORM COMPOSIT STATE TRANSITION MATRIX

FORM COMPOSIT PROCESS NOISE ARRAY

PROPAGATE COVARIANCE ARRAY

COMPUTE MEASUREMENT PARTIALS

\

~§~\§§““-~

DO CASE EVENT CODE

T

DEF
1 2 3 4
COMPUTE COMPUTE COMPUTE COMPUTE
LANDMARK GPS S/T 1 S/T 2
MEASUREMENT | MEASUREMENT | MEASUREMENT | MEASUREMENT
RESIDUALS RESIDUALS RESIDUALS RESIDUALS NULL
UPDATE STATE ESTIMATE
UNITIZE QUATERNIONS
COMPUTE A AND C MATRICES
BOUND ATTITUDE COVARIANCE ARRAY
Figure A-35
—— PP . ‘M 4
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] 6-ACr=1981 14:58:03 VAX=11 FORTRAN Vv2.0-2 Page 1
. 3-Apr-1981 09:431:45 _DBAO:[D11R.GCP|EST.FOR:37
* 00100 0001 SUBROUTINE EST
1 00200 c.‘.‘..“‘..............-.--....‘..‘..'....‘..‘.‘."........“"........
: 00300 c
: 00400 [ SUBROUTINE €ST RED.AZES SUBRGITINE ESTIMAT Br recRFORMING THE
00500 c ESTIMATION PRCCESS LSING THE MEASUREMENTS MWADE BY THE
‘ 0060) c LANDMARK TRACKER, THE GPS, AND STAR TRACKERS 1 AND 2.
. 60700 c THE ESTIMATION STATE VECTOR HAS BEEN AUGMENTED TO 10 wHILE
: 00800 C THERE ARE 12 CONSIDER PARAMETERS FOR A TOTAL COMBINED STATE
00900 c OF 22.
01000 (o
01100 c INPUT PARAME T _RS
01200 c PN = STATE TRANSITION MATRIX INITIAL CONDITIONS
01300 c FOR THIS INTERVAL
01400 C PHIN = NAVIGATION STATE TRANS!'TION MATRIX INTEG ATED
01500 c TO TH!S TIME POINT
01600 c PHIA = ATTITUDE STATE TRANSITION MATRIX INTEGRATED
01700 c TO THIS TIME POINT
01800 [d Q s NAVIGATION PROCESS NOISE
01900 c MCODE = FLAG DETERMINING THE MEASUREMENTS TO BE USED
02000 [ DHCL = HCRIZONTAL LANDMARK MEASUREMENT
02100 c DvCL = VERTICAL LANDMARK MEASUREMENT
02200 [ PDML = PANT]AL OF HORIZONTAL LANDMARK MEASUREMENT
02300 c POVL = - " VERTICAL " "
02400 c SIGGCP = STANDARD DEVIATION OF LMT POSITION
> 02500 C MEASUREMENT
Y, 02600 c
— 02700 c MX = GPS MEASUREMENT VECTOR
“ 02800 c PON = OLD NAVIGATION COVARIANCE
02900 c POA = OLD ATTITUDE COVARIANCE
03000 c ETC
03100 c
03200 c.......o.o..otoot‘.O-ontot‘o‘o.t.t‘.o‘...'...tt.....‘.‘.‘.0..00..’100..
03309 0002 REAL*8 VOOT, PDHDX, PDVDX
03400 COMMON BLOCKS
03500 0003 INCLUDE ‘DEBUG.COM'
00100 0004 o COMMON /DEBUG/ IENTER,.DEBUG
00200 «C
00300 s C USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL
00400 s C
00500 Lo I NTER 1F 1, PRINTS WHEN ENTERS MOST SUBROUTINES
00600 e C IDEBUG 0-10, MIGHER NUMBER MEANS MORE PRINT
00700 e C
03600 0005 INCLUDE 'TARG TS.CCM'
03700 0006 = COMMON /TARGETS/ MTYPE,IS,NS,JFLAG,MCODE,PI, TPL
03700 0007 o LOGICAL JFLAG
03700 0008 = REAL*8 PI,TP] ]
03700 e C ;
03700 e C MEASUR MENT SPECIFICATIONS
03700 * C
03700 e C MTYPE MEASUREMENT TYPE
03700 s C JFLAG SET FOR STAR DBSTRUCTION |
03700 «C MCODE - ® MEASUREMENT PROCESSING 3
03700 e C Pl Pl '
05.90 e C TPl 2+P1
03700 » C
03700 0009 INCLUDE 'PHIA.COM'
00100 0010 o COMMON /PHIA/ PA(4,4).TA(4,12),.PDA(4,16),PHIA(16,16),

BT T T 7 A S

AT o gt




Y
¥

<

71

EST

00200

00300

00400

00500

00600

00700

00800
00900

01000

01100
01200
01300

01400

03800
03900
03900
03900
03900
03909
03900
03900
04000
04000
04000
04000
04000
04000
04000
04000
04000
04000
04000
04000
04100
04100
n4a100
c4100
04100
04100
04100
04100
04100
04v0¢C
04100
04100
04100
04200
04200
04200
04200
04200
04200
04200
04200
04200
04200
04200

0011

0012

0013
0014

0015

0016
0017

0018
0019

0020

0021

0022
0023

..l..........

PN B BN AN 4

..'.I...I... ...QQ....I.

2 08 88 0 008 0

[a N gl NOGOOONODOO

C
C

Cenee

C

C~=~ RESIDUALS .COM CONTAIN> THME RESIDUALS VALUES FOR THE GPS, . ﬁ

c- -
C
Coson
C

O 000000000

NOOONOOOO

6-Apr-1981 14:58:03 VAX-11 FORTRAN v2.0-2 Page
3-Apr-198t 09:41:45 _DBAD:[D\1R.GCP]EST.FOQ:37

. CDVA(16.16),90!('6.16),0ﬂkl
REAL®*B PA,TA,POA,PHIA,COVA,POA,QMAX

THESE ARE THE ATTITUOE TRANSITION AND COVARIANCE MATRICES

PA ATTITUDE STATE JRANSITION MATRIX

TA . PARAMETER TRANSITION MATRIX

PDA DERIVATIVE OF TRANSITION MATRICES
PHIA AGGREGATE TRANSITION MATRIX

cova NEW COVARIANCE MATRIX

PCA PREVIOUS COVARIANCE MATRIX

QMAX COVARIANCE NORM MAX

INCLUDE 'GAIN.COWM'

COMMON /GAIN/GAIN(22)
REAL*B GAIN

INCLUDE 'RESIDUALS.COM’

...tt.tt.t....‘to..t.'.tn‘.tot..o.“.“......'tt...oo.‘t."c.....‘
[ E

LANDMARK TRACKER, AND STAR TRACKER MEASUREMENTS . J
L4 a
' YZEEXERE R LA S ) ‘.'..."“..‘..‘.....‘...‘.....'..."......‘...‘...

|

COMMON /nES;DUALS/ozHLM,DZVLu.Dzusr1.Dzvsrt,ozusrz,ozvs1z, i
. DXMGPS(6) !
REAL*8 DZHLM.DZVLM.DZHST\.DZVST'.DZHST?.DZVST?.D!MGPS

INCLUDE 'PHIN.COM'
COMMON /PHIN/ PN(G.G).PDN(G.S).PHIN(G.G).COVN(G.G),
. PON(6.6)
REAL*8 BN,PON, PHIN,COVN,PON

THESE ARE THE NAVIGATION TRANSITION AND COVARIANCE ARRAYS

PN POSITION STATE TRANSITION MATRIX

PON . DERIVATIVE OF TRANSITION MATRIX
PHIN - AGGREGATE TRANSITION MATRIX :
COVN . NEW COVARIANCE MATRIX ;
PON . PREVIOUS COVARIANCE MATRIX

INCLUDE ‘'UPDT.COM' ;

COMMON /UPDT/ QON(6).QA(16),0(6,6),Q00T(6,6)
REAL*8 QN,QA,Q,QDOT

STATE _STIMATION PARAME TERS

QN NAV. DYN. NOISE COVARIANCE DIAGONAL ;
QA MIN. VALUES FOR ATT. COVARIANCE DIAGONAL i
Q CONTRIBUTION TO NAV. COV. FAR DYN. NOISE !
QooT OIFFERENTIAL OF Q
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04200 0024 INCLUDE 'ASTATE.COM®
04300 «C
‘ 04300 0025 COMMON /ASTATE/ DE(4).E(4),WD(3),SF(3),0(3),00(3)
{ 04300 0026 REAL*S DE.E.WD,5F,D.DD
04300 o C
04300 e C ATTITUDE STATE AND CONSIDERED PARAMETERS
04300 o C
04300 e C 0. D1FERENTIAL OF QUATERNIONS
04300 .« C € QUATERNIONS
04300 «C WD GYRO DRIFT RATE (RAD/SEC)
04300 e C SF GYRO SCALE FACTOR ,
04300 «C () GYRO NON-ORTHOGANALITY (RAD) ;
04300 o C ) GYRO RELATIVE ORIENTATION (RAD) j
04300 «C !
04300 2027 * INCLUDE °‘NSTATE.COM'
04400 s C
04400 0028 * COMMON /NSTATE/ XD(6).X(6).RADM, RADE
04400 0029 * “EAL®@ XO,X,RADM, RADE
04400 «C
04400 e C POSITION STATE AND CONSIDERED PARAMETERS
04400 e C
04400 ¢ C X0 STATE DERIVATIVES (KM/SEC AND KM/SEC/SEC)
04400 + C x STATE POSITION PARAMETERS (KM AND KM/SEC)
04400 e C RADM RADIUS OF THE MOON (KM)
04400 e C RADE EARTH DETECTABLE RADIUS (KM)
04400 e« C
> 04400 e C
), 04400 0030 INCLUDE ‘TIME.COM'
— Q0100 e C
Y 00200 0031 ¢ COMMON /TIME/ TIME. TNEXT,TSTOP,T1A,DEL,TIN,DTN,DATEQ, TZERO
00300 . . LTMEAS ., TRACK , T1S.TISN,DTA DATER, TPRINT ,DTPRINT
00400 0032 REAL*S TIME,TNEXT,TSTOP, TIA,DEL, TIN,DTN,DATEQ, TMEAS, i RACK,T1S,
00500 . . T1SN,0TA,TZERO,.DATER, TPRINT ,DTPRINT
00600 s C
00700 e C THESE ARE THE TIME REFERENCE FRAMES
00800 « ¢
00900 e C TINE ATOMIC TIME SINCE INITIALIZATION (SEC)
01000 s C TNEXT TIME FOR NEXT POSITION INTEGRATION (SEC)
01100 e C TSTOP RUN TERMINATION TIME (SEC)
01200 e C TIA ATTITUDE INTEGRATION TIME (SEC)
‘ 01300 o« C ot - . STEP SI1ZE (SEC)
. 01400 . C TIN POSITION INTEGRATION TIME (SEC) 3
‘ 01500 o C DTN . . STEP SIZE (SEC) j
01600 e C DATED DATE OF FLIGHT EPOCH (JD) ’
! 01700 e« C DATER DATE OF 1950 EPOCH (JO) |
¢ 01800 e C TZERO START TIME IN SECS. SINCE DATEO ;
r 01900 e C TSLEW TIME NEEOED TO SLEW AND ACQUIRE (SEC) §
02000 ¢ C 115 REAL WOKLO REFERENCE TIME (SEC) ;
02100 «C TISN TIME FOR NEXT RW POSITION INTEGRATION (SEC) *
, 02200 e C oTA USUALLY ¢ DEL BUT + TSLEW - TIA WHEN DEL :
| 02300 «C 10O LAT=C AT MEASUREMENT TIME :
| 02400 «C TPRINT TIME 35 PRINT (SEC) <
' 02500 e C DTPRINT INCREW...: ON TPRINT (SEC)
. 02600 e C
04500 0033 INCLUDE 'TMAT.COM'
04600 0034 o COMMON /TMAT/ A(3.3),8(3,3),C(3,3),EM(4,3)
04600 0035 ¢ REAL®G A,B,C.EM

r

gt JiH i
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04600 e C
04600 LI TRANS FORMAT ION MATRICES
04600 o C
04600 e« C A INERTIAL TO BODY AXES -
04600 e C ] GYRO TO BOOY AXES !
04600 e C c GYRD NON-DATHOGONAL TO GYRO AXES ;
04600 e C E™ BODY TO QUATERMIAN AXES
04600 ¢ C
04600 0036 INCLUDE °*FILT _R.COM'
04700 0037 o COMMON/FILTER/ IPN(6).1PA(16) 11PN WAS IPN(11)  UACK
04700 e C
04700 e« C FILTER OATA CONSTANTS
04700 «C
04700 ¢ C 1PN ARRAY tnoex orF estxnatzo POS PARAMETERS
04700 e C 1Pa ATT PARAMETERS
04700 *C
04700 0038 INCLUDE 'COMPOSIT.COM'
04800 0039 COMMON /COMPOSIT/ PHI{22.22).0Q7(22,22),C0v(22,22),P0(22,22).
04800 . . 1P(22).87(22).P(22,22)
04B00 0040 o REAL*S PH1,QT.COV.PO,XT,P
04800 e C
04800 ¢« C (3] s COMPOSIT STATE TRANSITION MATRIX
04800 e C or . . PROCESS NOISE ARRAY
04800 e C cov s NEWEST COVARIANCE ARRAY
04800 o C 0 = OLD COVARIANCE ARRAY
04800 e C 1{] = ARRAY OF FLAGS INDICATING ESTIMATED AND
> oceso0 «C CONSIDERED PARAMETERS
> 04800 e C 13 = COMPOSIT ESTIMATED PLUS CONSIDERED
o 04800 ¢ C STATE VECTOR
04800 «C ’ = INITIALIZED TRANSITION MATRIX FOR NEXY
04800 e« C INTREVAL
04800 e C
04800 0041 INCLUDE 'ARRAYS.COM'
04900 e C
04900 0042 o COMMOM /ARRAYS/ T1(3),.72(3),73(3),74(10),711(3,3),733(3,3)
04900 . ,T44(4,4),766(6.6),777(6.6).75(4),7T6(4),T7(4)
04900 0043 "REALSS T1,72,73.74,711,733,744,768,177,75,76,17
04900 e C
04900 s C THESE ARE TEMPORARY STORAGE ARRAYS FOR USE BY ALL MODULES
04900 ¢ C
04900 s C Ty - T4 SINGLE DINENSION ARRAYS
04900 s C T31 = T77  DUAL DIMENSIONED ARRAYS
4900 o C T OUAL ARRAY: OFF DIAGIONAL SET TO ZEROD
04900 «C ]
04900 0044 INCLUDE 'PART.COM'
05000 004%= ¢ COMMON /PART/ PX(22),PY(22),P2(22),PX0(22),P¥YD(22),PZD(22).
05000 . . POMS (22,21 .POVS(22.2) . POML(22),POVL(22)
05000 0048 o REAL*S PX,PY,PZ,PXD.PYD,PZD,PDHS,POVS.FIML,.POVL ¥
05000 e C " |
05000 s C PARTIALS OF THME RESPECTIVE MEASUREMENTS MADE !
05000 °C i
05000 e C FOR GPS ‘
05000 e C PR = PARTIALS OF X POSITION MEASUREMENT
05000 e C PY - . -y - » ;
05000 e C 14 » . - 2 . . ]
05000 ¢« C XD . . * X VELOCITY .
05000 e C (444 - g >y . . ]
- 1
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FOR STAR TRACHMER X /K IS THE SECOND PARAMETER)
POMS = PARTIALS OF HORIZONTAL DIFLECT ION
POVS = " ®  VERTICAL *

FOR LANDMARK TRACKER
POML = PARTIALS OF HORIZONTAL DIFLECTION
POVL * " “  VERTICAL ¢

INCLUDE 'MEASOUT.COWM'

COMMON /MEASOUT/ MXIE) . RGPS(6,6),DHCS(2).DVCS(2) ,m5(3,2),
RS(2,2.2),.0HCL.OVCL.LMU(I).RL(2,2),EMRG(6),
EDHS (2).EDVS(2), EDHL,.EDVL

REAL*® MX, RGPS, ,DMCH.DVCS . MS, RS ,OHCL,DVCL,LMU,RL, EMXG,
EDMS, OVS, EDHL.EDVL

MEASURENMENT OUTPUT PARAMETERS

[ ) = POSITION/VELOCITY STATE MEASUREMENT - GPS
(XM, k% /SEC)
EMXG = ESTIMATED POSIVION/VELOCITY STATE

MEASUREMENT ~ MNGPS
RGPS e STATE MEASUREMENT MOISE COVAR] ANCE
(KHNO®LEDGE) =~ GPS (MMe*2 KM/SECe2)
OHCS e STAR MEASUREMENT MORIZONTAL DEVIATION
FROM PORESIGHT = START {RAD)
oves * STAR MEASUREMENT VERTICAL DEVIATION
FROM BORESIGHTYT ~ START (RAD)
EDHS = ESTIMATED STAR MEASUREMENT MORZONTAL

OEVIATION FROM BORESIGHT (RAD)

EOVS = ESTIMATED STAR MEASUREMENT VERT[CAL
DEVIATION FROM BORESIGHMT (RAD)

us = STAR MEASUREMENT UNIT VECTOR ( SECOND
SUBSCRIPT REFERS TO TRACMER) ~ START

RS = STAR MEASUREMENT NOISE COVARIANCE

(KNOWLEDGE) - START (RADee2?)

DMCL = LANDMARX MEASUREMENT HORIZONTAL DEVIATION
FROM BORESIGHMT -~ LAMKT (RAD)

pvCL s LANDMARK MEASUREMENT VERTICAL DEVIATION
FROM BORESIGMT - LAMKT (RAD)

EDHL = ESTIMATED LANOMARK MEASUREMENT HORIZONTAL
DEVIATION FROM BORESIGHT (RAD)

EOVL = ESTIMATED LANOMARK MEASUREMENT VERTICAL
DEVIAYION FROM BORESIGHT (RAD)

(L V) = LANDMARX MEASUREMENT UNIT VECTOR - LAMKT

L = LANDMARK MEASUREMENT NOISE COVARIANCE
(XNOWLEDGE) ~ LAMKT (RADse*2)

INCLUDE 'LMTPAR.COM'

COMMON /LMTPAR/ AL,LON,LAT,TBNL(3,3),TNL(3,3),BL(2),5L(2),
BXL(2),SKL(2).TNLK(3,3),TI1E0(I,.3),.SIGGCP , THET

REAL*® AL, TBNL TNL,BL,SU ,BKL,SXL,TNLK,TIEQ,SIGGCP,LAT, LON,
TMET

LANOMARK TRACKER PARAMETER:
AL = ALTITUDE OF LANDMARK (XM)
LON = LONGITUDE OF LAMOMARK (DEG)

VAX=11 FOMTR'w /2,.0-2
-DBAQ:[D11R.GCPEST.FOR; 37
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07600
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07800
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00400
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00600
08700
08800
00900
09900
09100
09229

0053
0S54
2059
oos5e
0057
0058
0059
0060
0061
0062
0083

0064
0065
0068
0087
0068
0069
0070
XA
0072
0073
0074

007S
0078
0077

52 9 59 550 05800 00000
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c LAY = LATITUDE OF LANDMARK (DEG)
[ TONL « ORIENTATION ARRAY FOR LANDMARM TRACKER
c NOMINAL TO BODY
(4 TNL = MISALIGNMENT ARRAY -~ ACTUAL
[ TRACKER TO MOMINAL
[ L = BIAS ~ ACTLL (RAD)
[+ SL s NOISE STANODARD OEVIATIONM - ACTUAL (RAD)
[ [T {W = BIAS -~ KNOWLEDGE (RAD)
[ THET = LOOM ANGLE {RAD)
c SKL s MOiIiSE STANDARD DEVIATION -MNOWLEDGE (RAD)
c TIEO = INITIAL EARTH FIXED TO INERTIAL
c TRANSFORMAT 1 ON
c ™K s MISALIGNMENT ARRAY XMOWL EOGE
[ TRACKER TO NOMINAL
c SIGGCP « POSITION UNCERTAINTY DUE YO CLOVDS
Cc
[
IF(IENTER .EQ. 1) WRITE(S,t) MCODE
1 FORMAT { ' ENTERING EST WITH MCODE = *',12)
00 J 11,8
RT{1)eX{1)
3 IP(1)=sIPN(I)
00 & 1=7,10
XT({1)=E(1~8)
4 IP(1)alPA( " ~8)
00 S l“““
1P{1)=lPA(1~-8)
] XT(1)=0.
C
C.....‘.....Q...i....O..O..C..O‘.0'...‘....‘......‘.......0‘..0.0.......
C CONSTRUCT COMPOSIT STATE TRANSITION MATRIX AND OLD COVARIANCE
c.'0..‘....0!...00...O...o0.0.0.‘.O...............‘....O.....‘.0..0‘....
c
D0 20 1=1,22
DO 20 J=1,22
20 PHI(1,J)=0.
DO 30 1=1.,8
00 30 J=t,8
PO(1.Jd)=PON( 1.J)
3 PHI(T . J)ePN( 1.V}
00 40 1=7,22
00 40 Us7,22
PO(1.4)=POA{ I-6,u-6)
40 PHI(1.J)ePNIA(]-6,u-6)
C
c.....0‘...0......0.....0....000...O........‘..................O‘.‘...‘.
[ ZERC ATTITUDE PORTION OF PROCESS NOISE SINCt 1T wWAS CONSIDERED
o IN THE GYRO MODEL
c FORM TOTAL PROCESS MOISE ARRAY
c.....‘..........‘..................0.............‘..‘...............O..
c
0O 70 [=%,6
on 70 Jet,8
70 QT(1.4)=0(L,V)
[

c........OO....‘....'..‘.C..0..‘.OC.‘.....‘."......‘.......‘...

< ZERO NAV PROC-SS NOISE

el

R
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c.‘.“‘.“...‘“....‘.‘t..“““t‘.“t“.“..‘.‘...“‘..‘.‘.‘tt‘

C

DO 75 I1=1,6

DO 75 vu=1,6
75 Q(I,Jy)=0.
o
C...‘.‘...0“0t‘.tt‘t.‘.t‘ttt.ttt.‘t““.“..“.‘.‘t“‘l.‘..t“O.‘.‘.‘.‘
C PROPAGATE COVARIANCE ARRAY
Ctoooo‘otontttttt-ta‘oaon-tutooa-tttttoottt.ct‘0‘tttt‘totcttt.ttottt.o.t
C

CALL PROP(10,22,PHI,COV, PO,QT,P)
[
Cooo.oo.cttotttttotooo-o-ntttttottot.otot‘t.t“t‘ot'ttttt.t.t‘tttc.a‘..
[of PAPTITION INITIALIZED P INTO PN AND PA
c-t..t“ttaotnotoc“oo....Otttoott“...‘....“..‘.‘t‘tttttt..tt‘t‘tt‘t.
C

00 B0 I=t1,6

DO B0 J=1,6
80 PN(I,u)=P(1,V)

DO 9C I=7,10

DO 9¢ J=7,10
90 PA(1-6,U~6)=P(I,V)
o
Creseenerssnrene vhadddddbiid Rl A A I AR LT L RS R R T I T T T roN
C ESTABL IS MEASUREMENT PARTIALS
Coo.ttttootoootcoioottooccttt.‘..tttt..‘.0‘.0‘0.0..‘0“‘t.tt‘.ttcnto..c.
C

CALL MPART
C
C.‘.......‘.ttt.tt..t.-.t.tt‘t.‘t““‘....‘..‘.““““t0.“““‘0“““
c BRANCH TO THE APPROPRIATE UPDATE MODE
co..“‘0‘0‘.0‘.“."t.ttt‘t‘t“tt‘t‘t‘“O...““““O“‘“‘.‘.‘*““‘.“
c

GO 7O (100,200,300,400), MCODE

RETURN
C
C".....tt'.i‘.tt.“t...t‘tt'tt‘t..““‘.‘..“‘.“tt"‘t..““ttt“t.“.
C CALCULATE ACTUAL-PREDICTED MEASUREMENT = LANDMARK TRACKER
c“.‘..tttttttt‘..‘.ti‘ot‘t‘tttttit“..‘.‘..““‘..““‘......tt".‘..“
c
100 DZHLM=DHCL-E DHL

DZVLM=DVCL~EDVL

IF(IDEBUG .LT. 4} GO TO 170

WRITE(6,150) DZHLM,DHCL, EDHL

WRITE(6,151) DZVLM,DVCL, EDVL
150 FORMAT (' DZHLM,DHCL,.EDHL ' ,3E20.10) !
151 FORMAT (' DZvLM,DVCL,EDVL ' ,3E20.10)

WRITE(6,155)

WRITE(6,152) (POHL(L),I=1,10)

WRITE(6,153)

WRITE(6,152) (POVL(I),I=1,10)

WRITE(6,154)

WRITE(6,152) (XT(1),I1=1,10)
152 FORMAT (5X,5E15.7)
155 FORMAT (' PDHL')
153 FORMAT (' POVL')

154 FORMAT (' T ')
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C.‘..U..‘.‘.'.‘.....‘t‘.lt‘t‘.“..‘..‘....“..“‘.“.‘."....“‘.

c

Ceosooes

C
170

160

c

MAKE UPDATE =- LANDMARK TRACKER

sessstr sdosse ..“""“.“.“....‘.“..‘.....‘..‘..“.‘..

CALL UPDATE(22,‘0.XT.COV.PO.PDHL.RL(1.1).DZHLM.1P)
DO 160 I=1,22

00 160 J=1,22

PO(1,u)=COV(1,J)

CALL UPDATE(22,10.XT.COV.PO.PDVL.RL(2.2).DZVLM.IP)
GO TO 600

c......‘......“....‘..Ot....‘.‘..‘..t..‘..".‘..."‘.‘...‘.......““‘.

c

CALCULATE ACTUAL-PREDICTED MEASUREMENT -~ GPS

Cl‘...“.‘...t..‘.....‘.ttt“......‘.‘....‘..““‘.....‘.“...‘...“‘.‘.

c
200
205
c

00 205 1=1.6
OXMGPS (1)=MX (I )-EMXG(1)

c‘...“...t.‘.00‘.‘.‘..0...“........‘.“.“‘.....‘...““.‘...‘..‘.....

c

MAKE UPDATE - GPS

c.“““t“."..O..‘.O‘.O..‘..‘....‘.....‘.“.‘..‘“...‘..‘.‘.‘....“‘..

c

210

220

230

240

2590

599
C

Ceone

c

CALL uPDATE(22.10.XT.COV.PO.PX.QGPS(i.1).DXNGPS(1).1P)
DO 210 1=1,22

D0 210 JU=1,22

PO(I,u)=COV(1,4)

21=GAIN(1)

CALL UPDATE(22.10.xT.cov.Po.Pv.noPS(z.z).oxncps(z).XP)
00 220 1=1,22

00 220 J=1,22

POCI.J)=COV(I, V)

22=GAIN(2)

CALL UPDATE(22.10.xv.cov.vo.vz.nc’S(a.S).DXMGPS(S).IP)
DO 230 1=1,22

D0 230 J=1,22

PO(1.4)=COV(I,J)

Z3=GAIN(3)

CALL upoArE(22.10.xt.cov.vo.Pxo.R6P$14.4).DquPS(A).xv)
DO 240 1=1,22

DO 240 us1,22

PO(1,J)=COV(I,J)

Z4=GAIN(4)

CALL UPDAYE(22.10.KT,COV.PO.PYD.RGPs(s,S).DKMGPS(S).!P)
DO 250 1=1,22

DO 250 u=1,22

PO(1,0)=COV(1,J)

Z5=GAIN(5)

CALL UPDATE(22.10.XT.CDV.PO.PZD.RGPS(S.G).DXMGPS(G).IP)
26=GAIN(6)

HRXTE(13.599)TIME.ZI.22.23'24.25.26

FORMAT (7F14.7)

GO TO 600

...““.‘.‘.‘.‘...“.“".O..‘.“...‘...'...“‘..."..‘..."'l"...'

CALCULATE ACTUAL-PREDICTED MEASUREMENT = STAR TRACKER 1

C‘..“..“.‘.‘...........-t..‘.".‘."...“‘....‘...‘.““.‘.“'.“"..‘

VAX=11 FORTRAN v2.0-2
-DBAO:[DllR.GCP]EST.FOR337
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c
300 DZHST1 =DHCS( 1)-EDHS(1)

DZVST1=2DVCS( 1)-EDVStY)
4
R A Y T e L L T T T T T T T T Ty
C MAKE UPDATE - STAR TRACKER t
A L L L L R T T D P Y
c

CALL UPDATE(22,10,XT7,COV,PO,PDHS(%,1),RS(1,1,1),DZHST1,1P)

DO 310 I=1,22

DO 310 u=1,22
310 PO(I.u)=COV(1,J)

CALL UPDATE( 22,10, XT,COV,PO,PDVS(1,1),RS(2,2,1),D2VST1,1P)

GO T0 600
o
o L L o UL
c CALCULATE ACTUAL-PREDICTED MEASUREMENT - STAR TRACKER 2
O et 0 ar s sttt s E st o s st sttt st s dteeteststtetdtitssainseistattnranne
c
400 DZHST2 =DHCS( 2)-EDHS(2)

DZVST2=DVCS( 2)-EDVS(2)
c
[ L L T T T R Y T T P P P N
C MAKE UPDATE - STAR TRACKER 2
Crmt ittt a sttt tattttte st ssesttsstsststtststeattnstotttttentotanttsssoantss
c

CALL UPDATE(22,10,XT,COV,PO,PONS(1,2),RS(1,1,2),DZHST2,1P)
DO 410 1=1,22
DO 410 J=1,22
410 PO(I1,d)=COV(I,u)
CALL UPDATE(22,10,XT,COvV,PO,PDVS(1,2),R5(2,2,2),D2VST2,1P)

C
Craetstnsertttt st tnttatt st tstsstanttstdnonatesttstnssstsunsttensntessees
C FINISH
Cot00e00ttrttsteetinersses ttsssassessstottsettnttatstttuestssstssssnsses
c
800 DO 650 I=1,6
650 X(1)=XT(1)

DO 700 127,10
700 E(I-6)=xXT(1)

CALL UNIT(E,E,q)

CALL AMAT(E,A)

CALL CMAT(SF,D,C)
c
Cr e ttat sttt te sttt st trtes ettt ittt ittt sttt tostssttssonstsssnttnessettsgnss
[ KEEP ATTITUDE COVARIANCE FROM DROPPING TOO LOW
Cr ettt ittt Rttt E Rt a st s+ I3 4904452088000 R00ERRRitttastnotastsstegsns
c

CALL CRAISE(16,COVA,QA,IPA)

IF(IDEBUG .GT. 1) WRITE(6,800) X,E
800 FORMAT (' EXITING FROM EST ' /.' X= ',6€20.10,/,

. ' = ' ,4€20.10)

IF(IDEBUG .GT. 1) WRITE(6,900) (GAIN(1),Is1,10)
900 FORMAT (' GAIN ' ,5E15.7,/,15X,5€E18,7)

RETURN

END

I T T

Page 9




EST

PROGRAM SECT IONS
Name

$CODE
$PDATA
$LOCAL
DE 8UG
TARGETS
PHIA
GAIN
RESIDUALS
PHIN
UPDT
ASTATE
NSTATE
TIME
T™MAY
TILTER
cComPOSIT
ARRAYS
PART
MEASOUT
LMTPAR

wh owh e e ah b A ah e
OCBNOPNIWNOPBNOVNAIWN~O

ENTRY POINTS

Address Type Name
0-00000000 EST
VARIABLES
Address Type Name

19-00000000 KRe8 AL

18-000001EQ Re+8 DOHCL
18-000001E8 Res8 OVCL
7-00000008 R+B D2ZVLM
18-00000280 R+*8 EDVL

4-00000004 1+4 IS
19-00000008 Re8 LON
2-00000008 Re8 POHDX
11-00000068 Re+8 RADE
12-000600018 Re+8 TIA

12-00000060 We8 TISN
12-00000078 Re8 TPRINT
2-00000000 Re«8 VDOT

2-0000002C Re*4 24

Bytes

1631
232
664

36
7176
176
96
1440
752
160
112
136
312
88
19624
1096
2112
648
392

Address

12-00000038
12-00000068
7-00000000
7-00000018
2-00000018
2-0060701C
4-000C0010
2-00000010
11-00000060
12-00000000
12-00000048
12-00000050
2-00000020
2-00000030

Att

PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC
PIC

Type

ReB
R*B
Re8
RO
1°4
1+4
1*4
R+8
R+8
R+8
Re8
Re8
R4
Re4

ributes

CON REL
CON REL
CON REL
OVR REL
OVR REL
OVR REL
OVR REL
OVR REL
OVR REL
OVR REL
OVR REL
OVR REL
OVR REL
OVR REL
CVR REL
OVR REL
OVR REL
OVR REL
OVR REL
OVR REL

Name

DATEO
DTA
DZHLM
0zZvVsST1

MCODE
PDVDX
RADM
TIME
TMEAS
TRACK

5

LCcL
LCL
LCL
GBL
GBL
GBL
GBL
GBL
Gt
GBL
GeL
GaL
GeL
GBL
GBL
GBL
GBL
GBL
Get
GBL

SHR EXE
SHR NOEXE

NOSHR NOEXE

SHR NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE
SHR NOEXE

Address

12-00000070
12-00000030
7-00000010
7-00000028
3-00000004
4~-0000000C
4-00000000
4-00000014
19-00000178
12-00000028
12-00000008
12-00000010
2-00000024
2-00000034

S6-Apr-198t1 14:58:03
3-Apr-1981 09:41:45

VAX-11 FORTRAN v2.0-2
-DBAO:[D11R.GCP)EST. FOR; 37

RD NOWRT LONG
RO NOWRT LONG

RD
RD
RO
RO
RO
RO
RO
RD
RD
RD
RO
RD
RD
RD
RO
RD
RD
RO

Type

R+8
R»8
R+8
R*8B
1+4
L+4
1s4
R*8
Re8
R*8
Re8
Re8
Re4
R4

WRT QUAD
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRT LONG
WRY LONG
WRT LONG
WRT LONG
WRT LONG

Name

DATER
DTN
DZHSTH
DZVST2
10EBUG
JFLAG
MTYPE
PI
SIGGCP
TIN
TNEXT
TSTOP
12

26

Address

12-00000020
12-600C0080
7-00000020
18-00000278
3-00000000
19-00000010
4-00000008
5-00001C00
19-00000180
12-00000058
4-0000001C
12-00000040
2-00000028

Type

R+*8
R*8
R+8B
R+*B
1+4
R+*B6
14
R+8
R*8
R#*8
R*8
R+*8
Red

Page

DTPRINT

awksiniont
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t ooV

EST

ARRAYS
Addgress

13-00000000
13-00000048
19~000000C8
19-00000048
13-00000090
15-0000%E40
5-00000C00
8-00000360
12-00000070
10-00000088
10~-00000000
18-00300150
18-00000160
7-00000030
10-00000020
18-00000258
18-00000268
13-9000cG0oN8
18-00000228
6-00000000
15-00003C80
14-000500018
14-30000000
18-000001F0
18-00¢00170
18-00000000
15-009203088
$-00000000
$-00000200
17-000006€E0
17-00000420
8-00000120
17-00000790
17-00000580
15-00 000000
5-00000400
8-00000240
8-00000000
15-00002060
5~00001400
8-00000480
17-00000000
17-00000210
17-00000080
17-000002¢0
17-00000160
17-00000370
9-00000080
9-00000030
9-00000100
9-000060000
15-00000F20
18-00000030

Type

Re8
ReB
Re8
R+8
R*B
Re8
Re*8
Re*8
Re*8
R+8
Re8
Re8
Re+B
R+8
R*8
Re+8
ReB
R+*8
R+8
R+8
I[*4
1e4
Ie4
Re8
ReB
Re+8
ReB
Re8
R*8
R*8
R*8
Re*8
R+8
Re8
R*8
R*8
Re8
R+*8
Re*8
Re*8B
R+8
Re8
R+8
Re8
Re8
R#*8
Re8
Re8
Re8
Re8
Re+8
Re8
Re8

BXL
Bt

cov
COvA
COVN

Do

CE
DHCS
oves
DXMGPS

EDHS
EDVS
EM
EMXG
GAINM
P
1PA
IPN

Bytes

288
128
288

3872
288

Dimensions

W W
- —

w
—

. 22)
16)

-

D= NWRNNWW

<N
-~

S~~~ o~ T~ o~~~ g —p— o~
-~

NN OBNNLONNN A WW
NN > s w o mma—s OIS - -

6-Apr=1981 14:58:03
3-Apr-1981 09:41:45

B "I R L B g b S
R D e ¥ 8o VW

VAX=11 FORTRAN v2.0-2
-DBAO:[D11R.GCPJEST.FOR;37

1t




wzi-v

EST

18-00000208 Re+B8 RL
18-000001A0 ReB RS
10-00000058 Re8 SF
19-00000008 R*8 SKi
19-00000088 Re*8 SL
16-00000000 Re*8 T1
16-00000098 R+8 T
16-00000018 ReB T2
16-00000030 Re*8 T3
16-000000€E0 R*B 133
16-00000048 R+B T4
16-00000128 R+*8 T44
16-000003E8 R+8 T15
16~00000408 Re8 T6
16-000001A8 R+8 T66
16-00000428 R+*8 T7
16-006002C8 Re*B T77
§-00000087 Re8 TA
19-00000018 Re8 TBNL
19-00000130 ReB TiEO
19-00000060 Re*8 T"L
19-000000€E8 Re8 TNLK
10-00000040 ReB8 WD
11-00000030 Re8 X
11-00000000 Re8 XD
15-00003CD8 Re8 XT
LABELS
Address Labe | Address Labe!
1=-00000000 1' . 3
e 40 e 70
1-00000023 150' 1-00000040 151°
. 160 0-0000032C 170
e 230 . 240
.e 410 1-00000083 599'
1-000000C0 900'

FUNCTIONS AND SUBROUTINES REFERENCED

AMAT CMAT CRAISE
Total! Space Allocated = 36091 Bytes

COMMAND QUALIFIERS

FORTRAN /LISTY GCP,INDATA ,MATAB,OUTDATA,

/CHECKt(NOBOUNDS.OVEHFLDU)
/OEBUGstNOSVMBOLS'TRACEBACK)
/F17  /NOG_FLOAT ING

/14 /OPTIMIZE /w

32
64
24

16
24
72
24
24
72
80

128
32
32

288
32

288

384
72
72

72
72
24
a8
a8

176

RUNG.DN!V,EPHEI.TRUEA.SPRESS.OCCULT'GPERT.GCPSEQ.VISIBLE

NN
-

e~ o i T S S
wnmamaaa-uuuuunuunu
——n O e e o

NOAOWWWW
N s = o o o ° W=

Address

..

.o
1-00000050
0-00000368

.

0-000005A7

MPART

Label

152
200
LT
800

PROP

Address

*e
L]

1-0000006F

.

0-000004€B

UNIT

8-Apr-1981 14:58:03
3-Apr-1981 09:41:45

Label

5
80
153’
205
300
650

VAX-11 FORTRAN V2.0-2

_DBAO:[D11R.GCP]EST.FOR:37

Address

.

.
1-00000079
e
e
.

UPDATE

ARNINGS /NOD_LINES /NOMACHINE _CODE /CONT INUATIONS=19

Label

20
90
154’
210
310
700

Agdress

e

0-000001C8
1-00000065
LR 4
0-0000054A
1-00000089

Page 12

Label

30
100
155°
220
400
800’

.GENENV.TREG.GVROUT.RATE.B‘AT.CNA




EST

1 o AR

COMPILATION STATISTICS

Y44}

Run Time:
Elapsed Time:
Page Faults:
Dynamic Memory:

6.96 seconds
121.03 seconds
438

160 pages

Page 13

§-Apr=1981 14:58:03 VAX=11 FORTRAN Vv2.0-2
3-Apr-1981 09:41:45

-DBAO:[DilR.GCP]EST.FOR:37

]
I
i
;
;
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2.7.1 Propagate Covariances Module (PROP)

The interdependence of the state parameters cause their uncertainty to
grow with time. This growth in uncertainty (covariance matrix) is propagated
to the measurement time by using the state transition matrix.

The mathematical equation which is used to update the covariance matrix to the
time of the measurement is

P(tm) = ¢(tp, tm=1)+ P(tm-1)- ¢(tm, tm-1)T + Q
where

P(tm) = covariance matrix at time of measurement.
P(ty.1) = covariance matrix after processing previous measurement.

¢{tp-1, ty-1) = state transition matrix from time of previous
measurement to time of present measurment.
Q - noise matrix to account for model errors.

Figure A-36 illustrates this process




PROPAGATE COVARIANCE (ProP)

el

DOWHILE I .LT. NUM"4R OF ROWS IN P (COVARIANCE MATRIX)

COMTOTE Ith ROW TN PePATW2#PHIT

IsI+"

ADD PROCESS NOISE ONTO DIAGOMAL
ELEMENTS OF P MATRIX

STORE P IN NEW COVARIANCE MATRIX

INITIALIZE PHI (STATE TRANSITION MATRIX)
TO ZERO WITH ONE'S ON DIAGONAL

3
;
;
:

Figure A-36
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F 6-Apr-1981 15:00:06 VAX~11 FORTRAN V2.0-2 Page 1
i 17-0ct-1980 15:00:16 _DBAO:[D11R.GCP PRSP .FOR:9
; 02100 0001 SUBROUTINE PROP(NS.N.HI,PN,PO,.Q,PHIP)
: 00200 c DIMENSION PHI (N, N),PH(N,.N),PO(N,N),Q(N,N),PHIP(N,N),B(22)
00250 0002 DIMENSION PHI(22.22),PN(22,22),pP0(22,22),0Q0(22,22),PH1P(22,22).8(22)
003C0 0003 REAL®*B B8,PHI,.PHIP,PN.PD,Q
G0400 !t WAS PHIP(NS,NS)
00500 Cooeeetettsestaiotatsetses et rssacttnses®dtsdsdstsritasttdiaosisnngecsoitnssesovedsone 3
00600 [ N TOTAL NUMBER OF ALLOWABLE PARAMETERS i
00700 (o NS NUMB R OF STATE PARAMETERS
00800 [ PHI STAT . TRANSITION MATRIX
00900 C Q PROC SS NOISE
01000 c PN NEW COVARIANCE MATRIX
01100 C PO OLD COVARIANCE MATRIX
01200 [
01300 [+ ;
01400 Cc NOTE: PN AND PO ARE THE SAME AT EXIT AND EQUAL 710
01500 Cc THE UPDATED COVARIANCE. PO IS OISTROYED
01600 C By INTERNAL PROCESSING.
01700 C
01890 c
01900 [
02000 [+ COVARIANCE PROPAGATION
02100 COO0P0E0EEEICOECIIRNB IR 000ttt itttt tedteteoittitastsdinisssttnittnidirsnsiersnssese
02200 €004 INCLUDE 'OEBUG.COM'
00100 0005 o COMMON /DEBUG/ IENTER,1DEBUG
00200 e C :
> 00300 e C USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL !
[} ocacn o C
:3 00509 e C I NTER 1¥ 1, PRINTS WHEN ENTERS MOST SUBROUTINES
o O0°5e0 e C IDEBUG 0-10, HIGMER NUMBER MEANS MORE PRINY
00700 s C
02300 0008 00 20 1=t .,N
02400 0007 00 10 J=1,N
02500 0008 8(Jy) = 0.
02600 0009 DO 10 Kst,N
02700 0010 10 B8(J) = B(J)4PHI(I,K)*PN(K, J)
02800 LLAR 00 20 L=1,N
02900 0012 PO(I,L) = O.
03000 0013 00 20 M=, ,N
03102 0014 20 PO(I,L) = PO(L,L)*BIM)*PHI(L.M)
03200 0015 DO 30 I=1,N
03300 0016 DO 30 JU=1,N
03400 0017 1 (1.LE.NS.AND.J.LE.NS) PO(1,J) = PO(1,J) ¢ Q(I.y)
03500 018 30 PN(1,4) = PO(I.,J)
03600 0019 IF (IDEBUG.GY.2) WRITE(6,25) ((Q(1,J),Js1,6),1=1,8)
03700 Qo020 a5 FORMAT(SX,'Q MATRIX IN PROP:'/(10X,6E15.8))
03800 COOPR20 00010000080 ES 000000000 20004000000005800RCEERtORLBOEREEEtIneettOtaseD
03900 [ INITIALIZE STATE TRANSITION MATRIX
04000 CoP 00000 e st tattettetssetsttsstosttstodtetuesttintssttiesnttnisestssesttnstene
04100 0021 DO 40 Is{,N ! WAS NS
04200 0022 D0 40 Jy=1,N 1 WAS NS
04300 0023 PHIP(I.J) = O,
04400 0024 40 PHIP(J,.J) = 1,
04500 0025 DO S0 I = 1,N
04600 0026 00 S0 J = 1,N
04700 0027 50 Q(i,J) = 0.
04800 c
04900 [

P T



AL AP L L A ww’mr-—-— . % ..

A
PROP 6-Apr-1981 15:00:06 VAX=11 FORTRAN V2.0-2 Page 2
17-0ct=1980 15:00:1€ _DBAO:[D11R.GCP]PROP.FOR:9
05077 0028 RE TURN
05100 0029 END
PROGRAM SECTIONS
Name Bytes Attributes é
0 $CODE 526 PIC CON REL LCL SHR EXE RD NOWRT LONG
1 SPDATA 33 PIC CON REL tLCL SHR NOEXE RD NOWRT LONG
2 $L0OCAL 308 PIC CON REL LCL NOSHR NOEXE RD WRT QUAD
J DEBUG 8 PIC OVR REL GBL SHR NOEXE RD WRY LONG
ENTAY POINTS
Address Type Name ‘
0-00000000 PROP
VARIABLES
Address Types Name Address Type Name Address Type Name Address Type Name
g
A 2-00000080 l+4 1 3-00000004 1+4 IDEBUG 3-00000000 1+4 [ENTER 2-00000084 1+4 J
z 2-00000088 [+4 K 2-0000008C 14 L 2-000000C0O0 14 M AP-000000080 [+4 N
AP-000000040 [¢4 NS
ARRAYS
Address Type Name Bytes Dimensions
2-00000000 Re+8 B8 176 (22)
AP~0C 00000C® Re8 PMI 3872 (22, 22)
AP-0000001C® Re8 PNHIP 3872 (22, 22) g
AP-000000100 R+8 PN 3872 (22, 22) |
A AP-000000140 Re8 PO |72 (22, 22) |
1 AP-00000018® R*8 Q 3872 (22, 22)
1 LABELS |
3 Address Labe! Adoress Labe! Address Labe! AGdress Labe 1 Address Labe) Address Label
.o 10 .o 20 1-00000000 28°' se 30 e 40 e 50 |

Tota! Space Allocated = 875 Bytss




,‘ PROP 6-Apr-1981 15:00:06 VAX-11 FORTRAN Vv2.0-2 Page 3
ﬁf 17-0ct-1980 15:00:18 _DBAO: [D11R.GCP]PROP.FOR: 9

COMMAND QUALIFIERS

FORTRAN /LIST GCP,INDATA ,MATAB,OUTDATA, RUNG,DNAY +EPHEM, TRUEA,SPRESS,OCCULT ,GPERT ,GCPSEQ.VISIBLE +GENENV,TREG,GYROUT ,RATE ,BMAT ,CMA

/CHECK = (NOBOUNDS ,OVERF LOW)
. /0EBUG= (NOSYMBOL $, TRAG CRACK)
i /FTT  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACMINE_CODE /CONTINUATIONSs19

COMPILATION STATISTICS

RuUn Time: 1.99 seconds
Elapsed Time: 29.30 seconos
Page Faults: 353

Oynamic Memory: 160 pages

0Lz-v




2.7.2 Compute Measurement Partials (MPART)

Subroutine MPART, called by EST, acts as an executive for the com-
putation of the partials required by the Carlson Filter routine in
UPDATE. This routine calls the routines HLMT, HGPS, or HSTAR depending

upon the measurement to be made. This measurement is dictated by MCCDE

an integer flag passed through common.

