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} FOREWORD

MAPSEP (Mission Analysis Program for 3olar Electric Propulsion)
is a computer program developed by Martin Mariatta Aerospace, Denver
Division, for the NASA Marshall Space Flight Center under Comtract
NAS8-29666. MAPSEP contains the basic modes: TOPSEP (trajectory
generation), GODSEP (linear error analysis) and SIMSEP (simulation).
'hese modes and their various options give the user sufficient
flexibility to analyze any low thrust mission with respect to
trajectory performance, guidance and navigation, and to provide

meaningful system related requirements for the purpase of vehicle

design.
e This volume is the third of three and contains a description of
e the internal structure of MAPSEP including logical flow. Prior

volumes relate to analytical program description and to operational

usage.
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1.0 INTRODUCTION

MAPSEP (Mission Analysis Program for Solar Electric Propulsion)
is intended to provide sufficient flexibility to analyze a variety
of problems related to trajectory performance, guidance and naviga-
tion. However, since low thrust technology is never static, future
changes are expected to the models and algorithms contained in MAPSEPR.
This volume, along with the program listings, is intended to provide
the programmer/analyst with sufficient information about MAPSEP
structure to enable him to make suitable modifications, The program
jtself is structured such that computationzl modules are as self-
contained as possible thus facilitating their replacement; It is
highly recommended that the programmer/analyst review the two preced-
ing volumes (analytical and user's manuals) before making program
changes in order to understand the reasoning behind many of the models

and analysis techniques that are coded,

FRECEDING PAGE BLANK NOT FILMED



2.0 MACROLOGIC

MAPSEP is composed of three primary modes: TOPSEP, GODSEP and
SIMSEP {Pigure 2-1). A fourth primary mode, REFSEP, is actually a
submode of TOPSEP in a functional sense. In addition, a seccﬁdary
mode, TRAJ, is used by all four primary modes ﬁo provide integrated
trajectory information. As described in both the Analytic and User's
Manuals, the primary modes each serve a specific function in the mis-

sion and system design sequence.

MAPSEP
TOPSEP GODSEP SIMSEP
TRAJECTORY LINEAR TRAJECTORY
GENERATION ERROR STMULATION
ANALYS1S

Figure 2-1. MAPSEP Modes

All of the routines and structure of MAPSEP are coustructed to
mlinimize core storage (thus reducing turn-arcund time and computer
run cost) yet retain the flexibility needed for broad analysis re-
quirements. Furthermore, routines are buillt as modular as pessible

to reduce the difficulties in future mcdifications and extensions.
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2,1 Input/Cutput

The user interface or input to MAPSEP is primarily through
cards using the NAMELIST feature, with supplementary means depend-
ing upon mode and function (Table 2-1). All modes require the

$TRAJ namelist which defines the nominal trajectory and subsequent

INPUT QUTPUT
Mode Namelist Formated Tape Punched Tape
Cards (or disc)| Cards (or disc)
TOPSEP STRAJ None STM None STM
$T@PSE?P GAIN
"$TRAJ States
GODSEP $GPDSEP Event STM Covariances STM
$CGEVENT Data GAIN Guidance GAIN
SUMARY
$TRAJ None STM Statistices STM™
SIMSEP $SIMSEP CATIN
$GUID : SUMARY
REFSEP $TRAJ Print STM None STM
Events

TABLE 2-1. MAPSEP User Input/Output

mode usage. However, if recycling or case stacking is performed

it is not necessary to input $TRAJ again unless desired. The second
namelist required for each mode corresponds to mode peculiar input
and bears the name of that particular mode. Additional namelist,
formated cards, and tape Input are generally optional. Besides

-



the standard printout associated with MAPSEP, auxiliary output can

be obtained which will facilitate subsequent runs.

From an operational viewpoint, MAPSEP empleoys a maximum of six

data files (Table 2-2).

Most of thege files are not normally saved

from run to run, the primary exceptions being STMFILE and GAINFIL

used in GODSEP.