A-23]
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Figure A-37
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LEZ-v

00100
00200
00300
00400
00500
02500
00700
00800
00900
01000
01100
n120c¢
Gi1360
01400
01500
01600
01700
01800
01900
02000
02100
02200
n2300
02400
02500
02500
02500
02500
02500
02500
02500
02500
02500
02500
02500
02500
02500
02600
02700
V2800
02900
03000
03100
03200
03300
03400
03500
03600
03700
03800
03900
04000
04100
04200
04300
04400
04500

0001

0002
0003
0004
0005

0008
0007

0008
0009

0010
0011

0012
0013

[ R BE NE BN BN BN B BN K BE NN J

6-Apr-1981 15:00:37
30-Sep-1980 98:11:26

SUBROUTINE MPART

C. (22132 ER 2 R R RN N R A R N N L N 22 IR RIS A N SR ]

SUBROUTINE MPART GENERATES THE PARTIAL DERIVATIVES OF
THE MEASUREMENT WITH RESPECT TO THE ESTIMATED STATE.
IT ACTS AS AN EXECUTIVE CALLING OTHER SUBROUTINES

YO PERFORM TH NECESSARY FUNCTIONS.

INPUT PARAMET RS
MCODE = THE EVENT CODE DETERMINING THE
MEASUREMENT BEING MADE
OUTPUT PARAMETERS
THE R SPECTIVE PARTIALS FOR THE MEASUREMENT
BE ING MADE THROUGH COMMON
SUBROUTINES CALLED

HULMT TC COMPUTE THE PARTIALS FOR THE LANDMARK
TRACKER
HGPS TO COMPUTE THE PARTIALS FOR THE GPS

HSTAR TO COMPUTE THE PARTIALS FOR THE KTH
STAR TRACKER

P OEN PSS IS NGt estttitattatssetteoasesstssstttngststnss
COMMON BLOCKS
INCLUDE 'TARG TS.COM'
COMMON /TARGETS/ MTYPE,IS,NS,JFLAG,MCODE,P1, TPIL
LOGICAL JFLAG
REAL*8 PI,TPI

OO0 NOOOLOOOOO00

[

C MEASUR MENT SPECIFICATIONS

C

C MTYPE MEASUREMENT TYPE

C JFLAG SET FOR STAR OBSTRUCTION

C MCODE . ® MEASUREMENT PROCESSING
C Pl Pl

C TPI 2+P1

C

CrBPLBBE LIS 2SS R 2440049055408 0534008308Q 293080388020 08b0daty

C BRANCH TO THE APPROPRIATE MEASUREMENT SUBROUTINE

CrHEPPRE 232222 520CS R AU L PSSR RLIRPHVOEUSRNE A0S0 ¢08084 500N ss

GO 7O (19,20,30,40) ,MCODE -

RETURN
[ R T E E E E R R I R I I R R II T L e
[ COMPUTE THE PARTIALS FOR THE LANDMARK TRACKER
[ R I R P T Y R P R R R T Y P
10 CALL HLIMT

RETURN
CreEs80ts st eaes 88288 Rs042 82482328283 4R0000RSP20 0025980300t ged
c COMPUTE THE PARTIALS FOR THE GPS MEASUREMENTS
[ R T T I R EE E Y R PR R A R R L P R R Y P A R I F RIS ST Y Y
20 CALL HGPS

RETURN
Cresetasssssts 2408880428330 ¢ vt Ist0OEtIRtatRRReRResettoky
c COMPUTE THE PARTIALS FOR STAR TRACKER NUMBER ONE
COPRGPESEEL L4422 A ISP S SN0V UOOS SIS RRNIEROESSRES
30 CALL HSTAR(1)

RETURN

CoHIG0S0009¢0 4080882 E 249722245230 200000 80000000 USE 2RSS PRRbu s

VAX-11 FGRTRAN v2.0-2 Page
_DBAD:[D11R.GCP IMPART.FOR: 3
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MPARTY

04600 C
ca700

6-Apr-1981 15:00:37
30-Sep-1980 08:11:26

COMPUTE THE PARTIALS FOR STAR TRACKER NUMBER TWO

Cov0000 000838400800 08023000003038 8008300080008t 00Cetsetssesetners

04800 0014 40 CALL MSTAR(2)
04900 0018% RETUAN
05000 0018 END
PRCGRAM SECT IONS
Name Bytes Attributes
0 $CODE 59 PIC CON REL LCL SHR EXE RD NOWRT LONG
1 SPDATA -] PIC CON REL LCL SHR NOEXE RD NOWRT LONG
2 SLOCAL 16 PIC COM REL LCL NOSHR NOEXE RO WRY LONG
3 TARGETS 36 PIC OVR REL GBL SHR NOEXE RO WRT LONG
ENTRY POINTS
Adaress Type Name
0-00000000 MPART
VARIABLES
Address Type Name Agdress Type Name Address Type Name
3-00000004 le4 IS 3-0000000C Le*4 JUFLAG 3-00000010 1+4 MCODE
3~00000008 1I1¢4 NS 3-00000014 Re+8 Pl 3-0000001C Re+8 TP
LABELS
Address Labe) AGdress Labe! Address Label Address Label

0-0000001a 10

0-00000022 20

0-00000024 30

FUNCTIONS AND SUBROUTINES REFERENCED

HGPS HLMT
Tota! Space Allocated = 119 Bytes

COMMANGC QUALIFIERS

HSTAR

0-00000032 40

VAX-11 FORTRAN v2.0-2
-DBAO:[D11R.GCP JMPART.FOR: 3

Address

3-00000000

Type
4

Page 2

MTYPE

FORTRAN /LIST GCP,INDATA ,MATAB,OUTDATA,RUNG, DNAV EPHEM, TRUEA,SPRESS,O0CCULT ,GPERT ,GCPSEQ.V:ISIBLE,GENENV,TREG,GYROUT ,RATE ,BMAT ,CMA

/CHE CH = ( NGBOUNDS ,OVERF LGW)
/DEBUGs (NOSYMBOL S, TRACEBACK)

/FTT  /NOG_FLOATING /I4 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE /CONTINUATIONS=19

TR




te-v

S

MPART

COMPILATION STATISTICS

Run Time:
Elspsed Time:
Page Faults:
Dynamic Memory:

0.79 seconds
15.32 seconds
301

160 pages

6-Apr-198t 15:00:37
30-Sep~1980 08:11:26

VAX-11 FORTRAN Vv2.0-2 Page 3
_DBAO:[D11R.GCP]MPART.FOR; 3
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2.7.2.1 Compute GPS Measurement Partials (HGPS)

HGPS, Called by MPART, computes the sensitivity of tbe GPS measurements to
variations in the elements of the estimated state. This routine doesn't
require the support of any major routine.

Processing Requirements
The GPS measurement wvector is given by

ig -[g. 9, 2 & §. s]T

Toe sensitivity of this measurement vector to estimated state elements is
given by

2' A A "
%if = 1 for 4= X, y, %, i' §’ £

= 0 otherwise

HGPS VCLR

SET UP ESTIMATED MEASUREMENT
VECTOR

ZERO ARRAYS

CONVERT TO RAW-VECTOR FORM

Figure A-38
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6-Apr-1981
9-Feb~1981

SUBROUT INE HGPS
COrEBOB00 008034418680 00U T I Iss s 120504834080 RARRERRITIISICEQEREIRRERTELESE

15:03:00
17:54:54

[of
[o3 SUBROUTINE HGPS GENERATES THE SPECIFIC PARTIALS
[o RELATING TO THE GLOBAL POSITIONING SYSTEM MEASUREMENTS.
Cc
C INPUT PARAMET RS
[« NONE
c QUTPUT PARAMETERS
C PX = X POSITION MEASUREMENT PARTIALS
C PY I ¢ " L »
[« PZ = Z - . -
C PXD = X VELOCITY . -
C PYD = ¥ . . .
c PZD = - . .
C
O et N s 00000ttt tettessetIsasstsstsstdtsttgstssosssssdnensstngss
o
[ COMMON BLOCKS
INCLUDE 'PART.COM'
COMMON /PART/ PX(22),PY(22),PZ(22),PXD(22),PYD(22),P2D(22),
. PDMS (22,2).PDVS(22,2),PDHL{22),PDVL(22)
REAL*8 PX,PY,PZ,PXD,PYD,PZD,PDHS,PDVS,PDHL,PDVL
[«
[o3 PARTIALS OF THE RESPECTIVE MEASUREMENTS MADE
[
o FOR GPS
C PX = PARTIALS OF X POSITION MEASUREMENT
c Pv = - - y L -
c pz z - » z L] L]
[ PXD = - " X VELOCITY .
[ PYD = - LA 4 . -
Cc P20 = - - 2 . .
c FOR STAR TRACKER K (K IS THE SECOND PARAMETER)
[ PDHS = PARTIALS OF HORIZONTAL DIFLECTION
[+ PDVS = - " VERTICAL .
(o FOR LANDMARK TRACKER
C POHL = PARTIALS OF HORIZONTAL DIFLECTION
Cc POVL = " " VERTICAL .
[
INCLUDE 'NSTATE.COM'
[
COMMON /NSTATE/ XxD(6).X(6),RADM, RADE
REAL*B XD,X,RADM,RADE
[
o POSITION STATE AND CONSIDERED PARAMETERS
[
C xD STATE DERIVATIVES (KM/SEC AND KM/SEC/SEC)
[ X STATE POSITION PARAMETERS (KM AND KM/SEC)
c RADM RADIUS OF THE MOON (KM)
(o} RADE EARTH DETECTABLE RADIUS (Km)
[
[

INCLUDE 'MEASQUT.COM'

COMMON /MEASOUT/ MX(6),RGPS(6,6),0HCS(2).DVCS(2) ,MS5(3,2),
. RS(2,2,2).0HCL,DVCL,LMU(3),RL(2,2) ,EMXG(6),
. EDMS (2) ,EDVS(2), EDHL,EDVL

AR e XX

VAX=11 FORTRAN /2.0-2
-OBAO:[D11R.GCH |HGPS.FOR: 4
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l HGPS 6-Apr~1981 15:03:00 VAX=11 FORTRAN v2.0-2 Page 2
: 9-Feb-~1981 17:54:54 .DBAO:[D11R.GCP JHGPS.FOR: 4
00400 0010 » REAL*8 MX,RGPS,DHCS,DVCS,MS,RS,DHCL,DVCL, LMU,RL, EMXG,
; 00%00 . EDHS , _DVS, EOHL ,EDVL j
; 00600 s C ‘
[ 00700 e« C ;
00800 s C MEASUREMENT QUTPUT PARAMETERS ;
t 00900 e« C Mx 2 POSITION/VELOCITY STATE MEASUREMENT ~ GPS é
! 01000 s C (KM, Kra/SEC) i
k 01100 e C EMXG = ESTIMATED POSITION/VELOCITY STATE
; 01200 e C MEASUREMENT - HGPS
‘ 01300 « C RGPS = STATE MEASIIREMENT NOISE COVARIANCE
01400 *C (KNO.LEDGE) = GPS (KMe#*2 KM/SEC=*+2)
01500 e C DHCS = STAR MEASUREMENT HORIZONTAL DEVIATION
01600 « C FROM BORESIGHT = START (RAD)
01700 s« C DVvVCsS = STAR MEASUREMENT VERTICAL DEVIATION
01800 e« C FROM BORESIGHT = START (RAD)
01900 « C EDHS = ESTIMATED STAR MEASUREMENT HORIZONTAL
02000 * C CEVIATION FROM BORESIGHT (RAD)
02100 e C EDVS = ESTIMATED STAR MEASUREMENT VERTICAL
02200 s C DEVIATION FROM BORESIGHT (RAD)
02300 ¢« C MS = STAR MEASUREMENT UNIT VECTOR ( SECOND
02400 LN+ SUBSCRIPT REFERS TO TRACKER) = START
02500 s C RS = STAR MEASUREMENT NOISE COVARIANCE
02600 e C (KNOWLEDGE) — START (RAD=*+2)
02700 e C DHCL = LANDMARK MEASUREMENT HORIZONTAL DEVIATION
02800 s C FROM BORESIGHT = LAMKT (RAD)
> 02900 « C DvCL = LANDMARK MEASUREMENT VERTICAL DEVIATION
L 03000 e C FROM BORESIGHT - LAWKT (RAD)
w 03100 » C EDHL = ESTIMATED LANDMARK MEASUREMENT HORIZONTAL
* 03200 . C DEVIATION FROM BORESIGHT (RAD)
03300 e C EDVL = ESTIMATED LANDMARK MEASUREMENT VERTICAL
03400 e C DEVIATION FROM BORESIGHT (RAD)
03500 s C LWy = LANDMARK MEASUREMENT UNIT VECTOR = LAMKT
03600 » C RL = LANDMARK MEASUREMENT NOISE COVARIANCE
03700 *C (XKNOWLEDGE) — LAMKT (RAD®*+2)
03800 o C
02300 0011 DIMENS ION HG(6,10)
02400 0012 REAL*8 HG
02500 [»
02600 CO‘.“.O‘..OO.“."‘.0.‘..‘..‘O......‘...‘..‘..“O.‘.‘..‘.‘..“.
02700 Cc SET UP ESTIMATED MEASUREMENT VECTOR
02800 Coooooooooo-c-oooot..o-oooooooo.ocottao.t.t.t.o..ooooo‘cotoooooo
02900 0013 DO S 1=1,8
03000 0014 s EMXG(1)=X(1)
03100 Cc
: 03200 Coeestessosssssteitsssesssdsstisdosttatistsgstsisotsesssseseness
4 03300 [+ ZERD ARRAYS
1 03400 COBEBE0000E02¢RSEECE ISR TEIRE Ottt ERteeOEsssteasesttassettune
03500 c
: 03600 0015 00 10 I=1,8
§ 03700 0016 DO 10 u=1,10
i 03800 0017 10 HG(1,JU)=0.
03900 [
04000 ca..‘.o‘oaooootoooo-o.o-oog..oo-s-.coot.o‘o.“o“otoooto.-..o...
04100 c SET UP PARTIALS IN MATRIX FORM
04200 COOSOEINISEP S EIRETC SRS 280003800000 00000800504S20000senttasns
04300 C
04400 0018 DO 20 [=1,8
"

it




HGPS 6-Apr-1981 15:03:00 VAX=11 FORTPiN Vv2.0-2 Page 3
9-Feb-1981 17:54:54 _DBAO:[D!1K.GCP]HGPS-FOR:4
04500 0019 20 HG(L,1)=1.
04600 C
04700 Ce P P X e PR S R T DR R A L L L AL L Ll R d bt ddhdhd
04800 [4 CONVERT TO ROW VECTOR FORM
04900 Cooo.oooo-o-c-to.o-..oo.o..o--'-oc.o-.ooo-o'ooo-o.ctt‘ooooo‘o..t
85000 C
05100 0020 Do 30 1=1,10
05200 0021 PX(1)=HG(1,1)
05300 0022 PY(1)=HG(2,1)
05400 0023 PZ{1)=HG(3,.1)
05500 0024 PXD(1)=HG(4,1)
05600 0025 PYD(1)=HG(5,1)
05700 0026 30 PZD(1)=HG(6, 1)
05800 0027 DO 40 1=1%1,22
05900 0028 PX{1)=0.
06000 0029 PY(1)=0.
06100 0030 PZ(1)=0.
06200 00314 PXD(1)=0.
06300 0032 PYD(1)=0.
06400 0033 40 PZO(1)=0.
06500 0034 RETURN
06600 0035 END
>
o
% PROGRAM SECT IONS
Name Bytes Attributes
0 $CODE 190 PIC CON REL LCL SHR EXE RD NOWRT LONG
2 SLOCAL 488 PIC CON REL LCL NOSHR NOEXE RO WRT QUAD
3 PAarY 2112 PIC OVR REL GBL SHR NOEXE RO WRT LONG
4 NSTATE 112 PIC OVR REL GBL SHR NOEXE RD WRT LONG
;. 5 MEASQUT 648 PIC OVR REL GBL SHR NOEXE RD WRT LCNG
: ENTRY POINTS

Address Type Name

0-00000000 MGPS |
! VARIABLES
{
I Address Type Name Address Type Name Address Type Name Address Type Name
g $-000001E0 Re+8 DOHCL %£-000001€8 R+*8 DVCL 5-00000278 R*8 EODML 5-00000280 Rs+B EDVL

2-000001E0 I+4 1 2-000001€4 1+4 J 4-00000068 Re+8 RADE 4-00000060 R+=B RADM
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KPS 8-Apr=-198t 15:03:00 VAX~11 FORTRAN ¥2.0-2 Page 4
j 9-Feb-1981 17:54:54 _DBAO:[D11R.GCP]HGPS.FOR: 4
[ ARRAYS
Address Type Name Bytes Dimensions
$-00000150 R+8 DHCS 16 (2)
5-00000160 Re8 DVCS 16 (2)
! 5-00000258 Re*8 EDHS 16 (2) ‘
' 5-00000268 R+8 EDVS 16 (2)
5-00000228 ReB EMXG a8 (6)
2-00000000 ReB NG 480 (6, 10)
$-000001F0 R+*8 LMY 24 (3)
5-00000170 Re*B MS 48 (3, 2)
5-00000000 R+8 WX 48 (6)
3-000006E0 R+*8 POHL 176 (22)
3-00000420 R+*B PDHS 352 (22, 2)
3-00000790 R+*8 POVL 176 (22)
3-00000580 Re*B8 PDVS 352 (22, 2)
3-00000000 Re*B PX 176 (22)
3-00000210 R+8 PXD 176 (22)
3-00000080 Re8 PY 176 (22)
3-000002C0 R+*8 PYD 176 (22)
3-00000160 R*8 P2 176 (22)
3-00000370 Re8 PZD 176 (22)
$-00000030 R+8 RGPS 288 (6, 6)
$-00000208 R+*8 RL 32 (2, 2)
>  ©-00C001A0 Re8 RS 64 (2, 2, 2)
N 4-00000030 Re*8 X 48 (6)
2N 4-00000000 Re*8 XD 48 (6)
LABELS
Address Labe ! Address Label Address Label Address Label Address Labe!
e [ e 10 .o 20 . 30 ce 40

Total Space Allocated = 3550 Bytes

COMMAND QUALIFIERS
FORTRAN /LIST GCP,INDATA MATAB,OUTDATA,RUNG,DNAV,EPHEM, TRUEA,SPRESS,OCCULT ,GPERT ,GCPSEQ.VISIBLE,GENENV,TREG,GYROUT ,RATE ,BMAT ,CMA
/CHECK = { NOBOUNDS ,OVERF LOW)

/DEBUG= (NOSYMBOL S, TRACEBACK)
/FTT /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOO_LINES /NOMACHINE_CODE /CONTINUATIONS=19

COMPILATION STATISTICS

Run Time: 1.42 seconds ¢
Elapsed Time: 16.58 seconds ]
Page Fauits: 321

Oynamic Memory: 160 pages
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2.7.2,2 COMPUTE LANDMARK TRACKER MEASUREMENT PARTIALS (HLMT)

HLMT, calle. by MPART, computes the sensitivity of the landmark tracker
medsurement vector sensitivity to the individual elements of the estimated

state vector. This is done with the support of subroutine SPETBI, SPEMI, and
PMEAS .

Processing Requirements

A measurement vector from the spacecraft to the landmark is developed by
subtracting the estimated spacecraft position ( P ) vector from the lankmark
position vector(L). The resulting measurement vector is transformed to
landmark tracker coordinates ( M2) and converted to a unit vector (0g). The
partials of this unit vector with respect to the estimated state vector
elements are given by,

.. M o oa|Mg
alg  [Mrla%y T = agg
+ = )

Xy [Me ]2

where the terms of the equation are computed by

|Me| = (eTie)*

J"

{aij}[a% lagg ML - B)+ayy) o= (L - g)] Ci=1,2, ..., 10

0 otherwise

ME _ o D e s i) )
% (M2 3;;-§z)|§g| s i=1,2,...,10

= 0 otherwise

where
My o= the estimated measurement vector in landmark tracker
coordinates
{ajj) = transformation from body to landmark tracker coordinates
{qij} = transformation from inertial body coordinates.
E = Spacecraft estimated position vector in inertial coordinates
L = landmark position vector in inertial coordinates.
x;g = estimated ith egtimation state vector element.

A-241
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HLMT VCLR

Compute LM position vector-inertial space

Compute estimated measurement-inertial space

Tranaform estimatcd measurement to LMI' coordinates

Convert sstimated measurement to unit vector

Compute partial of estimated inertial to body transformation
WRT estimated state (SPETBI)

Compute partial of estimated measurement vector in inertial
spuce WRT estimated state (SPEMI)

Compute partial of estimated measurement vector in LMT
coordinates WRD estimated state

Compute partial of magnitude estimated measurement in LMT
coordinates WRD estimated state

Compute partial of estimated unit vector in LMT coordinates
WRT estimated state

Convert unit vector parti'ala to measurement partials
(PMEAS)

Compute measurement partials for states 1 through 10

Fill all other measurement partial elements (11 through 22)
b with 0

Figure A-39

A~242
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Ene-v

0001 SUBROUTINE H

LT

6-Apr-1981 15:00:53
9-Feb-1981 17:59:53

C‘..‘...O'.O‘.‘O....“..00'-000.'....0'.“...‘....0"..‘0‘..“'0

STATE VECTOR

INPUT PARAME
RE
AL
LON
LAT
T
T0
TIEC

TBNL

TNLK

E

P
QUTPUT PARAM

POHL
POVL

COMMON BLOCK

0002 INCLUDE 'TIm

O 000000000000 NNNO00ONOONDO

0003
0004

2 9 0 20 00 000 PP DL DN N LR NN

O0OOONOOOO0N0OONOO00

T_RS

H W oRH WM

SUBROUTINE MLMT COMPUTES THE PARTIALS OF THE LANDMARK
TRACKER MEASUREMENT VECTOR WITH RESPECT TO THE ESTIMATED

AVERAGE RACIUS OF THE EARTH
ALTITUDE OF THE LANDMARK ABOVE RE
LONGITUDE OF THE LAND“ARK
LATITUDE " .

PRESENT TIME

INITIAL TIME

INITIAL EARTH FIXED TO INERTIAL

TRANSFORMATION

= LANDMARK TRACKER TRANSFORMATION FROWM

NOMINAL TO BOSBY

2 KNOWLEDGE TRANSFORMATION FROM LANDMARK

TRACKER TO NOMINAL (MISALIGNMENT
ARRAY)

=z ESTIMATED QUATERNIAN ARRAY
= ESTIMATED POSITION VECTOR IN INERTIAL

ETERS

SPACE

s PARTXALS OF MORIZONTAL DlFLECTlCN

S
E.COM'

* VERTICAL

200000008880 ES8008 002000000408 08000 00RO RCP TSROt AesetOs?

COMMON /TIME/ TVIME,TNELT,TSTOP,T1A,DEL,TIN,DTN,DATEO,TZERO

. TMEAS , TRACK , T1S, TISN DTA,DATER,TPRINT ,DTPRINT

TIME
TNEXT
TST0P
Tia
0.t
TIN
OTN
DATEQ
OATER
TZERQ
TSLEW
TIS
TISN
DTA

TPRINT
DTPRINT

lEAL‘. TINE, TNE!T TSTOP,TIA,DEL, TIN,OTN,DATEOD, TMEAS ,TRACK,TIS,
. TISN,DTA,TZERO,DATER,TPRINT ,DTPRINTY

THESE ARE THE TIME REFERENCE FRAMES

ATOMIC TIME SINCE TNITIALIZATION (SEC)
TIME FOR NEXT POSITION INTEGRATION (SEC)
RUN TERMINATION TIME (SEC)

AYYXYUDE INYEGRAYION VIME (SEC)

STEP S1ZE (SEC)
POSITXON lNTEGRlTlON TIME (SEC)

STEP SIZE (SEC)
DATE OF FLIGHT EPOCH (ub)
DATE OF 1950 EPOCH (JD)
START TIME IN SECS. SINCE DATEOD

TIME NEEODED TD SLEW AND ACQUIRE (SEC)

REAL WORLD REFERENCE TIME (SEC)

TIME FOR NEXT RW POSITION INTEGRATION (SEC)
USUALLY ¢+ DEL BUT + TSLEW - TIA WHEN DEL
TO0 LARGE AT MEASUREMENT TIME

TIME FOR PRINTY (SEC)

INCREMENT OM TPRINT (SEC)

VAX-11 FORTRAN V2.
_DBAO:[D11R.GCP |HLMT . FOR:26

0-2

ST e ‘*mvﬂ'qggqnuvw"vﬂqﬂﬂv""W*ﬂﬂmﬂrﬂr"lrﬂlll'F"?!
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0008
0007

0008

0009
0010

004
0012

0014
0013

8 0 050 00000 00

® O 9 9065 5550000086808 00000

GONOONOODNNO0OOOOONOHOO0O0

e

(2]

O O00O0O00ONO00

OONOOHOOO0O

S~-Apr-19681 15:00:53
9-Feb-1981 17:59:53
INCLUDE ‘ASTATE.COM'

COMMON /ASTATE/ DE(4),E(4),wD{3),SF(3),0(3),0D(3)
REAL*S® DE.E,wWD,SF.0.00

ATTITUDE STATE AND CONSIDERED PARAMETERS

D DIFERENTIAL OF QUATERNIONS

€ QUATERN I ONS

wo GYRO DRIFT RATE (RAD/SEC)

SF GYRO SCALE FACTOR

D GYRO NON-ORTHOGANALITY (RAD)
DO GYRO RELATIVE ORIENTATION (RAD)

" INCLUDE °'NSTATE.COM'

COMMON /NSTATE/ XO(6).R{(6),RADM, RADE
REAL*® XD,X,RADM, RADE

POSITION STATE AND CONSIDERED PARAMETERS

10 STATE DERIVATIVES (KM/SEC AND XM/SEC/SEC)
} 3 STATE POSITION PARAMETERS (WM AND KM/SEC)
RADM RADIUS OF THE MOON (KXM)

RADE EARTH DETECTABLE RADIUS (KM)

INCLUDE 'LMTPAR.COM'

COMMON /LMTPAR/ AL, LON,LAT, TBNL(3,3),TNL(3,3),BL(2).5L(2).
oXL(2).SKL(2),.THM\¥;3,3),T1E0(3,)) . S1GGCP , THET

REAL®S AL.TBNL,TNL.BL,5L,8XL,SKL,TNLK,TIEQ ,SIGGCP,LAT, LON,
THET

LANDMARK TRACKER PARAMETERS

AL « ALTITUDE OF LANDMARK (XM)

LON « LONGITUDE OF LANDMARN (DEG)

LAY = LATITUDE OF LANDMARK (DEG)

TBNL = ORIENTATION ARRAY FOR LANDMARK TRACKER
NOMINAL TO BOOY

™L = MISALIGNMENT ARRAY - ACTUAL
TRACKER TO NOMIMNAL

.18 s BIAS - ACTUAL (RAD)

SL = NOISE STANDARD DEVIATION - ACTUAL (RAD)

BXL = BIAS - XNOWLEDGE (RAD)

THET = LOOM ANGLE (RAD)

SKL = NOISE STANDARD DEVIATION -XKNOWLEDGE (RAD)

TIEOD s INITIAL EARTH FIRED TO INERTIAL

TRANSFORMATY 10N

TNLK = MISALIGNMENT ARRAY KNOWLEDGE
TRACKER TO MOMINAL

SIGGCP = POSITION UNCERTAIMTY DUE TO CLOUDS

INCLUDE ‘PART.COM*
COMMON /PART/ PR(22).,PY{22),P2(22),PXD(22),PYD(22),P20(22),
PONS (22.2) .POVS(22,2},POHL(22),PDVL(22)

R A e 2

VAX=-11 FORTRAN V2.0-2
_DBAO:[DI1R.GCPJHLMT.FOR:26
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0023
0024

0028

.

ﬂﬂﬂﬂf‘ﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬁﬂ

.M...C......

AOO0ONOO00

COMMON /DEBUG/ 1€

PO R K N

anNNOonon

.................

ﬂﬁﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂ

G6-Apr-1981 15:00:53
9-Feb—1981 17:59:53

REAL*S Pl.".PI.PID.PVD.PID.PDMS.’DVS.PDNL.VOVL

PARTIALS OF THE RESPECTIVE

FOR GPS
= PARTIALS

PY = .
(24 =
PXD = .
PYD s "
P20 = .

FOR STAR TRACKER X ix 18 T
POMS = PARTIALS
POVS = .

FOR LANDMARK TRACKER
POML = PARTIALS
POVL = *

INCLUDE ‘'TARG 15.COM'

MEASUREMENTS MADE

OF X POSITION MEASUREMENT
- ' - -

- l - L
e X VELOCITY .
- ' - L]
-

2
HE SECOND PARAME TER)

OF WORIZONTAL DIFLECTION
* VERTVICAL .

OF HORIZONTAL DIFLECTION
* VERTICAL *

COMMON / TARGETS/ uvaE.1s.us.urLuc.ncoot.Pl.YP!
LOGICAL JUFLAG
REAL*S PI,TPI

MEASUR MENT SPECIFICATIONS

MTYPE MEASUREMENT TYPE

JFLAG SET FOR STAR OBSTRUCTION

WCOOE . *  MEASUREMENT PROCESS ING
Pl Pl

TPl 2eP1

INCLUDE 'DEBUG.COM'

NTER, IDEBUG

USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL

1 NTER 1F ¢,
1DEBUG o-10,

INCLUDE ‘"MEASLUT.COM'
COMMON

PRINTS WHEN ENTERS MOST SUBROUTINES
HIGHER NUMBER MEANS MGRE PRINT

JWMEASOUT/ !llG).RGPS(G.G).UHCS(Z).DVCS(Q!.IS(’.Q).
.5(2.2.2\.DNCL.DVCL.LIU(3).IL(Q.Q).E'IG(S).
EDNS(Z].EDVS(?).EDNL.EDVL

REAL*D Il.RGPS.DNCS.DVCS.MS.RS,DHCL.DVCL.L'U.RL.EIIG.
EDMS , .DVS ., EDHL,EDVL.

MEASUR EMENT OUTPUT PARAMETERS
(19 = POSITION/VELOCITY STATE MEASUREMENT - GPS
(MM, KW /SEC)
EMAG s ESTIMATED POS1TION/VELOCITY STATE
MEASUREMENT = HGPS

RGPS e STATE MEASUREMENT NOISE COVARIANCE
(XNOJLEDGE) - GPS (Kl°°2.KIISEC°°2l
DHCS = STAR MEASUREMENT HORIZONTAL DEVIATION

FAOM BORESIGHT - STARY (RAD)
oves s« STAR MEASUREMENT VERTICAL ODEVIATION

VAX-11 FORTRAN Vv2.0-2
_Daao:[011n.cc9]NLnr.
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LT €-Apr-1981 15:00:83 VAX=11 F ) TRAN v2.0-2 Page 4
9-Feb~198Y 17:%9:53 DBAG:{D11R GCPIHLMT.FOR:26

01800 e C FROM BORESIGHMT -~ SiART (RAD)
\ 01900 e C EOMS = ESTIMATEDG STAR MEASUREMENT HORIZONTAL
i 02000 e C DEVIATION FROM BORESIGHT (RAD)
: 02v00 s C EDVS = ESTINMATED STAR MEASUREMENT VERTICAL
‘ 022c0 e C CEVIATION FROM BORESIGHT (RAD)
. 02300 e C mS = STAR MEASUREMENT UNIT VECTOR (SECOND
i 02400 s C SUBSCRIPT REFERS TO TRACKER) -~ START
[ i 02500 s C RS = STAR WEASUREMENT MOISE COVARIANCE
f i 02600 e C (KNDAN _FDGE) - START (RAD+*+2)
I 02700 s C OMHC L = LANDMARK MEASUREMENT HORIZONTAL DEVIATION
¢ 02800 * C FROM EORESIGHT = LAMKT (RAD) ‘
! 02900 . C pveL = LANDMARX MEASUREMENT VERTICAL DcVIATION |
| 03000 . C FROM BORCSIGHMT ~ LAWKT (RAD)
‘ 03100 .« C EDMHL » ESTIMATED LAKNDMARK MEASUREMENT MORIZONTAL
03200 e C DEVIATION FROM BORESIGHT (RAD) i
03300 e C EDVL = ESTIMATED LANDMARK MEASUREMENT VERTICAL
1 03400 e C DEVIATION FROM BORESIGHT (RAD)
03500 e« C (& V] * LANDMARK MEASUREMENT UNIT VECTOR - LAMKT
03600 e C RL = LANDMARK MEASUREMENT NOISE COVARIANCE
] 03700 e c (KNOWLEDGE) - LAMKT (RAD®s2)
03800 e C
04000 0029 EQUIVALENCE (RE.RADE), (T, ,TIME), (EP,.X)
04°00 0027 DIMENSION LE(J). 1€13,3),L(3),ETBL(3,3),€ETLB(I.3),ETBI(3,3),
04200 . EMI(3) ,ETLIII,3),EML{3)}, PETBI(3,3).PEMI(3),EP(I),
- 04300 . OM2(3).DM1(3),PEMB(Y),PEML(I),.PEVL(J),EUL(I)
' 04400 0028 REAL®S MEML , PMEM{  TO,DMY ,DM2,EML EML ,ETBT ,ETOL,ETLB,ETLE,
'3 04500 . EUL.L,LE.PEMB,PEML,PETB: . PEUL,TLIE, T EP,PEM] ,VMAG,
> 04600 . RE
04700 CO 0000000000008 00R000 0080002000600 0000¢ot00000 008080380888 00REROISTY
04800 c COMPUTE LE = LANDMARK POSITION VECTOR IN EARTH FIXED
04900 [ 4 CCORDINATES
} 05000 CO 000003000000 0000880800300 802000 000003000008 00 0000000000000 0000
05100
05200 0029 LE(1)2(RESAL)*COS(LON*P] /180.)*CUS(LAT*P1/180.)
‘ 0%300 0036 LE(2) e (RESAL ) *SIN(LON*P1/180.)¢COS(LAT*PI/180.)
‘ 05400 0031 LE(I )= (RESAL ) *SIN{ LAT*P]/180.)
05500 Coe0000@000080 000000 008000000000 0000040000000 0800¢0000830080000¢
05600 [~ COMPUTE TIE - EXACT TRANSFDRMATION FROM EARTM FIXED 1O
95700 C INERTIAL SPACE
05800 Ceonetee 000000000000 0000000020800009004000000200800000080008080009
¢5900 0032 CALL WET(TI1EO,.TIE)
06000 COO0ORPRS10¢00 0000080 000¢0 300000000000 200000R00300 000000 RRERREQRTSY
06100 [ COMPUTE L — LANDMARK POSITION IN INERTIAL SPACE
06200 CP0eR0000e00008 0000008000000 00. 0080800008800 00008000000000,00800009
06300 0033 CALL MATAB(TT ,LE,L.3.3.1%)
06400 Cee00000 000000800000 000000810000 2000000000000 0¢8000000800000800¢
06500 c COMPUTE ETLB - ESTIMATED B800Y TO LAKOMARK TRACKER
06600 C TRANSFCAMAT ION
06700 Cre000000¢0000 8000000008200 000380000s00600Q000800000300 000000000
06900 0034 CALL MATAB(TEHNL, TNLK,ETBL,3,3.3)
06900 0033 CALL MINVI(ETBL.ETLB)
07000 COB00R00RCIINc 000000000000 t000 000000087 0000000000000000008800¢
07100 C COMPUTE ETB] ~ ESTIMATED INERTIAL TO BODY TRANSFORMAT]ION
07200 COeR00000800080000000708000808000088080000000008000800000800000000 ]
07300 0036 CALL AMAT(E,EVBI) |
07400 COP 000000000000 0000000000000 0¢820¢020000800000000800000000000008000 [
07500 c COMPUTE EMI =~ ESTIMATET MEASUREMENT [N INERTIAL SPACE ;
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07600 cnoo-o-uoo-oo‘.-ooto.aao-o.t-oo‘.oaao-oot.oo.tcooott‘aho—n.onotc
07700 0037 DO 10 1=1,3
0780¢ 0038 10 EMI(I)=L(1)=-EP(1)
07900 C..t.‘t.t.t"tttt“ttttt.ttttttttt“‘t.....t‘.t.“.‘.!“.‘.‘00‘.
08000 C TRANSFORM TO LANDMARK TRACKER COORDINATES
08100 C.t...‘ttt‘ttt’t‘a.‘#ct--tJtnot:tat.‘#t‘.‘.tt.tt..“t‘.‘tt..t.tt
08200 0039 CALL MATAB(ETLB,ETBI,ETLI,3,3,3)
08300 0040 CALL MATAB(ETLI,EMI,.EML,3,3,t)
08400 C.O“‘...*ttt-‘tttt..ttttttttttctt‘ttt.“.‘.‘.‘l‘.“‘#.t‘t....t‘
08500 C COMPUTE MEML - MAGNITUDE OF EML
08600 C.““..toat"tt.tt.#“tt-t't‘att.t“..‘.....tt“tt.ttl...““#l
08700 0041 MEML=VMAG(EML,3)
08500 CO.“‘..t‘nottiﬁttn.tt.tottttttt‘tt...t..‘..‘..t..t..‘tttt.t‘tt‘
08900 c COMPUTE EUL ~ ESTIMATED UNIT VECTOR ALONG ESTIMATED
09000 C MEASUREMENT VECTOR
09100 Cot...‘onttttttt‘t‘..tno-.tttt‘.‘...t..‘...‘...“'t‘..“.o.....t
09200 0042 CALL UNIT(EML,EUL,3)
09300 0043 EDVL=ASIN(EUL(1))
09400 0044 EDHL=ASIN(EUL(2)/COS(EDVL))
09500 0045 IF(IDEBUG .LT. 4)GO TO 15
09600 0046 WRITE(6,42)
09700 0047 WRITE(6,12)
09800 0048 12 FCRMAT (' ETBI')
09900 0049 HRITE(6.13)((.TBI(I.J)-J=1.3).!-1.3)
> 10000 050 13 FORMAT (10X,3E17.7)
! 10100 0051 15 CONTINUE
Sf 10200 C‘“‘..tt’.n‘tttt""tttt.‘tt".'t‘t."“.‘.“t“‘“.“.““‘.tt
T 10300 c COMPUTE MEASUREMENT PARTIALS E
10400 Coene et A R A T Y R I LI T N ;
10500 0052 DO 100 u=1,10
10600 C‘O“‘.t“tttt‘t.tt"ttttttttt“tt.t‘t.‘..““...ttt““tt..‘..t
! 10700 C COMPUTE PARTIAL IF ETBI WRT ESTIMATED STATE
: 10800 C.‘..‘.‘t‘tt‘tn‘ttttttoottttttttttt“t.“‘.‘.lt...“ttt..‘t‘..‘!
i 10900 0053 CALL SPETBI(J,PETBI)
11000 C‘.t.“ttt‘t‘-‘.tt“#ttttttttcl.t’t#‘t..“"t.“‘tt“‘.‘.‘O.‘ttt
11100 [ COMPUTE PEMI - PARTIAL OF EMI
11200 Cotoc.o.ota-o-onaot.t:‘-::tnatnatttttt.‘...ot‘ttt‘ttt#totto.‘ttt
11300 0054 CALL SPEMI(U,PEMI)
11400 Cttttltottttttt'tttt‘ttt-avttttttttttt.‘t“....“.‘t.t‘.‘.t.“‘.
11500 C COMPUTE PEML - PARTIAL OF EML
11600 C...“-.tt.‘tt‘ttt.tt.‘.-.nvotttt..t.t.‘t.‘.““".tt“‘t‘.“‘#t
11700 0055 CALL MATAB(ETBI.PEMI.DM2.3.3.1)
11800 0056 CALL MATAB(PETHI,EMI,DM1,3,3.1)
14900 0057 00 20 1=1,3
12000 0058 20 PEMB(1)=DM1( 1)+DM2(!})
12100 0059 CALL MATAB(ETLB,PEMB,PEML,3,3,1)
12200 C.“.‘..'ttt'tttttt‘l.‘ttlt‘t‘tt‘tt“t“‘.‘."‘.“‘#t.‘t“‘.'Ot‘
: 12300 C COMPUTE PMEML - PARTIAL OF MAGNITUDE OF EML
'§ 12400 Ct..“t.t‘ttt‘t..t“ttttttatt‘tt..‘t‘t#.t.“‘.t“.t.t‘.‘tt.‘.“‘
12500 0060 PMEML=0.
g 12800 0061 DO 30 I=1,3
; 12700 0062 30 PMEML=PMEML+(PEML(l)‘EML(l)/MEML)
2 12800 C.“.‘.‘.‘tt....‘t‘.l‘.‘tt*t#“tt.“'t....“..'...‘!t““t.‘..“
',i 12900 Cc COMPUTE PEUL =~ PARTIAL OF ESTIMATED UNIT VECTOR
v ! 13000 CO‘.‘.‘-tt“‘ttt‘t‘.“‘tt.t##tt.t.t.t"...‘.t“‘.‘.‘.t.‘“‘O“tt
13100 0063 0oL 40 I=1,3

13200 0064 40 PEUL(I )= (MEML*PEML (1)=PMEML*EML(1)})/(MEML¢*2)
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13300
13400
13500
13600
13700
13800
13900
14000
14100
14200
14300
14400
14500
14600
14700
14800
14900
15000
15100
15200
15300

0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076

0077
0078
0079
0080
0081
0082

42
43
44
45

46
50

6-Apr-1981 15:00:53
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IF(IDEBLG .LT. 4) GO 10 SO
WRITE(6,42)

FORMAT (' FROM HLMT ')
WRITE(6,43) u

FORMAT (' J= ', 13)

WRITE(6,44) M ML,(PEML(1),1=1,3)

FORMAT (' MENML . PEML(I) ',4(5X,E15.7))
WRiTE(6,45) PMEML, (EML(1),I=1,3)

FORMAT (' PMEML . EML(I) ',4(5X,E15.,7))
WRITE(6,46) (PEUL(I1),1=1,3) :

FORMAT (' PEUL(LI) ',20X,3(5X,E15.7))
CONTINUE

Cosontsecssans ...“‘t..t..“t-l‘“.“t.Ol‘."l.‘.“.‘...“‘.“t.

c

CONVERT UNIT VECTOR PARTIALS TO MEASUREMENT PART IALS

Cossossescenre -.ttt.co-ottocc.ttt.‘ttt-@.t“..O.‘.‘O..“o.‘..‘tt‘

PROGRAM SECT IONS

COANITRIWN-D

-

$CODE
SPDATA
$SLOCAL
TIME
ASTATE
NSTATE
LMTPAR
PART
TARGETS
DE BUG
MEASOUT

ENTRY POINTS

Address

0-00000000

VARIABLES

Address

6-00000000
10-000001E0
10-000001E8

9-00000004

VAX-~11 FORTRAN v2.0-2
-DBAO:[D11R.GCPJHLMT , FOR:26

100 CALL PMEAS(PEUL.EUL.PDNL(U),PDVL(J).?)
DO 200 1I=11,22
POHL(1 )=0.
200 POVL(1)=0.
RETURN
END
Bytes Attributes
812 PIC CJN REL LCL SHR EXE RD NOWRT LONG
167 PIC CON REL LCL SHR NOEXE RD NOWRT LONG
1052 PIC CON REL LCL NOSHR NOEXE RD WRT QUAD
136 PIC OVR REL GBL SHR NOEXE RD WRT LONG
160 PIC OVR REL GBL SHR NOEXE RD WRT LONG
112 PIC OVR REL GBL SHR NOEXE RD WRT LONG
392 PIC OVR REL GBL SHR NOEXE RD WRT LONG
2112 PIC OVR REL GBL SHR NOEXE RO WRT LONG
36 PIC OVR REL GBL SHR NOQEXE RD WRT LONG
8 PIC OVR REL GBL SHR NOEXE RD WRT LONG
648 PIC OVR REL GBL SHR NOEXE RO WRT LONG
Type Name
HLMT
Type Name Address Type Name Address Type Name
Re8 AL 3~-00000038 R+8 DATED 3-00000070 R*B DATER
R*8 DHCL 3-00000068 R*8 ODTA 3-00000030 Re+8 DTN
R*8 DvCL 1000000278 R*8 EDHL 10-00000280 Re+8 EDVL
I*4 IDEBUG 9-00000000 1+4 IENTER 8-00000004 1+4 15

Address

3-00000020
3-00000080
2~00000200
2-00000204

Type

R*8
Re*8
1+4
I»4

Page

Name

DEL
DTPRINT
I

o
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8-000G000C Le*4 JUFLAS §-0000n010 R+*8 LAT 6-00000008 R+ LON 8-00000010 1+4 MCODE
2-000002B8 Re8 MEML 8-00000000 1+4 MIYPE 8-00000008 1+4 NS 8-00000014 R+*8 Pl
2-000002C0 Re8 PMEML §-00000068 Rs8 RADE §-00000060 R=+*8 RADM 5-00000068 R=*8 RE
6-00000178 R+B SIGGCP 3-00000000 Re8 T 2-000002C8 R+8 70 6-00000180 Re«8 THET
: 3-00000018 R*8 TIA 3-00000000 R+*8 TIME 3-00000028 R+8 TIN 3-00000058 R+*8 TIS
i 3-00000060 Re8 TISN 3-00000048 Re*8 TMEAS 3-00000008 R*8 TNEXT 8- 0000001C R=B TPI
: 3-00000078 Re+8 TPRIYT 3-00000050 Re*8 TRACK 3-00000010 Re8 TSTOP 3-00000040 Re8 TZERO
ARRAYS
Address Type Name Bytes Dimensions
6-000000C8 R+¢8 BKL 16 (2)
6-000007A8 R+*8 BL 16 (2)
4-00000079 R*8 D 24 (3)
4-00000083 R+*8 DD 24 (3)
4-0000000J) Re@ DOF 32 (4)
10-00000150 R+*8 DHCS 16 (2)
2-00000240 R*8 DM!? 24 (3)
2-000C0228 ReB DM2 24 (3) 3
10-00000160 R+*8 DVCS 16 (2)
. 4-00000020 R+*8 E 32 (48)
1 10-00000258 Re+8 EDHS 16 (2)
'Y 10-00000268 Red EDVS 16 (2)
< 2-00000150 Re*8 EMI 24 (3}
2-000001BG Re*8 EML 24 (3)
10-000002268 R+*B EMXG 48 (6)
5-00000030 Re*8 EP 24 (3)
2-00000108 Re8 ETBI 72 (2, 3)
2~-00000078 Re8 ETHL 72 (3, 3)
2-000000C0 ReB ETLB 72 (3, 3)
2-0U 000168 Re*8 ETLI! 72 (3, 3)
2-000002A0 R+*B EUL 24 (3)
2-00000060 R+*8 L 24 (3)
2-00000000 Re8 LE 24 (3)
10-000001F0 Re8 L) 24 (3)
10-00000170 Rs8 WS a8 (3, 2)
10-00000000 R+8 MX 48 (86)
7-00G006EQ R*8 PDHL 176 (22)
7-00000420 R+*8 PDHS 352 (22, 2)
7-00000790 R+*B PDVL 176 (22)
7-€0000580 R*8 PDVS 352 (22, 2)
2-00000258 R+*8 PEMB 24 (3)
2-00000210 Re8 PEMI 24 (3)
2-00000270 Re+8 PEML 24 (3)
: 2-000001C8 Re8 PETBL 72 (3, 3)
i 2-00000288 R*B PEUL 24 (3)
i 7-00000000 R*B PX 176 (22) ;
: 7-00000210 R+8 PXD 176 (22) ;
; 7-00000080 Re8 PY 176  (22)
i 7-000002C0 Re¢8 PYD 176 (22)
i 7-00000160 R*8 PZ 176 (22)
i 7-00000370 Rs8 PZD 176 (22)
: 10-00000030 R+*B RGPS 263 (6, 6) ;
,0-00000208 R+8 RL 32 (2, 2) ;
10-000001A0 Re*8 RS 64 (2, 2, 2)
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4-00000058 R+*8 SF

6~00000008 Re+8 SKL

6-000000B8 R+8 SiL

6-00000018 RsB TBNL

2-00000018 R+*8 TIE

6-00000130 R*B TIEO
6-00000060 R*8B TNL
6-000000EB R*8 TNLK

4-00000040 Re*8 WD
5-00000030 Re8 X
$-00000000 Re8 XD

LABELS
Address Labe!
. 10

e 40
0-000002EA 50

FUNCTIONS ANC SUBROUTINES REFERENCED

AMAT MAT AB
SPETBI1 UNIT

Total Space Allocated

COMMAND QUALIFIERS

Address
1-00000000

1-00000015
.