Mode Usage
I/0 File
Number File TOPSEP AND GODSEP SIMSEP
REFSEP
TAPE 3 STM $TRAJ $TRAJ namelist, §S$TRAJ
namelist trajectory and JInamelist
state transition
matrix data
TAPE & GAIN = a-priori covar- |[$GUID
iances and namelists
filter gain
matrices
TAPE 5 INPUT input data input data input data
TAPE 6 QUTPUT printout printout printout
TAPE 7 PUNCH - punched punched
covarlances statistics
TAPE 8 SUMMARY 1 trajectory event data SSIMSEP
summaries summaries namelist
TABLE 2-2., Data Files

2.2 Qverlay Structure

The structure of MAPSEP is organized into three levels of

“overlays" which are designed to minimize total computer storage.

At any given time, only those routines which are in active use are




loaded into the working core of the computer. The main overlay
(Figure 2-2) iz always in core and contains the main executive,
MAPSEP, and all utility routines that are common to the three modes.
The primary overlays contain key operating routines of each mode,
that is, those routines which are always needed when that particular
mode is in use. Aléo included as a primary overlay is the data
initialization routine, DATAM, where $TRAJ namelist is read, trajec-
tory and preliminary mode parameters are initialized, and appropriate
parameters are printed out.

The secondary overlays contain routines which perform various
computations during a particular operational sequence. Included are
data initialization routines, analgous to DATAM, which operate on
mode peculiar input and perform mode initialization. An example of
core usage in the changing overlay structure may be provided by a
standard error analysis event sequence. Error analysis initializa-
tion is ﬁerformed by the overlay DATAG. Transition matrices are then
read from the STM £ile, the state covériance is propagated to a

measurement event, and the overlay MEAS is called, which physically

. replaces, or overlays, the same core used previously by DATAG.

Similarly at a guidance event, overlay TRAJ will replace MEAS to
compute target sensitivity matrices and overlay GUID will then
replace TRAJ to compute guidance corrections, Overlay switching is

performed internally and is transparent to the user.
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2.3 Subroutine Hierarchy

Each major overlay 1s supported by 1 number of routines, some
2f which are contained in that overlay, others are in higher over-
laye. Figures 2-3, 2-4, 2-5, 2-6, andlé-f illustrate the subroutine
hierarchy for the major overlays TRAJ, TOPSEP, GODSEP, SIMSEP, and
REFSEP, respectively, Multiple calls to subroutines and entry points
are not shown, but may be found in the detailed subroutine descrip-
tions (Chaper 3). The hiera;chies also do not distinguish between
routines called from different overlays.

2.4 Blank Common

One convenient feature of the CDC 6000 series computer (on
which MAPSEP was developed), is the.ability to specify the location
in core where blank common is loaded. This allows blank common to
be loaded behind the longest secondary overlay to be loaded for the
current mode. Thus, the length of blank common may be adjustea
merely by changing the amount of core requested for the job. The
resultant convenience factor is a core saving on many runs. Wherever
possible, large arrays whose dimensions vary as a function of input
parameters are ioaded in blank common. Each mode in its data overlay
computes the locatioms of these arrays as required by the input.
Each mode starts using blank common f£rom the first word, and defines
for the TRAJ overlay the first available word »f blank common it
may access. TRAT stores all information evaluated for integration
stepe in blank common. For an example of the disparity in blank
common lengths required for different rums, the sample error

-~
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\ . DNPISE
. TIND
. LECATE
| — LPADFM
|~ NEWTEN — DPHT
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—.  PATH NUMIN = e MPTIPN
LOADFM
L. PRINTT L. PDYT
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Q’ TRAJ |
... FIND
(REFINE)
— ENCON
' PIWER.,
. EP
DNPISE RIUM
®——- GRAVFP
MOTION
. RPRESS
L SPIAR EPHEM CARTES

Figure 2-3. TRAJ Subroutine Hierarchy
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(J (e MASSIG
wmnmﬁ
. CRREL
I cove
. PRINTT
= RELCEV
SETEVN
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Figure 2-5. G@PDSEP Subroutine Hierarchy (Continued)
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= REFTRJ ECGMP —— TCPMP —— BPLANE
—— SET ——  GUIDMX - GENINV —— INVSQM
|—— SPRNTI — C@NIC —— TCPMP ~— BPLANE
—— STAT e THC@MP ~—— TRAJ
b—— TCHMP —— BPLANE
o TRAJ