MINV3
VMAG

= 5635 Bytes

24
16
16

72
72
72
72
24
48
48

MO WEPLWWWWNNW

- . W E e e e

3)

3)
3)
3)

Address

1-0000000D
1-00000023

».

MTHSDASIN

6~Apr—-1981 15:00:53
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VAX-11 FORTRAN Vv2.0-2
-DBAO:[D11R.GCP]HLMT .FOR;26

0-00000190D

1-00000030 1-00000053 45'

Address

.
i{=00000076

Page

Labe!

30
a6’

FORTRAN /LIST GCP.INDATA,MATAB,DUTDATA, RUNG,DONAV ,EPHEM, TRUEA,SPRESS,0CCULT ,GPERT ,GCPSEQ,VISIBLE ,GENENV,TREG,GYROUT ,RATE ,BMAT ,CMA

/CHECK=(NOBOUNDS ,OVERFLOW)
/DEBUG=(NOSYMBOL S, TRACEBACK)

/FT7  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE_CODE /CONTINUATIONS=19

COMPILATION STATISTICS

Run Time:
Elapsed Time:
Page Faults:
Dynamic Memory:

3.58 seconds
56 .86 seconds
429

160 pages




2.7.2.2.1 COMPUTE PARTIALS WITH RESPECT TO ESTIMATED
TRANSFORMATION FROM INERTIAL TO BODY COORDATES (SPETBI)

SPETBI, called by HLMT and HSTAR, computes the sensivity of the estimated
inertial to body transformation to the individual elements of the estimated
state. This routine is essentially unsupported by any other major routines.

Processor Requirements

Recognizing that

do2+ §412- §22- 432 2(§,4; + d3dp) 2(4:143 - 4290)
{ag3} =| 2(4:42 - d3do) do%- 12+ 422- 432 2(d4243 + §1d0)
2(4,43 - 4240) 2(q243 - q190) dp2- 412~ Go2+ q32
since §
Xy = qi-7 for i =7, 8, 9, and 10 3

do 43 =92

"
~

a . ~
3% {aij} = 2 |-93 +qp q for 1

[
oo

= 2 Q@2 -q Qo for 1

L}
0

= 2 | q 4 43 for 1

= 2 |-qp -d3 Q2 for 1 = 10

and 3

2
3;1-{q1j§ =[0] fori<7andi>10

A-251




SPETBI (I,Q)
- ——‘————"’::-T
Do case State Element I /

1 thru 6 8 9 10
- Return zero Ccinpute ‘Compute Compute Compute
- partial partial partial partial partial

F array WRT E(1) WRT E(2) WRT E(3) WRT E(4)

- em—

Multiply all partial elements by 2

Figure A-40

A-252
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0020
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SUBROUTINE SPETBI(1.Q)

Coeengesars KEEEC RIS AR EERRE R oo b st et n AR SN REEERE SIS S EB TR

SUBROUTINE SPETBI COMPUTES THE PARTIAL OF THE ESTIMATEOD
TRANSFORMATION FROM INERTIAL TO BODY COORDINATES.

INPUT PARAMETERS
1 = THE INTEGER CONTROLLING THE SPECIFIC
PARTIAL BEING COMPUTED
(RANGE 1-10)
E = THE ESTIMATED QUATERNIAN ARRAY
OUTPUT PARAMETERS
Q = THE DUTPUT PARTIAL ARRAY {3,3)
CALLED BY HSTAR AND HLMT

(AR A LR ] AN ‘...“.‘.'..“‘..‘tt“‘t"t“*“‘..tt".......‘."“.‘

COMMON BLOCKS
INCLUDE 'ASTATE.COM'

O OO0O0000000000000

COMMON /ASTATE/ DE(4),E(4),wWD(3),5F(3),.D(3).00(3)
REAL*8 DE,.E,WD,5F,0,00

ATTITUDE STATE AND CONSIDERED PARAMETERS

DE DIFERENTIAL OF QUATERNIONS

E QUATERNIONS

wD GYRO DRIFT RATE (RAD/SEC)

SF GYRQ SCALE FACTOR

D GYRO NON-ORTHOGANALITY (RAD)

oD GYRO RELATIVE ORIENTATION (RAD)

O0O0OOO0OOOO00

DIMENSION Q(3,3)

REAL+*8 Q
C..t“.‘t-t“tt.‘.“tt‘l.tttttt.-c0'tctt..t“."...#‘...“..“..
C BRANCH TO THE APPROPRIATE SECTOR ON I
c.t.‘..t!t0‘..‘0‘#‘..‘00.10‘t‘tnt."00'1.t“t‘ttt.t‘t.t.‘tt"t.‘

Go TO (10,10,10,10,10,10,20,30,40,50),1
C.‘tt..“tt..tt‘tt.“‘..t“.‘t‘.“tlttttttt‘.t“‘.‘.“t‘..t.t“.
[» ZERO Q ARRAY - POSITION QR VELOCITY ELEMENT PARTIAL
Ct...‘.‘ttttt‘.".t.‘tit...‘tt.‘tt‘Ott‘.t....‘t..‘.“..‘.tt“t‘.
10 D0 15 U=1,3

DO 15 K=1,3

15 Q(uJ,K}=0.

RE TURN
COOOOOOOttoc.ot.it-tttttt“.tt‘tto.totoottt.ttt.‘.'t‘tt.tct‘.t..
c COMPUTE PARTIALS WRT Q(0)

c‘o.otoonottttntotstto‘.o.t.t‘tto'tttttt“ttt.‘.‘...“..‘.t..“‘
20 Q(1,1)=E(1)

Q(1,2)=E(4)

Q(1,3)=-€(3)

Q(2,1)=-E(4)

0(2,2)=E(1)

Q(2,3)=E(2)

Q(3,1)=€(3)

Q(3,2)=-£E(2)

Q(3,3)=E(1)

VAX-11 FORTRAN v2.0-2
_DBAO:[D11R.GCP]SPETBI.FOR:3
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0021 GO 10 100
c.o...oo-cto..ccctoctcuo‘ooo‘.c.-acon--otootc.tooooo.oottot.oo-o
c COMPUTE PARTIALS WRT Q(1)
c.oooo-sae.n.n.noo-.-.tconco.tooo......qootoo....‘o‘ooooo.t.-‘o.

0022 30 QU1,1)=€(2)

0023 Q(1,21=E(3)

0024 Q(1,3)=E(4)

0025 Q(2,1)=E(3)

0026 Q(2,2)=-E(2)

Q027 Q(2,3)=€(V)

0028 Q(3,1)=€(4)

0029 Q(3,2)=-E(1)

0030 Q(3,3)=-E(2)

0031t GO TO 100
Cessosense P S T T L S LR PR T R R R L L L L L R L il et dddd
[of COMPUTE PARTIALS WRT Q(2)
C..o....ooOtt‘t"o.".‘..O.‘OOO0.0““.‘.t.“t‘.“.““““““‘

0032 40 Q(1,1)=-E(3)

0033 Q(1,2)=E(2)

G034 Q(1,3)=-E(Y)

0035 Q(2,1)=€(2)

0036 0(2,2)=E(3)

0037 Q(2,3)=E(4)

0038 Q(3,1)=E(Y)

0039 Q(3,2)=€(4)

0040 Q(3,3)=-E(3)

0041 GO 10 100
c.o...-oo.-otctotto.ottottittoot“‘ttt'.ttt.tt.t‘..t.t“‘t‘t.“.
c COMPUTE PARTIALS WRT Q(3)
Cessasenss -oconcctot‘o.‘o“oocnoo.o0o‘tot.tcto‘0‘.‘..0...0..000‘

0042 50 Q¢ 1,1)=-E(4)

0043 Q(1,2)=E(1)

0044 Q(1,3)=E(2)

0045 Q(2,1)=-E(1)

0046 Q(2,2)=-E(4)

0047 Q(2,3)=E(3)

0048 Q(3,1)=E(2)

0049 Q(3,2)=E(3)

0050 Q(3,3)=E(4)

0051 100 00 200 v=1,3

0052 DO 200 K=1,3

0053 200 Q(JU,K)=2.2Q(J,K)

0054 RE TURN

0055 END

DR TIPSR

B T T PRI oo .1

VAX=11 FORTRAN Vv2.0-2
_DBAO:[D11R.GCP JSPETBI.FOR:3
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SPETBI

PROGRAM SECT IONS

Name
0 $COOE
2 SLOCAL
3 ASTATE
ENTRY POINTS
Address

0-00000000

VARIABLES
Address

AP-000000048

ARRAYS
Address
3-00000070
3-00000088
3-00000000
3-00900020
AP-0G 30000860
3-00000058
3-~00000040
LABELS
Address
0-00000020
0-00000138
Tota)

COMMAND QUAL I

FORTRAN /LIST GCP,INDATA MATAB,OUTDATA,RUNG,DNAV,EPHEM, TRUEA,SPRESS,0CCULT ,GPERT ,GCPSEQ,VISIBLE ,GENENV, TREG,GYROUT ,RATE ,BMAT , CMA

Type Name
SPETBI

Type Name
lea 1|
Type Name
R*8 O
R*€ 0O
R*B DE
R*8 E
R*8 Q
R*8 SF
R*8 wD
Labe

10

100

FIERS

Address

Space Allocated = 537 Bytes

/CHECK=(NOBOUNDS ,OVERF LOW)
/DEBUG=(NOSYMBOL S, TRACEBACK)

/¥17

Bytes
349
160

Address
2-00000000
Bytes
24
24
32
32
72
24
24
Labe!
15
200

/NOG_FLOATING /I4 /OPTIMIZE /WARNINGS

Attributes

PIC CON REL LCL

6-Apr-1981 15:01:51
11-Sep-1980 11:56:45

SHR EXE

PIC CON REL LCL NOSHR NOEXE

PIC OVR REL GBL

Type Name

14 J

Dimensions

Address

0-0000005% 20

Labe!

SHR NOEXE

Address

2-00000004

Address

0-0000008C 30

/NOD_LINES /NOMACHINE_CODE

VAX=11 FORTRAN v2.0-2

RD NOWRT LONG
RD WRT LONG
RD WRT LONG

Type Name
I1+4 K
Label Address Label

0-000000C6 40

/CONTINUATIONS=19

-DBAG:[D11R.GCP]SPETBI.FOR;3

Address

0-00000100

Page

Label

50

3
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! 1t1-Sep-1980 11:56:45 _oaao:[mm.scp]sr-ens:.‘on::s ;
!
COMPILATION STATISTICS “-,
Aun Time: 2.07 seconds
Elepsed Time: 36.65 seconds
§ Page Faults: 324
Dynamic Memory: 160 pages
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2.7.2.2.2 COMPUTE PARTIALS OF ESTIMATED MEASUREMENT VECTOR
IN INERTIAL SPACE (SPEMI)

SPEMI called by HLMT, computes the sensivity of the estimated landmark
tracker measurement vector in inertial space with respect to the elements of
the estimated state. This routine is unsupported by o:her major routines.

Processing Requirements

Recognizing that

-~

Mp =L-%

R --l ] .
3;1 = 0 for x4 =
IRy 0

>

- -

“>

for ii -

N>

0 ~
= 0 for x; =
1

and

> 0
é,l = 0 otherwise
0

Q
b
[N

where

I

Estimated measurement vector in inertial space

I
]

Landmark position vector in inertial space

Spacecraft estimated position vector in
inertial space.

(La-34
[ ]
N X
[ ]

"y

D ——
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1

SPEMI (I,X)

11_\\ 1 Greater than 3 Z
Set all Initialize all partial elements to gero
partial
elements
to zero Set X(I) = -1

Figure A-41
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6-Apr-1981 15:02:29
11-Sep=1980 11:56:21

0001 SUBROUTINE SPEMI(I.X)
C..‘...Q.O (L AA A N R AR AN A A R N N R R N R N Y PR S PRI DY)
C
C SUBROUTINE SPEMI COMPL *. T PARTIAL OF THE MEASUREMENT
c VECTOR [N INERTIAL SPAL . - T THE ESTIMATED STATE
[
c INPUT PARAMETERS
C I = THE INTEGER CONTROLLING THE INDIVIDUAL
[ PART AL (RANGE 1-10)
c OUTPUTY PARAMETERS
C X = THME QUTPUT PARTIAL VECTOR (3,1)
[+ CALLED BY MLMT
C
COOOOOOOOD SO0 0P CENCCRCSOEPE CPSER 000003300000 000000000808000000
0002 DiMENSION X(J)
0003 REAL*® x
0co4 ifF(l .GT. 3) GO TO S0
0008 00 20 Js=1,2
0006 20 X{(J)=0.
0007 X(l)e=v,
0008 RE TURN
0009 50 DO 60 ye1,d
0010 60 X(J)=0,
0011 RE TURN
0012 END
PROGRAM SECT IONS
Nawme Bytes Attributes
0 sCout 66 PIC COM REL LCL SHR EXE RD NO
2 SLOCAL 24 PIC CON MEL LCL NOSHR NOEXE RD
ENTRY POINTS
Address Type Narme
0-00000000 SPEMI
VARIABLES
Address Type Name Agdress T..e Name

AP~000000049 ¢4 |

2-00000000

leqda J

VAX=11 FONTRAN .2.0-2
_DBAO:[D11R.GC» ;SPEW].FOR; 4

WRY LONG
WRT LON.

Page




092-V

SPEMI

6-Apr-?
11-Sep-?
ARRAYS
Address Type Name Bytes Dimensions
AP=-000000080 Re8 X 24 (3)
LABELS
Address Lebe !\ AdOress Labe! Agdress Lavel
o 20 0-00000034 50 .o [ ]

Total Space Atlocated = %V BSytes

COMMAND QUAL 1F1ERS

FORTRAN /L1IST GCP,INDATA MAT AB,OUTY DA‘I’A.RUNG.ONAV.EME..'IIU“.S’IESS.OC

/CNECK-(NOW‘OS LUVERFLOW)
IDE'UG*(NOSVHGOLS.YﬂlCEllCll
JFT17 /N0G _FLOAT ING /14 /OPTIMIZE /MARNINGS

COMPLLATION STATISTICS

fun Time: 0.56 seconds
Elapsed Time: 11.04 seconds
Page faults: 306

Dynamic Wemory ! 160 pages

/NOD_LINES /NOMACHINE

981 15:02:29 VAX-11 FORTRAN v2.0-2 Page
g80 11:56:21 ,onAo:[ot!a.ccvlsnenx.FOkza

CULT ,GPERT ,GCPSEQ.VISIBLE +GENENV .TREG,GYROVUT JAATE ,BMAT LCHA

_COOE /CONT INUATIONS=19
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2.7.2.3 MEASUREMENT PARTIALS FOR STAR TRACKER (K) (HSTAR)

HSTAR, called by MPART, compufes the sensivity of the star tracker
measurement to variations in the individual elements of the estimated state
vector. This is done with the support of subroutines SPETBI and PMEAS.

Processing Requirements

A unit vector along the optical axis at each star tracker (K) is
established and transformed to inertial space through the estimated
transformation from star tracker coordinates to inertial space (Us). The
partials of this unit vector with respect to the element of the estimated
state are given by

7~ 0
3Us _ 4 9 A .
3;; = {biJ} 5;; {qij}{aiJ} ?

where
{bij} = Transformation from body to star tracker coordinates.
{413} = Estimated transformation from inertial to body coordinates.

{aij} = Ideal transformation from star tracker to inertial
coordinates.

A-261
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HSTAR VCLR

[
o

Compute star unit vector in inertial coordinates

Compute estimated transformation from star tracker to inertial
space

Computed estimated unit vector in ST coordinates

Compute estimated measurement é

Compute partial of estimated transformation from inertial
to body WRT estimated state (SPETBI)

Compute partials of estimated unit vector

Compute unit vector partials tc measurement partials

Compute partials of unit vector with respect to states
7 through 10

Fill all other measurement partial elements (1 through 6)
and (11 through 22) with zero

—

Figure A-42
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0010C 0001

v,

6-Apr-1981 15:03:18
9-Feb-1981 18:15:38

SUBROUTINE HSTAR(K}

50200 C.‘.t.‘.t.tt..t‘t..ttuton-0‘vt‘ttttttc"t‘t“ttt“tt'ttti‘ttt'0t
00300 C
00400 C SUBROUTINE HSTAR COMPUTES THE PARTIALS FOR THE KTH STAR
00500 C TRACKER MEASUREMENT VECTOR.
00600 (o]
00700 Cc INPUT PARAMET RS
ceonoo o K = SELECTOR OF THE KTH STAR TRACKER
00900 [+ STATE = ELEMENTS 7-10 ARE USED AS THE IDEAL
01000 Cc INERTIAL TO BODY QUATERNIAN ELEMENTS
01100 o] TBNS = STAR TRACKER NOMINAL 10 BODY TRANSFORMATION
01200 [od TNS = " " STAR TRACKER TD NOMINAL
01300 [of TRANSFORMATION {MISALIGNMENT ARRAY)
01400 C E = ESTIMATED QUATERNIAN ARRAY
01500 c DUTPUT PARAMETERS
01600 [of PDHS - PARTIAL OF THE STAR TRACKER HORAZONTAL
01700 C DEFLECTION
01800 [ POVS = PARTIAL OF THE STAR TRACKER VERTICAL
01300 c DEFLECTION
02000 c
02100 C‘..O‘...“.C...‘.“tt.t‘oltt.'t‘tt.ntt‘t“...'t‘tttt‘t.“...‘t‘
02200 C
02300 C COMMON BLOCKS
02400 0002 INCLUDE 'PART.COM'
02500 0003 ¢ COMMON /PART/ PX(22\,PV(22).PZ(22).PXD(22).PYD(22).PZD(22).
? 02500 * PDNS(22,2).PDVS(22,2).PDHL(22),PDVL(22)
o 02500 0004 * REAL*8 PX.PY.PZ.PXD.FYD.PZD.PDHS,PDVS,PDHL.PDVL
a 0250C e C
02500 « C PARTIALS OF THE RESPECTIVE MEASUREMENTS MADE
02500 « C
02500 « C FOR GPS
02500 e« C = PARTIALS OF X POS1TION MEASUREMENT
02500 « C PY = . L | " "
02500 « C Pz = " L 4 " "
02500 « C PXD = " * X VELDCITY "
02500 s C PYD = " -y " .
02500 + C pZD = " LA 4 " "
02500 s C cOR STAR TRACKER K (K IS JHE SECOND PARAMETER)
02500 « C PDHS = PARTIALS OF HORIZONTAL DIFLECTION
02500 * C pPOVS = " "  VERTICAL .
02500 e C FOR LANDMARK TRACKER
02500 s C PDHL - PARTIALS OF HORIZONTAL ODIFLECTION
02500 « C PDVL = * » VERTICAL .
02500 e C
02500 0005 INCLUDE '"STARPAR.COM'
02600 0006 * COMMON /STARPAR/ 8542.2).55(2.2).TNS(3,3.2).TBNS(3.3.2).
02600 . BSK(2.2).S$K(2,2).TNSK(3,3.2)
02600 0007 =+ REAL*8 BS.SSoTNS.TBNS.BSK,SSK.TNSK
02600 s C
02600 « C STAR TRACKER PARAMETERS
02600 » C IN EACH CASE THE LAST SUBSCRIPT REFERS TO THE
02600 « C TRACKER USED
02600 « C 8s = BIAS - ACTUAL (RAD)
02600 « C sS + NOLSE STANDARD DEVIATION - ACTUAL (RAD)
02600 « C TNS = MISALIGNMENT ARRAY - TRANSFORMATION FROM
02600 e C STAR TRACKER TO NOMINAL
02600 e C TBNS « ORIENTATION ARRAY = TRANSFORMATION FROM

VAX~11 FORTRAN v72.0-2
_DBAO:[D‘IR.GCP]HSTAR.FOR:10

Page
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HSTAR 6-Apr-1981 15:03:18 VAX-11 FORTRAN V2.0-2 Page 2
9-Feb-1981 18:15:38 _DBAO:[D11R.GCPJHSTAR.FOR; 10

02600 . C NOMINAL TO 8ODY
02600 e C BSK = BIAS - KNOWLEDGE (RAD)
02600 s C SSK = NOISE STANDARD DEVIATION -KNOWLEDGE (RAD)
02600 e C TNSK = MISALIGNMENT KNOWLEDGE ARRAY ~ TRANSFORMATION
02600 e C FROM STAR TRACKER TO NOMINAL
02600 e C
02600 0008 INCLUDE 'ENVIR.COM' ﬂ
02700 0009 o COMMON /ENVIR/ STATE(10),PROFILE(10,48),INIT :
02700 0010 = REAL*8 STATE,PROFILE |
0270¢ *C *
02700 e C REAL WORLD STATE PARAMETERS
02700 e C
02700 o C STATE STATE VALUES: X,Y,Z,xD,YD,20,E0,E1,E2,E3
02700 s C PROFILE AYTITUDE PROFILE-TIME (SEC) VS
02700 . C INERTIAL ANGULAR RATES (RAD/SEC)
02700 . C INIT INTEGRATION INITIALIZATION KEY (~1)
02700 e C
02700 0011 INCLUDE 'ASTATE.COM'
02800 s C
02800 0012 o COMMON /ASTATE/ DE(4).E(4),wD(3),5F(3),0(3),00(3)
02800 0013 REAL*8 DE,E,WD,SF.D,00
02800 s C i
02800 s C ATTITUDE STATE AND CONSIDERED PARAMETERS
02800 P
02800 s C D. DIFERENTIAL OF QUATERNIONS 3
02800 o C £ QUATERN]ONS J
> 020800 . C wo GYRO DRIFT RATE (RAD/SEC) ‘
» 02800 s C SF GYRO SCALE FACTOR
2 02800 «C D GYRO NON~ORTHOGANALITY (RAD) )
02800 s C [+]o] GYRO RELATIVE ORIENTATION (RAD) i
02800 s C :
02800 0014 INCLUDE °'MEASQUT.COM'
00100 0015 = COMMON /MEASOUT/ MX(6),RGPS(6,6),DHCS(2),DVCS(2).M5(3,2), ]
00200 . . RS(2,2,2),DHCL,DVCL,LMU(3),RL(2,2) ,EMXG(6), 4
00300 . . EDHMS (2) ,EDVS(2), EDML,EDVL
00400 0016 REAL*8 MX,RGPS,DHCS,DVCS ,MS,RS,DHCL, DVCL, LMU,RL, EMXG,
00500 . . EDHS , .OVS, EDHL,EDVL
00600 s C
00700 e C
00800 « C MEASUREMENT OUTPUT FPARAMETERS
00900 s C MX = POSITION/VELOCITY STATE MEASUREMENT - GPS
01000 s C (KM, KM/SEC) 4
01100 s C EMXG = ESTIMATED POSITION/VELOCITY STATE
01200 e C NEASUREMENT - HGPS
01300 . C RGPS = STATE MEASUREMENT NOISE COARIANCE ]
01400 e C (KNOWLEDGE) ~ GPS (KM*+2 KM/SEC*+2) ;
01500 s C DHCS = STAR MEASUREMENT HORIZONTAL DEVIATION f
01600 s C FROM BORESIG!™ - START (RAD) ;
01700 s C ovCS = STAR MEASUREMENT YERTICAL DEVIATION ;
01800 e C FROM BORESIGHT - START (RAD) <
01900 s C EOHS = ESTIMATED STAR MEASUREMENT MORIZONTAL
02000 e C DEVIATION FROM BORESIGHT (RAD) \
02100 «C EDVS = ESTIMATED STAR MEASUREMENT VERTICAL
02200 e C DEVIATION FROM BORESIGHT (RAD) .
02300 e C MS = STAR MEASUREMENT UNIT VECTOR ( SECOND
02400 . C SUBSCRIPT REFERS TO TRACKER) = START
02500 s C

RS = STAR MEASUREMENT NOISE COVARIANCE




590~V

02600
02700
02800
02900
03000
03100
03200
03309
03400
03500
03600
03700
03800
02300
03000
03100
03200
03300
03400
03500
03600
03700
03800
03900
04000
04100
04200
04300
04400
04500
04600
04700
04800
04900
05000
05100
05200
05300
05400
05500
05600
05700
05800
05900
06000
06100
06200
06300
06400
06500
06600
06700
06800
06900
07000
07100
07200

Go17

0018

0019
0020
0021
0022
0023

0024
0025
0026
0027
0028

0029
0030
0031

0032
0033

0034
0035
0036
0037
0038
0039

® 8% 08 80 02 0P

OO0 OO0O0

c

.

6-Apr-1981 15:03:18
9-Feb-1981 18:15:38

{KNOWLEDGE) ~ START {(RAD«+2)
DHCL = LANDMARK MEASUREMENT HORIZONTAL DEVIATION
FROYM RORESIGHT - LAMKT (RAD)
oveL = LANDMARK MEASUREMENT VERTICAL DEVIATION
FROM BORESIGHMT = LAMKT (RAD)
EDHL - ESTIMATED LANDMARK MEASUREMENT HORIZONTAL

DEVIATION FROM BORESIGHT (RAD)
ESTIMATED LANDMARK MEASUREMENT VERTICAL
DEVIATION FROM BORESIGHT (RAD)
LMy = LANDMARK MEASUREMENT UNIT VECTOR ~ LAMKT
RL = LANDMARK MEASUREMENT NOISE COVARIANCE
(KNOWLEDGE) = LAMKT (RADs*+2)

EDVL

DIMENS ION TBI(3.3).T18(3.3).TBS(3.3).US(3).UB(3).Ul(3).

ETBS(3.3).EYSB(3.3).EYBI(3.3).ETSI(3.3).EUX(3).
PEUS(3.10|.PETBI(3‘3).UIP(3).ATEMP(“)-71(3.3).
12(3,3).EUS(3) . TEMP(3)
REAL*8 EUS.ETBI.EYBS.ETSB.ETSI.EUI.PETBX.PEUS.TBI.TBS.TIB.UB.
UL, UIP,US.ATEMP,T1,T2, TEMP

c...‘.“....'.......“.‘.-“‘.-..‘..‘.“‘...‘..‘..‘.‘.‘....‘.‘Q.

c

COMPUTE TIB - TRUE BODY TO INERTIAL TRANSFORMATION

C‘..‘..“‘.‘U....“t.-.ttt.tt.‘t.““t“.'..“‘.‘..‘...“.‘..."

DO S 11,4

ATEMP( 1)sSTAT _(1+6)
CONTINUE

CALL AMAT(ATEMP,TBI)
CALL M(NV3(TBI,TIB)

c‘“0‘.‘.0{".tt.t.‘.‘t.'..'.“ttt.t“.“..“.“‘....t....‘.“t‘

c

COMPUTE TBS - TRUE STAR TRACKER TO BODY TRANSFORMATION

C‘ ' YITILE XN R R A ) ‘.tt'.“‘.‘t..'..‘.“‘.“‘.“..““.t...‘.‘.

100

DO 100 I=1,3

Do 100 J=1,3
T1(1,J)=TBNS([,J.K)
T2(1,d)=TNS(I,4.%)

CALL MATAB(T1,72,7085,3,3,3)

C‘.O““‘OOOOO'-‘.‘.'t..tt0.t.‘t‘O“‘t‘.‘.‘..‘...‘.t.....‘."‘l.

c

COMPUTE UNIT VECTOR TO STAR IN TRACKER COORDINATES

c.o“‘..c.t-c-tot‘tttoc.-o-t-tto‘.totn“.OO...“O‘.O.‘..t..'..n‘

uUs(1)=0.
Us(2):0.
us(3)=t.

c. ..‘...‘...“".“. [TEXEEE RS AN ] 0‘.“‘...‘..“...‘.‘.“‘......‘.

C

TRANSFORM TD INERTIAL SPACE

c’..‘.‘....tto.“..‘t..ototttt.t“.“0‘.‘....‘...“‘.“‘t....“.

CALL MATAB(TBS,uUS,uB,3,3,1)
CALL MATAB(TIB.UB,UI,3,3,1)

c....‘..tttOttt.t‘....‘.tn‘t....‘.“..'.l..‘..‘...“.‘.".“.‘.t

c

COMPUTE ETSB - ESTIMATE OF TSB

C...‘...O...O.t‘.‘..t.ttt.‘tt‘....‘).‘...‘...“..‘.““‘““..O‘

110

DO 110 I=1,3

DO 110 J=1,3
T1(1,J)=TBNS(I,d.K)
T2(1,J)=sTNSK(I,J.K)

CALL MATAB(Tt,72,€785,3.3,3)
CALL MINV3(ETBS.ETSB)

c.‘.‘.“.‘..‘.“..“‘0‘....“t‘..‘.“"....‘..“.t‘....".‘.“'.

o o

VAX~11 FORTRAN v2.0-2
_DBAO:[Dl‘R.GCP]HSTAR.FOR:10
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HSTAR 6-Apr=1981 15:03:18 VAX=11 FORTRAN v2.0-2 Page 4 :
9-Feb-1981 18:15:38 .DBAO:[D11R.GCP]JHSTAR.FOR; 10 i
07300 Cc COMPUTE EUI - ESTIMATED UNIT VECTOR IN STAR TRACKER
07400 Cc COORDINATES
07500 R L T T D R T L R R R R I Y]
07600 0040 CALL AMAT(E,ETBI)
07700 0041 CALL MATAB(ETSB,€T7B1,€E7S51,3,3,3) i
07800 0042 CALL MATAB(ETSI, Ul ,EUS,3,3,1)
07900 C
08000 COERBPEIN SR LR PP PR BR E S 4024820020000 RIPNRIEFIIRNRERUSRESNSD
08100 [ CALCULATE ESTINATED MEASUREMENT
08200 COPPPGBA S LI PEASREEA S0484S 40P RRPdtRNRTEtttegastRgte
08300 c
08400 0043 EDVS(K )=ASIN( .US(1))
08s00 0044 EDHS (K )=ASIN/ US(2)/COS(EDVS(K)))
08600 CrP0083 00228200828 C LR g A+ 5352 08008400000 RRREEREISENRREINERSES
08700 [ COMPUTE PARTIALS OF UNIT VECTOR
08800 COHBEEEREELSUI NS4SR E BRI S4SEFEAEREP SRR ERESCHOIsErRasotiane
08900 0045 00 10 1=1,3
09000 0046 DO 10 J=1,10
09100 0047 10 PEUS(! ,J)=0.
09200 o048 D0 20 J=7,10
09300 COPIRB S EP RIS LRSI NS4SR EIEIRRSSRIDEIIINEEEPEEENEIRIII RIS ED RN
03400 [« COMPUTE PARTIALS OF ETBI WRT Q(J),Jy=7,10
> 09500 COrPIUBB 0S84 3800880380030 020 0030080080000 4880R8R420 3000208000
., 09600 0049 CALL SPETBI(J,PETBI)
> 09700 COOsS0IE P40 000 40N US4t s s+ 4000ttt tOttgst st rsnstnurndsnsn
< 09800 c SET UP ARRAY FOR PARTIALS OF ESTIMATED UNIT VECTOR
09900 Corooterssinsssattttts t4400atsatdsdstststetdngtissgisdisssinassass
10000 0050 CALL MATAB(PETBI,UI,U1P,3,3,1)
10100 0051 CALL MATAB(ETSB,UIP,TEMP,3,3,1)
10200 0052 0Q 25 I=1,3
10300 0053 25 PEUS(I,J)=TEMP(I)
10400 Cosesetettttss 128084000ttt ntttotsdtsOeettuttetitessssRasngns
10500 [ CONVERT UNIT VECTOR PARTIALS TO MEASUREMENT PARTIALS
10600 CrP00000 424330420080 800822 2538080000024 0008080C 0808020838800k
10700 0054 20 CALL PMEAS(TEMP,EUS,PDHS(J,K),POVS(J.K),.t)
10800 0055 DO 30 1=11,22
10900 0056 POHS(1 ,K)=0,
11000 0057 30 PDOVS(1,K)=0.
11100 0058 DO 40 [=1,6
11200 0059 PDHS(1,K)=0,
11300 0060 40 POVS(I,K)=0.
11400 0061 RETURN
11500 0062 END
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HSTAR

PROGRAM SECTIONS

Name

$CODE
$SPOATA
$LocAaL
PARY

ST ARPAR
ENVIR
ASTATE
ME ASOUY

~NOANBWN=-O

ENTRY POQINTS
Address

0~00000000

VARIABLES
Address

7-000001€E0
2-00090488

ARRAYS
Address

2-000003A8
4-00000000
4-00000160
6-00000070
6-00000088
6-00000000
7-00000150
7-00000160
6-000C0020
7-00000258
7-00000268
7-00000228
2-00000180
2-000C0120
2-00000168
2-000001F8
2-00000240
2-00000458
7-000001F0
7-00000170
7-00000000
3-000006E0Q
3-00000420
3-00000730

Type

ype

R*8
14

Type

R+*8
R*8B
R*8
R*8
R*8
Re*8
R*B
Re8
R*8
R*8
R*8
R+8
R+8
R+8
R+8
R+8
R*8
R+*8B
R+8
R+8
R+8
R+8
ReB
ReB8

HSTAR

Name

DHCL

ATEMP
85
B8SK

DD
DE
DHCS
DVCS

EDHS
EDVS
EMXG
ETBI
ETBS
ETSB
ETSI
EVl
EUS
Ly
mMS
Mx
POHL
PDHS
POVL

Bytes
485

1476
2112
560
404
160
648

Address

7-000001¢€8
$-00000190

Attributes

PIC
PIC
PIC

CON
CON
CON

PIC OVR
PIC OVR
PIC OVR
PIC OVR

PIC OVR

Type Name

R*8 OVCL
1*4 INIT

Dimensions

(a)
(2, 2)
(2, 2)
(3)
(3)
(4)
(2)
(2)
(4)
(2)
(2)
(6)
(3, 3)
(3, 3)
(3, 3)
(3, 3)
(3)
(3)
(3)
(3, 2)
(6)
(22)
(22, 2)
(22)

REL
REL
REL
REL
REL
REL
REL
REL

LCL
LCL
LCcL
GBL
GBL
GBL
GBL
GBL

6-Apr-1981 15:
9~Feb=-1981 18:

SHR
SHR

EXE
NOEXE

03:18
15:38

RD NOWRT
RD NOWRT

VAX-=11 FORTRAN Vv2.0-2
_DBAO:[D11R.GCP]HSTAR.FOR; 10

LONG
LONG

NOSHR

NOEXE

RO

SHR
SHR
SHR
SHR
SHR

NOEXE
NOEXE
NOEXE
NOEXE
NOEXE

Address

7-00000278
2-00900048C

WRT QUAD
RD WRT LONG
RD WRT LONG
RD WRT LONG
RD WRT LONG
RD WRT LONG

Type Name

R*8 EDML
1=4 J

Address

i Bt 2

Type Name

7-0000028C Re+B8 EDVL
AP-000000048 [+4 K

Page ]
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HSTAR 6-Apr-1981 15:03:18 VAX-11 FORTRAN v2.0-2 Page 6
9-Feb-198% 18:15:38 _DBAO:[D11R.GCP]HSTAR.FOR: 10
‘ 3-00500580 Re«B POVS 352 (22, 2)
i 2-00000348 ReB PETBI] 72 (3, 3)
2-00000258 1+8 PEUS 240 (3, 10)
$-00000050 Re*8 PROFILE 320 (10, 4)
3-00000000 Re8 Px 176 (22)
3 3-00C00210 R+8 PXD 176 (22)
] 3-00000080 Re8 PY 176 (22)
3 3-000002C0 ReB PYD 176 (22)
] 3-00000160 R8 PZ 176 (22)
1 3-00000370 Re8 PZD 176 (22)
; 7-00000030 R+8 RGPS 288 (6, §)
‘ 7-00000208 Re8 RL 32 (2, 2)
7-000001A0 Re8 RS 64 (2, 2, 2)
6-000C0058 R+8 SF 24 (3)
4-00000020 R+8 SS 32 (2, 2)
4-00000180 FR*8 SSK 32 (2, 2)
5~0000C000 Re8 STATE 80 (10)
2-000003C8 Re*8 Tt 72 (3, 3)
2-00000410 Re8 T2 72 (3, 3)
2-00000000 ReB THI 72 (3, 3)
4-00000000 Re*8 TBNS 144 (3, 3, 2)
2-0000059C R+*8 TBS 72 (3, 3)
2-00000470 R+B TEMP 24 (3)
2-00000048 R+B TIB 72 (3, 3)
4-00000040 R+8 TNS 144 (3, 3, 2)
4-000001A0 ReB TNSK 144 (3, 3, 2}
2-000000F0 R+8 UB 24 (3)
5 2-00000108 Re8 UL 24 (3)
) 2-00000390 Re8 UylIP 24 (3)
¥ 2-00000008 Re® US 24 (3) j
% 6-00000040 Re+8 WD 24 (3)
LABELS
Address Labe | Address Labe! Address Label Address Labe) Address Labe! Address Label
e -] .e 10 e 20 e 25 (2] 30 e 40
. 100 L L] 110

FUNCTIONS AND SUBROUTINES REFERENCED

AMAT MAT AB MINV3 MTHSDASIN MTHSDCUS PMEAS SPETBI
Total Space Aliocated = 5853 Bytes f

COMMAND QUALIFIERS ‘

FORTRAN /LIST GCP,INDATA ,MATAB,OUTDATA,RUNG,DNAV ,EPHEM, TRUEA,SPRESS,0CCULT,GPERT ,GCPSEQ.VISIBLE +GENENV ,TREG,GYRQUT ,RATE ,BMAT , CMA

/CHECK = (NOBQUNDS ,OVERF LOW) ]
/OEBUGs (NOSYMBOL 'S, TRACEBACK ) %
/F7T  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE_CODE /CONTINUATIONSs19
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HSTAR

COMPILATION STATISTICS

Run Time: 2.72 seconds
Elapsed Time: 45.11 seconds
Page faults: 398

Oynamic Memory:? 160 pages

6-Apr-198t 15:03:18
9-Feb-1981 18:15:38

VAX=1t FORTRAN Vv2.0-2
_DBAO:[D11R.GCP]HSTAR.FOR; 10

T AT e

Page
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2.7.3 Make Measurement Updates (UPDATE)

A Carlson Square Root filter shall be used to estimate the spacecraft
attitude snd position. The filter calculates a new estimate for the state and
model parameters each time a measurement becomes available. The correction
depends on the difference between the actual measurement and the predicted
measurement and the value of the gain matrix computed from the covariance of
the measurement noise and the covariance of the state estimate. Every time
the state and model parameters are corrected by the filter, the covariance
matrix for the state and model parameters is also changed to reflect the
additional knowledge contained in the measurement.

A triangular formulation is used to avoid the possibility of a covariance
matrix which is not positive gsemi-definite and the resulting divergence of the
state estimate and failure of the recursive algorithm. The square root
formulation provides twice the effective numerical precision of Kalman's
original formulation and guarantees a poeitive definite covariance matrix.

The square root S of the covariance matrix P is defined by
p = §ST
The Cholesky method for calculating the square root of a matrix shall be used

to calculate the square root S of the covariance matrix P at each measurement
update. The equations which define the Cholesky method are

-

3 I
Syg = |Par - ) Su?|
=1+
i k=1+1
- . )
Sy1 = |Py1 - Y SySik |+ S117 2 3 = i-1,1
k=i+1
-

where

n = dimension of covariance matrix P.
Pij = element of P matrix.
Sij = element of S matrix.

The matrix S is upper triangular. The equation for the elements of S must be
evaluated with the initial index i®n. The index i is decremented by 1 until
the final value i®l is achieved. Evaluation in this order causes no
references to uncalculated elements of the § matrix.

The filter equations shall use the difference between the reference
measurement and the actual meaurement to update the state measurement. It
uses the current covariance matrix which represents the estimate uncertainties
in the estimated and considered parameters.
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The Carlson formulation does not treat "consider" paraneters. Therefore,
this formulation has been slightly modified to take non-estimated uncertain
model parameters into consideration. Very briefly stated, these modifications
simply require that the augmented state covariance (including the measurement
consider parameters) replace the spacecraft's position and velocity covariance
in Carlson's algorithm.

However, the state and state covariance of the measurement considetr param-
eters are not themselves affected. In this way, the uncertainties in the
measuremen* consider parameters propagate into the estimation of the space-
craft's position vector as if the consider parameters were an extension of the
solution vector, but stopping short of actually computing their corrections.

The classic Kalman formulation for a measurement update can be written in
three steps

pt = P - KGP
xt = X+K - dy
K = PGT(GPCT + r)-1

where the (+) supercripts denote the state or state covariance following the
measurement update,

P', the augmented state covariance matrix (algorithm NR-2)

-]
"

State vector (position and velocity, possibly augmented with the

»
]

moon's mean radius)

-
L]

Kalman gain matrix
G = G', the augmented observation matrix (see algorithm Nf-2)

r = Measurement '"noise" covariance matrix

dy = Observed minus computed measurement discrepancy vector.

We may express the state covariance matrix as the product of its square-
root matrix, S, which has the upper triangular form:

P = SST

With which we may write




Pt = 55T - ssT6T (rpeT + r)~! cssT

- sk - (s"cTes)/a] T ;

e

S8ince the Space Sextant measurement is scalar,

a = (GPGT + r)

is also scalar, obviating the need for a matrix inversion.

We observe tnat the square-root of P may be updated independently

st = s [1-e£%a) " %

where, as in Carlson's notation, we use f = ST GT

The essence of Carlson's algorithm is the technique for taking the
square-root of the bracketed quantity which is done without directy resorting
to the Cholesky decomposition.

With each measurement compute the square-root of the augmented state
covariance which has been integrated up to the time of the measurement

s = /5
where § has the upper triangular form by Cholesky's method. Compute the
column vector f TT

f=8¢G
where the segmented G matrix (see algorithm NO-2) is a (1 x n),

n =m (state variables + 1 (“consider" variables)

Compute the diagonal elements of the aD gnd CD matriccs:

a = r

° 2
ag = ay + fl i=1,n
a, = (a )5 Note that a= o

1 i-1/d, n

- i
Ci fil(ai_l.ai)
and the f* matrix

*
£ 70 4o n-i+1  _
£ f f . o 1 b
g = [Efyrfi 0 ] | i=2n

and form the square-root of the matrix
D * D
A=a - f ¢

T T

The updated squere-root state covariance matrix is thus
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3(") s SA
from which a fully reconstituted state covariance is computed in temporary
storage, including the pseudo-updated considered paramenters,

p w g gMT
Q

Tne actual updated state covariance is constructed from only those
elements of P_ which apply to the real estimation variables. The remaining
elements of p? (1 consider parameters) being unchanged.

+
p.tep 1=
8o eyl
+
Py = P°13} { = ml,n
A j=1,m
- P ta P { = o+l,n
13 TR i

The state vector itself is updated

P
s 3

’
»

+ b
where X =X+= dy
= § .o S -
b1 11 f1 + S12 f2 slj fj 3 l1,m
b2 = 822 fz + 823 f3 e S2j fj §=1,m
- i=1,m
b1 z Sij fj } j=lLm
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MAKE MEASULLMENT UPDATE VCLR DESCRIPTION

The following three pages constitute the VCLR for the module. The
following srea and data ilescriptions will prove helpful for following it.

Ares At

Cholesky Decompostior.