Figure 2.6 SIMSEP Subroutine Hierarchy



P

REFSEP

Figure 2-7.

t— TRAK —

12-B

DATREF e SCHED

—— SCHED

— TRAJ —— PRINTT

—— DETAIL ~—-le— BPLANE

e TSCHED s CYEQEC

e BPLANE

REFSEP Subroutime Hierarchy



13

analysis included in the User's Manual (Vol. II Sec. 3.2.2) requires
5184 decimal or 12100 octal words of blank common. The same run
without guidance would require only 2304,, (4400g) words of blanmk
common. A TPPSEP run which does no targeting or optimization —-
merely integrates a reference trajectory —- requires less thamn 100,,
words of blank common.

2.5 Program Iocadiog

The recommended usage of MAPSEP, which also minimizes computer
core for a given rum, is to load only those overlaye and related
routines which are necessarv for the run. This is performed by
“satisfying" fron a master library file which contains all of the
MAPSEP routines. 1In this case the deck necessary to run MAPSEP
consists only of the overlay structure and the input data decks.

The advantage is a direct result of not having to load all utility
routines in the main overlay, Iunstead, the utility routines are
loaded only in the overlays where they are used. In addition, blank
common can easily be set to the size necessary to handle specific
mode runs, thus, reducing further the overall core requirements.
Figure 2-8 illustrates core utilization when satisfying from a
library file,

If a library file is not used, then the utility routines would
be loaded after the I/0 buffers in Figure 2-8 and before the primary
overlays. Although the core required for each primesry overlay would
be smaller, the total core {(utility + primary) would be greater.

Furthermore, blauk commou.: would start at the end of the last routine



*g-z 2Ind1J

(3113 41e1qI] Y3TM) VOTIEZTITIN 830D

it

OCTAL K mmmaietet - OGIAL
100 BLANK 1100
E COMMON
" iy w——p servr =)
'—- o pm— —— ety SRl G S vk RS Gvml =
701 DATAS |, 70
BLANK COMMON
g ", e o MAX
MAX  BLANK COMMON lTYPICAL 60
60§ L% —_ 4 ———— —— . — ————
w0 DATAT | TRAJ | DELTU} DATAG | coar | wpas | euip ———50
o 40
TOPSEP GODSEP STMSEP REFSEP
20 430
DATAM
o 20
? 1/0 BUFFERS
10 MAPSEP 10
LABEIED COMMON

71



15

(DATAS) so that the overall core penalty, if the entire program is
loaded at once, would be approximately 3k to 20k, depending upon

the operating mode,

For those users who can vary the amount of blank comﬁon storage in
their runs, a guideliﬁe to estimate the total MAPSEP core requirements
is given below. Blank common length is related directly to the dimen-
sion of the dynamic state (NDIM) used in transition matrix (STM) com-
putation, and, the total sugmented (knowledge) state (NAUG). The values
of "program'" and "blank common" must be added to compute the total decimal

core for a CDC 6500, Other operating systems must scale these requirements

appropriately.
TOPSEP: program = 23400 2 . (N & number of
blank commcn = 800 + 68 (N)+(N) contro§ para-
meters
GODSEP: program = 23900 9
blank common = 100 + 9 (NDIM)2 (if STM created)
= 100 + 9 QNDIM) + (if STM used)
5 (NAUG) 9
= 100 + 13 (NAUG) (if PDOT used)
SIMSEP: program = 39100 2 (N = number of
blank common = 900 + N(NAUG) guidance
events)

REFSEP: program + blank common = 21000
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2.6 Labeled Commons

16-A

The labeled common blocks are grouped according tu the principal overlays

in which they are used:

MAPSEP, TOPSEP, GODSEP, and SIMSEP. The type of each

variable will be specified as follows:

Type Designation
Real R
Integer i
Logical L
Hollerith 4
Assigned G T¢ S

Statements

All umits will be in km, km/sec, days, radians, kg, kW, km/secz, or km3/sec2

‘unless otherwise noted.

The following index of common blocks is intended to facilitate their locatibn

by the reader.

Common Principal Overlay Page
CENICS MAPSEP 17
CENST MAPSEP 16-B
CYCILE TOPSEP 27
DATAGI GODSEP 35
DATAGR GODSEP 36
DIMENS GODSEP 36
DYN@S SIMSEP 51
EDIT MAPSE?P 17
ENCEN MAPSEP 17
EPHEM MAPSEP 17
GRID TOPSEF 27
GUIDE GODSE?P 338
TAST™ MAPSE? 18-A
s SIMSRT 51
181142 STMEEP 52
KEPGEN GODSEP 39
LABEL GODSEP 39
14CATRE CODSEP. 40
14GIC GODSE?P 41
MEASI GODSEP 42
MEASR GOEBSBP 44
PRINT TOPSEP 28
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Common Principal Overlay Page
PRINT TOPSEP 28
PRINTH TOPSEP 28
PRPPI GODSEP 46
PRGPR GODSEP 46
SCHEDI GODSEP 47
SCHEDR GODSEP 49
STMLAB SIMSEY 52
SIML STMSE?P 53-A
SIM2 SIMSEP . 53-8
ST@REC STMSEP 53-C
TARGET MAPSEP 18 -8
TIME MAPSEP 19
TGP1 TOPSEP 28
T@P2 TOPSEP 32
TRAJ1 MAPSEP 19
TRAJ2 MAPSEP 22
TRKDAT MAPSEP 26
TUG TOPSEP 34
W@RK MAPSEP 26

2.6.1 MAPSEP Labeled Commons

Most common blocks that appear in MAPSEP primsrily ave used to save in-
formation created by the overlays DATAM and TRAT. Other common blzcks that

appear in MAPSEP are used to transmit information from the Conie subroutines,

----------------------------------------

-’ m m m m e e o =t = - e am wr A 4w o e e e e M o o s e G w M m m w = W = = o=

Name Dimension Type Definition
AU 1 R 149597893. (km/AU)
20
BIG 1 R 10
ECEQ 3x3 R Transformation matrix from Earth equatorial
to Earth ecliptic coordinates
FgP 1 R 107?
25

FOV 1 R 10°°



i N

s ra——

17

Name Dimension Type _Pefinition

GHZER( 1 R Greenwich Hour angle at launch

@MEGAG 1 R 6.300388099 Earth rotation rate in rad/day
P 1 R 3.14159 . . . . . . . (PI)

RAD 1 R 57.29 . . . . {(deg/rad)

SMALL, 1 R 10-20

™ 1 R 86400.0 (sec/day)

L T R— —_ — _— — _— — m— -

E)__CEPmon/E?NICS/Osculating conic perameters

Name Dimension Iype Definition

PV 3 R Eccentriéity unit vector

Qv 3 R Unit vector orthogonal to WV and PV
Wy 3 R Angular momentum unit vector

2
=

Posicion Magnitude

VM 1 R Velocity Magnitude

RDV 1 R L'V

H 1 R Angular momentum magnitude
b 1 R Semi-latus rectum

[ —_

et e e o e e e e e s o e e e e —

o “comon/Eat futare nadification swormse _ |

Name Dimension Tvpe Definition

EDIT 50 R Miscellaneous storage array; intended for use

by temporary modifications until permanent
storage (labeled and blank common) is arranged.