Finds the square root of the covariance matrix
3 and puts it into a one dimensional array (Reference:
3 Carlson, Neal A., "Fast Triangular Formation of
o the Square Root Filter," AIAA Journal)

Area B:

Upadate parameters with are specified to be estimated.
(Reference: Same as for Area A)

Area C:

Put single indexed arrays corresponding to square
roots of the covariance into double dimensional

arreys.
Area D:

Multiply double dimensional arrays to update covariance;
however, 4o not update covariance when neither the row

nor the column element was estimated.
Definition of data names necessary for understanding of VCLR.

= Maximum number of considered parameters
= Single dimensional square rcot of the covariance matrix
= Measurement noise variance
= Measurement partials array
PT = Array specifying if parameter is to be estimated
0= Considered only
1 = Estimated and considered
X = Array of paramete:s
PO = Two dimensional square root »f covariance matrix
PT = PO trauspose
PN = New covariance matrix
DZ = Actual-predictsd measurement

N
S
R
h
I




UPDATE VCLR {continued)

L = (RMHN)/2+1

II=1

DOWHILE II .LT. R+ 1

I = N-1I+1

LL = L-1

J =1

DOWHILE JJ .LT. I +1

J=1-3+1

L=L-1

T = PN(J,I)

1.EQ.N //? B

=1 A
LI = LL

NIMl = N -1 A
k=1

DOWHILE K .LT. NIMI + 1

LY =L + K

LI = LI + K

T = T-S(LJ)*sS(LI)

K=K+1

L. EQ.LL /é

A=9Q

T.1E.0 /6

' a =

A = 1,/SQRT(T)

JI=J3+1

IT1 = IT + 1

S(L) = T*A

T R Yy v Ny T,

Figure A-43

AR e i S esaiii i ans ¢ ke, Lo
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UPDATE VCLR  (contimued)

L=0
AL = R
1el

DOWHILE I .LT. K+ 1

T =0.
Kes 1l

DOWHILE K LT. I +1

LelL+1

T =T + S(L)M(K)
I) =T
E=K+1

I=1+1

L=0
I=1

DOWRILE I .LT. N + 1

BT = AL

AL = AL#F(I)*"2
GM = SQRT(AL'ST)
A = BT/GM

C = P(I)/M
J=1

DOWHILE J .LT. I +1

L=L+1

T = S(L)

S(L) = A=T-C¥B(J)
B(3) = B(J) + V(1)
J=J+1

I=1I+1

T=1

DOWRILE I .IT. K + 1

1PT(1) .EQ. O S

X(I) = X(I) < B(I)*DZ/AL

I=1+1

Figure A-43
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UPDATE VCLR (continued)

I=1

DOWHILE I .LT. N+ 1

J=1

DOWHILE J .LT. N +1

}\\ J .GT. L ///;

L=L+1

PT(X,J) = 0.

PT(I,J) = S(L)

PO(J,I) = PT(1,J)

J=J+1

I=I+1

- N

I1=1

DOWHILE I .LT. N+ 1

J=1

DOWHILE J .LT. N + 1
1\ IPT(I) .EQ. O .AND. i (J) .EQ. O /*

E f
T =0,
A

K=1

L
T

DOWHILE K .LT. N + 1

T = T + PO(L,K)*PT(K,J)

ol ol - K]
(=]

K=K+1

PN(1,J) = PR(J,7T) = T

J=J+1

I=1+1

Figure A-43
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8LC-V

00100
00200
00300
00400
00500
00600
03700
00700
00700
00700
00700
00700
00700
00800
00900
01000
01100
01200
01300
01400
01500
01600
01700
01800
01900
02000
02100
02200
02300
02400
02500
02600
00100
00200
00300
00400
00500
00600
00700
02700
00100
00200
00300
00400
00500
00600
00700
00800
00900
01000
01100
01200
01300
01400
015090
01600
01700

0001
0002
0003

0004
0005

+006
0007

Q008
0009

0010
00t1

0012

L I B R AN

L 2K BRI BN SR 2R ]

L 2R K B B B NE 2R BE BX R B BE BE NE K BR )

6-Apr—1981 15:04:095
7-Jan—1981 18:03:21

SUBROUTINE UPDATE(N,NS,X,PN,PO,H,R,DZ,IPT)

DIMENSIUN X(N),PN(N, N).PO(N N), H(N) xPT(N)
OIMENSION X(22),PN122,.22),P0(22,22),H(%2),1PT(22)
DIMENSION S(253).PT(22.22).F(22).8(22)

REAL*B A,AL,BT,C.CORREC,DZ,GM,R,T,8,F,H,PN,PO,PT,S X
INCLUDE 'GAIN,COM'

[$]

VAX=11 FCRTRAN v2.0-2
_DBAO:[D11R.GCFJUPDATE.FOR ;20

C
(o}
COMMON /GAIN/GAIN(22)
REAL*B GAIN
c
[
LR R L R e R L R T T TR
[+ THE FORMAL PARAMETERS ARE;
C N LARGEST NUMBER OF CONSIDERED PARAMETERS
[o NS NUMBER OF STATE PARAMETERS
C X ARRAYS OF ESTIMATED PARAMETERS
c PN NEw COVARIANCE MATRIX
C PO OLD COVARTANCE MATRIX
c H MEASUREMANT PARTIALS ARRAYS
c R MEASUREMENT NOISE VARIANCE
c 0z ACTUAL ~ PREDICTED MEASUREMENT DIFFERENCE
c FHIP STATE TRANSITION MATRIX
9 LEST ARRAYS SPECIFYING IF A PARAMETER IS TO BE
c ESTIMATED OR CONSIDERED ONLY
[«
c
c NOTE: PO AND PN ENTER WITH THE SAME VALUES AND PO
C IS DISTROYED BY INTERNAL PROCESSING.
C
(o R L T T P Ty Y 1Y

INCLUDE 'DEBUG.COM'
COMMON /DEBUG/ IENTER, IDEBUG

c
c USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL
c
c I NTER 1F 1, PRINTS WHEN ENTERS MOST SUBROUTINES
c 10EBUG 0-10, HIGHER NUMBER MEANS MQORE PRIN/
[
INCLUDE 'TIME.COM'
[
COMMON /TIME/ TIME,TNEXT,TSTOP,TIA,DEL,VIN,DTN,DATEO,TZERO
, TMEAS , TRACK,TIS, TISN,DTA,DATER, TPRINT ,DTPRINT
REAL‘B T IME, TNExr TSTOP, TlA DEL,TIN,DTN,DATEO,TMEAS, 1RACK TIS,
. TISN,DTA,TZERO,DATER, TPRINT,DTPRINT
c
c THESE ARE THE TIME REFERENCE FRAMES
[
c T IME ATOMIC TIME SINCE INITIALIZATION (SEC)
c TNEXT TIME FOR NEXT POSITION INTEGRATION (SEC)
c TSTOP RUN TERMINATION TIME (SEC)
c TIA ATTITUDE INTEGRATION TIME (SEC)
[ D.L . . STEP SIZE (SEC)
c TIN POSITION INTEGRATION TIME (SEC)
c DTN v . STEP SIZE (SEC)
c DATEC DATE OF FLIGHT EPOCH (uD)
[} DATER DATE OF 1950 EPOCH (JD)

e g N e

Page 1
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UPDATE

01800
01900
062000
02100
02200
02300
c2400
02500
02600
02800
02900
03000
03100
03200
03300
03400
03500
03600
03’00
03800
03900
04000
04100
04200
04300
04400
04500
04600
04700
£4800
04900
05000
05100
05200
05300
05400
05500
05600
05700
05800
05900
06000
06100
C6200
06300
06400
06500
06600
06700
06800
06900
07000
07100
07200
07300
07400
07500

0013
0014
0015
0016
0017
0018

0019
0020
0021
0022
0023
co24
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
003s
0036
0037
0038
0039
0040
0041
0042
0043
0044
004s
0045
¢o4a7
0048
0049
0050

0........

7-Jan-1yg1 18:03:21 _DBAO:[D!IR.GCP]UPDATE.FOR:?O

6-Apr-19g; 15:04:05 VAX=11 FORTRAN vV2.0-2
C TZERQ START TIME IN SECS. SINCE DATEQ
o TSLEW TIME NEEDED TO SLEW AND ACQUIRE (SEC)
C TIS REAL WORLD REFERENCE TIME (SEC)
C TISN TIME FOR NEXT Rw POSITION INTEGRATION (SEC)
C oTaA USUALLY + DEL BUT + TSLEW - TIA WHEN DEL
C TOO LARGE AT MEASUREMENT TIME
c TPRINT TIME FOR PRINT (SEC)
C DTPRINT INCREMENT ON TPRINT (SEC)
[
C‘“‘....‘..“.‘..‘..t‘.‘nO'..“‘tt‘tt0.“0“““...O...t.‘.“‘t‘.“'.‘..“’."
C CHOLESKY DECOMPOSITION S = SQRT(P)
C
[o CARLSON SQRT FORMULATION
C P = 557
C
c CHOLESKY DECOMPOSITION
< S = SQUARE ROQT OF p

C-“..ttt.ttttatctt-oo..ooo'nottta.ot..‘at..tt‘..tt.‘tt‘tt..t.tt“t‘.“.“.‘tt‘
IF(1ENTER .EQ. 1) WRITE(6,10)

10 FORMAT (' ENTERING UPDATE ')
IF(IDEBUG .GT. 1) WRITE(6,20)

20 FORMAT (' INPUT DATA ")
IF(IDEBUG .GT. 1) WRITE(6,21) N,NS,R,DZ

2 FGRMAT (' N= ', 13, NS= ',13,° R= ',E20.10,

. ' 0z= ',E20.19)

IF(1DEBUG .GT. 1) WRITE(6,122)

122 FORMAT (' X')

IF(IDEBUG .GT, 1) WRITE(6,22) (X(I),1=1,10)
IF(IDESUG .GT. 1) WRITE(6,123)
123 FORMAT ( ' PN')
IF(IDEBUG .GT. 1) WRITE(6.22)((PN(X.J).J-t,iO).I-:.iO)
IF(1DEBUG .GT. 1) WRITE(6,124)
124 FORMAT (' PO’ )
IF(IDEBUG .GT. 1) wnzrs(s.zz)((Po(l.u).unt.10).1-1.10)
IF(IDEBUG .GT. 1) WRITE(6,125)
128 FORMAT (' H')
IF(IDEBUG .GT. 1) wnlrE(s.zz)(H(t).x-l.io)
22 Fonmar(2x.5£20.10,/.7x.5520.10)
L 2 (N*N+N)/2+1
DO 80 I1=1,N
I = N~I]+1
LL = -9
D0 80 uy=t,t
J o» [=-yye
L = t-1
T = PN(JU,I)
IF(1.EQ.N) GO 1O 70
Ly =
Lr = LL
NIM1 = N=-y
DO 60 K=1,N{My
Ly = LJ+K
LI = LI+K
60 T = T-5(Ly)eS(LI)
70 IF{L.NE.LL) GO TO 80
= 0.

IF(T.LE.0.) GO 10 80
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{ LPDATE 6~-Apr=~1981 15:04:05 VAX=11 FORTRAN v2.0-2 Page 3
L 7-Jan-1981 18:03:21 _DBAO:[D11R.GCPJUPDATE.FOR:20
; 07600 0051 A = 1./SQRT(T)
q 07700 0052 80 S{L) = T*A
07800 [ COVARIANCE AND STATE UPDATE
07900 Cc S+ = SA
08000 0053 L =0
08100 0054 AL = R
- 08200 0055 DO 100 [=t,N
: 08300 0056 T = 0.
! 08400 0057 DO 9C K=1,]
- 06500 0058 L o= #
08600 nos9 90 T = T+S(L)*H(K)
| 08700 V060 100 F(1}) = 7
& 08800 0061 L =0
?' 08900 0062 DO 110 I=1,N
{000 0063 a(1) = 0.
: 09100 0064 8T = AL
3 09200 0065 AL = AL+F(]1)ee2
09300 0C66 GM = SQRT(AL*BT)
09400 0067 A = BT/GM
% 09500 0068 C = F(1)/GM
09600 0069 DQ 110 u=1,1
A 09700 0070 L = L+t
: 09800 0073 T = S(L)
09900 0072 S{L) = AsT-CeB(J) ¥
10000 0073 110 BfuU) = B(J)+TeF(I) i
? 10100 0074 DO 120 I=1,N !
re 10200 0079% IF(IPT(1).EQ.0) GO 1O 120 {
% 10300 0076 CORREC = B{I1)*DZ/AL ;
=~ 10400 0077 GAIN(1)=B(1) /AL | TEMPORARY TO LOOK AT GAIN - UJUACK 1o
10500 0078 X{1) = X{(1) + CORREC -
1064 » 0079 IF(IDEBUG.GT.1) WRITE(6,115) I,GAIN(1),CORREC
10700 0080 it5 FORMAT(® UPDATE GAiIN AND CORRECTION FOR ELEMENT ',12,' = ', ;
10800 . 2€E20.10) L
10900 0081 120 CONTINUE !
11000 COGOEL R PEEI TS SIS RROEt o442ttt adRtRORIRIEEPRERtLAIINBILEIRTNRRNRtIsRtES
11100 C TRANSFORM UPP R TRIANGULAR COVARIANCE MATRIX (S) INTO
11200 c CONVENTIONAL SQUARE MATRIX (PN)
11300 C‘ttt.‘oto.tttt“‘t‘t‘oo.-otct“t.“‘.t...‘..tt.“lo.tt“t.tt.‘ott...‘t...“.t‘
11400 0032 L =0
11500 COUCENee s e0esatts st ssteteas v itesssstsdestadisssds sttt stentesststsnsntsnsesns
11600 Cc PUT SINGLE ARRAY S INTO DOUBLE ARRAYS PO AND PT WHERE
11700 [ PT IS THE TRANSPOSE
11800 COrPtORICEILICLIENIERR LIS ISa RN EA S04 000EPENCENE PRI ERNOIPEE ISttt ssddnnitnts
11900 0083 DO 160 1=1,N
12000 0084 DO 160 J=1,N ;
12100 0085 IF(J.GT.1) GO TO 150 :
12200 0086 L = L+t '
12300 0087 PT(1,d) = S(L) b
12409 0088 GO 10 160 o
12500 0089 150 PT(I,J) = O. ’
12600 0090 160 PO(J.1) = PT(1,V) ;
12700 C.“..‘tt..‘."t.t‘.totoc.ott.l.‘t..‘...‘..““‘.tt..‘.‘..“‘.‘tt..t‘.t“.tt‘..
12800 c MULTIPLY SST TO GET PN, DO NOT UPDATE THE COVARIANCE
12900 C WHERE THE ROWS AND COLUMNS CROSS
13000 Cee0ess0300¢00 008ttt s IsesstrstenttsttedtttOsetsitasd ittt tntiasitsnstsnissnssse
1310d 0091 DO 190 Is1,N
13200 0092 DO 180 JUs=I,N
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f UPDA '~ 6-Apr=1981 15:04:05 VAX=11 FORTRAN v2.0-2 Page 4 }
n 7-Jan-1981 18:03:21 ~DBAO: [D11R.GCPJUPDATE.FOR; 20 3
131300 0093 IF(IPT(1).€EQ.0.AND.IPT(J).EQ.0) GO TO 190 ‘
13400 0094 T = 0. ‘
13500 0095 DO 170 K=1,N
13600 0096 170 T = T+PO(I,K)ePT(K,y)
13700 0097 PN(J,1) = T ‘
13800 co98 180 PN(I,J) = T i
13900 0099 190 CONTINUE
14000 0100 RETURN
14100 0101 END ;
PROGRAM SECT IONS
Name Bytes Attributes
0 S$CaDE 1447 PIC CON REL tCL SHR EXE RD NOWRT LONG
! SPOATA 224 PIC CON REL LCL SHR NOEXE RD NOWRT LONG
2 SLOCAL 6456 PIC CON REL LCL NOSHR NOEXE RD WRT QUAD
3 GAIN 176 PIC OVR REL GBL SHR NOEXE RD WRT LONG ‘
4 DEBUG 8 PIC OVR REL GBL SHR NOEXE RD WRT LONC
S TImMe 136 PIC OVR REL GBL SHR NOEXE RD WRT LONG ‘
11‘
ENTRY POINTS i
Address Type Name :
j’_ 0-00000000 UPDATE :
e o}
VARIABLES :
Address Type Name Address Type Name Address Type Name Address Type Name
2-00001868 R*B A 2-00001870 Re8 AL 2~-00001878 R+*8 8T 2-00001880 R+*8 ¢
2-00001898 Re8 CORREC 5-00000038 R+*8 DATEO 5-00000070 R*8 DATER 5-00000020 R+*8 DEL
5-00000068 Re8 DTA 5-00000030 R+*8 DTN 5-00000080 R*8 DTPRINT AP-000000208 R*B D2z
2-00001890 Re¢8 GM 2-000018A0 1#4 | 4-00000004 [I+4 [DEBUG 4-0000C000 1+4 JENTER j
4 2-000018AC 14 Il 2-000018A4 1+4 2-000018B4 1*q gy 2-000018C4 1«4 K |
f 2-000018A8 14 | 2-0000188C 1+4 LI 2-0000188B8 1*4 Ly 2-C00018B0 I+4 LL :
‘ AP-00000004@ ¢4 N 2-000018CO0 14 NiM1 AP-00000008@ 1*4 NS AP-0000001C® R+3 R ’
2-00001898 Re*8 T 5-00000018 R+*8 TIA $-00000000 R*8 TIME 5-00000028 R=*B TIN
5-00000058 R+*8 TIS 5-00000060 R*8 TSN 5-00000048 R*B TMEAS 5-00000008 R*8 TNEXT
5-00000078 R*B TPRINT $-00000050 R*8 TRACK 5-00000010 Re8 TSTQP 5-00000040 R*8 TZERO
id
1 ARRAYS !
i Address Type Name Bytes Dimensions
)
B 2-000017B8 Re+8 8 176  (22)
L 2-00001708 R+C F 176 (22)
3-00000000 R*B GAIN 176  (22)
AP-00000013@ R*8 176 (22)
AP-00000024% I+4 IPT 88 (22)

B o N N T NP
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UPDATE 6-Apr=1981 15:04:05 VAX=11 FORTRAN v2.0-2 Page S
7-Jan-1981 18:03:21% _08A0=[D!lR.GCP]UPDATE.FOR:?O !
AP-00000010@® R+8 PN 3s72 (22, 22)
AP-00000014@® R*8 PO 3872 (22, 22)
1 2-000007€E8 R*8 FT 3872 (22, 22)
2-00000000 Re*B S 2024 (253)
! AP-0000000C® R*8 X 176 (22)
LABELS
Address Labe! Address Labe! Address Label Address Label Address Label Address Label
£ t-00000000 10°' 1-0000001A 20' 1-00000035 21°' 1-00000095 22°' s 60 0-000002E4 70 i
0-00000300 80 . 90 . 100 LR 110 1~000000A5 115' 0-00000490 120
1-0000006A 122 1-00000075 123' 1-00000080 124' 1=-00000088 125° 0-000004D6 150 0-000004E3 160
.e 170 . 180 0-00000590 190
FUNCTIONS AND SUBROUTINES REFERENCED

MTHSDSQRT
Total Space Allocated = 8447 Bytes

COMMAND QUALIFIERS

FORTRAN /LIST GCP.INDATA.MATAB.OUTDlTA.RUNG.DNAV.EPHEI.TRUEA,SPRESS.OCCULT.GPERT-GCPSEQ.VIS!BLE.GENENV.TREG.GVRDUT.RATE.B.‘T,CIA
/CHECK={NOBOUNDS ,OVERF LOW)

/DEBUG= (NOSYMBOL S, TRAC EBACK)
7FT7 /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE CODE /CONTINUATIONS=19

COMPILATION STATISTICS

Run Time: 4,7% seconds
Elapsed Time: 86.74 seconds
Page Faults: 386

Dynamic Memory: 160 pages
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2.8.0 PRINT PERFORMACE DATA (OUTDATA)

The purpose of this wodule is to prepare and print output data pertaining
to each attitude and navigation time and measurement update.

The Print Performance Module is straightforward as described in the VCLR
shown in Figure A-44 . However, one portion which needs explanation, is
the section involving the T44 transformation matrix. This is explained below.

The error in the quaternion is found through the equation:

*
€ =R F

where

£ = error in the quaternion

R real world quaternion

F

filter (or predicted) quaternion

This corresponds intuitively to "subtracting" the predicted values of the
quaternion from the real world values.l

The covariance matrix associated with the error quaternion is
calculated by

T
fo [t [ [7ed
where %: =uncertainty in rotation about each axis

T44 = transition matrix

Pr = filter covariance

The T44 matrix is found by taking the partials of € with respect to each
component of the real world quaternion.

1 An alternate equation, ¢ ™ F* R could have been used. However, this
equation is slightly less intuitive and was not chosen for this reason. It
should be noted that these two equations yield slightly different results due
to the fact that quaternion multiplication is not commutitive.
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It should be noted that

R-F =T R
€ T T ab

Therefore, T44 can be used both to find the uncertainty in the rotation
about each axis ( Pe) and the error in the actual vs predicted value of the
quaternion.

Next, the uncertainty in the error quaternion ¢ is transformed to an
uncertainty about each axis as follows:

o 0 0 2 o 0 o
p= o 0 2 of P fo 0 2
0 2 0 o_l 2 0 0

1 Peas Peaz Fey

=4 Py, Pegy Pegy

Pey, Pepg Py

The standard ceviations of the uncertainty about each axis are the square
roots of the appropriate diagonal elements of the P matrix. The RSS of these
standard deviations is both printed and plotted.
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OUTDATA VCLR

POST-FLIGHT OPERATION

INITIALIZE REAL WORLD QUATERNIANS

DETERMINE REAL WORLD POSITION AND VELOCITY

NULL

T TIME FOR PRINT

INCREMENT PRINT TIME

PRINT HEADER, MEASUREMENT TYPE, ACTUAL AND FILTER STATES

COMPUTE Tyq

COMPUTE ERROR STATE

PRINT ERROR STATE

ICALL = 0

PRINT EARTH, MOON, AND STAR VECTORS

T ; MEASUREMENT FOR ATTITUDE REFERENCE

NULL CCMPUTE AND PRINT NAV. STANDARD DEV.

NULL

COMPUTE AND PRINT ATTITUDE STANDARD DEVIATION

PRINT STATE COVARIANCE

PRINT ERROR PARAMFTERS

PRINT STATE TRANSITION MATRIX

NULL

WRITE PLOT FTLE

Figure A-44
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00100
00200
00300
00463
015¢C0
00600
0u709
ceecd
00100
00200
00300
00400
00500
00600
00700
00900
01v00
01000
01000
Q01000
01000
01000
01000
01000
01000
01000
01000
01000
01100
0100
01100
01100
01100
01100
01100
01100
01100
01100
01100
01100
01200
01200
01200
01200
01200
01200
01200
01200
01290
01200
01200
01200
01200
01200
01200
01200
01200

00C1

0002
0003

1L}

0005
0006
eon?

0008
0009

009
0011

0012

P B R 2R 4

2@ 20 20 00 88

.........0....0.0

10-Apr-1981 11:48:20
$0-Apr—-1981 11:46:57

SUBROUTI NE QUTDATA(ICALL)

c
C FORMAL PARAMETERS
C ICALL * OUTPUT PRINT {NDICATOR
C O INDICATES CALLED AFTER A MEASUREMENT
C 1 INOICATES CALLED AFTER PROPAGATION
c
INCLUDE 'DEBUG.COM’
COMMON / OCBUG/ [ENTER, 1DEBUG
C
[ USER CONTRQLLED PARAM:TERS TO VARY DEBUG PRINT LEVEL
C
C I NTER 1F 1, PRINTS WHEN ENTERS MOST SUBROUTINES
C 1DEBUG 0-10, HIGHER NUMBER MEANS MORE PRINT
c

INCLUDE 'RESIDUALS COM’

c\.ﬁ.‘.................O..."...O...‘O.‘..‘.......OO..“...Q.‘..C.“...

C .
Co =~ RIS IDUALS .COM CONTAIN> THE RESIDUALS VALUES FOR THE GPS. .
C=-= LANUCMARK TRACKER, AND STAR TRACKER MEASUREMENTS .
c [ ]

Cesocees 2088t 80008 S OO S .'tt.'...“‘..-...............Otto..‘..“....

COMMON /RESIDUALS/DZNLM.DZVLI.DZNST\.DZVSIt.DZN572.01v512.
. DIMGPS(6)
REAL*O DZHL..DZVL”qDZNST'.OZVST‘.olNSTz.DZVS'?.D!‘GPS

C
INCLUDE 'CONTRL.COW®
COMMON /CONT#L/ mop, TINT
REAL®S TINT
C
C PROGRAM CONTROL DESCRIPTORS FOR MULTIPLE RUNS
[
C _ald MODE OF OPERATION
C 1 = PREFLIGHT SIMULATIAN
c 2 = POSTFLIGHT SIMULATION
[ 3 = MONTE CARLO SIMULATION
c TINT NUMBER OF SECONDS OF FULL OPERATION PER CYCLE
C
INCLUDE 'RVEC.COM'
COMMON /RVEC/ R(J).RV‘3)-90(3).RS-(3).RSO(3).QSS(3).SB(3)
. .°‘.ﬁ2.ﬂJ.RSMA,RTG(3)
REAL*S l.RI.RO.RSZ.RSO.NSS.SB.RA.R2.R3,RSUA,RTG
<
c THESE ~RE RADIUS VECTORS IN EC1 ANO BODY COORDINATES
c
C R EART INTER TO S/C - ECi (XM)
C AM - . MOON - ECI (XM)
C RO - . SUN -~ EC1 (KM)
[+ nsM SPACECRAFT TO MOON - ECL (xM)
C RSO - SUN - ECI (nM)
C R3S EARTH CENTER TO STAR - ECI
c RA ABSOLUTE OF VECTOR R (nm)
[~ R2 SQUARE OF RA (KM 2)
C RJ CUBE OF RA (km 3)
C RSMA ABSOLUTE OF ASM (KM)
c

VAX-11 FORTRAN V2.0-2
_Dnno:(oa1n.ccvlouroArA.ron:54

Page

1




RE -V

OCUTDATA

01200
01300
01300
01300
01300
01300
01300
01300
01300
01100
01300
01320
0:400
01400
01400
01400
01400
01400
01400
01400
01400
014720
01400
01400
01400
01400
01500
01500
01500
01500
01500
01500
01500
01500
01500
01500
01500
01500
£1500
01600
016Gy
01600
0100
1600
{500
v1600
01600
01600
01600
01€£00
01600
01600
20100
00200
00300
00400
00300

0013
0014
co1S

0018

0017
0019

0019
0020
0021
0022

0023

0024
<025

0028
0027

0028

e

® 00 0 00 01 Yoo ® 0 5 0500 000 0

2 0 8500080509000

DON/NNOANONO

n boooooon

ONOOANOHEEMHNO

0 00000 NKOOO

$10-Apr-19@8t 11:48:20
10-Apr-1901 11:46:57

LiCLUDE ‘'ENVIR.COM'
COMMON /ENVIR/ STATE(:0),PROFILE(10,4),INIT
REAL*B STATE,PROFILE
REAL WORLD STATE PARAMETERS
STATE STATE VALUES; X,Y,2,X0,YD,20,.E0,E1,E2,.E3
PROFILE ATTITUDE PROFILE-TIME (SEC) VS
INERTIAL ANGULAR RATES (RAD/SEC)

INIT INTEGRATION IMITIALIZATION KEY (~1)

INC!UDE 'ASTATE.COM'

COMMON /ASTATE/ OE(4).E(4),wD(3),SF(3},D(3),DD(3}
REAL*8 DE,E.WD,5F,D,00

ATYITUDE STATE AND CONSIDERED PARAMETERS

0. DIFERENTIAL OF QUATERNIONS

t QUATERNIONS

w0 GYRD DRIFT RATE (RAD/SEC)

SF GYRO SCALE FACTOR

D GYRO NON-ORTHOGANALITY (RAD)

oo GYPO RELATIVE ORIENTATION (RAD)

INCLUDE °'TARGETS.COM'

CIMMGN /TARGETS/ MTYPE,IS,NS,JFLAG,BCODE,PT, TPI
LOGICAL JFLAG

REAL*® P1,TPI

MEASUR MENT SPECIFICATIONS

MTYPE MEASUREMENT TYPE

JELAG SET FCR STAR OBSTRUCTION

ACIDE . ®  MEASUREMENT PIOCESSING
23 4 Pl

Tl 2¢P]1

INCLUDE 'NSTATE.COM'

CONMON /NSTATZ/ Xi}i; .X(6),RADM, RADE
REAL*8 XD ,K,RalV .7 ADL

POSIT N STATE AND CONSIDERED PATAMETERS

XD STATE DERIVATIVES (KM/SEC AND KM/SEC/SEC)
x STATE POSITION PARAMETERS (XM AND KM/SEC)
RADM RADIUS OF THE »OON (XM}

RADE EARTH DEECTABLE RADIUS (M)

INCLUCE 'PMIA.COM'

CUMNCN /PHIA/ PA(&.4).TA(4,12),PDA(4.16),PHIA(18,16),
. COVA( 16,15} ,POA(16,16) ,QmM.K

REALeS PA,TA,PDA,PHIA,COVA,POA,QNAX

THESE ARE THE ATTIVUOL TRANSITION AND TOVARIANCE MATRICES

Ry oy e dic o g b MR e e il g i M

ol

VARX=11 FORTRAN v2.0-2
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OUTDATA

00600
00700
00800
00900
01000
01100
01200
01300
O\ 01400
- 01700 0029
' 01800 0030
01800
-\( 01800 0031
01800
01800
01800
01800
01800
01800
[ 01800
{ 01800
01800
01800 0032
01900
01900 0033
01900
01900 0034
01900
01900
61900
01900
01900
01900
01900
01900 0035
00100
00200. 0038
00300
00400 0037
00500
00600
00700
00800
) 609n0
1 c1000
3 01100
01200
01300
01400
01500
01600
01700
21800
01900
02000
02100
02200

LK I JE B KR Y Y 3
(2K sl e NeNs N oo No¥e

LR 2R 2R BN BN BN BE B N N

O 000000000

68Z-V

LR B BK B BE BE 3 BF B WY 3

O 0000000

LR R R 2R 25 2K R BN 2R IR BN BN RN Y Sy

OO0 OOO0000O0

o g b E e

.

10-Apr-1981 11:48:20 VAX-11 FORTRAN Vv2.0-2
10-Apr-1981 11:46:57 ~DBAO:[D11R.GCP]OUTDATA. FOR;54

PA ATTITUDE STATE TRANSITION MATRIX
TA " PARAMETER TRANSITION MATRIX

PDA " OERIVATIVE OF TRANSITION MATRICES
PHIA . AGGREGATE TRANSITION MATRIX

COva " NEW COVARTANCE MATRIX

POA " PREVIOUS COVARIANCE MATRIX

QMAX . COVARIANCE NORM MaX

INCLUDE 'PHIN. COM'

COMMON /PHIN/ PN(6,6),PON({6,6),PHIN(6,6),COVN(6,6),
PON(6,6)

REAL*B PN,PDN, PHIN,COVN, PON

THESE ARE THE NAVIGATION TRANSITION AND COVARIANCE ARRAYS

PN POSITION STATE TRANSITION MATRIX

PDN " DERIVATIVE OF TRANSITION MATRIX
PHIN . AGGREGATE TRANSITION MATRIX
COVN " NEW COVARIANCE MATRIX

PON " PREVIOUS COVARIANCE MATRIX

INCLUDE 'ARRAYS.COM'

COMMON /ARRAYS / Tl(3).72(3).T3(3).74(10).T11(3.3).T33(3.3)
+744(4.3),766(6,6),T77(6,6),T5(4),T6(a),T7(4)

REAL+8 T1,T72,73,74,711,733,744,766,777,15,16,17

THESE ARE TEMPORARY STORAGE ARRAYS FOR USE BY ALL MODULES

T - 14 SINGLE DIMENSION ARRAYS
Tl - 177 DUAL DIMENSIONED ARRAYS
T4 DUAL ARRAY; OFF DIAGIONAL SET TO ZERO

INCLUDE 'TIME.COM'

COMMON /TIME/ TIME, TNEXT,TSTOP,T1A,DEL,TIN,DTN,DATEQ, TZERO
+ TMEAS , TRACK, TIS, TISN,DTA,DATER, TPRINT,DTPRINT
REAL+*8 TIME.TNEXT.TSTOP,TIA.DEL.TIN,DTN.DATEO.TMEAS.TRACK.YIS.
TISN,DTA,TZERQ,DATER,TPRINT ,DTPRIKT

THESE ARE THE TIME REFERENCE FRAMES

TIME ATOMIC TIME SINCE INITIALIZATION (SEC)
TNEXT TIME FOR NEXT POSITION INTEGRATION (SEC)
TSTOP RUN TERMINATION TIME (SEC)

TIA ATTITUDE INTEGRATION TIME (3EC)

D.L " " STEP SIZE (SEC)

TIN POSITION INTEGRATION TIME (SEC)

DTN " " STEP SI1ZE (SEC)
DATEO DATE OF FLIGHT EPOCH (JD)

DATER DATE OF 1950 EPOCH (JD)

TZERO START TIME IN SECS. SINCE DATEQ

TSLEW TIME NEEDED TO SLEW AND ACQUIRE (SEC)
TIS REAL WORLD REFERENCE TIME (SEC)

TISN TIME FOR NEXT RW POSITION INTEGRATION (SEC)

DTA USUALLY + DEL BUT + TSLEW =~ TIA WHEN DEL

Page 3




062~V

CGYTDATA

02300
02400
02500
02600
{2000
02100
02100
02100
02100
02100
02100
02100
02100
02100
02100
02100
02100
02200
02200
02200
02200
02200
0200
02200
02200
02200
02200
02300
02300
02300
02300
02300
02300
02300
02300
02300
02300
02300
02300
02300
02300
02300
02300
00100
00200
00300
00400
00500
00600
02400
00100
00200
00300
00400
00500
00600
00700

0038

0039
0040

0041

0042
0043

0044
0045

0046

0047
0048
0049

0050
0051

0052

L I IR N

® 8 88 8O RSO

2 % & 8 B & B BN

PSS I 2K SERE R IR B BE B AN J

aN s e e
o000 0A0OOOOOO00OO0

L3R 3K AR BN 2R N 4

000

0O 000N O0OO a o000

[sXzXsXsK2Kgl

10-Anr=1o8lt 11: 1120
10-Apr=1981 11::15:57

'CcO LARGE AT MEASUREMENT TIME
TPRINT TIME FOR PRINT (SEC)
DTPRINT INCREMENT ON TPRINT (SEC)
INCLUDE 'uUPDT. COM'

COMMON /UPDT/ QN(6).QA(16),9(6,6),Q00T(6,6)
REAL*8 QN,QA.Q.QDOT

STATE STIMAT.ON PARAMETERS

QN NAV. DYN. NOISE COVARIANCE DIAGONAL

QA MIN. VALUES FOR ATT. COVARIANCE DIAGONAL
Q CONTRIBUTION TO NAV, COV. FOR DfN. NOISE
QooT DIFFERENTIAL OF @

INCLUDE 'PLOT.COM'

COMMON /PLOT/ TPI1,TP2
REAL*8 TP1,TP2

PLOTING INFORMATION

TPt LOWER ASSCISSA VALUE - TIME (MIN)
TP2 UPPER - . "

INCLUDE 'COMPQSIT.COM'

COMMON /COMPOSIT/ PH1(22.22).07(22.22).COV(22.22),PD(22.22).
IP(22),XT(22),P(22,22)

REAL*8 PH1,QT,COV,PO, XT,P

PHI = COMPOSIT STATE TRANSITION MATRIX

QT = . PROCESS NOISE ARRAY

cov = NEWEST COVARIANCE ARRAY

PO = OLD COVARIANCE ARRAY

1P = ARRAY OF FLAGS INDICATING ESTIMATED AND
CONSIDERED PARAMETERS

xT = COMPOSIT ESTIMATED PLUS CONSIDERED
STATE VECTOR

P = INITIALIZED TRANSITION MATRIX FOR NEXY
INTREVAL

INCLUDE 'TITL..COM’
COMMON /TITLE/ ATITLE(40)
LOGICAL*t ATITLE

ATITL. IS THE TITLE PRINTED AT EACH PRINT TIME
AS WELL AS THE TOP OF EACM PLOT

INCLUDE 'LMTPAR.COM'

COMMON /LMTPAR/ AL.LON.LAT.TBNL(S.S).TNL(G.S).BL(Z).SL(Z).
BKL(2).SKL(2).TNLK(3.3).7150(3.3).SIGGCP.THET

REAL+*B AL.TBNL.TNL.BL.SL.BKL.SKL.TNLK.T!EO.SIGGCP.LAT.LON.
THET

LANDMARK TRACKER PARAMETERS

B ot

VAK=-tY F oIRan .00
_DBAO:[D11R.GC LT DATALFL- R4
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lod-V

OQUTDAT A

00800
05900
01000
01100
01200
01300
01400
01500
01600
01700
01800
01900
02000
02100
02200
02300
c2400
02500
02500
02600
02700
02800
€2900
03000
03100
03200
03300
03400
03500
03600
03700
03800
03900
04000
04100
04200
04300
0440¢
04500
04600
04700
04800
04900
05060
05100
05200
05300
05400
055090
05600
05700
05800
05900
06000
06100
06200
06300

0053
0054
0055
0056

0057

0058
0059
0060
0061
0062
0063
0064
0065

0068
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0977
Gu78
0079
0080
0081

L3N BN BN BN BN B BE BN BN BE BN NN NN N N N WY )

OO0 O0

10-4pr-1981 311:48:20
10~-Apr-1981 11:46:57

AL
LON
LAT
TBNL

TNL

BL
SL
BrL
THET
SKL
TIEQ

TNLK
SIGGCP

see JCALL = 1
eee ICALL = O

T IME

ALTITUDE OF LANDMARK (XM,

LONMGITUDE OF LANDMARK (DEG,

LATITLDE OF LANDMAPX (DEG)

ORIEMTATION ARRAY FOR LANDMARK TRACKER
NOMINAL YO BOOY

MISALIGNMENT ARRAY = ACT JAL
TRACKER TO NOMINAL

BiAS -~ ATTUAL (RAD)

MOISE STANDARD DEVIATION - ACTUAL fRAD)

B1aS - KNOWLEDGE (RAD)

LOOK ANGLE (RAD)

NO.SE STAMDARD DEVIATION -KNOWLEDGE (RAD)

INITIAL EARTH FIXED TO INERTIAL
TRANSFORMAT I ON

MISALIGNMENT ARRAY KNOWLEDGE
TRACKER TO NOMINAL

POSITION UNCERTAINTY OUE TO CLOUDS

UPDATE
M ASUREMENT UPDATE

DIMENSION T44T(4,4) PATT(4,4),PAT(4,4)
DIMENSION AT(3,3).51(4)

OIMENSION DSTATY (10,
REAL*S8 DELTAT.DZ.EATT.PATTF,PNAVF.PTXHE.T“LASY.TPUNCN.AT.DSTATE,

PAT,PATT,ST,T44T ,ENAV

DATA TMLAST /0./

VAX-11 FORTRAN v2.0-2
_DBAO:[D11R.GCP]OUTDATA. FOR ;54

Cooseesnsssenss .0.'..0‘...'l0o...‘...‘t.....‘.......‘..‘..O‘..O".....‘...O..“.

C CALL AEROSPACE ROUTINE TO GET REAL WORLD ATTITUDE {TEMPORARY )

C..oootaono.tcoo...‘oooo‘ootoo‘o.tooto".o..o.t.'.t...‘..oo.‘.t‘o..o‘..“.o‘...

IF (MOP.NE.2) GO TO 10

STATE(7) = ST(4)
STATE(B) = ST(1)
STATE(9) = ST(2)

STATE(10) = ST(3)

IF (TIME.GT..00001

INITI==1
GO TO 10

GO TO 13

C-‘..‘t..t.‘.t.....‘.l‘t'.ll‘..‘.'..t...‘....“....‘.“..“O.....“.“.........
C DETERMINE REAL WORLD POSITION AND VELOCITY
c.o..oooouoo-.o-oocctocoo-o-c'-oonooo."....ooo‘.‘tttono!‘..t.t...‘t.“‘t‘."..
13 DELTAYT = TIME - TMLAST

If (DELTAT.LT..00001') GO TO 10

CALL RUNG(IMNITY,STATE,DSTATE, TMLAST,DELTAT)

TMLAST = TIME
10 IF(TIME .LT,

TPRINT) GO TO 220

WRITE(6,5)(ATITLE(L),I=1,40)
5 FORMAT (1H1,//,4%,40A1)

WRITE(G.14) TIM

14 FORMAT(//,SX,7HT (ME
GO TO (150,160,170,180),MCODE

WRITE(6, 145)
GO 10 15

= ,F9.3)

145 FORMAT(/,5X,14HNO MEASUREMENT)

150 WRITE(6,155)

WRITE(6,1158) THET
FORMAT (/,5K, ' LOOK ANGLE = ',E15.7)

1158

Page
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1 OUTDATA 10-Apr—=13981 11:48:20

| VAX=11 FORTRAN Vv2.0-2 Page
' 10-Apr=1981 11:46:57

-DBAO:[D11R.GCPJOUTDATA.FOR ;54

TR Ry TR, ARSI

06400 0082 WRITE(6,1156) LON, LAT,AL

=T

06500 0083 1156 FORMAT (/,5X, 'LON,LAT AL = ',3(3X,E15.7))
3 06600 0084 GO 10 15
5 06700 0085 156 FORMAT(/ ,5X ,44HLANDMARK TRACKER MEASUREMENTS HAVE BEEN MADE)
P 06800 0086 160 WRITE(6,165) ‘
; 06300 0087 GO T0 15 i
07000 o088 165 FORMAT(/ ,5%X.31HGPS MEASUREMENTS HAVE BEEN MADE)
07100 0089 170 WRITE(6,175)
Q7200 0090 GO Y0 15
07300 0091 175 FORMAT{/,S5X,41HSTARTRACKER 1 MEASUREMENTS HAVE BEEN MADE)
07400 0092 180 WRITE(6,185)
07500 0093 t89% FORMAT(/ ,5X,41 HSTARTRACKER 2 MEASUREMENTS HAVE BEEN MADE)
07600 0094 15 WRITE(6,18) STATE,X,E
07700 0095 18 FORMAT(//SX,50HACTUAL/FILTER STATES == X,¥,2,XD,¥D,ZD,E0,E1,E2,E3
07800 . 72(2%,3E14.7,7 .12.4/)) ‘
07900 0096 220 CONTINUE
08000 0097 T44(1,1) = STAT (7)
08100 0098 T44(2,2) = STAT_(7)
08200 0099 T44(3,3) = STAT (7)
08300 0100 T44(4,4) = STAT ./7)
08400 0101 v44,2,1) = -STATE(S)
08500 0102 T44(3,4) = ~STATE(S)
08600 0103 Ta44(1,2) = STAT (8)
08760 0104 T44(4,3) = STAT (8)
08800 010S T44(3,1) = ~STATE(9) 5
08900 0106 144(4,2) = =STATE(9) ]
09000 2107 T44(1,3) = STAT (9) i
> 09100 0108 T44(2,4) = STAT _ (9) :
i; 09200 0109 T44(4,1) = ~STATE(10) ]
£ 09300 o110 T44(2,3) = ~STATE(1Q) ;
™ 09400 0134 T44(1,4) = STAT (10) ’1
09500 0112 T44(3,2) = STAT (10) 4
09500 CUESSRSL 2245 422 LR EI 2N SXSSERINEINIOEIOIPSPEREINENSSRIIESENINOREISOPNEOESS j
09700 C PERFORM QUATERNION MULTIPLY E
09800 C EPS=(FILTERQUATERNIUN}*{REALWORLDQUATERNIONSTAR) :
09900 CRIIUBB PSS I EISSP AP E 2R+ 4840300020080 00QNERCIRRUIERO RGOSR SEINESIIIBEBNESS !
10000 0113 CALL MATABITA4, ,T4(7),4,4,1)
10100 CROMBPSI ML ARSI S A3 2004320308800 408000Q00E00RS20R0R LSRN INEPOOINEtRstneS
10200 [ MTYPE = 1 FOR NAVIGATION
10300 C 2 FOR ATTITUDE REFERENCE
10400 [+ 3 FOR CALIBRATION
10500 Cc 4 FOR CRUISE FLIGHT
10600 Cre0000 0008250800880 4820xa et Atttttttdtdigssdstetsttissentiesttssussitsntnsse
t 10700 o114 DO 20 I=1,6
g 10800 0115 20 T4(1l) = STATE(I)-XI])
10900 0116 IF(TIME .LT. TPARINT) GO TO 120
11000 0117 TPRINT=TPRINT+DTPRINT
11100 0118 30 WRITE(6,40) T4
11200 o119 a0 FORMAT(5X,1BHSTATE ERROR VECTOR/2X,3E14.7,TE12.4,/)
11300 COHOIBBS S S+ 0 S8R R 4228444398402 64000080RPEESRSERBEIRISIROIEERENSIES
' 11400 [+ WRITE DUT DATA FOR PLOYTING ROUTINES
2 11500 CREEPEP2 420540 0PEPIBHB 24X SANIESRCLENCEOBSIIPERCOESER RIS ERSRIRESERS
: 11600 0120 IF{ICALL.EQ.0) WRITE(6,115) RM, RO, RSS
11700 o124 1185 FORMAT(4X,' EARTH TO MOON ',7X,3E22.14,/,4X,
11800 . ' EARTH TO SUN ',7X,3E22.14,/,4X,
11900 « ' UNIT VECTOR TO STAR ',3E22.14)

12000 0122 IF (MTYPE.EQ.2.AND.ICALL.EQ.0) GO TO 70




teo-v

QUTDATA

12100
12200
12300
12400
12500
12600
12700
12800
12900
13000
13100
13200
13300
12400
13500
13600
13700
13800
13900
14000
14100
14200
14300
14400
14500
14600
14700
14800
14909
15000
15100
15200
15300
15400
15500
15600
15700
15800
15900
16000
16100
16200
16300
16400
16500
16600
16700
16800
16900
17000
17100
17200
17300
17400
17500
17600
1770v

0123
0124
0125
G128
0127
0128
0129
0130
0131

0132
0133
0134
0135
0136
o137
0138
0139
G140
ot4a1

0142
0143
0144
2145
0148
0147
0148
0149
0150
0151

0152
0153
0154
0155
0156
0157
0158
0159
0160

0161
01862
0167
0162
0165
0166
0167
0168
0169
0170
0171
2172

50
(1

70

20
100
992

103
105

106

107
108
109

"o

13

Ceosos0pnssospseens

c
c
c

10-Apr-1981 11:48:20
10~Apr=1981 11:46:57

PNAVF=z SQRT(COV(1,1)+COV(2,2:+C0V(3,3))
DO 50 1=14,3
TH(I) = SQRT{COV(I.1))
WRITE(6,60) TIN,T1,PNAVF
FORMAT(/ ,5%,29HNAVIGATINN STANDARD DEVIATION,F7.0,4€16.6)
ENAV = SGQRT(T4(1)ev24T4(2)%22474(3)e902)
1F (MTYPE.EQ.1.AND.ICALL.EQ.D) GO TO 129
00 80 1=1,4
00 80 J=1.4
TA4T(I,d) = T44(y,l)
PATT(1,4) s COVA(T . J)
CALL MATAB(PATT,T44T,PAT 4,4,48)
CALL MATAB(TA44 ,PAT ,PATT, 4,4,4)
PATTF = 2.sSQRT(PATT(2,2)+PATT(3,3)+PATT(4,4))
DO 90 1=2,4
PATT(I,1) = 2.SQRT(PATT(1,1))
WRITE(6.100) TIA,(PATT(1,1),122,4),PATTF
FORMAT{ /SX,27H . TTITUDE STANDARD DEVIATION,F7.0,4€.6.45,
WRITE(6,992)
FORMAT(///4%,' STATE COVARIANCE ')
g 105 1 = 1,22
11 = 1
IF {(1.G7.8) 1 = 8
WRITE(6,103) (COV(1.J),ds1,11)
FORMAT(SX,8E15.8)
CONTINUE
WRITE/G, 106)
FORMAT(1HY, /5%, ' ==-==(CONTINUED) ‘)
DO 107 | = 9,22
11=1
1IF(1.G67.16) 1li=15
WRITE(6,103) (COV(I,u),ud=9,11)
WRITE(6,108)
FORMAT ( /5X, ' ===== (CONTINUED) ')
DO 109 1s17,22
WRITE(6,103)1COVIL1,y),JU=17,1)
WRITE(6,110) (E(1),1=1,16)

FORMAT(//SX,19HATTITUDE PARAMETERS/SX.i‘HOUATEQNIONS.QX.dE!G.Q[
.5X,10HGYRO DRIFT,10X.3E16.9/5X,174GYRO SCALE FACTOR,3X,3E16.9/

+5X,20HGYRO NON-CRTHDGONAL ,3E16.9/5X,20HRELATIVE CRIENTATION,
.3€16.9)
EATYT = 2 . ¢SQRT(T4(8)*+24T4(9)e¢24T4(10)9+2)
WRITE(6,111)
FORMAT (//5X, ' STATE TRANSITION MATRIX ')
DO 112 1 = 1,10
11=1
IF(1.6T7.8) 11-3
WRITE(B,103)(PHI(1,d),d=1,11)
WRITE(6,108)
00 113 [=9,10
11=1
1F\: .GT. 10, I1:10 YJACK-2/21/81
WRITL(G.927% (PHI(1,d),J=9,11)

1t JACK-2/21/81

T L T —

VAX~11 FORTRAN V2.0-2
_DBAO:[{D11R.GCPJOUTDATA.FOR; 54

800042000400 E0Bs0ReE0 P OItt ettt intitetsstint 1saee08000008
CREATE FORMATTED FILE LISTING TIME, MEASUREMENT TYPE JUST TAKEN,

ESTIMATE OF QUATERNION, DIFFERENCE BETWEEN MEASUREMENT AND PREDICTED
MEASUREMENT, _STIMATE OF POSITION AND VELOCITY AT CERTAIN TIME PTS.