- o e SHE mww A et MR g e e e e v AER  mme e met fEE S Game S e we L SR mme me e e S S e el s e e e

- A e b oy W Ame et pEm e e e el R e AR M mnm AR e e D S s e e Se e e AR S dee e m R e e e e

—— o g e W mem A e e s S G mmr  fEAL MR g SRS e e e S M Gmm e AR s mee e ST M T e S e mn e S e e

Name Pimension Type Definition

CECC 4 x 10 R Eccentricity constants of the planets
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Name Dimension Type Definition

CINC 4 % 10 R Inclination comstants of the planets

CMEAN 4 2 10 R Mean anomaly constants of the planets

COMEG 4 x 10 R Longitude of the ascending node constants of

the planets

GﬂMﬁGT 4 x 10 R Longitude of periapsis constants of the planets
CSAX 2= 10 R Semi-major axis constants of the planets
DJ1900 1 R Julian Date of January 0.5, 1900

EMN 15 R Lunar ephemeris constants

PLANET i1 2 Hollerith label for the planets

PMASS 11 R Plagetary gravitational constants

PRADIS 11 R Planetary radii

SMASS 1 R Solar gravitational constant

SPHERE 11 R Planetary S0Is

SRADIS 1 : R Radius of the sun

SUN 1 H Hollerith label for the sumn

— g - e e — — . — e i s E R e AR T mmw e e b S e st e S ae e S

e W et — — e iy e dma pma e mt U emae wem MM e i A e we e e em e SR e s Ee mee e e S G SN S e e S

TASTM 1 I Flag designating method of computing targeting
sensitivity matrix

IJH 2x30 I firray of flags identifying active controls

LISTAR 6 1 Array of flags identifying active targets

THETA 6x20 R Sensitivity of final state to changes in thrust
controls

PHI 6x6 R Sensitivity of final state to changes in initial

state (STM)
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Name Dimengion Type Definition

VCA 1 R Speed zt closest approach.

CA 1 R Radius of closest approach

TCA 1 R Time of closest approach

BDT 1 R B-T

BDR 1 R B.R

TSI i R Time of sphere of influence crossing
VHP 1 R Hvperbolic excess velocity

SMA 1 R Semi-major axis

ECC 1 R Eccentricity

HINC 1 R Inclination

PMEGA 1 R Longitude of the ascending node
SEMEGA 1 R Argument of periapsis

ZMEAN 1 R Mean anomaly

TA 1 R True anomaly

Fl 1 R Hyperbolic anomaly

B 1 R B-vector wmagnitude

BV 3 R B-vector

TATHM 1 R Theta aim (angle between the B-vector & Taxis)

svY 3 R S-vector (unit vector in direction of VHP vector)



19

— e e

h) Common/TIME/tlme parameters

Name Dimension Type Definition
EPPCH 1 - R Julian Date of launch
TCP 1 R Total CP time required to integrate a trajcctory
TDUR 1 R Trajectory termination time from launch in
seconds
TEND 1 R Trajectory termination time from launch in
days
TEVNT 1 R Trajectory event time in seconds
TRCA 1 R Time of closest approach
TREF 1 R Trajectory start time from launch, in seconds
TSGI 1 R Time at the sphere of influence of the target body
TSTIART 1 R Trajectory start time )
TSLHP 1 R Actual trajectory termination time

r—— a—— o— it et e e m i ammr Sme eee ere— Geim mem e e e —u Gam rem e e eehn —a e e

Name Dimension Type Definition

ACC 1 R Integration step-size scale factor

ALPHA 1 R Inverse semi-major axis of tbke reference conic
APERT 3 x 12 R Gravitational acceleration vectors due to the

perturbing bodies

APRIM 3 R Gravitational acceleration vector due to the
primary body

ATRT 3 R Total differential acceleration vector

BODY 3 H Hollerith label of the planets included in the
integration

DRMAX 3 R Maximum deviation from the reference conic

ENGINE 20 R Array that defines the thrust and power subsystems
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Name Dimension

FRCA 1
GMll 3
GM12 .3
eM21 3
GM22 3

GT 3 x3

GTAUL 3 x3

l | .GTAU2 3x3

Gl1 3x3

Gi2 3x3

G22 I x3

QN@ISE 6x b6
RCA 1
RPACC 3
RST@P 1
SCMASS 1
- SCMVAR 1
8

Type

R

w oK oM W K" W W
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Definition

-

Fraction of the semi-major axis of the target

planet

Matrix
matrix

Matrix
matrix

Matrix
matrix

Matrix
matrix

Matrix
matrix

to begin closest approach tests

of partial derivatives for transition
integration

of partial derivatives for transition
integration

of partial derivatives for transition
integration

of partial derivatives for transition
integration

of partial derivatives for transition
integration

Diagonal matrix of inverse correlation times

(first

‘process)