‘age 7




D S %’qW R L ik CH
- ] .

BN S i e i - o

OUTDATA 10-Apr—-1981 11:48:20 VAX-11 FORTRAN Vv2.0-2 Page [}
10-Apr=1981 11:46:57 _OBAO:[D11R.GCP]OUTDATA.FOR ;54

: 17800C ORI E+24EEE IR RIS 438040000 atPtEtRetettsttttttnisissstnttiesssttosssse
: 17900 0173 120 WRITE(12,45) TIME, T4, (SQRT(COV(J1,J1)),.Jd1=t,6), !
] 18000 L] (PATT(Jt,u1),J1=1,4), [
: 18100 . DZHLM,DZVLM,DZHST1,DZVST1,D2ZHST2,02VST2, DXMGPS,

18200 . (STAT (J1),Jt=1,6)

18300 0174 45 FORMAT (39F20.10)

18400 0175 IF(ICALL.FQ.1) GO TQO 130

18500 0176 PTIME = TIA

18600 0177 IF (MTYPE.EQ.1) P i*c = TIN

18700 0178 IF(PTIME.LT.TPUNCH) GO TO 130

18800 C WRITE(11,125) PTIME ,MTYPE,MSET,

18900 [ . (E(1),1=1,4),D2,(X(1).1=1,6)

19000 0179 125 FORMAT(1X.F10.1.1!.2(12.1!),4(F11.9.1!).511.5.IK./.

19100 . 8X,6(E11.5,1X);

19200 0180 130 RE TURN

19300 0181 END :

{ PROGRAM SECTIONS

Name Bytes Attributes
0 $CooE 2002 PIC CON REL LCL SHR EXE RD NOWRT LONG
1 SPDATA 851 PIC CON REL LCL SHR NOEXE RD NOWRT LONG
2 SLOCAL 912 PIC CON REL LCL NOSHR NOEXE RD WRT QUAD
> 3 DEBUCG 8 PIC OVR REL GBL SHR NOEXE RD WRT LONG
;t 4 RESIDUALS 96 PIC OVR REL GBL SHR NOEXE RD WRT LONG
< S CONTRL 12 PIC OVR REL GBL SHR NOEXE RD WRT LONG
= 6 RVEC 224 PIC OVR REL GBL SHR NOEXE RD WRT LONG
T ENVIR 404 PIC OVR REL GBL SHR NOEXE RD WRT LONG
8 ASTATE 160 PIC OVR REL GBL SHR NOEXE RD WRT LONG
9 TARGETS 36 PIC OVR REL GBL SHR NOEXE RD WRT LONG
10 NSTATE 112 PIC OVR REL GBL SHR NOEXE RD WRT LONG
11 PHIA 7176 PIC OVR REL GBL SHR NOQEXE RD WRT LONG ;
12 PHIN 1440 PIC OVR REL GBL SHR NOEXE RD WRT LONG I
13 ARRAYS 1096 PIC OVR REL GBL SHR NOEXE RD WRT LONG !
14 TIME 136 PIC OVR REL GBL SHR NOEXE RD WRT LONG ;
15 UPOT 752 P.c OVR REL GBL SHR NOEXE RO WRT LONG
16 PLOT 16 PIC OVR REL GBL SHR NOEXE RO WRT LONG
17 COMPOSIT 19624 PIC OVR REL GBL SHR NOEXE RD WRT LONG
18 TITLE L 1] PIC OVR REL GBL SHR NOEXE RD WRT LONG
; 19 LMTPAR 392 PIC OVR REL GBL SHR NOEXE RD WRT LONG ;
3 ‘i
ENTRY POINTS
t Address Type Name
] 0~00000000 CUTDATA
1
v




-

i i i -

C6e-v

OQUTDAT A

VARIABLES
Address

19-00000000
2-00000238
2-00000240
4-00000008
2-00000278
3-00000000
9-00000004

19-00000010
9-00000000
2-00000258
6-00000088
6-000000C0

14-00000000

14-00000060

16-00000000
2-00600270

ARRAYS
Address

2-00000180
18-00000000
19-000000C8
19-000000A8
17-00001€E40
11-00000C00
12-00000360

8-00000070

8-00000088

8-000G60000

2-000001€8

4-00000030

8-00000020
17-00003C80
17-00003D88
11~-00000000

2-00000100

2-00 9500080
11-00000200
t2-00000120
1/-00000000
t1-00000400
12-00000240
12-90000000
17-00002060
11-00001400
12-00000480

7-00000050
15-00000080
15-00000030
15-00000100

Type

R+8
R+8
R+8
R+*8
R+8
I+4
1«4
Re8
I*4
R+8
Re8
Re8
R+*8
Re8
Rs8
Re8

Type

R*8
Let
R+8
R*8
R+*8
R*8B
R*B
R*8
R*8
a8
R*B
R+*8
R*8B
1+4
R+8
R*8
ReB8
Re*8
Re8
R*8
Re8
R*8
ReB
R*8
R*8
R*8
R*8
Re8
R*8
Re*B
Re8

Name

AL
DELTAT
0z
DZVLM
ENAV
IENTER
Is

LAT
MTYPE
PNAVF
R3 -
RSMA
TIME
TISN
1
TPUNCH

PON
PROFILE
Q

QA

QoarT

Address

14-00000038
14-00000068
4-000C2000
4-00000018
2-00000284
2-0000028C
2-0C000288
19-00000008
9-000Q0008
2-00000260
6-00000048
19-000001!78
14-00000028
14-00000048
18-00000008
14-00000050

Bytes

3872
2048
288
288
3872
2048
288
320
288
128
288

Type Name

R+*8 DATEO
R*8 ODTA
R*8 DZHLM
R*8 DZVST1
1+4 1

14 1I1

I+s4 J

R*8B LON
I1*4 NS
R*8 PTIME
R*8 RA
R*8 SIGGCP
R+*8 TIN
R*B TMEAS
R*8 Tp2
R*B8 TRACK

Dimensions

(3, 3)
(40)

(2)

(2)

(22, 22)
(16, 16)
(6, 6)
(3)

(3)

(4)

(10)

(6)

(4)

(22)
(22, 22)
(a, 4)
(4, 4)
(a, 4)
(4, 16)
(6, 6)
(22, 22)
(16, 16)
(6, 6)
(6, 6)
(22, 22)
(16, 16)
(6, 6)
(10, 4)
(6, 6)
(16)

(6, 8)

10-4~r-1981 11:48:20
10-Apr-1981 11:46:57
Address Type
14-00000070 R+8B
14-00000030 R=+B
4-00000010 R+8
4-00000028 R»8
AP-00000004@ 1+4
7-00000190 I*4
2-00000290 1+4
9-00000010 1I-4
2-00000250 R+*8
11-00001C00 R+8
10-00000068 R+*8
19-00000180 R+*8
5-00000004 R+8
2-0000026" Re+8
9-0000001C R+8
14-00000010 Re8

VAX=1%1 FORTRAN v2.0-2

_DBAO:[D11R.GCPJOUTDATA. FOR:S4

Name

CATER
DIN
DZHST1
DZVST2
ICALL
INIT
J1
MCODE
PATTF
QMAX
RADE
THET
TINT
TMLAST
TPI
TSTOP

Address

14-00CN7 5020
14-00000080
4-C0000020
2-00000248
3-00000004
2-00000280
9-0000000C
5-00000000
9-00000014
6-000000B0
10-00000060
14-00000018
14-00000058
14-00000008
14-00000078
14-00000040

Type

R*8
R+8
Re8
R*8
1+4
I+4
L4
1+4
R*8B
R=8
R+8
R«B
Re8
R*8
Red
Re*8

Page

Name

DEL
DTPRINT
DZHST2
EATT
1DEBUG
INITY
JF LAG
MO P

Pl

R2
RADM
TIA
TIS
TNEXT
TPRINT
TZERO

P T T P T




e e

i o

F

OUTDATA

15-00000000
17-00000F20
6-%7 100000
€-00000018
6-€-000030
6-00000048
6-00000060
6-00000078
6-000000C8
6-00000090
8-00000058
19-00000008
19-00000088
: 2-000001C8
! 7-00000000
13-00000000
13-00000098
13-00000018
13-00000030
13-000000€E0Q
13-00000048
13-00000128
2-00000000
13-000003¢€8
13-00000408
13-000001A8
13-00000428
13-000002C8
11-00000080
19-00000018
19-00000130
19-00000060
19-000000€8
8-00000040
10-00000030
10-00000000
17-00003C08

96C-V

LABELS
Address

1-00000000
e
0-00000387
1 1-00000256

3 .

1-00000010
1-00000088
1-00000047

N

R*8 ON

R+*8 QT

R*8 R

R*S RM

R+*8 RO

R*8 RSM

Re*B RSO

R*B RSS

R+8 RTG

Re8 S8

R*8 SF

R+8 SKL

R+8 SL

R+8 ST

R*8 STATE

R+8 T1

Re¢8 T11

Re8 T2

R*8 T3

R*8 T33

R+8 T4

Re+8 T44

ReB8 Taarv

Re8 15

R+8 T6

R+B T6E6

Re8 17

R*8 7177

Re8 TA

Re8 TBNL

Re8 TIEO

R*8 TNL

Re8 TNLKX

Rs8 WD

R*8 X

Re8 XD

Re8 XT

Labe!l Address
5 0-00000070
20 -8
70 e
106’ e
112 .
145" 0-000000FB
175" 0-000001A3
1158

48

3872
24

Label

10
30
80
107
13
150
180

24
24
24
24

24
24

16
16
32
80
24
72
24
24
72
80
128
128
32
32
238
32
288
384
72
72
72
72
24
48
48
176

Address

0-00000049
1-00000165
*%
1-0000026F
1-0000018A
1-00000064
1-000000EA

Labe!

13
40'
90
108"
118’
155"
185°

10-Apr-1981 11:48:20
10-Apr-1981 11:46:57

Address

1-0000000C
1-00000345
1-00000208
s
0-00000608
0-00000173
0-00000t70

Labe!

14°
45"
100"
109
120
160
220

VAX=11 FORTRAN Vv2.0-2

_DBAO:[DliR.GCP]DUTDAfA.FOR:S‘

Address

0-00000189
..
1-0000024E
1-000060285
.
1-00000096
1-00000234

Labe)

15

50

103*
110'
125'
165’
992"

Address

1-00000119
1-000001E0
[ 2]
1-00000325
0-00000701
0-00000188
1-00000031

Label

18"
60’
105
1119’
120
170
1155°

10




L62-V

OUTOAT A 10-Apr-1981 11:48:20 VAX-11 FORTRAN v2.0-2
10-Apr-1981 11:46:57 -DBAO:[011R.GCP]DUTDATA.FOR:54

FUNCTIONS AND SUBROUTINES REFERENCED
MATAB MTHSOSQRT RUNG

Tota'! Space Allocated = 35489 Bytes

COMMAND QUALIFIERS
FORTRAN /L OUTDATA
/CHE CK = (NOBOUNDS ,OVERF LOW)

/DEBUG= (NOSYMBOLS, TRACEBACK)
/F7T /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE /CONTINUATIONS=19

COMPILATION STATISTICS

Run Time: 7.3% secondds
Elspsed Time: 24 .43 seconds
Page Faul'ts: 50

Dynamic Memory: 109 pages

Page 11




2.9 Plotting and Utility Routines

The following routines are included for complateness. They are all
routines associated with GCPSIM as plotting and utility routines,




667~V

o100
00200
0300
00400
00500
0C600
0700
00800
0CcaQ0
01000
0100
01200
01300
01400
01%00
00100
00200
00300
00400
01600
00100
00200
00300
0Ca00
00500
00600
00700
00800
00900
01000
01100
01200
01300
01400
01500
61700
00100
00200
00300
00400
00500
00600
00700
00800
00900
01000
01100
01200
01300
01400
01500
01600
01700
01800
01900
02000
02100

0001

©002
0002
€004

0005
00086

0007
2008

0009

[2X3]

9 0 9 %0 %8 00 0P E N0

CRCRE I BN B BN B BN B AN I BR B B BN B B R 4

OO0 0O00O0O0

20-Apr-1981 15:09:13 v
20-Apr=1981 15:05:15

SUBROU FINE CLDTBuL!I X.~CNT)

Cooosseessnstosdsetn sl RS E I YRR EI AR A SRS RS AL R A A A2 AR

INPUT PARAMET RS

X
OQUTPUT PARAMETERS

CALLED B8Y MEASURE

2 X2 X2 XaXeKkzKaXaRaXsKelel

SUBROUTINE CLDT8B. CCWPUTES A PERCENT OF CLOUD COVER
BASED ON THE RANDOM NUMBER X.

A RANDOM NUMBER BETWEEN 0-1

PCNT =THE PERCENT CLOUD COVER

‘OO.....00.0.00.0..00-00-000000t‘..'..t‘...l..‘.o0'.‘0‘..‘.00'0

INCLUDE ‘CLOUD.COM'
COMMON /CLOUD/ CLOTBL(12)

REAL+8 CLOTBL
PCNY

INCLUDE 'MODE.COM'

T+ PERCENTAGE OF CLOUD COVER

COMMON /MODE/ MODE(10)

MOOE (1) =

G 0000ONOOOHOHOOOO0

INCLUDE ‘'TIME.COM'

LANOMARK TRACKER SWEEP MODE
0 = RANDOM
¥ = FIXED AT INPUT THET
2 = NO DEFAULT TO STAR TRACKER

MODE (2} = CLOUD SELECTION MODE

0 = RANDOM CLOUD DENSITIES BASED
ON INPUT TABLES CLOVBL

1 = FIXED DENSITY AT NO CLOUDS

2 = NO CLOUDS WITH 130X CLOUD
COVER FOR A SPECIFIED
PERIOCD (CLOTBL(11,12))

MODE (3-10) NOT SPECIFIED AT PRESENT

COMMON /TIMC/ TIME, TNEXT,TSTOP.TIA,DEL,TIN,OTN,DATED, TZERO

. TMEAS , TRACX ,TIS,TISN,DTA,DATER,TPRINT ,DTPRINT
IEAL‘. TIME, YNEXY TSTCP,TIA,DEL.TIN,DTN,DATEQ,TMEAS ,TRACK,TIS,
. TISN,OTA, TZERO,DATER,TPRINT ,DTPRINT

TIME
TNEXT
YSTOP
TIA
DL
TIN
DTN
DATEO
DATER
TZERO
TSLEW
TIS
TISN

THESE ARE THE TIME REFERENCE FRAMES

ATOMIC TIME SINCE INITIALIZATION (SEC)
TIME FOR NEXT POSITION INTEGRATION (SEC)
RUN TERMINATION TIME (SEC)
AITIIUOE INTEGRATION TIME (SEC)

STEP SI1ZE (SEC)
PDS!TION INTEGRAT]ON TIME (SEC)

STEP S1ZE (SEC)
DATE OF FLIGHT EPOCH (JD)
DATE OF 1950 EPOCH (JD)
START TIME IN SECS. SINCE DATEO
TIME NEEDED TO SLEW AND ACQUIRE (SEC)
REAL WORLD REFERENCE TIME (SEC)
TIME FOR NEXT RW POSITION INTEGRATION (SEC)

AX=11 FCRTRAN .2.0-2

_DBCS:[D1IR.GCH |CLDTBL.FOR;

16

Page

1




T ——

N0E -V

CLOTSBL

02200
02300
02100
02500
02600
01800 0010
01900 L AR
02000 0012
02100 0013
02200 0014
02300 0013
02400
0250¢
02600
02700
02800
02900 0016
03000 0017
03100 0010
03200 0019
03300 0020
03400 0021
03500 0022
33600 0023
03700 0024

Name

0 $Cooe
2 SiLocaL
3 Ciouo
4 MODE
S Time

€777 “OINTS

Address

$=900C0000

VARIAB LES

Address

$-00000038
$-00000030
$-00000018
$-00000060
$-00000050

[ 2B I W )
O0ONno0

4

DTA

TPRINT
OTPRINT

REAL+8 PCNT

PCHT=0 .

GO TO (20,30).M0DE(2)
IzXe1041%,

1F(1
F(1

1) 1=t
10) GO 10 10

20-Apr-1981
20-Apr=1981 15:05:1%

15:09:13

USUALLY + DEL BUT + TSLEW - TIA WHEN DEL
TOO LARGE AT MEASUREMENT TIME

TIME FOR PRINT (SEC)

INCREMENT OM TPRINT (SEC)

Ce P00000 080000000000 RCGOISFOARRIRIOIEBOTY ...“.......‘...’.......‘......0

PROGRAM SECTIONS

RD NOWRT LONG

RO
RD
RO
RO

Type

R+B
ie4
Re8
R+8

c INTERPOLATE CLOUD TABLE DATA
c. (A X1 I T XTXY X Y seetee Ot‘.'.“00‘.......Q“....‘O‘.....‘.‘...00.0l
[
PCNT=(CLOTBL ([+1)-CLOTBL(1))}*(Ke10=2)+CLOTBL(])
GO 10 100
10 PCHT=CLOTBL( 1)
GO 0 100
20 PCnTz0 .
GO 10 100
s 1;((11ue.cs.CLotnL(1|)).Ano.crxut.tt.CLoroL(12)))vcnr.1oo.
100 RETURN
END
Bytes Attributes
151 PIC CON REL LCL SHR EXE
PIC CON REL LCL NOSHR NOEXE
96 PIC OVR REL GBL SHR NOEXE
40 PIC OVR REL GBL SHR NOEXE
136 PIC OVR REL GBL SHR MOEXE
Type Name
cLDTeL
Type Name Address Type Nawme Address
R*8 DATEO $-00000070 R+8 DATER $-00000020
R*8 (TN $-00000080 R*8 OTPRINT 2-00000000
Re8 T}A $-00000000 Rs+8 TIKE 5-00000028
R*8 TISN $-00000048 R+8 TMEAS 5-00000000
R*8 TRACK 5-000000!10 Re*9 TSTOP 5-00000040

WRT LONG
WRT LONG
WRT LONG
WRT LONG

Name
DEL
TIN

TNEXT
TZERQ

VAX=11 FORTRAN v2.0-2
-DBCS5:[D11R.GCPJCLDTBL.FOR: 16

Address Type

“-00000068 R+®
AP-000000060 R+8
S$-00000058 Re+8
5-00000078 Re+8
AP-000000040 R+ 4

Name

DTA
PCNT
T1s
TPRINT




[0f=v

Ll

cLoreL

ARRAYS

Address Type Name

3-00000000 Re8 CLOTOL
4-00000000 1+4 WMODE
LABELS
Address Labe ! Address
0~-0000005D 10 0-00000068

Tota! Space Allocated = 427 8Bytis

COMMAND QUALIFIERS
FORTRA4 /L CLOTBL

/CHE CH = (NOBOUNDS ,OVERFLOW)
JOEBUG=(NOSYMBOLS, TRACEBACK)

/FTT  /NOG_FLOATING /14 /OPTIMIZE

COMPILATION STATISTICS

Run YTime:
Elersed Time:
Page Fauits: 141
Dynamic Memory! 30 pages

1.19 seconds
$7.87 seconds

20-Apr=19&61 15:v9:13
20-Apr=-1981 15:05:15

VAX-11 FORTRAN V2.0-2
.0BC5:[D11R.GCPCLDTBL.FOR; 16

Bytes Dimensions
96 (12)
40 (10)
Labe! Address Labe! Address Lave)
20 0-00000070 30 0-0000G096 100
/WARNINGS /NOO_LINES /NOMACHINE _CODE /CONTINUATIONS=19

Page




CLDTBL,~

$1COMP .COM
st
$t COMP .COM COMPILE< ALL THE NEC.SSARY ROUTINES OR EXECUTION
$t OF THE GCP SIMULATION PROGRAM
B $1
: $FOR/LIST- | /DEBUG/NOOPT IMIZE~
g GeP, =
; INDATA, -
X MATAB, =
! QU TDATA, -
{ RUNG, -
ONAV , -
E EPHEM, -
’ TRUEA, -
SPRESS, -
OCCULT, -
GPERT,-
1 . MATAB, -
I ONAV, -
i ! EPHEM, ~
P 1 TRUEA,-
1 SPRESS , -
] ) OCCULT, -
! GPERT, -
[ GC PSEQ, -
VISIBLE,-
1 occuLTt,—
i GENENV, -
1 . TREG, -
i ' GYROUT , -
! w RATE ,- ;
1 Y BMAT ,~ : o
CMAT , - ¥
t MATAB,- :
MINV3,-
GAUSS ,~
KATT, -
1 BMAT , -
! CMAT ,~
! MATAR, =
¥ FMULT =
UNIT,-
{ RUNG, -
3 H DNAV , -~
II 1 EPHEM, -
E‘ 1 TRUEA, -
- | SPRESS, -
; ! OCCULT ,=
y ! GPERT,~
GYRO,~
1 KATT, -
1 BMAT , -
4 | CMAT , -
! MATAB,-
. ! QMUL T, -
- 1 UNIT , -
* POATT, -
' 1 MATAB, -
i PATT,-
H ME ASURE , -
! t RANDU, =
i

et o o Py et e 8




£oE-v

RDGCP, -
RODTA, -
1 AMAT , -
1 MATAB, -
1 MINV3,-
! wET, -
BVECT, -
t MATAS, -
AMAT , -~
! VISIBLE,-
! occuLT,-
LAMKT , -
WET, -
|
1 MATAB,~
1 AMAT , ~
1 MINV3, -
! UNIT,-
t GAUSS , -
GPS,~
! GAUSS, -
START, -
! GAUSS, -
INTG,~
t TREG,~
RKG, -
| DNAV , -
1
1
!
1
1
PDNAV, -
!
EST,~-
PROP, =
MPART , -
' MLMT -
[
t
1
1
1
35
oy HGPS , -
o0 HSTAR, -
1 8 =
: = B
! £
1 « ;E
> o UPDATE ,~
[} t-‘m UNIT, -
1 AMAT , -
! 55 CMAT, -
CRAISE ,=
PLTDATA, -

! MEAS, -
AR NN R RN R NN R RPN RN PR N

MATAB, -

EPHEM, ~
TRUEA, =
SPRESS, -
OCCULT =
GPERT, -

MATAB, -

WET,-
MATAS, =
MATAB, -
MINV3, -
AMAT , -
UNIT, -
SPETBI.-
SPEMI, -
PMEAS, -

AMAT , -
MINV3, -
MATAB, ~
SPETBI,-
PMEAS, -

terrrrrrnreite LY

e s
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6-Apr—1981 15:05:32
20-0ct~-1980 07:07:57

SUBROUTINE CRAISE(N.COV,COVKIN, [PT)

C....“.‘.‘."“O". "..-..O0‘0.“tt.t'..“.ﬁt.‘t‘*'.‘.‘Oﬁ““".‘.-“‘.“.

RAISES DIAGONAL ELEMENTS OF THE COVARIANCE MATRIX IF THEY DROP
BELOW CERTAIN VALUES AND THEY ARE BEING ESTIMATED.

FORMAL PARAMETERS
N = NUMBER OF ROWS Owr COLS IN COVARIANCE MATRIX
COV = COVARIANCE MATRIX
COYMIN = MINIMUM VALUES FOR EACH VARIANCE
IPT = ARRAY OF 1'S AND 0'S, A 1 INDICATING THAT A PARTICULAR
PARAMETER 15 HEING ESTIMATED

' YITIISREEEIER AR A tt..t.ﬁtot‘tt“t#t“..“‘.“..““..".‘..‘.l“‘..l.'-‘

DIMENSION COV (N,N) ,COVMIN(N), IPT(N)
* DIMENSION CUV(22'22).COVMlN(22),IP1(22)
REAL*B COV,COVMIN
DO 100 I = (N
If (IPT(1).£Q.0) GO TO 100
1F (COV(1,1).LT.COVMIN(I)) COV(I,I) = COVMIN(I)

DIl et e

VAX-11 FORTRAN V2.0-2
_DBAQ:[D11R.GCP]CRAISE.FOR:6

: 00100 0001
00200
00300 c
00400 c
00500 c
00600 c

1 00700 C
00800 c
00900 Cc
01000 c
01100 c
01200 c
01300 c
01400 0002
01500 0003
01600 0004
01700 0005
01800 0006
01900 0007 100
02000 0008
02100 0009

i A%

Sot-v

PROGRAM SECT IONS

Name

0 $CODE
2 SLOCAL

ENTRY POINTS

Address Type
0-00000000
VARIABLES
Address Type
2-00000000 1Ie4
ARRAYS
Adgress Type

AP-00000008@® R+8
AP-0000000C® ReB
AP-00000010® 1+4

CONTINUE
RETURN
END
Bytes Attributes
103 PIC CON REL LCL SHR EXE RD NOWHT LONG
64 PIC CON REL LCL NOSHR NOEXE RO WRT LONG
Name
CRAISE
Name Address Type Nama
i AP-00000004@ 1*4 N
Name Bytes Dimensions
cov 3872 (22, 22)
COVMIN 176 (22) -
et 88 (22)




Bt SR

i e

2

CRALSE

LABELS
Address Labe )

0-000000S5F 100

Tota! Space Allocated = 167 Bytes

COMMAND QUALIFIERS

FORTRAN /LIST GCP,INDATA,MATAB, OUTDATA ,RUNG,DNAV ,EPHEM,

/CHE Cx = (NOBOUNDS ,OVERF LOW)

/DEBUGs (NOSYMBOLS, TR
/FTT  /NOG_FLOAT ING

COMP{LATION STATISTICS

Aun YTime:
Elacsea Time:
Page faults:
Dynamic Memory:

gt -V

ACEBACK)

/14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE

0.59 seconds
14.93 seconds
274

160 pages

6~-Apr=-1981 15:05:32
20-0ct-1980 07:07:57

VAX-11 FORTRAN v2.0-2
_DBAO:[DliR.GCP]CﬂAlSE.FDR:G

TRUE‘.SPRESS.OCCJLT.GPERT.GCPSEO.VISIBLE.GENEHV.TQEG.GYROUT.RATE.BHAT.CH&

/CONT INUATIONS=19

Page 2




Loe-v

0001

OO0

0002

'n03
0u04
©00S
[ededel )
0007 5
0008
0009 10

0010
001
0012
2013
0° -4 15
C.i®

0G5 20

0017
0018

PRCGGRAM SECT IONS
Name

0 $CODE
2 $L0OCAL

EXTRAY POINTS

B-Apr-. ;41 07:33:51
28-Nov=-1980 t1:41:32

SUBROUTINE CRESIF{XTRANS . XIN, XTRANP,XOUT)
THIS ROUTINE TRANSFORMS ERRCR VECTORS FROM INERTIAL TC FLIGHT
REAL+B XIN(JI).XOUT(3).XTRANS(3,3),XTRANP{3,3) . XTEMP(3)

DO 10 121,3
RSUM:=0
00 5 y=1,3
ASUM:=RSUM+ XTRANS (J, 1) e XIN(J)
CONT INUE
XTEMP( I)z2RSUM
CONTINUE

DO 20 I[=1,3
RSUM=0
DO 15 Jy=1,3
RSUM=RSUM+ XTRANP (J, L)+ XTEMP( J)
CONT INUE
XUUT(1)=RSUM
CONTINUE

RE TURN
END

fiytes Attributes

169 PIC CON REL LCL SHR EXE RD NO
116 PIC CON REL LCL NOSHR NOEXE RO

Address Type Name

0-00000000 CRESIF
VARIABLES
Address Type Name Adaress Type Name Address Type
2-00000018 le4 | 2-00000020 1+4 2-0000001C Re4
ARRAYS
Address Type Name Bytes Dimensions
AP-00000008€® R*8 KXIN 22 (3)
AP=-00000010@ Re8 X0OUT 23 (3)
2-00000000 Re8 XTEMP 24 13)

VAX~=11 FORTRAN V2.0-2
_DBAO:[D11R.GC> JCRESIF.

WRT LONG
WRT QUAD

Name

RSUM

FOR:5

Page




CRESIF

8-Apr-1981 07:38:51
28-Nov=-1980 11:41:32

VAX-11 FCRTRAN v2.0-2
_OBAO:[D11R.GCF]JCRESIF.FOR:5

AP-0000000C® Re8
AP-00000004@ R*8

LABELS

W w
-

W W

Adoress

Total

S0t -V

Space Allocated = 285 Bytes
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8-Apr-1981 07:38:51 VAX-11 FORTRAN v2.0-2 Page 3
28-Nov-1980 11:41:32 _DBAO:[D11R.GC# ]CRESIF.FOR:5

COMMAND QUAL IFIERS

FORTRAN CRESIF/LIS

/CHE Cx = ( NOBOUNDS ,OVERF LOW)

JCEBUG= (NOSYMBOLS, TRACEBACK )
JFTT /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE /CONTINUATIONS=19

COMPILATION STATISTICS ;

Run Time: 0.79 seconds
. Elapsed Time: 2.00 seconds
: Page Faults: 106
, Dynamic Memory: 28 pages
11
j
- ;
' [
[V} ;§
E '5




B8-Apr-1981 07:38:42 VAX=11 FORTRAN Vv2.9-2 Page 1
28-Nov-1980 10:54:53 _DBAO:[D11R.GC~»]CRTRAN.FOR ;4
0001 SUBROUTINE CRTRAN(XTRANS,XIN.XOUT)
c
c THIS ROUTINE TRANSFORMS ERROR VECTORS FROM INERTIAL TO F1 IGHT
c
0002 REAL*B XIN(3),XOUT(3),XTRANS(3,3),RSUM
c
0003 DO 10 1=1,3
cooa RSUM=0
0005 DQ S J=1,3
0006 RSUM=RSUM+ XTRANS (J, 1) *XIN(J)
0007 -] CONT INUE
o008 XOUT(1)=RSUM
0009 10 CONTINUE
Cc
0010 RE TURN
00114 END

PROGRAM SECTIONS

Name Bytes Attributes
0 $CODE 100 PIC CON REL LCL SHR EXE RD NOWRT LONC
2 SLOCAL 76 PIC CON REL LCL NOSHR NOEXE RD WRT QUAD

ENTRY POINTS

? Address Type Name
= 0-00000000 CRTRAN
VARIABLES
Address Type Name Aagdress Type Name Address Type Name
2-00000008 I+4 ] 2-0000000C 1+4 J 2-00000000 R*B RSUM
SC
ARRAYS EE
s~ Nop
Address Type Name Bytes Dimensions gg 52
AP~00000008@ R*8 XIN 24 (3) = g:
AP-0000000C® R*8 XOUT 24 (3) )
AP-00000004@ R*8 XTRANS 72 (3, 3) = ;5
>
- Q3
E; =
<@




et s

CRTRAN

LABELS

Address Label Address

. s te

Total Spsce Allocaied = 175 Bytes

11e-v

Label

10

8-Apr-1981 07:38:42
28-Nov=1980 10:54:53

VAX=11 FORTRAN V2.0-2
_DBAO:[D11R.GCPJCRTRAN.

FOR:4

Page




COMMAND QUAL IFIERS
FORTRAN CRTRAN/LIS
/CHE CH= {NDBOUNDS ,OVERF LOW}

/DEBUG=INDSYMBOL S, TRACEBACK)
/FTT  /NIG_FLOATING /Ie /OPTIMIZE /wARN(NGS /NOD_LINES

COMPILATION STATISTICS

Run Time: 0.%4 seconds
Elapsea Time: 2.24 seconds
Page fauits: 99

Dynamic tlemory: 28 pages

e~y

8-Apr-1981 07:38:42 VAX=11 FCRIRAN (2.2-2
28-Nov-1980 10:54:53 -DBAO:[DtIR.GCH ,CRTRAN.FCR; 4

/NOMACHINE _CODE

/CONY INUATIONS=19




Ll -V

oce
oce2
0003
0004
0c05
0006
ocor
econ
0c09
octo
oct1

QU112
ec13
¢ot14a
oc1S
0c16
0017
oct8
0019
0020
0021

0022
0023
0024
0025

10

20

30

9000

t6-Sen-1980 12:41:1 vAar=11 FORTRAN [V=PLUS V1,0-2 Page 1
SAIN.FOR.2

REAL*4 X{1000,.6),TIME(!CCO 1. XARAYV(100C)
OPEN(UNIT=21 NAMEs'GAIN.CAT ,TrPE='0LD' ,RECORDSIZE=98)
1=1
CONTINUE
KEAD!Y 3. END=4)TIME( ), {x([.J).J=1,6)
FORWMAT(7F14.7)
1«11
GO T0 2
CONTINUE
TTNUM=T -1
COMTINUE
wWRITELS,10)
FORVAT(' [NPUY PLOT NUMBER (~t=EX[T} : ',$)
READIS.20)1TYPE
FCRYAT(LS)
IF/(ITYPE.EQ.~1 .OR.ITYPE.G3T.6)G0O TO 9000
DO 30 I=1,1TNUM

XAQAY! 1)=X{Il ,ITYPE)

COMTINUE
CALL HP7221
CALL QQOMP(0.,0.,6)
CALL LIMPLT(TIME,XARAY,ITNUM)
GO Y0 6
CONTINUVE
END




GAINSMA N

PROGRAM SECT IONS

A e A

Name Bytes
0 $CODE 244
1 $PDaATA 62
2 SLOCAL 32080
ENTRY POINTS
Address Type HName
0-00000000 GAINSMAIN
VARIABLES
Address Type Name
2-G0007000 Ieq |
ARRAYS
Adoress Type Name
P
; 2-00005DCO Med TIME
— 2=00000000 Red X
4 2-00006060 Red XARAY
LABELS
Adoress Labe

0-00000014 2
.o 30

FORSOPEN HPT7221

Total

. COMPILER OPTIONS

| /CHECK « (NOBOUNDS . O VERFLOW)
| /DEBUG = (NOSYMBOLS , TRACEBACK )
! /0PTIMIZE

16-Sep-1980 12:41:3¢

Address

1-00000011 3°
0~C00000F0

YAX-11 FORTRAN [V=PLUS V1,0-2
GAIN.FOR,2

Page 2
Attributes

PIC CON REL LCL
PIC CON REL tCL

SMR EXE
SHR NOEXE

RO NOWRY LONG
RD NOWRT (ONG

FUNCTIOnS AND SUBROUTINES REFERENCED

PIC CON REL LCL NOSHR NOEXE RO WRT LONG
Adgaress Type Name Address Type Name
2-00007008 1+4 ITNUM 2-000°7D0C 14 ITYPE
Bytes Dimensions
4000 (1000)
24000 (1000,6)
4000 (1000)
Labei Address Labe! Address Labe?
0-00000087 4 0-0000006C 6
9000
LInPLTY QQMP

Space Allc.ated = 32386 Bytes

/WARNINGS /14 /NOO_LINES

B e R LR,

AGdress
1=-00300017

Address

2=060007004

Labe)

10°'

i “hi

Type Nane

[»4 J

Address

1-00000038 20°

Bt o M ol T

e

Label




‘ 6-Apr-1981 14:50:49 VAX=-11 FCRTRAN ,2.0-2 Page 1
] 25-Mar-1981 09:00.4% _DBAO:[D11R.GCH+ |GAUSS.FOR; 11

I

i 00100 0001 FUNCTION GAUSS (MEA%. 15%A)

1 0C200 P 0O E PR P e PR PO PP Pt s e, 020080000 CatitdReertiteg *tsiditorsestag 230cinesnteoststses
0r 2100 Cc RANDOM NOISE SENERATCR USING PARAMETER VEAN AND STAYDARD DEV
OL,GOO C.ooooﬁotnooootaooooto-o--o----.-n.oo~0..0.....00.0'0000000000"..0....0...00..
0C%00 0002 INCLUDE 'DEBUG.COW’

0Ct100 0003 o COMMON /DEBUG/ [ENTER,IDEBUG

0200 * C

ocl00 e C USER CONTAGLLED PARAMETERS TO VARY DEBUG PRINT LEVEL
0400 o C

0Le00 e C I NTER IF t, PRINTS WHEN ENTERS MQOST SUBROUTINES
00600 s C 1DEBLG 0-10, HIGHLR NUMBER MEANS MORE PRINT
00700 L o

CCe00 [ofeJel ] REAL*D MEAN,SIGMA, GAUSS,.RAN

00700 0005 DATA 11,12/12345,5432v/

00800 0006 GAUSS = 0.

00800 0007 00 10 I=1,12

01000 0008 10 GAUSS = GAUSS + RANIIY.12)

01100 0009 GAUSS = MEAN ¢ 5IGWA*{GAUSS-6.)

01200 0010 RE TURN

01300 001 END

PROGRAW SECT IONS

Name Bytes Attributes
T 0 scode 52  PIC CON MEL LCL SHR  EXE RO NOWRT LONG
= 2 SLOCAL 32 PIC CON REL LCL NOSHR NOEXE RD WRT QUAD
- 2 DESUG 8 PI1C OVR REL GBL SHR NOEXE RD WRT LONG

ENTRY POINTS
Adoress Type Neme

0-20000C00 Re*@ GAUSS

VARIABLES
‘ Adaress Type Nawme Agdress Type MName Address Type Name Agdress Type Name
4 2-000C001C Jea 2-00000008 14 I 2-0000000C 1I+4 12 3-00000004 (<4 [DFAUG
J-00000000 Le+4 IENTER AP ~000000040 Re8 MEAN AP-000000088 R*8 SIGMA

LABELS
Address Labe

.o 10
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N e ey L e e i g T i OB R

GAUSS 6-Apr—-1981 14:50:49 VAX~11 FORTRAN Vv2.0-2 Page 2
25-Mar-1981 09:00:45 -DBAD:[D11R.GCP]GAUSS.FOR: 11

FUNCTIONS AND SUBROUTINES REFERENCED
FORSIRAN

Total Space Allocated = 92 Bytes

COMMAND QUAL IFIERS

FORTRAN /LISTY GCP.INDATA.MATAB.OUTDATA,RUNG.DNAV.EPHEM.TRUEA,SPRESS.OCCULT.GPERT.GCPSEQ.VISIBLE.GENENV.TREG.GVROUT.RATE.BMAY.CMA

/CHECK = (NOBOUNDS ,OVERF LOW)
/DEBUG=(NOSYMBOL S, TRACEBAC <)
/FTT  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE /CONTINUATIONS=19

COMPILATION STATISTICS

Run Time: 0.58 seconds
Elapsed Time: 6.23 seconds
Page Fauilts: 337

Dynamic Memory: 160 pages

91t~V
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16-Apr=1981 08:34:04 VAX-11 FORTRAN v2.0-2 Page 1
16-Apr-1981 08:32:16 _OBAO:[D11R.GC+]GCPPLOT. FOR:92

C
C--=- GCPPLOT (GCP PLOT ROUTIN.S)

1
y
]
E c
] c
| 0001 INCLUDE 'ARRAY .COM'
1 s C COMMON BLOCK USED FOR PLCTTING ROUTINE
3 e C ;
' 0002 = COMMON /ARRAY; X(3000,39.2). INUM I
L 2003 e REAL®4 X.X1(3000,39) ,x2(3000,39)
- 0004 o INTEGER«2 INUM
0005 = EQUIVALENCE (X1 (38D X(1,1,1)) . (X2(1,1),X(1,1.,2))
. C
0006 CHARACTER*64 MENUS{23,5)
0007 CHARACTER®20 XTIT,YTIT(3)
co08 CHARACTER*40Q0 XREF(2)
0009 CHARACTER*S0 CTITLE(38)
0010 LOGICAL* ATYPE,AXTIT(20) ,AYTIT(8G),ATITLE(1900) ABELLS(10)
0011 LOGICAL#*1 ATIT(64).A0TYPE,AREF(80).AFRAME(2)
0012 INTEGER=2 1OPTS(4),ITYPE,;MAX(4),10FF(4).10PTOF(38).1FRAME
0613 REAL*4 TIME(3000),YARRAY(12000)
0014 EQUIVALENCE (AXTIT(1), XTIT), (AYTIT(1),YTIT(1})
0015 EQUIVALENCE (ATITLE(1).,CTITLE(%)}),(AREF(1),XREF(1)) ]
0016 DATA IFRAME/1/ ;
0017 DATA ABELLS/7.7,7.7.7.7,7.7.7,7/ |
. 0018 OATA IDPTOF/2.3,4,2,12,13,14,12,5,6,7,5,15,16,17,15,9,10,11,9, :
i . 19,20,2%,19.22,23,24,25,26,27,28,29,30.28,31,32,33, 4
h * 31/ :
= 0019 DATA IMAX/8,8,8,14/ i
0020 DATA 10FF/0,8,16,24/ "
c
c
0021 DATA WMENUS/' ' ,' ', '.' ',
WELCOME to the GCP simulation plot °,
routines. ',' ',' .t Y,

These plot routines allow the user to over.ay uUp !
to 4 plots as long as the plots to be generated !
are of tre same units. The user will be prompted '
by the command OPTION>> or by the sentence Hit !
RETURN to continue >> . The user has the option '
1
]
1
L]
L}

of using the HP7221 Hewlett Packard plotter (H)
or the 4014 Tectronix plotter (T). If the user is
using the HP7221, pefore this task may be run he
must type in ASSIGN TTD7: FOR0O10 so that the
HP7221 will be properly assigned.

e e ® e e e & o = =

+ ] L3 L] ' L] [} L} L}

’ * . . *
The following are the type(s) of plot(s) which L.
may be generated : ',' '.,' ‘',
1 POSITION ERRORS (KM)
2 VELOCITY ERRORS (KM/SEC)
3 ATTITUDE ERRORS (ARC SEC)
4q RESIDUALS (KM OR KM/SEC)
1 EXIT PLOT ROUTINES

' LI I | L B LI B T R R | . v '
. v . ' 0 ] [} .
'

] L L] t » + ]
POSITION ERROR PLOTS : ',*' ', ',
1 NAVIGATION X POSITION 'y

« @ v = o

.Q.Qlll....tl...........’




o i o - a - AR S mwvww’r"r'vz;‘-.v T ‘-rw‘m;_»rﬂwj
; GCPPLOTSMAIN 16-Apr-1981 08:34:04 YAX=11 FORTRAN Vv2.0-2 Page 2
; 16-Apr-1981 08:32:16 .DBAO:[D11R.GCP]GCPOLOT.FOR;92
: . ' 2 NAVIGATION Y PDSITION ', ;
J . ' 3 NAVIGATION Z POSIT!ON ‘,
; . ' a RSS POSITION ERRORN b,
E . ' S STANDARD DEV. X POSITION LN
E . ' 6 STANDARD DEV. Y POSITION b
. . ' 7 STANDARD DEV. Z POSITION "y
. ! 8 RSS STANDARD DEV. POSITION Y,
PY L] LI I | [ ) L I} [ B
Y 1 I.l .:l ':I [} :l l: * '
F . * VELOCITY ERROR PLOTS : ',° *,* ',
. ' 1 NAVIGATION X VELOCITY ',
. ‘ 2 NAVIGATION ¥ VELOCITY v,
. ! 3 NAVIGATION Z VELOCITY ', :
. ' 4 R3S VELOCITY ERROR ', ]
E . ' 5 STANDARD DEV. X VELOCITY ', :
. ' 6 STANDARD DEV. Y VELOCITY ', ;
3 . ' 7 STANDARD DEV. Z VELOCITY v, :
. . 8 RSS STANDARD DEV. VELOCITY 'y 3
. 1 ) L L] ] 1 L} 1 ] ) ] ) L] [} i
3 - [ . [ ) :l 0:4 ' : oy : ' ' :
j . ' ATTITUDE ERRQR PLOTS : ', ' ', ' ¢+,
i . ' 1 ROLL ',
. ’ 2 PITCH ',
. ' 3 YAW ',
. ] a RSS (ROLL, PITCH AND YAW) ',
‘I/ . ! ) STANDARD DEV. ROLL ',
e . ' 3 STANDARD DEV. PITCH ',
- . ' 7 STANDARD DEV. YAW '
e . ! 8 STANDARD DEV. RSS ',
> L] 1] . L] » ' 1) 1 . 1 L] N ' . N 1] ’ . L} . .
* L
. ' RESIDUALS : *,' ',' ',
. ' 1 L.M. TRACKER HORIZONTAL (KM) Y,
. ¢ 2 L.M, TRACKER VERTICAL (KM ) ',
. ' 3 STAR TRACKER 1 HORZ. (KM) ',
» J 4 STAR TRACKER 1 VERT. (KM) '
. ' s STAR TRACKER 2 HORZ. (KM) ',
. ' 6 STAR TRACKER 2 VERT. (KMm) ',
. ' 7 GPS X POSITION (KM ) ',
. ' 8 GPS5 Y POSITION (kM) ',
. ' 9 GPS Z POSITION (KM) ',
X . ' 10 GPS RSS POSITION (KM) ',
: . ' 11 GPS X VELGCITY (KM/SEC) ',
i . ' 12 GPS Y VELOCITY {(KM/SECY ',
1 . ' 13 GPS Z VELOCITY (KM/SEC) °, ;
. ' 14 GPS RSS VELOCITY (Kkm/SEC) ', i
'Y L] l'l l'l 1
; 0022 DATA XTIT/' TIME (SECONDS)'/
S 0023 DATA YTIT/' UNITS (KM) *, ;
q i . ' UNITS ({KM/SEC.)', :
i . ' UNITS (ARC SEC.)', :
} . ‘UNITS (RADIANS) '/
g 0024 DATA XREF/' ®s+ INERTIAL COORDINATE FRAME ®ss',
i . * eee FLIGHT COORDINATE FRAME sese i/
! 0025 DATA CTITLE /' NAVIGATION X POSITION ERROR
. ' NAVIGATION Y POSITION ERROR

: ” . * NAVIGATION Z POSITION ERROR




" ’W‘””W“V”ﬁ'ﬁj"""’"'“‘y""' R 2 e g

b GCPPLOTSMAIN 186-Apr-1981 0B:34:04 VAX=-11 FORTRAN Vv2.0-2 Page 3
16-Apr—1981 08:32:16 _DEAO:[Di1R.GCP]GCPPLOT.FOR:92

* NAVIGATION PCSITION ERRQR RSS '
* STANDARD DEV. X POSITION ERROR !
STANDARD DEV. Y POSITION ERROR !
STANDARD DEV. Z POSITION ERROR !
STANDARD DEvV. POSITION ERROR RSS '
NAV.GATION X VELCZITY ERROR '
NAVIGATION ¥ VELOCITY ERROR '
NAVIGATION Z VELOCITY ERROR !
NAVIGATICM VELOCITY ERROR RSS '
STANDARD DEV. X VELOCITY ERROR !
STANDARD DEV. ¥ VELOCITY ERROR '
STANDARD DEV. Z VELOCITY ERROR '
STANDARD DEv. VELOCITY ERROR RSS '
1]

]

t

L]

13

)

[]

L]

t

]

L}

L]

L)

'

L)

1

i

1

)

L

)

.