Diagonal matrix of inverse correlation times
(second process)

Matrix
matrix

Matrix
matrix

| Matrix

matrix

Matrix

of partial derivatives for tramsition
integration

of partizal derivatives for tramsition
integration

of parcial derivatives for fraansition
integration

of process noise

Local variable‘used in TRAJ

Acceleration vector due to radiation pressure

Desired stopping radius

Initial spacecraft mass

Initial spacecraft mass variation

First three elements a

vector

re the initial position
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Name

TCPY
THRACC

THRUST

TN@ISE

UENC

UENCH

UREL

URELM

UTRUE

UTRUEM

VENC

VERCH

VREL

21

Definition

Dimension Type
1 R
3 R
10 x 20 R
& R
3 R
1 R
3 x 12 R
3x 12 R
12 R
3 R
1 R
3 R
1 R
3 x 12 R
3 x 12 R

Second three elements are the initial velocity
vector .

Seventh element is the position magnitude
Eighth element is the velocity magnitude

CP time at the beginning of cthe integration
Acceleration vector due to thrust

Array used to define the operation of the
thrust subsystem

First three elements contain thrust noise for
the first process

Second three elements contain thrust noise for
the second process

Reference conic position vector
Reference conic position magnitude

Position vectors of all the bodies included in
the integration

Position vectors of the spacecraft relative to
a2ll the bodies considered in the integratiomn

Magnitudes of UREL

S/C position vector relative to the primary
body

S/C position wmagnitude relative to the primary
body

Reference conic velocity vector
Reference couic velocity magnitude

Velocity vectors of all the bodies counsidered
in the integration

Velocity vectors of the spacecraft relative to
all the bodies considered in the integration

M AP it e A AR



Name
VRELM

VTIRUE

VTRUEM

WPPWER
XPRINT

ZX

Name

TAUGDC

ICALL

IENRGY

IEVENT
IEVNT1
TEVNT2
IEVNT3

I8P

TMPDE
INIT

INTEG

Dimension

12

3

i) Common/TRAJ%iTE§jécg9rz_Flggﬁ
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Type Definition

R Magnitudes of VREL

R S/C velocity vector relative to the primary
body

R §/C velocity magnitude relative to the priwmary
body

R Power available

R Print interval
R Direction cosines of the reference star

Dimension Iype Definition

10 I Arvay of flags used to augment the state for
transition matrix or covariance integration

1 I Flag used to initialize TRAJ or to initialize
TRAJ and to start integration or to continue
integration from the previous time

1 I Flag that determines the kind of power sub-
system

i < 8 Local variable used in TRAJ

1 S Local variable used in TRAJ

1 S Local variable used in TRAJ

1 S Local variable used in TRAJ

1 I Flag used to locate information about the
ephemeris body (L = Sun, 2 = Barth,...)

1 i Submode designation in T@PSEP

1 I MAPSEP initialization flag

1 I Flag used to determine the type of equatious

to be integrated



o

JPHAS2

Hame Dimension
INTEG2 1- |
INTEG3 1
IPFLAG 1
IPHASE 1
IPHASO 1
IPHASL 1
IPHAS2Z 1
IPLACE 1
IPRI 1
IPRINT 1
"IPRT 1
IPRT1 1
TRECT 1
ISTEP %
ISTMF 1
ISTHP 1
ITEST 1
ITP 1
ITRAJ | 1
JEFLAG 1.
JPHAS] 1
1

23

Type Definition

8 Local variable used by TRA;

s Local variable used by TRA&

I Flag used to designate a control phase change

5 Local wvariable used in TRAJ

S Local variable used in TRAJ

5 Local variable used in TRAJ

8 Local variable used in TRAJ

S Local variable used in TRAJ

I Flag used to locate information about the
primary body

i Flag used to manipulate the trajectory print
options'