L]

' ATTITUD ERROR ROLL

* ATTITUD ERROR PITCH

' ATTITUD ERROR YAW

' ATTITUD ERROR RSS

* STANDARD DEV. ATTITUDE ERROR ROLL
' STANDARD DEvV. ATTITUDE ERROR PITCH
1
v
'
'
)
.
L)
)
'
)
L)
1
.
4
'
.

STANDARD DEV. ATTITUDE ERROR YAW
STANDARD DEvV. ATTITUDE ERROR RSS
L.M. TRACKER RESIDUAL HORIZONTAL
L.M. TRACKER RESIDUAL VERTICAL
STAR TRACKER 1 RESIDUAL HORIZONTAL
STAR TRACKER t RESIDUAL VERTICAL
STAR TRACKER 2 RESIDUAL HORIZONTAL

=V

STAR TRACKER 2 RESIDUAL VERTICAL
GPS X POSITION RESIDUAL

0¢

)
1
t
GPS Y POSITION RESIDUAL '
GPS Z POSITION RESIDUAL '
GPS RSS POSITION RESIDUAL '
GPS X V_LOCITY RESIDUAL '
GPS Y V LOCITY RESIDUAL '
GPS Z V LOCITY RESIDUAL '
GPS R5S VELOCITY RESIDUAL '

'Y EEEEEE R I I X N I 'Y EREEE I I I I

c
c
Ceostoense ‘tool‘.“.‘o..t.‘ott-o.tton'-tt..o‘t.otco..“‘t..oocta‘.......
[od *
C-==- DEFINITION OF X .
c
y c X(1,1) = TIME
‘ c X(1,2-4) « X,Y,Z POSITION ERRORS
i c X{1,5-7) = X.Y,2 VELOCITY ERRODRS
! c x(1,8-11) s QUATERNION ATTITUDE ERRORS
! c X(1,12-14) = STANDARD DEV. X,Y,Z POSITION ERRORS
! c X(1,15-17) = STANDARD DEV. X.Y.Z VELOCITY ERRORS
‘ C x{1,18-21)} = STANDARD DEV. QUATERNION ATTITUDE ERAORS
[of X{1.22-23) e« .M. HORZ.,VERT. RCSIDUALS
(o X(1,24-25) = STAR TRACKER 1 HORZ.,VERT. RESIDUALS
c X(1,26-27) « STAR TRACKER 2 HORZ.,VERT. RESIDUALS
i C X{1,28-30) = GPS X,v.Z POSITION RESIDUALS
} ¢ X(1,31-33) a GPS X.Y,Z VELOCITY RESIDUALS
J c X(n,n,1) = COOROINATES iN INEPTIAL FRAME |
3 c X(n,n,2) = COORDINATES IN FLIGHT FRAME
) c
C....‘..‘.““.O.“.‘t“.“.“.t.tttt.‘...t‘t‘..Q‘.‘.‘.“.".“t““‘.t {
u o | - *i
. SN, R e i dak 4 m o & o o
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! ¢ J
c
c
C-=-= START PLOTS
c
C
C--= GET OUTPUT PLOTTING DEVICE TYPE
c
0026 WRITE(5,908)
0027 READ(5,903)A0TYPE
C
C--- OPEN INPUT DATA FILE AND READ THE PLOT TITLE
c
0028 owen(uuxt-z.NAME-'PLor.DAT'.tvves‘OLo',REconszze-7eo)
0029 READ(2,907) (ATIT(I),121,64)
0030 I=1
003 10 CONTINUE
0032 READ(2.900,END=20)(X(I,u.1),u=1,39)
0033 I=14+1%
0034 GO TO 10
0035 20 CONTINUE ;
0036 INUM=1-1 i
0037 WRITE(S,2) INUM !
0038 2 FORMAT(' TOTAL POINTS READ IN @ ', 14) ﬁ
o |
C--~ WRITE QUT FIRST MENU :
[ |
> 0039 WRITE(S.901) (MENUS(T,1),1=1,23) ‘
— 0040 WRITE(5.912)
™ 0041 WRITE(S,913)
0042 READ(S.903)AFRAME(1)
0043 WRITE(S,914)
0044 READ(5.903)AFRAME(2)
c
C-== SET UP FLIGHT COORDINATE SIDE OF X 1F NECESSARY
C
0045 IF (AFRAME(2) .NE.'Y')GO TO 25
0046 WRITE(5,915)
0047 CALL INEFLT
00as 25 CONTINUE
C
4 C=-= PUT UP SECOND MENU
¢
0049 30 CONTINUE
] 0050 WRITE(S.S01) (MENUS(T,2),1=1,23)
| 0051 WRITE(S,904)

y NIvL READ(5,905)1TYPE

C
C-== ERROR CHECK ON ITYPE

c
! 0053 1F (ITYPE.EQ.-1)GO TO 9999
: c
i 0054 IF(1TYPE.GT.0.AND. ITYPE.LE.4)GO TO 35
y E 0055 WRITE(S,920)ABELLS
0056 WRITE(5,902)
0057 READ(5.903 JATYPE

L 1 0058 GO 10 30




ool TR TN TR e T

-V

T

[

L

GCPPLOTSMAIN
0059 3s CONT INUE
[
C~-=~ PUT UP CORRECT MENU, AND RECIEVE OPTION(S)
[
0060 490 CONTINUE
0061 WRITE(S,901)(MENUS(I ,ITYPE+2),1=1,23)
0062 WRITE(S,.906)
0063 READ(5,905)(IOPTS(I),I=1,4)
0064 43 CONTINUE
0065 IF(ITYPE.ER.3.0R.AFRAME(2) .NE.'Y')GO TOD 45
0Cc66 WRITE(S5,416)
0067 READ(S,917) 1 FRAME
0068 IF(IFRAME.LT.1.0R. IFRAME .GT.2)GO TO 43
0069 45 CONTINUE
c
Cc--=- ERROR CHFCK I[0PT
c
0070 DO 60 I=:1,4
0071 IF(IOPTS(I).GE.O.AND.IOPTS(I).LE.IMAX(ITYPE))GO TO 50
0072 WRITE(S5,920)ABELLS
0073 WRITE(S5,902)
0074 READ(S,903)
0075 GO TO a0
0076 50 CONT INUE
0077 60 CONTINUE
c
(=== DETERMINE THE NUMBER OF PLOT OVERLAYS
C
0c78 ITOT=0
00:79 DO 70 I=x1.,4
0:.80 IF(IOPTS(I).NE.O)ITOT=ITOT+1
0us 70 CONTINUE
c
C~~= DETERMINE THL PLOTS UNITS
-
0082 JTUNIT=1
0083 (F(ITYPE.EQ.2) IUNIT=2
0084 S (ITYPE.EQ.3)IUNIT=3
(o
C--= IF TMIS IS A RESIDUAL PLOT, CHECK FOR UNITS CONFORMITY
c
C-=-~ CHECK FOR EMBEDDED ZSRO IN CPTION STRING
c
0085 IF(ITOT.EQ.4)GO TO 68
0086 DO 65 [=1T0T+1,4
o087 IF(I0PTS(1).EQ.0)GO TO 63
0068 WRITE(S,922)ABELLS
0089 WRITE(S,902)
0090 READ(S5.903)ATYP.
0091 GO TO 40
0092 63 CONTINUE
0093 65 CONT INUE
0094 68 CONTINUE
Cc
0095 IERR=0
0096 1F(ITYPE.NE.4)GO TO 80
0097 1T=1

16-Apr-1981 08:34:04
16-Apr-1981 08:32:16
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£CE-v

GCPPLOTSMALN
0098 IF(IOPYS(!).GT.IO)IT:Z
0c99 IF(I1T.EQ.2)GD 10 75
0100 D0 73 1=1,170T
0101 IF(IOPTS(I).GT.10)1ERRP=1
0102 73 CONTINUE
0103 IUNIT=1
0104 GO v0 78
010% 75 CONT INUE
0106 DO 77 1=1,1TOT
0107 LF(IOPTS(LI).LT.11)IERR=1
o108 77 CONTINUE
0103 IUNIT=2
0110 78 CONT INUE
o114 80 CONTINUE
0112 lF(IYYDE.EQ.A.AND.(IOPTS(i).EO.1.0R.IDPTS(I).EO.Q))IUNIT:A
0113 WRITE(S,1)IUNIT
0114 1 FORMAT (' JUNITY= 'w110)
©115 IF(1ERR.EQ.0)GO TO b Xo]
0116 WRITE(S.921)ABELLS
0117 WRITE(S,902)
o118 READ(S,903)ATYPE
0119 GO 1O 40
0120 90 CONTINUE
C
C-== EVERYTHING CHMECKS OUT GOOD SO FAR
C
Cc
C=== GET THE TIME FRAME USED FOR THIS PLOT
c
0121 100 CONTINUE
0122 iRITE(S.QOQ)X(1.1,1).x(INuM.1.|)
0123 READ(S.910)RSTART,RS TOP
0124 IF(RSTART.LT.9STOP)GO TO 110
c12% WRITE(5,911)
0126 GO T0 100
0127 110 CONTINUE
0128 lF(nsrop.GT.x(INun.i.1))RSTOP-X(1NUM,1.1)
0129 xr(nsrART.LT.x(i.i.i)) RSTART=X{1,1,1)
c
C-=-= GET THE BOUNDS ON THE TIMES
[of
0130 00 120 I=1,INUM-3
0131 XF(RSTARV.GE.X(I.I.1).AND.RS?ART.LE.X(I¢1.1.1))60 TO 130
0132 120 CONT INUE
0133 130 CONTINUE
0134 ITSTRT=]
G138 DO 140 1=1,INUM-}
0136 IF(RSTOP.GE.K(K.I.l).AND.RSTOP.LE.X(101.1.1))60 T0 150
0137 140 CONTINUE
0138 150 CONTINUE
0139 ITSTOP=] +1
0140 ITNUM:ITSTOP-1TSTRT+ 1
[
C~== SET uUP TIME ARRAY
c
0141 00 160 I=1,!TNUM
0142 Tan(!)-X(:olTSTRf—!.t.t)

16-Apr-1981 08:34:04
16~Apr-19g1 08:32:16
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GCPPLOTSMAIN 16-Apr-1981
16-Apr-1981

0143 160 CONTINUE
Cevonssene .........0.....‘.".‘...'.....‘.‘.‘........“‘......‘.“.
C CREATE THE PLOTS *

0144
0145
0146

0147
Otas
0149
0150
0151
0152
0153

0154
C155
0156
0157
0158
0159
0160
0161
0162
0163
0:64
016S
0166
0167
0168
0169
0170
0171
0172
0173
0174
017%
0176
0177
0173
0179
0180

0181
0182
0183

C.O.‘.......0..0'0..'.0.‘.“.t.o.o0'.0‘..O.‘.‘.‘.‘.....'OOCOOOO..“
c

C-== INITIALIZE THE PLOTTING OEVICE

c

1F (AOTYPE.EQ.'T')GO TO 170
CALL HPT7221

CALL QQHP(0.,0.,8) ! FIRST ARG IS PEN
c 0. = BLACK
c 1. = RED
C 2. = BLUE
c 3. = GREEN
GO T0 180
170 CONTINUE
CALL TK
180 CONTINUE
CALL PAGE(8.5,11.)
CALL PHYSOR(1.5,1.)
CALL TITLE(' "ot AXTIT,20 AYTIT((IUNIT=1)e20+1),20,6.,8.)
[+
C=== PUT UP TITLE AND LEGEND
Cc

CALL HEIGHT(.20)
CALL MESSAG(ATIT,.40,0.,9.7)
WRITE(S,B828)FRAME
8280 FORMAT(' [FRAME = ', [6)
CALL MESSAG(AREF((IFRAME-1)+40+1),40,0.,9.4)
CALL HEIGHT(.15)
00 190 1=t,170T
ITEMP= IOFF(ITYPE)+ IOPTS( 1)
IF(AOTYPE.EQ. 'H')CALL QQHP(FLOAT(I~1),0.,8)
CALL HESSAG(ATITLE((ITEMD-l)‘50+1).50.2--9:'(1‘1)‘.25)
GO 70 (182,184,186,188)]
182 CONTINUE
CALL RESET('DOT')
GO 10 189
184 CONTINUE
CALL DASH
GO TO 189
186 CONT INUE
CALL pOT
GO TO 189
188 CONTINUE
CALL CHNDOT
189 CONTINUE
CaLL vscron(o..s.-(x-|)-.25¢.os.1.5.9.-(1-1)-.254.08.0)
190 CONTINUE
CALL RESET('CHNDOT')
CALL QQHP(0..0.,6)
c
C-== PROCESS CURVES NOW. STOR. VALUES INTO YARRAY
Cc
DO 600 1=1,1T70T
lPtR:IOFF(ITVPE)#IOFTS(I)
ITEMP=I0PTOF (IPTR)

08:34:04
08:32:16

TYPE

VAX=11 FORTRAN Vv2.0-2
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ote4

0183

0188
0187
0188
0189
0190

0191
0192

0193
0194
0195

0198
0197
0198
0199
0200

0201
0202

0203
0204
0205

0206
0207
0208
0209
0210
0211
0212
0213

c---

200

c---

210
240

c---

250
300

Co=e=

310
340

c--u

350
500
600

Crnw-

6590
700

16-Apr-1981 08:34:04 VAX-11 FORTRAN Vv2.0-2

16-Apr-1981 08:32:16 _DBAO:[D11R.GCPJGCPPLOT.FOR;92

GO TQ THE PROPER OPTION

GO TO (200.200,200,240,200,200,200,240,200,200,200,24",

. 200,200,200 ,240,300,300,300,340,300,300.300,340,
. 200,200,200,200,200,200,200,200,200,240,200,200,
. 200,240)IPTR

CONTINUE

PLOTS REQUIRING NO TRANSLATION OF DATA

00 210 J=1,1TNUM
YARRAY((I~-1)%3000¢J) =X (J4I1TSTRT~1, ITEMP, IFRAME)
CONT INUE

GO TO 500

CONTINUE

RSS PLOTS REQUIRING NO TRANSLATION OF DATA

D0 250 2l=1,1TNUM
YARRAY((1=1)¢3000+J)sSQRT(X(J+1TSTRT=1,ITEMP, I FRAME ) + 2+

. X(J+ITSTRT=4,1TEMP+1, IFRAME ) »+2+
. X(J+ITSTRT=1,ITEMP+2,IFRAME )=+2)
CONT INUE
GO TO 500
CONTINUE

ATTITUDE ERRORS. CONVERT TO ARC SECONDS.

DO 310 J=1,1TNUM
YARRAY((I-1)+3000+J)=(X(J+ITSTRT-1 ,ITEMP, IFRAME )*2.) /.4848E~S
CONT INUE

GO TO 500

CONTINUE

ATTITUDE RSS

DO 350 J=1,1TNUM
YARRAY((1-1)¢30004u)=(2.*SQRT(X(J+ITSTAT=1,ITEMP,IFRAME)*e2+

. X(J+ITSTRT=1 ,ITEMP+1 , IFRAME) ** 2+
. X{J+ITSTRT~1 ,1TEMP+2,IFRAME)*+2))
. /.4B48E-5
CONT INUE
CONTINUE
CONTINUE

FIND MIN AND MAX.

RMAX=~300000000.
RM IN=300000000.
D0 700 1=1,1T7Q7
DO 650 J=1,1TNUM
IF(YARRAY({ (1=1)*3000+J).LT.RMIN)RMINsYARRAY((1~-1)*3000+J)
IF(YARRAY( (1~1)®3000+J).GT.RMAX)RMAX=YARRAY((1-1)+3000+y)
CONT INVE
CONTINVE

T

Page
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0214
0218

0216
0217
0218
c219
0220
0221
0222
0223
0224
022S
0226
0227
0228
0229
0230
023t
0232
0233
0234
0235
0236
0237
0228
0239
0240
0241
0242
0243
0244
0235

0246
0247
0248
0249
0250
0251
0252

0253
0254
0255
0258

9257

- o TR T

16-Apr-1981 08:34:04
18-Apr-1981 08:32:18

C=== PLOT GRID AND AX1S

C

[«

CALL GRAF(TIME(!).'SCALE',TXME(ITNUI).RIIN.'SCRLE'.R.AX)
CALL GRID(2,2)

C--= DRAW CURVES
c

710

720

730

740
750

800

9999

901
902
903
904
9cs
906
907
908
909

910
911t
912
913
914
915
916

917
920
921
922

00 800 I:=1,170T
CALL QOMP(FLOAT(1-1).0..6)
GO T0 (710,720,730,740)1
CONTINUE
CALL RESET('DOT*)
GO TQ 750
CONTINUE
CALL DASH
GO TO 750
CINTINUE
.ALL pOT
GO 10 750
CONTINUE
CALL CHNDOT
CONT INUE
CALL CURVE(TIME.VAQRAY((l-l)‘3000+1).!TNUI.°)
CONTINUE
CALL ENDPL(O)
GO 10 30
CONTINUE
FORMAT(39F20.10)
FORMAT(AGB4)
FORMAT(1X,* Hit RETURN to continue 'e$)
FORMAT(A1)
FORNAT(' OPTION >> ' .§)
FORMAT(414)
FOOMAT(' OPTION(S) >> '.%)
FORMAT(64A1)

FORMAT (' PLOTTER TYPE (T DR H) : '.$)
FORMAT (' INPUT START,STOP TIMES FOR THE PLOTS. ' /e
' MIN, MAX TIM S ARE : ' ,2(F6.1,2X),' TIMES : ',$)

FORMAT(2F6.1)
FORMAT(® BAD START,S5TQP TIMES. START MUST BE LESS THEH sSTQP')
FORMAT(' INPUT REFERENCE FRAMES PLOTS WILL BE GENERATED IN ')

FORMAT(® INERT 1AL COORDINATES (Y OR N) ? ‘'.$)
FORMAT (' FLIGHT COORDINATES (Y OR N) 7 ',$)
FORMAT(* +.. one moment please ')

FORMAT(' REFERENCE FRAME TYPE FOR PLOT ',/,
t INERTIAL = 1 '/,
' FLIGHT = 2,7,
' REFERNCE TYP. : ', %)
FORMAT(I1)
FORMAT(///7/////11/.' INVALID OPTION TYPE ', V0A1,///7///71777)
FORMATY(/////////7/7.' ILLEGAL MIXING OF UNITS' 10A1,///7777777)
FORMAT(//////77//1/,' ILLEGAL EMBECOED ZERD IN OPTION STRING',
1081,//777774777)
END

VAX-11 FORTRAN v2.0-2
-DBAO: [D11R.GCP]GCPPLOT. FOR ;92
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PROGRAM SECTIONS

Name

0 $CODE
1 SPOATA
2 sLocaL
J ARRAY

ENTRY POINTS
Address

0-00000000

VARIABLES
Address

2-00011581
2-00011584
2-000115¢€4
2-00011508
2-00011S€C
2-0000n80C

ARRAYS
Address

2-00011564
2-000115AE
2-00000000
2-0001156KE
2-00000050
2-0001080C
2-0000078C
2-00000050
2-000CF 288
2-0000F290
2-0000F298
2-0000F 2080
2-0000F2€4
2-00000820
3-00000000
3-00200000
3-00072420
2-00000000
2-00003700
2-0000078C

Type

Type

Lot
102
l1e4
[ X ]
Red
CHAR

Type

Let
Let
L
Let
Led
Let
Let
CHAR
12
1e2
L2
102
CHAR
Red
Red
Red
Re 4
CHAR
Red
CHAR

T T

Name
GCPPLOTSMALN

Name

AOTYPE
1FRAME
ITEMP
1TSTART
RMAX
xT1Y

ABELLS
AFRAME
AREF
ATIT
ATITLE
ARTIT
AYTIT
CTITLE
IMAX
10FF
10PTOF
10PTS
MENUS
TIME

X

x1

x2
XREF
YARRAY
Yviy

Bytes

2990
878
71544
936002

Address

2-00011580
3-000E4B40
2-000115€0
2-00011582
2-000115F0

Bytes

10

2

80
64
1900
20
a0
1900
8

8

76

8

8832
12000
936000
468000
468000
80
4800¢C
8o

16-..,.. -1981 08:34:04
16-Apr=-1981 08:32:16

Attributes
PIC CON REL LCL SHR EXE
PIC CON REL LCL SHR NOEXE
PIC CON REL LCL NOSHR NOEXE
PIC OVR REL GBL SHR NOEXE
Type Name Address
Lt  ATYPE 2-00011568
12 InUM 2-000115€0
1¢4 ITNUM 2-000115C0
1+2 1TYPE 2-000115C4
Re4 RMIN 200011500

Dimensiong

(10)

(2)

(80)

(64)
(1900)
(20)

(80)

(38)

(a)

(8)

(38)

(a)

(23, 6)
(3000)
{3000, 39, 2)
(3000, 39)
(3000, 39)
(2)
{12000)
r4)

o

VAX-11 FORTRAN v2.0-2

_DBAO:[D11R.GCP)GCPPLOT.FOR; 92

RD NOWRT LONG
RD NOWRT LONG

RO
RO

Type

14
1+4
I=4
1«4
Re4d

WRT LONG
WRT LONG

Name

1

I1PTR
1107
IUNTT
RSTART

Address

2-000115C8
2-600115CC
2-0001150C
2-0001158C
2-00011504

Ty pe

I-4
i+a
Isa
Iea
R*4

Pay, -

Name

1ERR
1T
17STOP
v
RSTOP

PR




GCPPLOVIMALN
LABELS
Adiress Labe Ardiress L1ne
t=000v001D t°* 1=-Q0GCc o000 2
0-00000249 35 0-00CC 0249 490
0-0000048c 63 e 65
. 77 0U-CJI0004FC 7H
. 120 0-0000064F 13C
0-000006DD 180 0~000CO07EB8 182
e 190 0-000008DF 200
e 310 0-00C00A07 34cC
[ 700 0-00C0C0OB%6 710
LR 800 1-0000002A 828°
1-00000063 904°' 1-00000072 905°
1-00000i04 910" 1-000001CA 911"
1-000C01F2 916" 1-00000258 917"

FUNCTEONS AND SUBRQUTINES REFEQENCED

CHNDOT CURVE DASH
HEIGHT HPT221 INEFLY
RESLT TITLE ™%
Totel Space Allocated = 1011414 Bytes

COMMAND GiJAL IFIERS
FORTHAN /LIS/CO:77 GCPFLOT

/CHE CK = (NOBGUNDS ,OVERF LOW)
/DEBUGS (NOSYMBOL S, TRACEBACK )
/FTT7  /NOG_FLOATING /14

COMPILATION STATISTICS

Run Time:
Elapsed Time:
Page fauits:
Dynamic Memory:

9.48 seconds
54 .60 seconas
592

143 pages

/OPTIMIZE /wARN.NGS

VAX=11 FORTRAN v2.0-2
-DOAO:[D11R.GCP JGCPPLOT.FOR; 92

16-Apr-1981 08:34:04
16-Apr-19g+ 08:32:16
Address Label Address Labe i Address
0-00000076 10 0-0000008B8 20 0-000C01C9
0-0000032E 43 0-000200380 45 0-000003Ca
0-00000492 68 L 70 e
0-000004F4 80 0-00000589 90 0-00000590

(44 140 0-00000685 150 va
0-000007F8 R4 0-000007FF 186 0-00000P08

L] 219 0-0000092¢ 240 L]

. 350 0-00000ABD 500 ts
¢-QC000B61 720 0-00000B6A 730 ©-00000873
1-00000039 900’ 1-0000003F 901 1=00G00042
1-00000077 906’ 1-00000089 907 1-0000008E
1-00000140 912 1-00000177 913 1-000001A:
1-00000258 920 1-00000280 921 1=-000002C2

DOT ENDPL FORSCPEN GRAF
WESSAG MTHSSQRT PAGE PHYSOR
VECTOR

/NOC _LINES /NOMACHINE _CODE /CONT INUATIONS=77

Label

GR1D
QQHP

RANR A ww" . -~

Addrensc

0-000001C9
0-G0000G4CF
0- 00000504
0-00000606
0-0000080OF
0- 000009AF
.e
0-0000087A
1-00000060
1-000000AB
1-000001CF
0-000008AA

Page

Labei

30
60
75
110
170
189
300
650
750
903’
909"’
815’
9939

1
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8-Apr-1981 07:40:46 _OBAQ:[D1IR.GCH~ | INEFLT.FOR;10
;
r oo SUBROUTINE INEFLY
c
Ce== THIS ROUTINE TRANFUAMS THIn35 IN A FROM INERTIAL 0 FLIGHT COORDINATES.
C
0co2 INCLUDE 'ARRAY . COM’
s C COMMON BLOCK USED FOR FLITTING ROUTINE
v C
0203 e COMMON /ARQAY/ X(3000,39.2). INUM
0004 o REAL®4 X ,X1(3000,39}) X%2,320C.39)
0008 o INTEGER®2 INUM
0006 » EQUIVALENCE (RIE1 1) .t 1)), (K2{8.1).X(1,1.2})
s C
0007 REAL®B XTRANS(3,3,300C),XTHRANP(3,3,3000)
0008 REAL®G XTEMP1( 3} KTEMP2(I}
[
C
Cm== CREATE TRANFORMATION ARRAYS
C
0009 CALL TRANFM[XTRANS. X TRANP)
Cc
C=== TRANSFEQ THINGS IN X THAT WILL NOT BE TRANFORMED
[
0Cc10 DO 10 1=1,INUM J
0011 R(1,1.2)=x01,1,1) ;
0012 X(1,18.2)-2(1,18,1) i]
0013 X{t,19,2)=0(1,19,1) ‘
.. 0014 %(1,20.2)=2(1,20,1} ]
t 0018 X{1.21.2)=x¢1,21.1)
7. 0016 X(1,22.2)=x(1,22,1)
z o017 X(1,23.2)=Xx0(1,23.1)
0018 X(1.24.2)-x(1,24.1)
0019 X(1.25,2)22(1,25,)
0C20 X(1,26,2)=x(1,26,1)
0021 X(1,27.2)=x(1,27.,1)
0022 10 CONTINUE
C
C=== CREATE TRANSFORMED ER.:7S
c
0022 DO 20 1=1,INUM
oc24e XTEMPI(1)=X(1.2,1)
025 RTEMPY(212%¢11,3,1)
002€ XTEMPL(3)=ex(].4,1)
0027 CALL CRTRAN( XTRANS ,KTEMP1(1) XTEMP2(1))
b 0028 X(1.2.2)sRTEMP2(1)
0029 X11.3.2)z3TEMP2(2)
0030 X{1.4,2)xxTEMP2(3)
o031 XTEMPY (1)eXx11.5.1)
r 0032 xTemP1 (2)=x( {,6,1)
A 0033 XTEMPY (I)=X(1.7,1)
0034 CALL CRTRAN; XTRANS ,XTEMP1(1)  XTEMP2{ 1))
1 00338 X(1.5,2)=XTEMP2(1)
‘ 002" X(1.6.2)=XTEMP2(2)
0037 X(1.,7.2)sXTEMP2(I) j
! 0038 20 CONT INUE
' [
‘ Ce=e CREATE RESIDUALS TRAMSFIRMED
[




INEFLY

0039

wOOaoaon

0049
0041
0042

DO 30 I=1,INUM

CaLL CRESIF(XTRANS(!.1.I).X(l.12.!).XTRANP(1
CALL CRESIF(XTRANS(1.1.l).X(I.15.\).XTRANP(1
CALL CRESIF(XTRANS(1.i.I).X(l.28,1),XTRANP(1
CALL SRESIF(XTRANS(i,l.I).X(I,31.1),XTRANP(1

CONTINUE
RE TURN
END

PROGRAM SECTIONS

Name
$C oL

$LC Al

ARRAY

wDo

CATRY PGINTS
Address

0-00¢00000

VARTABLES

Adaress

3 2-00069789

ARRAYS
Address

3-000QC00C0
3-020C2000
3-00072420
2-00069780
2-00nE2798
2-000346C0
2-C0000000

LABELS

Adcress

s

8~Apr-1981 07:42:20
g-Apr—1981 07 :40:46

A 1) R(T,12,2))
V1,1, X(1,15,2))
JA.1),X(1,28,2))
te1),X(1,31,2))

Attributes
P1C CON REL LCL SHR EXE

PIC CON REL LCL NOSHR NOEXE RO
PIC OVR REL GBL SHR NOEXE RD

Type Name

12 INUM

Dimensions

Bytes
350
432080
936002
Type Name
INEFLT
Type Name Address
1«4 1 3-000E4B40
Typa MName 8ytes
R Y X 936009
R*4 X1 468000
R+*4 X2 460000
Re8 XTEMP1 24
Re8 XTEMP2 24
R+8 KTFANP 216000
Rs8 XTRANS 216000
Label Address Label
10 2] AT

(3000,
(3000,
(3000,
(3)

(3)
(3, 3.
(3, 3,

39, 2)
39)
39)

3000)
3000}

Address Labe!

-n 30

VAX=-11 FORTRAN v2.0-2 Page
_DBAO:[D1\R.GCP]INEFLT.FDR;10

RD NOWRT LONG
WRT QUAD
WRT LONG




INEFLY

FUNCTIONS AND SUSROUTINES REFERENCED

CRTRAN TRANFM

Tota) Space Allocated = 1368432 Bytes

COMMAND QUALIFIERS
FORTR2N /LIS INEFLT

/CHECK = (NGBOUNDS ,OVERF LOW)
/DEBUG=(NOSYMBOLS, TRACEBACK)

/£77 /NOG_FLOATING /14 /OPTIMIZE /WARNiINGS

COMPILATION STATISTICS

Run Time: 1.46 seconds
Elapsed Tima: 3.50 seconds
Page Faults: 168

Oynamic Memory: $1 pages

i -V

/NOD_LINES /NOMACHINE _CODE

8-Apr-1981 07:42:20 VAX~11 FORTRAN Vv2.0-2
8-Apr=1981 07:40:46 _DBAO:[DI1IR.GCP]INEFLT.FOR;10

/CONT INUATIONS=19

Page 3

;
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I
i




AR 2l f

$!LINKUP.COM

$!
$t LINKUP.COM LINKS ALL THE NECESSARY ROUTINES FOR EXECUTION
$! OF THE GCP SIMULATION PROGRAM
$!
SLINK/MAP=GCP.MAP/ FULL/CROSS_REFERENC. - ' /DEB-
P, -
INOATA, -
MATAB, -
OUTDATA, -
RUNG , =
DNAV -
EPHEM, -
TRUEA, -
SPRESS,~
OCCULT,~
GPERT, -~
! MATAB, -
! DNAV, -
| EPHEM, -
1 TRUEA, -
1 SPRESS , -
1 occulLr,-
1 GPERT, ~
GCPSEQ,~
VISIBLE,-
| ocCuLr, -
GE NENV, -
TREG, -
GYROUT .-
RATE , -
BMAT , -
CMAT , -~
! MATAB, ~
MINV3, -
GAUSS, -
KATT ,~
! BMAT -
1 CMAT , -
1 MATAB, -
QMuULY, -~
UNIT,~
t RUNG , -
1 DNAV , -
! EPHEM, -
! TRUEA, -
! SPRESS, -
! QCCULT ,~
1 GPERT,~
GYRO,~-
{ KATT =
! BMAT , -
1 CMAT , -
! MATAB,~-
i QMULT , -
! UNIT -
PDATY, =
! MATAB,~
PATT ,~
ME ASURE . ~
| RANDU . =

CLL 8. -




ROGCP . -

RDOTA .~
! AMAT , -
! MATAS, -
! MINVI, -
{ wgT, ~
BVEZT, ~
! MATAB,~
AMAT -
! VISIBLE.-
! occuLt,-
LAMKT -
wET, -
! WMATAB, -
! MATAB, -
l AMAY , -
! MINV3,-
! UNIT -
! GAUSS,~
GPS, -
1 GAUSS. -
STARTY, -
! GAUSS .-
INTG,~
! TREG,~=
RAKG,~
! DNAY , -
! EOHEM, -
§ TRUEA, -
1 SPRESS, -
1 OClULTY ,=
1 CPERT,~
PONA Ve~
! MATAR, -
EST,~
PRGP, ~
MPART , =
HLMT , -
! aET -
' MATAB, -
| WATAB, -
t MIH/3, -
N AWMAT =
t UNET -
SoEYEL .~
SSEY, -
SHELS, -
HGPS .4
HSTAR .~
! AMAT =
1 MiLs3,-
! MaTad, -
! SPETEL,~
! PMEAS, -
UPDATE ,~
1 UNIT, -
! AMAT =
1 LMAT,~
CRAISE,~-
PLTDATA,~

! MEAS ,~
|I|l|!!!!!¥l(l!!!1ll!ll!llllll!llllll!!!!'!!!!!!!!l!l!llll‘lllll
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j 6-Apr-~17981 14:50:27 VAX-11 FORTRAN .2.06-2 Page 1 3
~ 30-Sep-1980 08:05:45 _DBAO:[D11R.GC> }%AI%YI.FOR S !
x 2
1 0zt00 Q001 SUBROUTINE MINVI(X X["P%)
!' 2200 e PPN TRt s aet et 03008 +oamrs s tiaa TR Issewtsldastatta rssttssssssnttoastovosrinttons
E 0C300 [ THIS SUBROUTINE FihiS THE INVERSE OF A 3X3 MATRIX
07400 O st NI Ia s e s s AP EBO N $ I s s 0210t s satdtittdstRinsstsrtidodassassiatesntasnnt?asnssd
0.500 0002 DIMENSION X{(3, 3).xI%VRS5(3,3),TCOFAC(3,3).EL(4)
oLE00 0003 REAL*8 DET,SIGHN,EL.TCCUFAC, X, XINVRS :
!' oC700 O Pee 08 0PNt e I2EREE $ 00 0lat ottt s taddesUs Isattsstsstssrtetuarstsssssstngncess
; 0800 [ FIND TRANSPOS OF CCFACTOR MATRIX AND DETERMINANT
06900 Creeestantstessa ersitansssostardsstinssn 4908880405883 330403 3000009000000 00es000ass
01000 0004 SIGN = 1.0
01100 0005 DO 400 I = 1,3 i
01200 006 DO 300 J = 1,3
01300 0027 SIGN = -1.0+SIGN
014090 0008 ICOUNT = 1 k-
01520 0009 Do 200 i1 = 1,3 E
01600 0010 DG 200 4y = 1,3 ;
017C0 0011 IF {11.EQ.1.0R.JJ.EQ.J) GO TO 200 A
01800 0012 EL(ICOUNT) = X(II,J4)
i 01900 0013 ICOUNT = TCOUNT + 1 .
i 02000 0014 290 CONTINUE E
02100 001tS 300 TCOFAC(J. 1) = SIGNs(EL(1)*EL(4)-EL(I)*EL(2)) ;
02200 0016 400 CONTINUE
02300 Ceeseetes0008 0 etettg s0s00otisisttstsssttnttsaetttdatttdsnsstosssetittesinttunsoses
02400 C FINO DETERMI NANT
02500 COSesssateesestosssstositaciasssdtestnsd?odssstsssstfssostnscsitttanestPegisnstasdsnss
02600 0017 DET = X(1,1)*TCOFAC(1,1) + X(2,1)*TCOFAC('.,2) + X(3,1)*TCOFAC(1,3)
= 02700 Crooe08000eetesasstotsserstesdssttsstadssstsstsstststttsssnsotasresstsgosssstenss
! 02800 c INVERSE = (TRANSPOSGE OF COFACTOR MATRIX)/DETERMINANT
: 02900 e 00000 attsnsettsseattactanssssottotssdtndtgdiotedsntstisesnsesreviasdsosnestsess
- 03000 ¢018 DO S00 I = 1,3
03100 0019 DO 500 v = 1,3
03200 0020 500 XINVRS(1,J) = TCOFAC(1,J)/DET
03300 [
03400 0021 RETURN
03500 0022 END
> 3
SO
‘_ P <V
. .b
| fg‘*
. 5%
= S
|
. R 1T T v e 1 T AT ot el A
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MINV3

PROGRAM SECT IONS

6-Apr=1981 14:50:37
30-Sep~1980 08:06:45

Name Bytes Attributes
0 $CODE 213 PIC CON REL LCL SHR EXE RD NOWRT LONG
2 SLOCAL 184 PIC CON REL LCL NOSHR NOEXE RO WRT QUAD
ENTRY POINTS
Address Type Name
0-00000000 MINV3
VARIABLES
Address Type Name Address Type Name Address Type Name
2-00000068 R+*8 DOET 2-00000078 [*4 1 2-00000080 1+4 ICOUNT
2-0000007C 14 J 2-00000088 14 JV 2-00000070 Re8 SIGN
ARRAYS
Address Type Name Bytes Dimensions
2-00000048 Re¢8 EL 32 (a)
2-00000000 Re¢8 TCOFAC 72 (3, 3)
AP-00000004@ Re8 X 72 (3, 3)
AP-00000008@® R*8 KXINVRS 72 (3, 3)
LABELS
Address Labe! Address Labe! Address Label Address Labe)
0-00000059 200 .e 300 . 400 . 500

Tota! Space Allocated = 397 Bytes

COMMAND QUALIFIERS

FORTRAN /LIST GCP.XNDATA,HAVAB.DUTDATA.RUNG.DNAV.EPHEI.TRUEA.SPRESS.OCCULT.GPERT.GCPSEO.VXSIBLE.GENENV.TREG.GYRDUT.RATE.B.AT.CIA

JCHE CKs (NOBOUNDS ,OVERF LOW)
/ODEBUG= (NOSYMBOL S, TRACEBACK)
JF1T  /NOG_FLOAT ING

/14 /OPTIMIZE /WARNINGS /NCD_LINES

/NOMACHINE _CODE /CONTINUATIONS=19

VAX=1% FORTRAN V2.0-2
_DBAO:[D11R.GCP]MINV3.FOR:S

Page 2

Address Type Name

2-00000084 1+4 11
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6-Apr-1981 14:50:37 VAX-11 FORTRAN Vv2.0-2 Page 3

MINV3
30-Sep=1980 08:06:45 _DBAO:[D11R.GCPIMINV3.FOR; S

COMPILATION STATISTICS

Run Time: 1.08 seconds
Elapsed Time: 11.19 seconds
Page Faults: 325

Dynamic Memory:® 160 pages

By
:
A
§

LeE-V




gre-v

0001
0002
0003
0004
0005
00C6
0007
0008

0010

.....QQ...QQQO..'O.

............0...'...QQ'..

. e

[
.
[
1
]
L]
L
.
+
]
L]
L]
+
1
'

3-Nov-1980 08:30:54
3-Nov-1980 08:30:21

REALe4 RSTART,RSTOP

CHARACTER*62 MENU1(23)

CHARACTER«4G0 YTITLE(26)

CHARACTER*40 TITLES(26)

LOGICAL®Y ATIT(1040),YTIT(1040),ATYPE

EQUIVALENCE (ATIT(1),TITLES(1)) (YTITLE(1},YTIT(1))

REAL*4 X (2000.23),TIME(2000),YARAY(2000)  XFILL(13)
DATA MENUY/

DISPLAY TYPES: ',' ',

1 NAVIGATION ERROR x ®QS 15 STAR TRACKER 2 RES. HORZ.
2 NAVIGATION ERROR Y pOS 16 STAR TRACKER 2 RES. VERT.
3 NAVIGATION ERROR Z ®0S 17 L.M. TRACKER RESID. HORZ.
4 NAVIGATION ERROR RSS POS 18 L.M. TRACKER RESID. VERT.
S NAVIGATION ERROR x vEL. 19 GPS X POSITION RESID.

6 WAVIGATION ERROR Y VEL. 20 GPS Y POSIVION RESID.

7 NAVIGATION ERROR Z VEL. 2% GPS Z POSITION RESID.

8 NAVIGATION ERROR RSS VEL 22 GPS RSS POSITION RESID.

9 ATTITUDE ERROR ROLL 23 GPS X VELOCITY RESID.

10 ATTITUDE ERROR PITCH 24 GPS Y VELOCITY RESID.

11 ATTITUDE ERROR YAW 25 GPS Z VELOCITY PESIOD.

12 ATTITUDE ERROR RSS 26 GPS RSS VELOCITY RESID.
13 STAR TRACKER ' RES. HORZ -1 EXIT

14 STAR TRACKER 1 RES. VERT

v v v v v REFERENCE FRAMES TYPES :',' ',

* 1 EARTH FIXED 3 ORBIT

' 2 INERTIAL 4 FLIGHT

L]

/
OATA YTITLE/' NAVIGATION ERROR X POS (kM.) °*,
* NAVIGATION ERROR Y POS (KM.) '.

' NAVIGATION ERROR Z POS (KkM.) ',

* NAVIGATION ERROR RSS POS. (KM.) '

' NAVIGATIOM ERROR X VEL, (XM./SEC.)',

' NAVIGATION ERROR ¥ VEL. (KM./SEC.)',

' NAVIGATION ERROR Z VEL. {(KM./SEC.)'.,

' NAVIGATION ERROR RSS VEL. (KmM./SEC.)’,

* ATTITUD. ERROR ROLL (ARC SEC.)',

T ATTITUD . ERROR PITCH (ARC SEC.)',

' ATTITUD ERROR YAW (ARC SEC.)°’,

' ATTITUD ERROR RSS (ARC SEC.'',

' §.T. 1 HORZ. RESIDUAL (ARC SEC.)',
§.T. 1 VERT. RESIDUAL (ARC SEC.)',
§.T. 2 HORZ. RESIDUAL (ARC SEC.)'.
$.7T. 2 VERT. RESIDUAL (ARC SEC.)°,
L.M. TRACKER HORZ. RES. (ARC SEC.)’,
L.M. TRACKER VERT. RES. (ARC SEC.)',
GPS X POS RESIDUAL (KM.) ',

GPS Y POS RESIDUAL (KM.) ',
GPS 2 POS RESIDUAL (KM.) °*,

DATA TITLES/

GPS X V_L RESIDUAL
GPS Y V L RESIDUAL
GPS Z V_L RELIDUAL
GPS RSS VEL RESID.
NAVIGATION €RROR X
NAVIGATION ERROR Y
NAVIGATION ERROR Z
NAVIGATION RSS POS

'
[
]
'
[
'
' GPS RSS P05 RESIDIDUAL (KM.)',
'
[
.
[
)
'

(kM. /SEC.)',

(KM, /SEC.) ',

(kM. /SEC.)',
(KM./SEC.)'/

POS. VS. TIME °',
POS. VS. TIME ',
POS. VS. TIME '
. ERROR VS. TIMg ',

@ ® ® ¢ 4 e ®m e & o 8 @ « =

VAX-11 FORTRAN Vv2.0-2
_DBBA:[B.GCP)PLOT.FOR;28

Page
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PLOTSMAIN

[JAR}
0012
0013
Q014
0015
0016
0017
0018
0019

3-Nov-1980 08:30:54
3-Nov-1980 08:30:21

* NAVIGATION ERROR X VEL. VS. TIME ',
' NAVIGATION ERROR Y VEL. VS. TIME 'y
* NAVIGATION ERROR Z VEL. VS. TIME ',
' NAVIGATION R5>S VEL. ERROR VS, TIME ',
* ATTITUD. ERROR ROLL VS. TIME '
* ATTITUD ERROR PITCH Vv%. TIME v,
' ATTITUD ERROR YAW VS. TIME 'y
' ATTITUD ERROR RSS VS. TIME '
" STAR TRACKER | HORZ. RES. VS. TIME '
' STAR TRACKER | VERT. RES. V5. TINE .
" STAR TRHACKER 2 HORZ. RES. v3. TIME '
' STAR TRACKER 2 VERT. RES. VS. TIME '
* LANDMARK TRACKER HORZ. RES. VES. TIME '
" LANDMARK TRACKER VERT. RES. VS. TIME !
* GPS X POSITION RESIDUAL VS. TIME '
' GPS Y POSLTION RESIDUAL VS. TIME ’
' GPS 2 POSITION RESIDUAL VS. TIME '
' GPS RSS POSITION RESIDUAL VS. TIME '
' GPS X V_LOCITY RESIDUAL VS. TIME *
* GPS Y V.LOCITY RESIDUAL VS. TIME '
" GPS 2 V.iNCITY RESIDUAL VS. TIME '
' GPS RSS VELOCITY RESIDUAL VS. TIME 4
C.O......‘.OO‘...‘....O0.0'.O‘to‘..‘lnt...t.“."“‘..

C-=-= DEFINITION OF X

PO B 3K 2 B IR J P IR K 2K 2R 2N o & & 8 0

’

c X(1,1) = TIME

c x(1,2) = X POS ERROR

c X{(1,3) = Y POS ERROR

c x(1.,4) = 2 POS ERRUR

C X(1.5? = X VEL ERROR

c X(1,6) = Y VEL ERROR

C X(1,7) = 2 VEL ERROR

c X(1,8-11) = QUATERNION ERRORS

c x(1,12) = LM HORIZONTAL RESIDUAL

c X{1.13) 2 LM VERTICAL RESIDUAL

c xil,18) « STAR TRACKER 1 RESIDUAL WORIZONTAL
< X(1,15) . " . " " VERTICAL

[ X(1,16) = " . 2 . HORIZONTAL
(o4 X(1,17) a " . . - VERTICAL

[ X{(1,18) = GPS X POS RESIDUAL

Cc x(1,19) s * Yy * -

c X{1,20) L z " .

c x(r,21}) = GPS X VEL RESIDUAL

c X(1,22) = " Yy * .

C x(1,23) - z " .
C...‘O..“0.!..00.““‘.‘.‘.‘t.t.t.0‘0.‘.0““0.‘.'..‘
c

C--= START OF PLOTS

C

OPEN(UNIT-Z.NAIE-'PLOT.DAT'.RECORDSIZE-GGO.TVPE-'OLD')

1=
CONTINUE

-
o

READ(2,900,END=20

I=141

GO TO 10
20 CONTINUE

INUM=T-1

WRITE(S,2)INUM

)(X(!.J).J-1.23).(XF1LL(K).K-1.10)

VAX=-11 FORTRAN Vv2.0-2
-DBBQ:[B.GCP]PLOT.FOR;ZB

Page




PLOTSMAIN 3-Nov-1980 08:30:54 VAX=11 FORTRAN V2.0-2
3-Nov=-1980 08:30:21 _DBB4:{B.GCP]PLOT.FOR;20

0020 2 FORMAT(' TOTAL DATA VALUES READ IN WAS °',18)
0021 WRITE(S,908) |
0022 READ(5.909)ATYPE |
0023 30 CONTINUE 1
0024 40 CONTINUE |
002% WRITE(S,901)(MENUI(]1),[=1,23)
0026 WRITE(S,902) o
0027 READ(5.903,ERR=40)ITYPE i
0020 IF(ITYPE.EQ.-1)GO TQ 890 t
0029 WRITE(S,904) &
0030 READ(5.903,ERR=40) IRFNUM
0031 WRITE(S.90S)X( 1, 1) . X(INUM, 1)
0032 READ(5.906,ERA=40)RS TART ,R5TOP ]
0032 IF(RSTART.LT.RSTOP)GO TO 45 ;
0034 WRITE(S5,907) ;
0038 GO TO 40 ;
0036 as CONTINUE ;.
0037 1F(RSTOP.GT.X{ INUM, 1) )RSTOPsX(INUR,1) r
0038 IF(RSTART.LT.X(1,1))RSTARTeX(1,1)
0039 IF(ATYPE.EQ.'H*)GD TO 47
0040 CALL TK
0041 GO TO 48
0042 47 CONT INUE
0043 CALL HP7221
0044 CALL QQwP(0.0,0.0,6)
004s 48 CONTINUE
0048 CALL OPNPLT
5 0047 CALL XLABEL(' TIME (SEC.) ',14)
R 0048 CALL YLABEL(YTIT((ITYPE-1)+40+1),40)
= c
= C-== FIND THE BOUNDS ON THE TIME
c
0049 DO S50 I=1,INUM=1
0050 IF(RSTART.GE .X(1,%).AND.RSTART.LE.X{1+1,1})G0 TO 60
0051 WRITE(S.111)RSTART (X(1.1) . X(I+14,1)
0052 11 FOQMAT (' RSTART.X{ ). X(Ie1) ',3IF15.7)
0053 %0 CONTINUE
0054 60 CONTINUE
005% 1TSTRT=]
0056 DO 7C is=t1,INUM-Y
0057 IF(RSTOP.GE. X{1,1) .AND.RSTOP.LE.X(1+1,1))G0 TO €0
0058 70 CONTINUE i
0059 80 CONT INUE !
0060 1TSTOP=] +1 i
Q0F ITNUM=ITSTOP-TITSTRT e Y “}
0c62 00 90 I=1,1ThUM :
006 TIME(I)=X{1+ITSTRT-1,1) :
0064 90 CONTINUE !
006% GO TO (100,10C.100,200,100,100,100,200,300,300,300,400,500,500, .
. 500,500 ,500,500,500,500,500,600,500,500,500,600) 1 TYPE i
0068 100 CONTINUE 1
c
C=== NAVIGATIONAL ERROR TYPE OF PLOT
c
0067 ITYPEI=ITYPE
0068 IF(ITYPEY1.LE.3)ITYPE1=ITYPEI+Y

0069 DO 110 f=1,ITNUM
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n PLOTSMAIN 3-Nov-19B0 08:30:5a VAX-11 FORTRAN v2.0-2 Page 4
‘ 3-Nov-1980 08:30:21 _DBBA:[B.GCP)PLOT.FOR:28
0070 YARAY(1)=X(14ITSTRT=1,ITVPEY) |
007t 110 CONT INUE }
‘ 0072 GO 10 800
0073 200 CONT INUE
c
C--- ASS ERAROR TYPE OF PLOT
c
0074 ITYPEL=4
0075 1F(ITYPE.EQ.B) ITYPEY =7
0076 00 210 L=1,1TNUM
0077 YARAY{1)=SQRT{X({I+1TSTRT-1 ITYPEI~2)ee2s
. X(I+1TSTRT=1,1TYPEI=1)ee2¢
. X(1+LTSTRT=1,1TYPE1)**2)
oc7e 210 CONT INUE
0079 GO TO 800
c080 300 CONTINUE
c
C--- ATTITUDE ERROR
c
o081 DO 310 I=1,1TNUM
0ce2 YAQAY(1)=(X{ I+1TSTAT=1,1TYPE)*2.)/.4848E~5
0083 310 CONTINUE d
0084 GO TO 80O |
0083 400 CONTINUE ‘
c ;
C--- RSS ATTITUDE ERROR 1
c |
0086 DO 410 I=1,1TNUM j
> 0087 YAPAY(1)=(2¢SQRT(X(I+ITSTRT-1,9)se2s |
- . X(ISITSTRT=1,10)+°2+X(ITSTRTeI=1,11)922))/.4848E=2
= ooBe 410 CONT INUE
0089 GO 10 800
c
Cc--~ RESIDUAL TYPE OF PLOT
c
0090 500 CONTINUE
0091 1TYPE1=]VYYPE~Y
0092 1F(ITVYPE.GE.23)ITYPE1=ITYPE-2
0093 DO S10 I=1,1TNUM
0094 YAQAY(§)eX(T+ITSTRT-1,1TYPEI=1) ;
009% 510 CONTINUE A
0096 GO TO 800 |
c .“
C--= RSS TYPE FOR RESIDUALS j
! C )
‘ 0097 600 CONTINUE a
i 0c98 ITYPEI=10 E
0099 IF(ITYPE.EQ.25)ITYPE 1221 %
i 0100 00 610 Is1,1TNUM |
I 0101 YARAY([)=2.¢SQRT(X (1+1TSTRT=1, ITYPEY jeuvde |
. K(I+ITSTRI=1, ITYPE1+1)ee2+ :
. X(I+ITSTRT=1, 1TYPE142)ee2)
! 0122 610 CONTINUE
0103 GO 10 80O
0104 800 LON’ "NUE
0108 CAL. LINPLT(TIME,YARAY,ITNUW)
01068 1F (ATYPE.EQ. 'H')CALL QQHP(1.0,0.0,6)




PLOTSMALW 3-Nov-1980 08:30:54 VAX=11 FORTRAN v2.0-2 Page S
3-Nov-1980 08:30:21 .DIIISII.GCP]’LDT.IDRSZ‘

f G107 CALL GR1D(2.2)
: 0108 1€ (ATYPE.EQ. 'H " )CALL Qomp(0.,0..6)
0109 CaLL HEAO[N(ATIT((!Y'PE-!l°400!).-do.—z.t)
0110 CALL ENDPL(O)
o111 GO 10 40
0112 890 CONTINUE
0113 900 FORMAT(33F20.10)
0114 901 FORMAT (AGO)
01158 902 FORMAT(' INPUT DISPLAY TYPE NUMBER t *,8)
0118 903 FORMAT(I2)
0117 904 FORMAT(' INPUT REFERENCE FRAME NUMBER : °,8)
0118 905 FORMAT(® INPUT STARY ,STOP TIME FOR PLOT & ./,
. ' MIN MAR TIMES ARE ' ,2F10.3,5%,8)
0119 906 FORMAT(2F15.6)
0120 907 FORMAT(' BAD STARY . STOP TIMES WERE teeutT )
o 908 FORMAT(' INPUT OUTPUT OEVICE (V OR M) ¢t *,.8)
0122 909 FORMAT(AY)
0123 END

PROGRAM SECTIONS

Name Bytes Attributes
» © SCODE 1516 PIC CON REL LCL SHR EXE 0 NOWP ! LONG.
¢J 1 SPDATA 360 PIC COM REL LCL SHR NOEXC RD NOWRT LONG
&~ 2 SLOCAL 203772 PIC CON REL LCL NOSHR MOEXE RD WAT LONG
12

ENTRY POINTS

Address Type Name

0-00000000 PLOTSMAIN
VARIABLES
Address Type Name Acaress Type Name Address Type Name AcOress Type Name
2-00031826 Le1 ATYPE 2-00031830 [*4 I 2-0003183C 1+4 INUM 2-00031844 1e4 IRFNUM
2-00031850 14 [TNUM 2-0003184C 1e4 118702 2-00031048 14 1TSTRY 2-00031840 14 1TYPE
2-00031854 [e4 ITYPEN 2-00031834 1°48 4 2-00031839 1°4 K 2-00031828 Ae4 RS TART

2-0003182C Re4 RSTOP

ARRAYS
Address Type Name Bytes Dimensions
2-00000410 L*1 ATITY 1040 (1040)
2-00031594 CHAR MENU? 1326 (23)
2-0002D6EC A4 TIME 8000 (2000)
2-00000410 CHAR TITLES 1040

(26)
2-00000820 Re*4 X 184000 (2000, 2J)

o m




R

PLOTSMAIN

,‘

i 2-00031560 Re4 XFILL

J 2-0002F620 Me4  YARAY

A 2-00000000 Let YTIY

a 2-00000000 CHAR YTITLE

i

LABELS
Adaress Labe Addr ess

1-00000000 2° 0-00000015

; 0-0000023C 47 0-00000248

ve 90 0-00000385

0-0000043A 300 b
0-00000%1C 600 .o
1-00000049 902° 1-00000060
1-60000101 908" 1-00000125

i FUNCTIONS AND SUBROUTINES REFERENCED

GR1D
XLABEL

ENDPL
QQuP

FORSOPEN
™

Tota! Space Allocated = 205848 Bytes

COMMAND QUALIFLERS
FORTRAN /CO:40 PLOT/LLS

¢ -V

/CHE Cis (NOBOUNDS ,OVERF LOW)
/OEBUG=(NOSYMBOL S, TRACEBACK)
= /F11  /NOG_FLOAT ING

L
7

COMPILATION STATISTICS

Run Time: 4,87 secnnds
Elapsed Timg! 19.17 saconGs
Page Ffaults: 224

Dynamic Semnry! £2 pages

AT W L

52
8000
1040
1040

Label

10
168
100
310
610
9063’
909’

/14 JOPTIMIZE /WARNINGS

(13)
(2000)
(1043}
(26)

Aogdress

0-00000072
.o
e
0-00000476
0-00000590
1-00000070

HEADIN
YLABEL

S T TR --—

S-Nov

. 280 08:30:54

3-Nov=-1980 08:30:21

Labe} Address Labe
20 .o 30
50 0~-000002DF 60
110 1-00000024 114V’
400 LR 410
000 0~C00005¢€8 890
904° 1~-00000094 905'
HP7224 LINPLY

VAX-11 FNARTRAN V2.0-2
_DBB4:{B.GCPlPLOT.FOR: 28

Address

0-000000CE
.
0-000003C6
0-00000406
1-00000040
1-00000007

MTHESQRT

/NOD_LINES /NOMACHINE_COOE /CONTYIAUATIONS=40

Labe) Address
40 0-00G00208
70 0-00000313
200 bdd

500 b
900" +=00000046
906° 1-00000000

OPNPLY

NS

Labe)

45
80
210
$10
901’
907’




AL iy T ' " .

6-Apr-1981 15:02:41 vAX-11 FORTRAN Vv2.0-2 Pace 1
21-Jan-1981 12:32:15 _DBA?flblIR.GCP]PMEAS.FOR:Q
00100 0001 SUBROUTINE PM AS(FU,U,PDH,PDV, IFLAG)
00200 C
00300 Cttto‘o.t:ao:a..oa-..c:.vov~ttt.‘s.-t..otot.c.tot‘snt.c..‘..t.‘¢
00400 [
0CcsS00 [ SUBROUTINE PM AS COWPUTES THE PARTIALS OF THE MEASUREMENT
00600 [« WITH RESPECT YO THE ESTIMATED STATE USING THE PARTIAL OF
00700 [ THE UNIT VECTOP (PU) WRT THE ESTIMATED STATE AND THE
00800 [ UNIT VECTOR ITSELF,
j 00900 c

01000 Cc INPUT PARAMET _RS
01100 Cc PU = THE PARTIALS OF THE UNIT VECTOR WRT THE
01200 C ESTIMATED STATE
01300 [ U = THE MEASUREMENT UNIT VECTOR ITSELF ]
01400 c OUTPUT PARAMETERS :
01500 Cc PDH = THE PARTIALS OF THE HORIZONTAL DIFLECTION E
01600 [+ POV = THE PARTIALS OF THE VERTICAL DIFLECTION §
01700 Cc CALLED BY HSTAR AND HLMT
01800 [+
01900 c.o‘.ooottnotato.coocoot-.dv.tt‘c-oott.tt.toto.ooottttc"-o-c¢.a
02000 [
02100 0002 DIMENSION PU(3),U(3)
02200 0003 REAL*8 POH,PDV,PU,U,A.B,C
02300 0004 1F(IFLAG .GT. 1) GO TO 100
02400 c

3> 02500 C.“.““tt."ttt‘.‘Oot'*ttttt‘tttt.‘tt“t““.l.‘ttl“‘.t‘t‘ttt

J, 02600 c COMPUTE PART TALS OF MEASUREMENT VECTOR (APPROXIMATE)

= 02700 CrOEIRIETEEAL 4SS S2USARIOBIAENISIEORROUEIRERRERREISRanttans

+ 02800 C
02900 0005 PDH=PU (2}
03000 0008 PDV=PU(1)
03100 0007 RETURN
03200 [o}
03300 CO#‘.‘.‘Q'#’O“.‘O“‘:.to-tt‘tt#tt..t."t‘.‘.‘t"tt‘.“".“O.!t
03400 C COMPUTE EXACT PARTIALS OF MEASUREMENT
03500 c.““.ttiatttt“ttt0‘.-.-"l“..tt‘t.'.“..“““"“‘t“..“t.
03600 c
03700 0008 100 A=1./SQRT(1.-U(1)=U(1})
03800 0009 PDV=A«PU(1)
03900 0010 B=COS({ ASIN(U(1}))
04000 0011 C=1./SQRT(1.~(U(2)/8)**2)
04100 0012 PDH=Ce (BePU( 2)+U(2)*U(1)*A*PU(1))/(B+B)
04200 0013 RETURN

04300 0014 END




PMEAS 6-Ap-=1C31 15:02:41) VAX-11 FORTRAN v2.0-2 Page 2
21-Jan-1981 12:32:15 .DBAG:[D1I1R.GCP ]PMEAS.FOR; 9
DROCHAM SECTIONS
Name Bytes Atiriputes
0 SCODE 163 PI!C CON REL LCL SHR  EXE  RD NOWRT LONG
‘ ‘ 2 $L0CAL 64 PIC CON REL LCL NOSHR NOEXE RD  WRT QUAD
e ENTRY PGINTS
AR Aduress Tyge liame X
4 0-02000000 FMEAS
'; VARIAB . ES
Address Type Name Agadress Type Mame Address Type Name Acoress Type Name
o :
S B 2-00000000 R*8 A 2-00000008 R+*g€ 8 2-00000010 Re*8 ¢ AP 100000148 [+4 IFLAG
. , AP-0N00000C® R*8 PDH AP-0000001G8 R*8 POV
ARRAYS
D 4 Address Type Name Bytes Dimensions é
R . ﬂ
’ e % AP-00C00004® R*8 PU 24 (3)
. - AP-00000008@ ReB U 24 (3)
. L w
% A
Bl LABELS
kY /A ,|> Address Label
8 " 0-00000034 100
2
: 4 FUNCTIONS AND SUBROUTINES REFERENCED
Ky MTHSDASIN MTH$DCOS MTHSDSQRT
.
'. Tatal Space Allocated s 227 Bytes ,
g COMMAND QUAL IFIERS i
i : FORTRAN /L1ST GCP,INDATA,MATAB,OUTDATA,RUNG,DNAV,EPHEM, TRUEA,SPRESS,0CCULT ,GPERT ,GCPSEQ, VISIBLE .GENENV, TREG,GYROUT ,RATE,BMAT, CHA
; /CMECK = (NOBOUNDS ,OVERF LOW) ‘
. i /DEBUG=(NDSYMBOL S, TRACEBACK)
/F77 /NOG_FLOATING /I4 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE /CONTINUATIONS=19




o R T R - o o AR A %l

6-Apr-1981 15:02:.41 VAX=11 FORTRAN v2.0-2 Page
21-Jan=-1981 12:32:15 _DBAO:[D11R.CCP)PMEAS.FOR: 9

PMEAS

COMPILATION STATISTICS

RUN Time: 0.86 seconds ’
Elapsed Time: 18.87 seconds 4
Page Fauits: 323
Dynamic Memory: 180 pages 3




Lve-V

6-Apr-1%281 14:51:17
11-5ep~1980 11:51:0%
0001 SUBROUTINE QMULT (A,B,C)
C.‘.."O‘tt'.-t."t“.t‘....k'tcccv'-tl‘ll...""...“t.ttv."‘.““'t-."‘l‘.‘

C THIS SUBROUTINE DOES A QUAT RLION MULTIPLY AND RETURNS ANSWER IN C

C.o.co«t.ctn‘tt.'t‘.-.“ottotot-vottt.t.tttttv‘....ttt-ttntvt.‘.t‘t.‘.tt-."tt‘

0002 DIMENSION Af4),B(4),C(4),D13)
0003 REAL*8 A,B.C,D

[
0004 D(1) = A(1)*B(1) = A(2)+B(2) - A(3)*8{(3)
000% D(2) = A(1)*B(2) + A(2)*B(1) + A(3)*B(4)
00086 D(3) = A(1)¢B8(3) = A(2)*8(4) + A(3)*B(1)
0007 C(4) = A(1)+*B(4) + A(2)*B(3) - A(3)+*B(2)
0008 c(t) = D(1)
0009 C(2) = D(2)
0010 C(3) = D(3)

c
0011 RETURN
0012 END

PROGRAM SECTIONS
Name
0 SCODE
2 $LOCAL
ENTRY POINTS
Address Type Name

0-00000000 QMULT

ARRAYS
Address Type Name

AP-00000004® R*8 A
AP-000000083 R+*8 B
AP-0000000CE® R*8 C
2-00000000 Re*8 D

Total Space Allocated = 294 Bytes

COMMAND QUALIFIERS

FORTRAN /LIST GCP.INDATA,MATAB.OUTDATA.RUNG.DNAV.EPHEM.TRUEA.SPRESS.OCCULT.GPERT.GCPSEQ.VISXBLE.GENENV.TREG.GVROUT.RATE.BMAT.CMA

/CHECK=(NOBOUNDS ,OVERF LOW)
/DEBUG={NOSYMBOLS, TRACEBACK)

JFT7 /NOG_FLOATING /14 /OPTIMIZE /WARNINGS

Bytes Attributes

210 PIC CON REL LCL
84 PIC CON REL LCL NOSHR NOEXE

Bytes Dimensions

32 (4)
32 (4)
32 (4)
24 (3)

+ 4+ 10

/NOD_LINES /NOMACHINE_CODE

RO NOWRT LONG
RO WRT QUAD

/CONT INUATIONS=19

VAX~11 FCRTRAN
_DBAO:[D11R.GC* (GVMULT.FOR: 4

oy . o

Page 1




8re-v

QuuLT

COMPILATION STATISTICS

Run Time: 1.07 seconds
Elapsed Time: 14.16 seconds
Page Faults: 293

Dynamic Memory: 160 pages

6-Apr-1981 14:51:17
11-5ep=1980 11:51:905

VAX=11 FORTRAN v2.0-2
.OBAO:[D11R.GCFIQMULT.FOR: 4

Page




bt -y

00100
nCc200
ne300
27300
¢C500
¢7400
0:7C0
ocs00
0,900
01000
¢1100
01200
01300
01490
01300
01600
01700
21800
01900
02000
02100
02200
02300
02400
oct100
on200
00300
0400
00500
00600
QU700
0c800
70900
Q'000
0:100
012C0
a1 340
L1400
01500
02500
02600
02700
02800
02909
03009
03100
03200
03300
03400
03500
03600
037C0
03800

0001

0002
0003

0004
000S
0006
0007
c008
0009
0010
0011
0012
0013
0014
0015
0016
0017

Y EEEE I B AN I I

SUBROUTINE RDOTA( T, THET,AL)

10-apr-10987 08:40:57
10-Ap~=1981 08:32:11

C

Cessoodsasess s P e e 2 A N R A AR A R A R A AL A A AL A R A R A
C SUBROUTINE RDDTA READS THE VALUE OF THET AND AL FROM

C A DATA TABLE AT THE TIME CLOSEST TO TIME T.

c

c INPUT DATA

c T = T1WE OF MEASUREMENT

c

c OUTPUT DATA

C THET = LOOK ANGLE TG LANDMARK (RAD)

C AL = ALTITUDE OF LANDMARK ABOVE EARTH MEAN
c SURFACE (XM)

C

c CALLED B8Y RDGCP

c

C THET 1S INITIALLY A FLAG

c THET .G7. 90. DEG PICK RANDOM THET AND AL
c THET .LT. 90. DEG KEEP THET, SET AL=xO.

c

c
C...‘.‘...t"...."‘.‘..0'".tOt“...“‘.‘..“tf..’t..‘..“““‘
c

INCLUDE 'MODE.CQOM'
COMMON /MODE / MODE(10)

1 = FIXED AT [NFUT THET
2 = ND DEFAULT TO STAR TRACKER

0 = RANDOM CLOUD DENSITIES BASED

ON INPUT TABLES CLOTBL

1 = FIXED DENSITY AT NO CLOUDS
2 = NO CLOUDS WITH 130% CLOUD

COVER FOR A SPECIFIED
PERIOD (CLOTBL(11,12))

o
c MODE (1) = LANDMARK TRACKER SWEEP MODE
C 0 = RANDOM
[
o
[ MOOE (2) = CLOUD SELECTION MODE
c
o
c
C
(o
Cc
c MODE (3-10) NOT SPECIFIED AT PRESENT
c
DATA 11,12,1FLAG/12345,54321,0/
REAL*8 AL.T, THET,RAN,GAUSS,X,THETP
IF{IFLAG .GT. 0) GO TC 10
IFLAG=1
THETP=THET*3 ,1415926536/180.
10 GO TO (20,20) ,MODE(1)
THET=( RAN(I% ,12)-.5)+2.+THETP
X=GAUSS5{(0.,.5)
AL=ABS(X)
GO TO 100
20 THET=THETP
AtL=0.
100 RETURN
END

Lt e bt

VAX~11 FCRTRAN v2.0-2
_DBAO:[D11R.GC* ;RIDTA.

FOR; 17

Page

1




RODTA 10-Apr=1981 08:40:57 VAX=11 FORTRAN v2.0-2 Page 2
10-Apr-1981 09:32:11 -DBAO: [D11R.GCPJRDOTA.FOR; 17

PROGRAM SECTIONS

Name Bytes Attributes
0 $CODE 110 PIC CON REL LCL SHR EXE RD NOWRT LONG
1 SPDATA 8 PIC CON REL LCL SHR NOEXE RD NOWRT LONG
2 SLOCAL 52 PIC CON REL LCL NOSHR NOEXE RD WRT QUAD
3 MODE 40 PIC OVR REL GBL SHR NOEXE RD WRT LONG

ENTRY PGINTS

Address Type Name

0-00000n00 RODTA
VARIABLES
Address Type Name Address Type Name Address Type Name Address Type Name
AP-0000000C® R*8 AL 2-00000010 1¢4 1 2-00000014 1+4 12 2-00000018 14 [FLAG
AP-00000004@ R*8 T AP=-00000008¢® R+8 THET 2-00000008 R=*8 THETP 2-00000000 Re8 X
ARRAYS
? Address Type Name Bytes Dimensions
[v8}
B 3-00000000 Is4 MODE 40 (10)
LABELS
Address Labe! Address Labe!l Address Labe!
0-0000002C 10 0-00000068 20 0-00000080 100

FUNCTIONS AND SUBROUTINES REFERENCED
FORSIRAN GAUSS

Total Space Allocated = 210 Bytes

COMMAND QUALIFIERS

FORTRAN /L RDOTA

/CHECK=(NOBOUNDS ,OVERF LOW)
/DEBUG= (NOSYMBOL S, TRACEBACK)
/F1T  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE_CODE /CONTINUATIONS=19

o o ggmae




'
{
i
&
I

i
¢

RODTA

COMPILATION STATISTICS

166-V

Run Time:
Elapsed Time:
Page Faults:
Oynamic Memory:

0.83 seconds
7.44 seconds
149

39 pages

10-Apr-1981 08:40:57
10-Apr-1981 08:32:11

VAX~-11 FORTRAN V2.0-2
_DBAO:[D11R.GCP]RODTA.FOR; 17

Page

3
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6-Apr-1981 14:53:55 VAX-11 FCRTRAN Vv2.0-2 Page 1
25-Mar-1981 16:39:38 _DBAO:[DI1R.GCP}RDGCF.FOH:24
06100 0001 SUBROUTINE RDGCP
00200 Co‘.o.o.ooootcccgotoco---oao-a--oocotooo..c.-ooo-ooootooooo.oo'o
00300 [
0ca00 C SUBROUTINE ROGCP READS FROM THE DATA BASE LONGITUDE
00500 C LATITUDE. AND ALTITUDE FOR THE INTENDED LANODMARK
00600 [+
00700 C INPUT PARAMET RS
00800 c THET « LOOK ANGLE ABOUT LMY X-AX1S (RAD)
00900 [o AL + LANDMARK ALTITUDE ABOVE MEAN (KW)
01000 C ouTPuUY PARAMETERS
01100 c LON = LANDMARK LONGITUDE (OEG)
01200 c LAY * - LATITUDE (DEG)
01300 [+ AL = - ALTITUDE ABOVE MEAN (KM)
01400 c
01500 C CALLED 8Y MEASURE
01600 [
01700 C.O‘...0.0tt.o‘oo..o.-oo-cOO'OOQ00‘..00....‘.0‘0‘.'0'.....o“.‘t
01800 c
01900 0002 REAL*8 B.HE.YD.YIL.LE.LI.H.TBI.IEX.TIB.TIG.YLL.UL.
02000 . ULl.ULL.VMAG.DOUN.YHETP.STHEVP.VCHS.UCD
02100 0003 INCLUDE ‘'LMTPAR.COM’
00100 0004 * COMMON JLMTPAR/ AL.LON.LAT.TBNL(3.3).TNt(3.3).BL(2).5L(2). i
00200 . . BKL(2),SKL(?).TNLK(3.3).TIE°(3.3).SIGGCP.THET i
00300 0005 ¢ REAL*S AL.T‘NL.TNL.BL.SL.BKL.SKL.TNLK.T!EO.SIGGCP.LAt.LON. ;
00400 . . THETY ;
00500 e« C :
00600 s C ;
00700 s C LANDMA RK TRACKER PARAMETERS i
> 00800 « C AL s ALTITUDE OF LAN; MARK (XM) !
I 00900 e C LON = LONGITUDE OF LANDMARK (DEG)
o 01000 e C LAY « LATITUDE OF LANDMARK (DEG)
1w 01100 e C TONL = ORIENTATION ARRAY FOR LANDMARK TRACKER
01200 ¢ C NOMINAL TO 800Y
01300 e C TNL = MISALIGNMENT ARRAY - ACTUAL
0t400 « C TRACKER TO NOMINAL
51500 « C 8L = BIAS = ACTUAL (RAD)
01600 e C SL = NOISE STANDARD DEVIATION - ACTUAL (RAD)
4 Q01700 e« C BXL = BIAS - KNOWL EOGE {RAD)
' 01800 s C THET « LOOX ANGLE ( RAD) .
01900 « C SKL = NOISE STANDARD DEVIATION —KNOWLEDGE (RAC)
02000 e C T1EO = INITIAL EARTH FIXED TO INERTIAL
02100 « C TRANSFORMATION
02200 e C TNLK = MISALIGNMENT ARRAY KNOWL EOGE
02300 s C TRACKER TO NOMINAL
02400 e C SIGGCP = POSITION UNCERTAINTY DUE TO CLOUDS
02500 e C
g 02200 0006 INCLUDE 'ENVIR.COM'
02300 0007 * COMMON /ENVIR/ STAYE(10).PRDF1LE(10.4).INIY
02300 0008 REAL®B8 STATE,PROFILE
02300 e C
02300 e C REAL WORLD STATE PARAMETERS
02300 s C
02300 e C STATE STATE VALUES: K.Y.Z.XD.VD.ZD.EO.E1.E?.E3
02300 «C PROFILE  ATTITUDE PROFILE-TIME (SEC) VS
02300 ¢ C INERTIAL ANGULAR RATES (RAD/SEC)
02300 s C INIT INTEGRAT ION INITIALIZATION KEY (-1)
02300 e C
t..




LeE-v

RDGCP

02300
02400
02400
02400
02400
02409
02400
02400
02400
02400
02400
02400
02400
02500
02500
02500
02500
07500
02500
02500
02%00
02500
02500
02500
02500
02500
0¢100
00200
00300
00400
00500
0C600
00700
00800
02900
01000
01100
012900
01306
01400
01500
01600
01700
01800
01900
02000
02100
02200
02300
02400
02500
02600
02600
02700
02700
02700
42700

0009
0010

00:1

0012
0013
0014
0015

0016
0017

o018

0019

0020
0021

LI I B B B Y R R Y R )

NOOO0O0OO

® 0 2 28 8 8 0 0 0 8

O O0O0000O000OO

L 2R R 2R B BN I BN I K BN BN R X BN R BN BN BE R BN I X N BN 1

O 0000000000 NOONONOO0O

INCLUDE 'ARRAYS.COM'

LA

6-Apr-1981 14:53:55 VAX=11 FORTRAN Vv2.0-2

25-Mar-1981 16:39:38

S

COMMON /ARRAYS/ T1(3).72(3).73(3),7T4(10),711(3,3),733(3,3)

. .744(4,4
REAL*8 T1,T2,7T3,7T4, 711

).766(6.6),777(6,6),15(4),T6(4),T7(4)

.¥33,744,7166,777,15,76,17

THESE ARE TEMPORARY STORAGE ARRAYS FOR USE BY ALL MODULES

Ty - T4
Tt - 177
T

INCLUDE 'TARG TS.COM'
COMMON /TARGETS/ MTYPE,
LOGICAL JFLAG
REAL*8 PI,TP1

SINGLE DIMENSION ARRAYS
DUAL DIMENSIONED ARRAYS
DUAL ARRAY; OFF DIAGIONAL SEY TO ZERO

1S5.NS,JFLAG,MCODE,PI, TP1

MEASUR _MENT SPECIFICAT]IONS

MTYPE
JFLAG
MCOOE
2
Pl

INCLUDE 'TIME.COM'

COMMON /TIME/ TIME, TNEX

MEASUREMENT TYPE
SET FOR STAR QBSTRUCTION
- " MEASUREMENT PROCESSING
P1
2+ P

T,7STOP,T1A,DEL,TIN,DIN,DATEOD,TZERO

» TMEAS , TRACK ,TIS, TISN,DTA,DATER,TPRINT ,DTPRINT

REALOO TIME, TNExr TSTOP,
. TISN,DTA,TZERO,D

THESE ARE THE

TINE
TNEXT
TSTOP
TIA
DL
TIN
DTN
DATEO
DATER
TZERQ
TSLEW
TIS
TISN
DTA

TPRINT
DTPRINT

INCLUDE ‘'NSTATE.COM'

COMMON /NSTATE/ XD(6),X
REAL*8 XD,X,RADM,RALE

TIA,DEL, TIN,DTN,DATEO, TMEAS, TRACK T1S,
ATER,TPRINT ,DTPRINT

TIME REFERENCE FRAMES

ATOMIC TIMF SINCE INITIALIZATION (SEC)
TIME FOR NEXT POSITION INTEGRATION (SEC)
RUN TERMINATION TIME (SEC)
ATTITUDE INTEGRATION TIME (SEC)

" . STEP SI1ZE (SEC)
vosxr|o~ XNTEGRATIDN TIME (SEC)

STEP SIZE (SEC)

DATE OF FLIGHT EPOCH (JD)
DATE OF 1950 EPOCH (JD)
START TIME IN SECS. SINCE DATEO
TIME NEEDED TO SLEW AND ACQUIRE (SEC)
REAL WORLD REFERENCE TIME (SEC)
TIME FOR NEXT Rw POSITION INTEGRATION (SEC)
USUALLY + DEL BUT + TSLEW - TIA WHEN DEL
TOO LARGE AT MEASUREMENT TIME
TIME FOR PRINT (SEC)
INCREMENT ON TPRINT (SEC)

(6) ,RADM, RADE

_DBAO:[D11R.GCP]RDC"P . .FOR: 24

"

w T

Page




ROGCP

02700
02700
02700
02700
02700
02700
02700
02700
02700
02800
02900
03000
03100
03200
03300
03400
03500
03600
03700
03800
03900
04000
04100
04200
04300
04400
04500
04600
04700
04800
04900
05000
05100
05200
05300
05400
05500
05600
05700
05890
05900
06000
06100
06200
06300
06400
06500
06600
06700
06800
06900
07000
07100
07200
07300
07400
07500

VA el 4

0022

0023

0024
0025
0028

0027

0028
0029
0030
0031
0032
0033
0034
003%
30368

0037
0038
0039
0040
0041

G6-Apr-1981 14:53:5%
25~Mar-198t 16:39:386

c POSITION STATE AND CONSIDERED PARAMETERS
c
c XD STATE DERIVATIVES (KM/SEC AND KM/SEC/SEC)
c X STATE POSITION PARAMETERS (MM AND KM/SEC)
c RADW RADIUS OF THE MOON (XM)
[ RADE EARTH DETECTABLE RADIUS (KM)
c
[+
DIMENS ION UL(2),TLL(3,3),ULL(3),781(3,3),TI8(3,3),ULl(3),
. M(3) . LI(3),TIE(3,3),TEI(I,I),LE(I),TIL(I,3),
. DOWN { 3) ,UCD(3)
EQUIVALENCE (RE,?ADE)
c
C......‘O...Oo.......0“00......‘0.“..0.....00..‘.‘..“0..‘...0
(o _GENERATE UNIT VECTOR ALONG LMT BORESIGHT

C..‘Q...“O.‘....“..‘.‘.‘..‘.‘........‘..‘..‘.‘.......‘.‘...“.

(4

UL(Y)=0.

UL(2)s=0.

uL(3)=1.
c
CO..“..‘0.0.0.‘00“0‘.0“...O..O.....O.....‘.......OO‘.t.‘...‘.
c READ A LOOXK ANGLE TO AND AN ALTITUDE OF THE LANDMARK
c FROM THE DATA FILE
c LOOX ANGLE 15 RELATIVE TO 80DY AXES ABOUT THE
c X-80DY AXIS

Cosoossooscensnssses ocooo.o.c...ot.."000.0.......00.‘00.oo....o
[~
CALL RDOTA{TIME,THET,AL)

c
c.“0.‘.“.0‘..00‘.‘0'..000000.0.00.00..0........0....0..0‘.0..‘
c TRANSFORM UNIT VECTOR 8Y LOOK ANGLE

COOOOOOOOOOOOO000000.0‘0..0-.0000..0‘.......“......00...0..‘.‘.
[
DO 10 1s1,3
DO 10 J=1,3
10 TLL(3,J)=0.
TLL(Y, 1))=Y,
TLL(2,2)=COS(THET)
TLL(3,3)=TLL(2.2)
TLL(2.3)==SINI{THET)
TLL(3,2)=-TLL(2,3)
CALL MATAB(TLL,UL.ULL,3,3,1)

[
CQooooooo.oooooooo.ooooooocoooooooootooooooooooooooooooooooooooo
[ TRANSFORM UNIT VECTOR TO INERTIAL COORDINATES

COOOOOOOOOOOOOOOOJOO..cooo.0000‘0..‘0.'..........00'0..‘.‘.‘...0
<

CALL AMAT(STATE(7),T81)

CALL MINV3(TBI,T1B)

CALL MATAB(TBNL.TNL,T33,3,3,3)

CALL MATAB(T18,733,7iL,3,3,3)

CALL MATAB(TIL,ULL,ULI,3,3,1)

c
c.ooooo.oooo-.ooooo.ooooo.otooooooooo.oo‘oo.ooooo.tootooooooo..o
[+ DETERMINE AMGLE OF UNIT VECTOR ALDNG LANDWARK

(5 DIRECTION RELATIVE TO LOCAL DOWN

VAX-11 FORTRAN v2.0-2
_DBAO:[D11R.GCP JRDGCP .FOR; 24

B Tk .




6-Apr 1981 14:53:55 VAX-11 FORTRAN Vv2.0-2 Page 4
25-Mar-1981 16:39:38 _DBAO:[D11R.GCP JRDGCP .FOR; 24

iinediiais A

07600 C-..t.‘..o..ooooo..o0.000.-.ottotoo.t-.....‘..00‘.0...0‘0‘000.o.

w7700 C

07800 0042 DO 15 1=1,3

07900 0043 15 DOWN(1)==-STAT (1)

08000 0044 CALL YCRS(ULI,D0wWN.UCD)

08100 0045 STHETP=VMAG( UCD. 31 /VMAG{ DOWN,3)

08200 0048 THETP=ASIN(STHEP) j

08300 [ o

08400 CC..‘...‘O-...Oon...ototO.o-.oo.too.toO....‘t‘t‘..tttoﬁttoooto‘. y

08500 C FIND LENGTH OF VECTOR FROM S/C 10 LM

08600 Cto.o...t.ooo.oooo...o..-..o-.ﬁt00..00OOOOOOOOOOOQOooooo.toot.oo

08700 [

08800 0047 B-SQRT(VMAG(SYATE.3)"2‘(REOAL)“2‘2.OVUAG(STAYE,3)0

08900 . (RE+AL)'CDS(-THETP+A51N(VIAG(STATE.3)'

09000 . SIN(THETP)/(RE+AL)))

09100 Cc

09200 C..O'.O‘..noot0.000.Qooo--o00000to.......0‘0‘..“0.000..oa.o...o

09300 C ESTABLISH VECTOR

09400 c-....oo-oo.o.oo.oooo.oooo-o.o0.o..oooooooooooooo.t.ooooo-.ooooo

09500 [

092600 0048 DO 20 1=1,3

09700 0049 20 M(1)=BeULI(])

09600 c

09900 Cooosrsnssasvettnstgsssssessnce P Y IR ST RS A A R R 2 D L B 2

10000 C COMPUTE LM POSITION VEC R IN INERTIAL SPACE
5 10100 C.‘..‘...O..."'O.....00.‘00.0‘.c.'.‘.....‘.‘....‘..“.‘.t....‘. ,
J, vo200 c :
S 10300  00S0 DO 30 1=t,3 ;
< 10400  00S) 30 LI(T)«STATE(T)+M(1) ?

105090 c }

10600 Coo.....o..“noo-....00.00-.00‘0‘too'o....too.o....o-...t‘...ooo

13700 C TRANSFORM TO ARTH FIFED COORDINATES

10800 c.o.oooo'oo---ooocoo.--.-.-.o.o.o.o'o.ooooootoooo.o.ooo.........

10900 Cc

11000 0052 CALL WET(TIEO.TIE)

11100 0053 CALL MIMVI(TI_,TEL)

11200 0054 CALL MATAB(TEI,L1.LE,3.3,1)

11300 C

11400 C..O....oo.ocoooo‘o.ot..t.ooo---oO.s.ot.o.‘.......‘000.0.....-0.

11500 c SOLVE FOR LATITUDE AND LONGIT''DE (DEG)

11600 c-ooooooon.oo.ooooo..-.o..-'.o-.-co.o..oooo.ooooooootoo.oo.oo.o.

117C0 c

11800 0055 LAT=ASIN(LE( 3)/(RE+AL))

11900 0056 LON=1B0.*ASIN(LE(2)/((RE+AL)*COS(LAT)))/P]

12000 0057 LAT=LAT*180, /PL

12100 0058 TETURN

12200 0059 END
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ROGCP

PROGRAM SECT IONS

Name

$COOE
SPOATA
$LOCAL
LM 7 PAR
ENVIR
ARRAYS
TARGETS
Tiwme
NSTATE

SNORNLEWN-O

EMTRY POINTS
Address

0-00200000

VARIABLES
Address

3-00000000
7-00000020
2-00300290
6-0000000C
6-06 000000
9-00000060
2-00000278
7-00000000
7-00000048
.7-00000050

ARRAYS
Address

3-000000C8H
3-0000004A8
2-00000240
2-00000048
2-00000060
2-00000078
4-00000 )50
3-00000006
3-000%0088
4-00000000
$-00000000
$-00000098
$-000000'8
$-00000030
$-0000" " "0

Type

Type

Re8
ReB
1s4
Le4
14
R*0
Re8
Red
Re8
ReB

Type

R+8
Re*8
ReB
R+8
Re8
Re8
Re8
Re8
R*B
ReB
Re+«0
L 11: ]
Re*8
Re8
Re8

ROGCP

AL
DEL

JFLAS
MIYPE
RADM

10

T IME

TMEAS
TRACK

XL
8L
DOWN
LE
9

L]
PROFILE
SKL

Bytes
505

920
292
404
1096

Agdress

2-00000270
7-00000068
4-00000190
3-00000010
6-00000008
8-00020068
3-00000180
7-00000028
7-00000008
7-00000010

Bytes

16
16
24

24
24
32
16
16
a0
24
72
24
24
72

Attributes

PIC CON
PIC CON
PIC CON
PIC OVR
PIC OVR
PIC QVR
PIC OVR
PIC OVR
PI1C OVR

Type

Re8 B
Re®
14
Re8
14 NS
Re8 RE
R«8
Re8
R*9®
Re8

o~~~ o~~~ g~
-
-

NN=LWVWWDSNN
v £ wr

-~
u‘
- O

-

(3. 3)

——
ww
- -

(3. 3

REL
REL
REL
REL
REL
REL
REL
REL
RiL

LCL
LCL
LcL
GeL
GBL
GBL
GBL
GaL
GaL

SHA
SHR
NOSHR
SHR
SHR NOEXE
SHR
SHA
SHR
SHR

EXE
NOEXE
NOEXE
NOEXE

NOEXE
NOERE
NOERE
NOEXE

Address

7-00000038
7-00000030
6-00000004
3-00000008
6-0000001t4
3-00000178
2-790002680
7-00000058
6-0000001C
7-00000040

S-Apr-1901 14:53:5%
25-Mar-1981% 16:39:38

RO NOWRT
RO NOWRT

RD
RD
RO
RO
RO
RD
RD

Type

R*8
R*8
124
R+8
R+8
R*8
Re8
Re*8
Ref@
Re8

VAX-11 FORTRAN V2.0-2
_DBAD:[D11R.GCPJROGCP.FOR: 24

LONG
LONG
WRT QUAD
WRT LONG
WRY LONG
WRY LONG
WRT LONG
WRT LONG
WRT LONG

OATEO
DTN

1S

LON

Pl
SIGGCP
THETP
118
TPl
TZERO

Address

7-0000¢070
7-00000080
2-00020294
6-00600010
8-00000068
2-6¢2000288
7-00000018
7-00000060
7-00000078

Type

R*8
R+8
I4
lea
Re8
R*B
R*8
R*8
R*8

Page

Nawme

DATER
DT PRINT
J

MCODE
RADE
STHETP
TIA
TISN
TPRINT




M i

ROGCP 6-Apr—-1981 14:53:55 VAX-11 FORTRAN v2.0-2 Page ]
25-Mar-1981 16:39:38 -DBAO:[D11R.GCP JRDGCP.FOR: 24

5-00000048 Re«8 T4 80 (10)
5-00000128 ReB T44 125 (4, &)
S-00C003E8 Red 15 32 (4)
$-00000408 Re+8 716 32 (4}
$-00000148 Re8 166 288 (6, 6)
$-00°00428 Re*8 T7 32 (a4)
5-000002C8 Re8 7177 288 (6, 6)
2-00000020 Re+8 T8I 72 (3, 3)
3-000000tR A*B TBNL 72 (7. 3)
2-000000D8 Q<8 TE} T (2, 3)
2-00000120 Rs8 T18B 72 (3, 3)
2-00000168 WA TIE 72 (3, 3)
3-00000130 8+*8 TIEO 72 (3, 3J)
2=-00000000 ReB TIL 72 (3, 3)
2-000001R0 ReB TLL . 72 (3, 3)
3-C0000060 R+*B TNL 72 (3, 3)
3-00CU00ES R+*8 TNLK 72 (3, 3)
2-00700258 R+H  UCD 24 (1)
2-000001F8 MedH UL 24 (3)
2-00000210 Re@ LI 24 {3)
2-00020228 @8 ULL 24 (3) )
8-00000030 Re*8 X 48 (6) ;
8=-C0C00000 R+8 XD 48 (86) :
LABELS
Adaress Labe! AdOr ess Lave! Address Label Address Labe}
.o 10 .o 1% (1] 20 . 30

FUNCTIONS AND SUBROUTINES REFERENCED
AMAT MATAB MInv3 MTHSDASIN MTHSDCOS MTHSOSIN MTHSDSQRT RODTA
Vi RS VMAG WET

Tota! Space Allocated = 3609 Bytes

COMMAND QUALIFIERS
FORTRAN /LIST GCP.INDAYA.NAYA..OUTDAYA.RUNG.DNAV.EPHE'.VRUEI.SPIESS.OCCULT.G’ERV.GCPSEO.VISIULE.GENEMV.TREG.GTQOU!.ﬂl?E.lﬂlT.Cl‘
/CHECK = (NOBOUNDS ,OVERF LOW)

/OEBUG: {NOSYMBOLS, TRACEBACK)
/F7T  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE /CONTINUATIUNS=19Q

PR SORU

COMPILATION STATISTICS

Run Time: 2.57 seconds
Elapsed Time: 31.83 seconds
Page Faults: 395

Oynamic Memory! 180 pages

—




8¢e-v

6001

0002

0Cc03
0004
0005
0006

0007
0008
0009

0010
0011
0012
0013
0014
0015

0016
9017
o018
0019
0020

0021
0022
0023
0024
0025
0026
0027

0028
0029
0030

0031
0032
0033
0034
0035

LR 2 K BN IR N 4

8-Apr-1981 07:42:25
€-Apr=1981 07:41:05

SUBROUTINE TRANFM{XTRANS,XTRANP)
C
C=-- THIS ROUTINE CREATES THE TRANLFORWMATION MATRICES FOR THE
C--- TRANSFORMATION FROM INERTIAL TO FLIGHT COORDINATES.
C
INCLUDE 'ARRAY.COM'

c COMMON BLOCK WSED FOR PLOTTING ROUTINE
c
COMMON /ARRAY,; X(3000.,39.2)., INUM
Rt AL*4 %,X1/3000,39),%X2(3000,39)
INTEGER®2 INUM
EQUIVALENCE (NV(1,1),X(1,1,1)),(X2(%,1),%X(%,1,2))
c
REAL*8 XTRANS(3,3,30¢0),XTRANP(3,3,3000)
REAL®8 UXF{3,3000),UYF(3.3000),U2F(3,3000),TUYF(3,3000)
REAL*8 XTEMP1(3),XTEMP2(3)
c
C==- CREATE uzf
c
DO 10 I=1,INUM
XTEMPY (1)=X(1,34,1)
XTEMP1(2)=X({1,35,1)
XTEMP1 (3)=X(1,36,1)
CALL UNIT(XTEMP1(1),UZF(1,1),3)
10 CONTINUE
c
C~-== NEGATE ALL ELEMENTS OF UZF
c
DO 15 I=1,INUM
UZF(1,1)=2=UZF(1,1)
UZF(2,1)==UZF(2,1)
UZF(3,1)=-UZF(3. 1)
15 CONTIMUE
c
C=== CREATE Uyf
c
0C 20 I=1,INUM
ATEMP2(1)=X(1,37.1)
XTEMP2(2)=X(1,38,1)
XTEMP2(3)2X(1,39,1)
CALL VCRS(XTEMP2(1),XTEMP1(1),TUYF(1,1)}))
CALL UNIT(TUYF(1,1),UYF(1,1).3)
20 CONTINUE
c
C-== CREATE Uxf
c
DO 30 I=1,INUM
CALL VCRS(UYF(1,1),UZF(1,1).UXF(1,1))
30 CONTINUE

c
C=~== MERGE INTO XTRANS
c
DO 40 I=1,INUM
DO 35 uJ=1,3
XTRANS(1,J,1)=UXF(J,I)
XTRANS(2,J,1)=UYF(J,I)
XTRANS(3,J,1)sUZF(J.I)

o oW e 0 A

VAX=11 FORTRAN V2.0-2
_DBAO:[D11R.GCFP]TRANFM.FOR: 13
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TRANFM 8-Apr-1981 07:42:25 VAX~{1 FORTRAN v2.0-2 Page 2

8-Apr-1981 07:41:05 .DBAJ " [D11R.GCP]TRANFA.FOR; 3

0036 3s CONT INUE
0037 a0 CONTINUE
c
C--= CREATE THE INVERSE
c
0038 DD S0 1:=1,INUM
0039 CALL MIMV3IXTRANS(1,1,1),XTRANS(1,1,1))
0040 50 CONTINUE
C
c
C-~= CREATC THE TRANSFOSE |
' k"
0041 DO 75 1=1,INUM E
0042 DO 60 uJ=1,3
00A3 YTRANP(1,J,1)=XTRANS(J,1,1)
004¢ XTRBNP(2,J,1)«XTRANS(J,2,1)
004% XFTRANP(3,J,I)=sXTRANS(V,3,1)
0046 60 CONT INUE
0047 70 ~ TINUE
0048 A. unN
0049 END
T
> PROGRAM SECT10ONS
Nes i
Name Bytes Attributes
0 $CCLE 527 PIC CON REL LCL SHR  EXE  RD NOXRT LONG
1 SPDATA 4  PIC CON REL :CL SHR NOEXE RD NOWRT LONG
2 sLocAL 288176 PIC CON REL LCL NOSHR NOEXE RD  WRT QUAD
3 ARRAY 936002 PIC OVR REL GBL SHR NOEXE RD WRT LONG
ENTRY POINTS g
Address Types Name

0-G0000000 TRANFM }
VARIABLES j
Adoress Type Name Address Type MName Address Type Name
|
2-00046530 (+4 | 3-000E484N [*2 INUM 2-00046534 [+4 %
ARRAYS g
Address Type Name Bytes Dimensions
2-000348BCO R*8 TUYF 72000 (3, 3000)
2-00000000 R*8 UXF 72000 (3, 3000)
2-00011940 R*8 UYF 72000 (3, 3000)
2-00023280 Re*8 UZF 72000 (3, 3000)

R T S
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TRANFM 8-Apr-1981 07:42:25 VAX=11 FORTRAN Vv2.0-2 Page 3

8-Apr-1981 07:41:05 _DBAO:[D11R.GCP]TRANFM.FOR; 13
3-00000000 R+4 X 936000 (3000, 39, 2)
3-00000000 Re4 X1 468000 (3000, 39)
3-00072420 R+*4 X2 468000 (3000, 39)
2-00046500 Re*B8 XTEMP} 24 (3)
. 2-00046518 R+*8 XTEMP2 24 (3)
AP-00000008@ R*8 XTRANP 216000 (3, 3, 3000)
AP-00000004® R+8 XTRANS 216000 (3, 3, 3000)
LABELS
Addresas Label Address Labe! Address Label Address Label Address Label Address Label
.s 10 .e 18 (Y] 20 . 30 e 35 e 40
- 50 .. 60 e 70

FUNCTIONS AND SUBROUTINES REFERENCED
MINV3 UNIT VCRS

Total Space Allocated = 1224709 Bytes

COMMAND QUALIFIERS
FORTRAN TRANFM/LIS
/CHECK=(NOBOUNDS ,OVERF LOW)

/DEBUG=(NOSYMBOL S, TRACEBACK)
/FT7  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE_CODE /CONTINUATIONS=19

09¢-v

COMPILATION STATISTICS

Run Time: 2.15 seconds
Elapsed Time: 4,93 seconds
Page Faults: 187

Dynamic Memory! 59 pages
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6-Aor-1981 14:51:32
28-Nov-198B0 16:43:45

VAX-11 FORTRAN v2.0-2
_DBAO:[D11R.GCH JUNIT.FOR:10

0001 SUBROUTINE UNIT(R,V,N)
ct.‘...ttt ..‘.."t..‘...‘...‘t"--'tt-‘.0“..."““."“.‘*" AN SR EERERE LR NE DR E ]
o UNITIZE THE V CTGR Vvi3)
c.'..‘tto-tttt‘t“taootto.‘a .t“'-.0".t‘t‘.“".‘..‘.“.‘.“‘.“’t‘..l't‘..‘..
0002 INCLUDE 'DEBUG.COM'
00100 0003 = COMMON /DERUG/ 1ENTER,iDEBUG
00200 e C
00300 « C USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL
00400 . C
00500 LI I NTER 1§ 1, PRINTS WHEN ENTERS MOST SUBROUTINES
00600 L I0EBUG 0-10, HIGHER NUMBER MEANS MORE PRINT
00700 e« C
c DIMENSION R(N),.V(N)
0004 DIMENSION R(22),V(22)
0005 REAL*8 D,R,V,VMAG
0006 D = VMAG(R,N)
0007 DD 10 I=1,N
0008 10 v(I) = R(1)/D
0009 RETURN
0010 END
PROGRAM SECT IONS
Name Bytes Attributes
0 $CODE -4 PIC CON REL LCL SHR EXE RD NOWRT LONG
2 $LOCAL 64 PIC CON REL LCL NOSHR NOEXE RD WRT QUAD
3 CEBUG 8 PIC OVR REL GBL SHR NOEXE RO WRT LONG
ENTRY PQINTS
Address Type Name
0-00000000 UNIT
VARIABLES
Address Type Name Address Type Name Address Type Nanne Address Type
2-00000000 Re+8 O ! 2-00000008 1¢4 [ 3-00000004 1[+4 IDEBUG 3-00000000 14
AP-0000C70C® [*4 N
ARRAYS
Address Type Name Bytes Dimensions
AP-00000004@ R*8 R 176 (22)
AP=00000008@® R*8 V 176 (22)

Page

Name

IENTER

s e
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UNLT 6-Apr=1281 14:51:32 VAX=11 FORTRAN v2.0-2 Page 2
28-Nov=1980 10:43:45 _DBAO:[D!IR.GCP]UNIT.FOR:‘O

LABELS
Address Labe

e 10

FUNCTIONS AND SUBROUTINES REFERENCED
VMAG

Total Space Allocated = 159 By tes

COMMAND QUAL IFIERS
FORTRAN /L 1IST ch.tNoArA.MA?AS.OUTDATA.RUNG.DNAV.EPNEU.?RUEA.SPRESS.OCCULT.GPERT.GCPSEO.VISIBLE.GENENV.TREG.GVRDUT.RATE.BUAT.CMA
/CHECK-(Noeouuos.ovERFLou)

/DEBUG!(NDSVHBOLS.TRACEBACK)
/F1T  /NOG_FLOAT ING /14 /OPTIMIZE /WARNINGS /NOO_LINES /NOMACHINE _CDDE /CONT INUATIONS= 19

COMPILATION STATISTICS

Run Time: 0.59 seconds
Elapsed Time: 8.42 seconds
PaQe Faults: 333

Dynamic Memory: 160 pages
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6-Apr=-1981 15:05:51 VAX=-11 FORTRAN /2.0-2 Pag~> 1

11-5ep-1980 12:03:32 _DBAQ:[D11R.GC¥ |VCR5.FOR:4
0001 SUBROUTINE VCRS{A,B,C) q
0002 INCLUDE ‘'DEBUG.COM® ;
00100 0002 . COMMON /DEBUG/ IENTER,.DEBUG i
00200 o C :
012300 s« C USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL
0400 * C
00500 « C I NTER 1F 1, PRINTS WHEN ENTERS MOST SUBRDUTINES ‘
00600 e C IDEBUG 0-10, HIGHER NUMBER MEANS MORE PRINT ;
00700 s C f
0004 DIMENSION A(3),8B(3).C(3) ;
0005 REAL*® A,B,C ]
c
c VECTOR CROSS PRODUCT (A) X (B8) = (C)
c ;
0006 C{1) = A{2)eB(3)-A(3)*B(2) 1
0007 C(2) = A(3)eB(1)-A11)+B(3) ;
0008 C(3) = A(1)=B(2)-A{2)*B{(1) 4
0009 RE TURN 3
0010 END

PROGRAM SECT 1ONS '

Name Bytes Attributes
- 0 $CODE 106 PIC CON REL LCL SHR EXE RD NOWRT LONG
T 2 SLOCAL 60 PIC CON REL LCL NOSHR NOEXE RD WRT LONG :
; 3 DEBUG 8 PIC OVR REL GBL SHR NQEXE RD WRT LONG %

ENTRY POINTS

Address Type Name

0~-00000000 VCRS ;
VARIABLES

Address Type Name Address Type Name g

3-00000004 1«4 [DEBUG 3-00000000 1*4 [IENTER g

:

|

ARRAYS ?

Addaress Type Hame Bytes Dimensions i

AP-000000048® R*8 A 24 (™) .
AP-U0C00008@® Red B 24 (5)
AP=-0000000C® R*8 C 24 (3)

Total Space Allocated = 174 Bytes

PP T T e
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VCRS 6-Apr-1981 15:05:51 VAX-11 FORTRAN Vv2.0-2 Page 2
11-Sep-1980 12:03:32 _DBAO:[D11R.GCP]VCRS.FOR: 4

COMMAND QUALIFIERS
FORTRAN /LIST GCP,INDATA ,MATAB,OUTDATA.RUNG,DNAV,EPHEM, TRUEA,SPRESS,0CCULT,GFERT,GCPSEQ, VISIBLE ,GENENV, TREG.GYROUT ,RATE ,BMAT ,CMA i
/CHECK = (NOBOUNDS ,OVERF LOW)

/DEBUG=({NOSYMBOL S, TRACEBACK)
/F77 /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE_CODE /CONTINUATIONS=19

COMPILATION STATISTICS

RUN Time: 0.63 seconds
Elapsed Time? 10.88 seconds
Page Faults: 16S

Dynamic Memory: 160 pages
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0001

0.02

00100
00200
00300
00400
00500
00600
00700

6-Apr-198t 15:06:03
1-Dec=1980 07:14:24

FUNCTION VDOT(A,B,N)}

Covetoere o..ttot‘.ot.ott..ott'o-otttt-cttttttttottcit.‘.‘"‘t‘t.to‘ttivt‘t.t..

C

VECTOR DOT PRODUCT (A} COT (B) = vDOT

C.'...‘.O. IZYIIZEER RN S 22 ) ...t'...‘.““.“."..“‘.."‘t'..“.‘t“."‘..‘..‘

0003

0004
0005
0006
0007
ooo8
0009
0010

INCLUDE ‘DEBUG.COM'

. COMMON /DEBUG/ IEMTER.IDEBUG

: g USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL

: g 1 NTER IF 1, PRINTS WHEN ENTERS MOST SUBROUTINES
* C 10EBUG 0-10, HIGHER NUMBER MEANS MORE PRINT

) g DIMENSION A(N),B(N)

DIMENSION A(22).B(22)
REAL+*B VDOT,A,B
voOoT = 0.
00 10 I=1,N
10 vDOT = VDOT+A(1)+B(1)
RETURN
END

PROGRAM SECT IONS

VAX-11 FORTRAN v2.0-2
_DBAO:[D11R.GCH}VECOT.FOR:?

Name Bytes Attributes
0 $CODE 76 PIC CON REL LCL SHR EXE RD NOWRT LONG
2 SLOCAL 52 PIC CON REL LCL NOSHR NQOEXE RO WRT QUAD
3 DEauG 8 PIC OVR REL GBL SHR NOEXE RD WRT LONG
ENTRY POINTS
Address Type Name
0-00000000 Re+8 VDOT
VARIABLES
Address Type Name Address Type Name Address Type Name Address Type Name
2-00000008 [+4 1 3-00000004 1+4 [IDEBUG 3-00000000 1I+4 1IENTER AP-Q000000Ce 1+4 N
ARRAYS
Address Type Name Bytes Dimensions
AP=-00000004€® R*8 A 176 (22}

AP=-0000000680 R*8 8 176 (22)

Page

1
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6-Apr-1981 15:06:03 VAX=11 FORTRAN V2.0-2 Page 2
1-Dec=-1980 07:14:24 _DBAO:[D11R.GCP]VDOT.FOR:7

LABELS
Address Labe |

e 10
Total Space Allocated = 136 Bytes

COMMAND QUAL IFIERS

FORTRAN /LIST GCP.INDATA.MAYAB.OUTDATA.RUNG.DNAV.EPHEH.TRUEA.SPRESS.OCCULT.GPERT.GCPSEQ.VISIBLE.GENENV.TREG.GYROUT.RATE..lAT.CIA

/CHECK = (NOBOUNDS ,OVERF LOW)
/DEBUGs (NOSYMBOL S, TRACEBACK)
/FT7  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE /CONT INUATIONS=19

COMPILATION STATISTICS

Run Time: 0.59 seconds
Elapsed Time: 15.48 seconds
Page Faults: 280

» Dynamic Memory: 180 pages
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-V

Lo

Q001

0002

00100
00200
00300
00400
00500
00600
00700

PROGRAM SECT IONS

Name

C

6-Apr=i1981 15:06:20
1~-Dec-9980 07:15:24

FUNCTION VMAG(A,N)

c......." [ X R R R R NN A R R N N R R RSN E R Y TR R A A RS AN AN R R Y R RS LA RN X 2]

ABSOLUTE MAGNITUDE OF A(N) VECTOR

Creeese0 st eosstatret st dndi i tieotstitvscs sttt tsdldittittgtsttotsssstgrtntsunts

INCLUDE 'DEBUG.COM'

0003

0004
000S
0006
0007

0 $CQDE
2 SLOCAL
3 DEBUG

ENTRY POINTS

Address

0~00000000 Re8

VARIABLES

Address

AP-000000040 R+8

LN BN BN BN BN J

[2Xe N e s X aNe]

Type

Type

COMMON /OEBUG/ IENTER,.DEBUG
USER CONTROLLED PARAMETERS TO VARY DEBUG PRINT LEVEL

I NTER IF 1, PRINTS WHEN "_NTERS MQOST SUBROUTINES
I0EBUG 0-10, HIGHER NUM .ER MEANS MORE PRINT

REAL*B VMAG,A,VDOT
VMAG = SQRT(VDOT(A,a.N))

VAX=11 FUORTRAN .2.0-2
_DBAO:[D11R.GCH}V¥AG,.FOR:S

RE TURN
END
Bytes Attributes
38 PIC CON REL LCL SHR EXE RD NOWRT LUNG
24 PIC CON REL LCL NOSHR NODEXE RO WRT QUAD
8 PIC OVR REL GBL SHR NOEXE RO WRT LONG
Name
VMAG
Name Acgdress Type Name Address Type Name Address Type
A 3-00000004 14 IDLBUG 3-00000000 1l+4 ENTER AP-000C000080 [+4

FUNCTIONS AND SUBROUTINES REFERENCED

MTHSOSQRT

Totel

Space Allocated = 70 Bytes
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VMAG 6-Apr=-1981 15:06:20 VAX=11 FORTRAN v2.0-2

Page 2
1-Dec-1980 07:15:24 -DBAO:[D11R.GCP |VMAG. FOR:S
COMMAND QUAL IFIERS
FORTRAN /LIST GCP.INDA!A.MAYAB.OUTDATA.RUNG.DNAV.EPHEH.TnuEA.SPRESS.OCCULt.GPERY.GCPSEO.VIS!BLE.Gsnzuv.tnsc.cvnout.nAr:.auar.CMA
/CHE CK= (NOBOUNDS ,OVERF LOW)
/DEBUG=(NOSYMBOL S, TRACEBACK)
/FTT  /NOG_FLOATING /14 /OPTIMIZE /WARNINGS /NOD_LINES /NOMACHINE _CODE /CONT INUATIONS=19
COMPILATION STATISTICS
Run Time: © 0.45 seconds
Elapsed Time: 10.41 seconds
Yage Faults: 279
Oynamic Memory: 160 pages
— — BT T P il AR il G g
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6Ot -V

00100
00200
0c300
QUaoo
00500
00600
00700
01000
01100
01200
01300
01400
0150C
01600
01700
01800
0:900
02000
020%0
00100
06200
05300
05400
00500
00600
00700
00800
00900
nN1000
c1100
01200
01300
01400
01500
01600
01700
01800
01900
02000
02100
02200
02300
024900
02500
026C0
02100
02200
02300
02305
02310
€231%
02320
02328
02320
02335
02340
02400

0001

0002
0003

0004

0005
0006
0007

0008
0009

0010

® 5 0 2 00 05800 000 e e BRGNS TS ® e 8

6-4pr=1281 14:55:45
286-0ct-19B0 11:31:32

SUBROUTINE WET«TIEO,TIE)

c".......".."“‘..O..-.'OOI..'...O.“...........‘..‘.....‘.0.

SUBROUTINE WET CREATES THE TRANSFORMATION FROM EARTH
FIXED T3 INERTIAL CODRDINATES
INPUT VARIABL S
TIEO = INiTIAL TRANSFORMATION
OUTPUT VARIABLES
TIE = EARTH FIXED TO INEM) AL TRANSFQRMAT I ON
AT TIME T

PROGRAMMED BY JUACK MYERS 16JUNE1980
ExT 4443

0‘.‘..0..001o.....o--oooono--oottoo.......u"..o'00‘0...0.0.00

IMCLUDE ‘TIME.COM'

O 000NN ONOOOOOOON

COMMON /TIWE/ TIME, THEXT,TSTOP, T1A,DEL,TIN,DTN,DATEQ,TZERO

. + TMEAS , TRACX ,TIS, TISN,DTA,DATER,TPRINT ,DTPRINT
REALe8 TIME.TNE!V.YSYCP.Yll.DEL.YlN.DYN.DATED.TMElS,TRACK.TIS.
. TISN,DTA,TZERO,DATER,TPRINT,DTPRINT

THESE ARE THE TIME REFERENCE FRAMES

DATA WE/7.2921152€E-5/ 'RAD/SEC

DIMENSION A(3.3)

REAL*8 TIE,TI O,wE.A,DJDS,TE
CO....O.:.....‘ootooooc--.---.-ooo..ooooco..o-.o..ooo.0-....‘.0o..oo...
C COMPUTE TIME CHANGE SINCE DATERsJANUARY V 1950
C..‘CQ.O.........otoc'-.o.-.-o--.o.ooo.‘t.‘..o‘...o-...oo.‘....oooo..o.

DJDS=24.¢3600.(DATEO-DATER)

TExDJDS+TZERO+' IME
c........‘....O...O.........O.‘.‘....‘..‘...“'.‘.....‘..........'.....
C SET UP TRANSFORMATION FOR ROTATION SINCE DATER
c...............“'..O..-......‘...‘...‘....‘.......‘.....‘.‘O‘........

D0 10 11,3

VAX-11 FORTRAN V2.0-2
.DBAO:[D1'R.GCP WET .FOR:S

c

C

C

c TIME ATOMIC TIME SINCE INITIALIZATION (SEC)

c TNEXRT TIME FOR NEXT POSITION INTEGRATION (SEC)
Cc TST0P RUN TERVINATION TIME (SEC)

c TIA ATTITUDE INTEGRATION TIME (SEC)

c 0L - . STEP SI1ZE (SEC)

[+ TIN POSITION INTEGRATION TIME (SEC)

c DTN - - STEP SIZE (SEC)

c DATED OATE OF FLIGHT EPOCH (JD)

c DATER DATE GF 1950 EPQOCH (JD)

C TZERD START TIME IN SECS. SINCE DATEO

[ TSLEW VIME NEEDED TO SLEW AND ACQUIRE {SEC)

(d T1s REAL WORLD REFERENCE TIME (SEC)

c TISH TIME FOR NEXT RW POSITION INTEGRATION (SEC)
C DTA USUALLY + DEL BUT + TSLEW - TIA WHEN DEL
c TOO LARGE AT MEASUREMENT T IME

c TPRINT TIME FOR PRINT (SEC)

C DTPRINT INCREMENT ON TPRINT (SEC)

[4

Page
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02500 0011
02600 0012
02700 0043
02800 0014
02900 001S
03000 0016
03100 0017
03110

03120

03130

03200 0010
03300 0019
03400 0020

Name

0 $COoE
1 SPDATA
2 $LOCAL
3 Time

ENTRY POINTS

Cos0eev0crsevsnseesncrcscasvssscosssscncsne

c

PROGRAM SECT IONS

Address Type
0~-00000000
VARIAB(LES
Address Type
3-00000038 Re+®
3-00000068 Res
2-00000064 |4
AP-000000040 Rep
3-00000060 ned
3-00000050 Rep
ARRAYS
Addaress Type
2-00000000 ne8

Name
WET

DATEO
DTA

T1EQ
TISN
TRACK

DO 10 us=1,]

A(1.4)=0.

A(1,1)=COS(WE*TE)
A(1,2)==SIN(W oT¢)
A(2,1)2-a(1,2)
A(2,2)=A(1,1)

A{3,3) e,

8-Apr-1981 14:55:45
20-0Dct=1980 11:31:32

SET UP TOTAL TRANSFORMATION
C.o..‘.o.o-..oo..ot..-oo--on000‘ooo.....‘...‘.........“‘0000..‘.00-...

CALL MATAB{A,TJE0.TIE,3,3,3)

RETURN
EnD

Bytes Attributes
149 PIC CON REL LCL SHR EXE
4 PIC CON REL LCL SHR NOEXE
132 PIC CON RIL LCL NOSHR NOEXE
136 PIC OVR RE!. GBL SHR NOEXE
Address Type Nawme Address
3-00000070 R*® ODATER 3-00000020
3-00600030 R+8 DIN 3-00000080
2-000C0058 Re+8® T 3-00000018
3=00000000 Re8 TIME 3-000000298
3-00000098 Re8 TMEAS 3-00600009
3-00000010 Re8 TSTOP® 3-0000004)
Bytes Oimensions
72 (3, 3)

..“...‘.....‘.‘............

RD NOWRT LONG
RU NOWRT LONG
RO WRT QUAD
RD WRT LONG

Type Name
R*8 DEL

Re8 DTPRINT
Re8 TI1A

Re8 TIN

Re8 TNEMT
Re® T2ZERO

VAX=11 FORTRAN v2.0-2
-DBAO:[D11R.GCPIWET.FOR:S

Adgoress Type
2-00000050 R0
2-00000060 <4

AP-CO0000000 Re8
3-C0000058 R+8
3-00000078 RS
2-00000048 R+8

Name

OuDsS

1

TIE
TS
TPRINT
[ 3

Page 2
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weT 6-Apr—-1981 14:55:45 VAX-11 FORTRAN v2.0-2 Page 3
28-0ct=-1980 11:31:32 _nno:[onn.ocv)nzt.roa:s

LABELS
Address Labe !

. 10

FUNCTIONS AND SUBROUTINES REFERENCED

MATAB MTH$DCOS MTHSOS IN

To:a! Space Allocated = 421 Bytes

COMMAND QUALIFIERS

FORTAAN /LIST GCP, INDATA MATAB , OUTDATA, uUNG.DNAv.EPNEI.YI!UEA.SPIESS.DCCULY.GPERT +GCPSEQ,.VISIBLE . GENENV ,TREG,GYROUT JRATE  BMAT ,CMA ]
/CHE CX = (NOBOUNDS ,OVERF LOW) E

/DEBUG= (NOSYMBOL S, TRACEBACK)
/F77 /NOG_FLOATING /14 JOPTIMIZE /WARNINGS /NOD _LINES /NOMACHINE _COOE /CONTINUATIONS=19

COMPILATION STATISTICS

Aun Time: 0.98 seconds
5 Elspsed Time: 13.67 seconds
| Page Faults: 346
“  Dynamic Memory: 160 pages




3.0 SIMULATION MODE 2

The second mode of GCFSIM operation provides for extraction of GCP's
directly from LANDSAT imagery. The main portion of GCPSIM is identical to
that discussed previously. The primary difference is that several additional
programs are hosted on the PDP 11/70 and communicate with GCPSIM, which is
hosted on the VAX 11/780, through a parallel link (Figure A-45).

Two primary programs exist. The first called LMEX allows a landmark
data base to be coustructed independentiy from GCPSIM. The other main
program perfcrms the scrolling of the imagery, extraction of imag2 data,
and correlations from the stored GCP. These two programs are discussed
sepsrately in the following sections.

Navigation Environment
Simulation
Executive Registration
Vector
t Data Base Management
r

Kalman i—-

Filter

Task Correlation
VAX .. PDP 11/70

Figure A-45. Implementation Strategy of GCPSIM
Landmark Extraction Mode
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3.1 LANDMARK (GCP) EXTRACTION PROGRAM (LMEX)

The Landmark Extraction Program, LMEX, was written to allow the user
to interactively extract ground control points from LANDSAT imagery. These
extracted GCP's will be used for correlation purposes on later LANDSAT
imagery of the same area.

LMEX created a data base that will be used with the correlation-scroll
programs. LMEX can create a new data file or can be used to modify an
existing data file.

The landmark data base file is a direct access file of record size
256 bytes. The user can name this file any name desired. The file set
up is as follows:

Header block
(4 records)

Landmark data
(1 record per
landmark)

The first four records are header records containing information about
each extracted landmark. Each landmark extracted uses up 16 bytes of
header space, therefore up to 63 landmarks may be extracted. Word -l of
the header contains the number of landmarks in the data base. Fach land-
marks image data consists of 256 bytes. This allows each landmarks data
to be stored in one record.

The LANDSAT imagery is displayed on a RAMTEK 9100 B/W graphics display
system. The data displayed is either 7-bit or 6-bit grey scale imagery.
The data being displayed will be scrolled from the bottom of the screen to
the top, thus simulating the satellite motion.

The user may run LMEX on a previously stored landmark data base or
create a new one. Landmarks may be defined at any time by using the jov-
stick. The only restriction on landmark definition is that adjacent land-
nmarks must be at least 200 lines apart. The LMEX programs checks for this
occurring and will not allow it.

A-373
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. LMEX

\ Is this a new data base file to be used? /—F

Initialize landmark no. & other| Read in the landmark no. and
variables as well as the header| header information

Get a line of image data and scroll it

T Is a previousiy-defined landmark on the screen?

Draw a box around the 1l.m. NIJLL

;; Does the user wish to define a landmark? <Z/1:

Allow the user to position a cursor at the
center of the landmark

Determine header offsets and other landmark
information

Determine where in the header this landmark fits|

T Is this a valid landmark? J///;

NULL

Store the landmark data & header

NULL

Drawv a box around the landmark

Do until z.1 the lines of imagery have been scrolled and the
user wishes to -exit

Write back the updated header block

Figure A-46
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3.2 CGRRELATION - SCROLL PROGRAMS

The correlation-scroll programs consist of three separate tasks. These
tasks are installed and run concurrently. Inter-task communication is
performed by using a shareable global area. Inter-task sychronization is
performed by using global event flags. The three tasks are:

(1) SCRLL - This tasks scrolls the image data.

(2) SCOUNT - This tasks updates the landmark data base and decides
when a corvelation is to be performed.

(3) CORR - This task performs the actual corrleation and returns
the registration vector.

These tasks run at different priorities. SCRLL is set at the highest
priority, next is SCOUNT, and finally CORR. SCRLL will scroll a line of image
data, signal for SCOUNT to become active, and then suspend itself until SCOUNT
reawakes SCRLL. SCOUNT in turn, determines whether to awake CORR to perform
landmark correlation.

i
; The inter-relationship of the tasks may be seen in Figure A-46 .
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CORRELATION - SCROLL PROGRAM STRUCT!RE

SHAREABLE GLOBAL AREA

4
SCRLL
EVENT FLAG EVENT FLAG EVENT FLAG
40 41 "’;i?éz
R // I
SCOUNT CORR
Figure A-47
A-376
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3.2.1 SCROLL PROGRAM (SCRLL)

The SCRLL program is the driver task for the correlation-scroli programs.
This program starts the other two tasks running. This program will then begin
scrolling image data. After each line of image data is displayed and
scrolled, SCOUNT will be activitated and SCRLL will suspend itself. SCRLL

will then be activated by SCOUNT when SCOUNT has finished performing its
function.
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SCRLL

Reset The RAMTEK 9100

Set event flag 40. Reset flags 41 and 42.

Get the name of the image file to scroll & the starting element

Create a shareable global and an address window for mapping
purposes

Start up SCOUNT and CORR to become active

Open the image data file. Set line counter.

Get no. lines to be scrolled from GCPSIM

Do until end flag from GCPSIM

Wait until event flag 40 is set

Get a line of imagery and display it

Scroll the image, simulating motion
Clear ;§ent‘flag 40, Set event flag 41 to start
SCOUN1 processing.

Do while lines of imagery still need to be scrolled

-—

Set the end flag and set event flags 41 and 42

Exit task off

Figure A-48
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3,2.1.1 DRAW A BOX (DRAW)

DRAW performs a similar operation as the DRABOX library utility. DRAW

sbould be used when the imagery that is to have the box drawn has been
scrolled. The differences between DRAW and DRABOX have to do with the

RM9100's window and scan parsmeters.

The passed auguments I and J define the upper left corner of the area to
bave the box enclose. The box is always 18 by 18 pixels, thus enclosing a 16

x 16 pixel landmark.
FORMAT: CALL DRAW (I-J)

DRAW

DRAW THE TOP LINE

DRAW THE BOTTOM LINE

DRAW THE LEFT LINE

DRAW THE RIGHT LINE

Figure A-49
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3.2.2 SCROLL COUNTER (SCOUNT)

SCOUNT is the main data base handler for the correlation-scroll programs.

This program keeps track of the number of lines that have been scrolled and
whether or not a landmark has become visible. If a landmark is visible, this
program waits unitl the entire search area is visible and then activites the
landmark correlation program CORR,

SCOUNT is activated by SCRLL when event flag 41 is set. After each line
of image data has been scrolled, SCOUNT will be activated to perform its
checking and then deactivate itself and activate SCRLL to begin the process
over.
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SCOUNT

Create an address window to map into the shareable global area

Read in the landmark data base header

Set up counter for first landmark

Suspend until event flag 41 is set

Decrement the landmark counter by 1

T Is the counter greater than 0?

‘K:\\\ Is the counter ¥ 0

Get the search area size and set counter
NULL

Read in the target landmark data

i

Decrement the search area counter by !

L T Is the search area counter equal to zero

Reset the counter to the next search area

set event flag %2 to begin correlation

NUZL

Read in a line of search area image data

Do until the end flag is set

Exit task off

Figure A-50

A-381
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3.2.3 CORRELATION (CORR)

CORR is used ir conjunction witu >COUNT to perform the correlation
analysis on the LANDSAT imagery. CO.R returns the relative registration
vector of the best fit of the lanimark imagery upon the target sesarch srea
imagery.

CORR waits for event flag 42 to be set befors any processing occurs.
SCOUNT is the task which will set this flag. When SCOUNT scts this flag, the
known landmark imagery has been stored in the array LM and the target search
area image data is in the array WIN.

The SSDA algorithm uses an exhaustive search of the landmark data versus
the search area data. Ths best fit is where the correlation value determined
by the S.8.D.A algorighm is at & minimum. The 8.8.D.A algorithm is:

# of 1ines ff of elements
L L abs (WIN(J,I)-WINDO MEAN:-(LM(J,I)-LANDMARK MEAN))
I=1 J =1

Once CORR has determined the best fit landmark placement, the tasks
suspends itself until SCOUNT starts it up again.




CORR

Create an address window to map into the shareable glcbal area §

Suspend until event flag 42 is set

Calculate the mean of the known landmark data

Using the SSDA correlation, find the best fit location of
the landmark on the target search area

Draw a box around the best fit

Reset event flag #42

Do until the end flag is set

Exit task off

Figure A-51

T
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3.2.3.1 SSDA CORRELATION ROUTINE (CSDA)

CDSA implements the SSDA correlation algorithm. This routine axhaustively
calculates the correlation values for a known landmark versus a target search
area. The best fit is vhere the corvelation value is at a minimum.

The algorithm is:

# of lines # of elements
X z abs (WIN(J,I)-WINDOW MEAN)-(LM(J,I)-LANDMARK. MEAN))
I =1 J =1

FORMAT: CALL CSDA (WIN,LANMRK,WM,LM,N,BFE,BFL,H) 1
WIN = contains search ares imagery

LANMRK = contains landmark area imagery

WM - search area mean
LM = landmark mean %
N - landmark size in pixels
BFE - relative best bit element
BFL - relative best fit line
M - search area sige
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CSDA

Set the best fit line and element ta 1

Determine the search area mean

Set the correlation to 0

corr. value

[-Determine value and add into this placements

s

Do for the no. of elements in the landmark

Do for the no. of lines in the landmark

Is this a best fit?

A

Save best fit

NULL

Do for the no. of element placements

Do for the no. of line placements

Figure A-52
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3.3 LIBRARY ROUTINES

without being strictly I/0 routines.

1. DRABOX
2. MEAN
3. POS

A-386

The library routines are those routines which perform a general function
These subroutines are:
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3.3.1 DRAW A BOX (DRABOX)

The DRABOX routine draws a square box sized ISIZE x ISIZE. INNTENS
defines the intensity that this box is to be written at on the RM9100. IX and
1Y define the upper left hand corner of the data to be enclosed by the box.
IBUF is a scratch array.

(IX-1, IY-1)
(IX, IY)

B R N L

FORMAT: CALL DRABOX (INTENS,ISIZE,IX,IY,IBUF)

Restrictions: O<ISIZE<6>

DRABOX Initialize the scratch array to the output
intensity

Write the box on the RM9100.

Figure A-53
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3.3.2 DETERMINE THE MEAN (MEAN)

The subroutine MEAN calculates the mean of a group of array elements. The
array IARRAY (element, line) contsins the data values. IARBAY is a square, 2
dimensional array. RWM is the calculated mean value. ISIZE is the number of
elements and lines to be used. IES and ILS are the offsets into IARRAY from

where the mean is to be taken.

*ORMAT: CALL MEAN (IARRA!.RHHBNA.ISIZI.ILS,IES)

A-388
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Initialize mean to zero

Sum up next element to previous sum

Do for the number of elements

Do for the number of lines

e ‘

Divide the total sum by the number of elements x the number
of lines

Figure A-54
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3.3.3 POSITION CURSOR (POS)

POS is used to allow the user to position the cursor on the RM9100
screen. This routine allows a 9 x 9 pixel cursor to be drawn and moved around
by the user. When switch 4 is flipped up, then down, the user has positioned
the cursor to the desired location and control is returned to the calling
routine.

IX and IY are the initial location of the center of the cursor. IX and IY
also recieve the final values of the cursor center. ILSTRT, ILSTOP, IESTRT
and IESTOP define a rectangular area in which the cursor may move.

(0,0)
!

(IESTRT, ILSTRT)

|-CURSOR
“1 winpow

//

4RM9100 ° (1ESTOP, ILSTOP)

FORMAT: CALL POS (IX,IY,ILSTRT,ILSTOP,IESTRT,IESTOP)
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POS

Is the stick in detent?

Read the data under where the cursor is to be
drawn and save

Draw the cursor

NULL
1

Redraw the data

Do until switch &4 is up

Figure A-55
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3.4 1/0 ROUTINES

The 1/0 routines are those routines which are used strictly for 1/0

purposes.

These routiners ares
Subroutine Name Section

1. ADJDAT

2. INTJOY

3. RAMRDB

4. RAMWRB

5. READJY

6. RESET

7. RMCHCK

8. RMRDIM.

9. RMSET

10. RMSETO

11. RMWRIM

12. Wio

A-392
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3.4.1 JOYSTICK I/O ROUTINES

The joystick device on the PDP 11/70 is terminal number TT4:. The

joystick routines read th
sent from TT4:, one of th

is terminal and interpret the data. For data to be
e switches marked 1 through 4 must be switched up.




3.4.1.1 ADJUST DATA (ADJUST)

The ADJUST subroutine is written in DEC MACRO assembly language. Tois
routine adjusts the bits in the output data from the joystick. This routine

is device dependent and called only by the sub
for ADJUST is found in the file ADJDAT.MAC.

A-394
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3.4.1.2 INITIALIZE THE JOYSTICK (INI1JOY)

\ The INIJOY subroutine assigns a logical unit number to the joystick. Tnis
subroutine is called once.

The parameter ILUN is the logical unit number to assign the joystick to.

This unit number will be used by the routine READJY, to read the joystick
device.

FORMAT: CALL INIJGY (ILUN)
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3.4.1.3 READ THE JOYSTICK (READJY)

The READJY subroutine allows the user to read the joystick. Four words
vill be returned on each call., These words will be the switch word, X, ¥, and
Z words. The X, Y, and Z words have a range between 0 and 1023. When the
stick is in detent the X and Y words are 512. When the stick is up in the
upper left cornmer the X and Y words are 0. The Z word is set by the joystick
knob. The switch word is bit oriented and follows this convention:

Bit Location 15 14 13 12 1110 9 8 7 6 5 4 3 2 10

X X X X

Switch Location & 3 2 1
SWITCH WORD

If bit O is set switch 1 is up. If bit 1 is set, switch 2 is up, and so
on. There are 4 switches.

| The IWRDCT parameter must always be 4. ABUFF is the buffer to receive the
4 words of output. ILUN is the logical unit number of the joystick as
initialized by IN1JOY.

\
l
} FORMAT: CALL READJY (ABUFF, IWRDCT,ILUN)
|
|
|
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3.4.2 RAMTEK 9100 1/0 ROUTINES

All RM9100 1/0 routines use the WIQIO and GETADR system 1/0 subroutines.
The basic structure for a RM9100 I/0 routine is the following:

l. The command instruction is placed in a buffer.

2.  The address of the command buffer and the length of the buffer is
stored in a parameter array. This is where GETADR is used.

3. Depending on the function, the appropriate data from the parameter
array is written/read to the RM9100. The operation of
reading/writing is performed by using a WrQIO.

Two auxiliary routines that have been used by all RM9400 1/0 subroutines
are WIO and RMCHCK. These routines have been developed so that all 1/0
functions will utilize them and help conserve tatk space.

o m e e

[ T T T
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3.4.2.1 RM9100 READ IMAGE WINDOW (RAMRDB)

The RAMRDB subroutine allows the user to read a rectangular ares from the
RM9100 memory. This rectangular area io defined by the calling routine by
setting IXSTRT, IXSTOP, IYSTRT and IYSTOP. Up to 2000 pixels may be read in
any one call to RAMRDB. ISCAN defines the scep divection of the read. I1DATA
{s the array in which data will be read and ILEN is tbe pumber of pixels to

read into JDATA.

FORMAT: CALL RAMRDB (ISCAN,IXSTRT, IXSTOP,1YSTRT, IYSTOP, IDATA, ILEN)
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3.4.2.2 RM9100 WRITE IMAGE WINDOW (RAMWRB)

The RAMWRB subroutine allows the user to write a rectangular area to the
RM9100 memory. This rectengular area is defined by the calling routine by
setting IXSTRT, IXSTOP, IYSTRT, and IYSTOP. Up to 2000 pixels may be written
in any one call to RAMWRB. ISCAN is the scan direction of the write. IDATA
is the array containing ILEN number of pixels to be written.

FORMAT: CALL RAMWRB (ISCAN, IXSTRT, IXSTOP, IYSTRT, IYSTOP, IDATA, ILEN)
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3.4.2.3 RESET THE RM9100 (RESET)

The RESET instruction is an RM9100 system clear function identical to the
power-on (or hard reset) initialization sequence. All pending operations are
discarded. The refresh memory will be erased.

FORMAT: CALL RESET
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3.4.2.4 CHECK RM9100 IfO (RMCHCK)

The RMCHCK subroutine checks to see if the previous RM9100 I/0 was
correctly handled by the RM9100. The status words are contained in the common
block I0. The directive status word, IDS, is equal to 1 if the directive was
sent successfully. The I/0 status word, IOST(1), is 1 if the jssued 1/0
executed correctly. If either of these variables do not equal 1, the I/0 was
unsuccessful.

FORMAT: CALL RMCHCK
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3.4.2.5 RM9100 READ IMAGE (RMRDIM)

The RMRUIM subroutine allows the user to read a rectangular area from the
RM9100 memory. Up to 2000 pixels may be read in any one call to RMRDIM. The
default window of the entire screen is used.

ISCAN determines the primary and secondary scan directions.

ISCAN = 0 primary - left to right
secondary - top to bottom

ISCAN = 4 primary - top to bottom
secondary - left to right

IXS and IYS are the element and line values in memory at which the read is
to begin. IDATA is the buffer in which data is to be filled and ILEN is the
number of pixels to be read.

FORMAT: CALL RMRDIM (ISCAN,IXS,IYS,IDATA,ILEN)
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3.4.2.6 SET UP RM9100 (RMSET)

The RMSET subroutine resets the window parameters of the RM9100 back to
their original values. These are:

; IXSTRT = 0
:k IXSTOP = 319
5 IYSTRT = 0
& IYSTOP = 255

FORMAT: CALL RMSET
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3.4.2.7 RESET RM9100 ORIGIN (RMSETO)

This routine allows the user to set the RM9100 origin parameters.
Updating the y origin by one in a loop will give an illusion of vertical
scrolling. This routine is used to scroll image data.

FORMAT: CALL RMSETO (IXORG,IYORG)
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3.4.2.8 RMI100 WRITE IMAGE (RMWRIM)

to 2000 pixels may be writtem in any one call to RMWRIM. The default window
of the entire screen is used.

In the LMEX programs, ICHNL alvays equals -1, ISCALE always equals 0, and
IFCTN always equals 0. ISCAN is the scan direction to be used for the write.

ISCAN = 0 primary - left to right
secondary - top to bottom

ISCAN = 4 primary - top to bottom
secondary - left to right

IXS and IYS are the element, line start where the write to memory is the
occur. IDATA is the buffer address of the element(s) to be written and ILEN
is the number of pixels to be written.

FORMAT: CALL RMWRIM \ICHNL,ISCAN,ISCALE,IFCTN,IXS,IYS,IDATA,ILEN)

y

1 e NN ORI ome.
.
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F

A-405

The RMWRIM writes to amy rectangular area in the RM9100, in word mode. Up

o g

g




B 3.4.2.9 ISSUE WAIT FOR QUEUE I/0 (WIO)

- The WIO subroutine issues a PDP 11/70 WIQIO system directive. There are -
2 two arguments passed to this routine, IFCTN and IDEV. IFCTN specifies the I/0

‘ function to be executed and IDEV is the device in which the I/0 function is to

occur.

This subroutine is used for all RM9100 I/0. The common block IO contains
the other parameters required by the WTQIO instruction.

FORMAT: CALL WIO (IFCTN,IDEV)

FUNCTION CODES: "410 - Write Logical block (RM9100)

"1010 - Read Logical block (RM9100)

—
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