S Local variable used in TRAJ

S Local variable used in TRAJ

I Flag used to control rectification

I Number of integration steps taken

I Flag used to control STM file use

1 Flég used to set the traje;tory termination
logic

8 Local variable used in TRAJ

I Flag used to locate information about the
target body

I Local variable used in TRAJ

I Flag used to designate a primary body change

] Local variable used in TRAJ

3 Local variable used in TRAJ
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Name Dimension -

JPHAS3 1
JTEST 1
KSTEP 1
KTRAJ 1
KUTOFF 1
LPRINT 1
“1H4CAL 1
LECDM 1
LECDT 1
1L¢CDY 1
1.GCET i
LOCFI 1
1Pcrg 1
LgcH 1
LocM 1
LECPR 1
LgCPT 1
- LfcR 1
1408 1

24

Definition

Local variable used in
Local varidble used in
Tocal variasble used in

Flag used to designate
control phase changes

Flag used to designate
stopping criteria

Local variable used in
Local variable used in

Location of the output
blank common

TRAJ
TRAJ
TRAJ

whether to test for

the actual trajectory

TRAJ
TRAJ

masg variation in

Location of the temporary derivatives in

blank common

Location of the nominal derivatives in blank

common

Location of the integration event time in

blank common

Location of the F matrix in blank common

Location of the covariance to be integrated

in blank common

Location of the integration step-size in blank

commmon

Location of the output

mass in blank common

Location of the integration print time in

blank common

Location of the actual
comnon

Location of the stored
blank common

print time in blank

position magnitudes in

First location in blank common that can be

used by TRAJ
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Name Dimension
LgCT 1
1¥CTC 1
TYCTE 1
Tgeyc 1
L@cyp 1
LYCYT 1
gcit 1
MEQ 1
MEQS 1
MEQS 1
MEVENT 1
M@DE 1
MPIAN 1
MST@P 1
NB 11
NB@D 1
NEP 1
NLP i
NBISED 1

Type

I
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Definition

Location of the stored trajectory times in
blank common

Location of the output transition matrix or
covariance in blank common

HNot used

Location of the nominal integrated solution
in blank common

Location of the intermediate integrated
solution in blank common

Iocation of the temporary integrated solution
in blank common

Location of the trajectory time in blank
COmmOon

Total number of equations to be integrated

Dimensions of the augmented transition matrix
or covariance

MEQ minus 8
Flag used to set event detection logic

Flag used to set the MAPSEP mode of operation
(T@PSEP, G@DSEP, SIMSEP)

Number of bodies included in the integration
Local variable used in TRAJ

Planet codes of the bodies to be included in
the integration

Number of bodies in NB
Planet code of the ephemeris body
Planet code of the launch bedy

Flag used to turn off the noise for the
simulation mode
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Name Dimension Iype Definition

NPHASE 1 I Flag to test for primary body changes

NPRI 1 I Planet code of the primary body

NPRINT 1 5 Local Variable used in TRAJ

NRECT 1 I Number of rectifications executed

NSTEP 1 s Local Variable used in TRAJ

NTP 1 I Planet code of the target body

NTPHAS 1 I Number of the current control phase

®)_ Common/TRROAT/_ ~ " _ _ _ _ Trackimg Pata _ _ _ _ _ _ __________

ELVMIN® 1 R Minimum elevation angle for tracking

TOBS#* 1 I Location in STALYC of astronomical observatory

KARDS* 1 I Number of formatted print schedule cards fol-
lowing the $TRAJ namelist

NSTA% 1 I Number of S/C tracking statioms

STALgC 3x9 R Station location coordinates

STARDC 3x9 R Star direction cosines

* Variables exclusive to the REFSEP mode

— e o e e o e mmm Eme e Emm mEm W e M e e e e e v e e SR e M M dms Aem . s e e e E e e

WRK 200 R Array used as local variables to conserve

core locations
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2.6,2 TOPSEP Common Blocks

a) _CAMGN/CYCLE/TOBSER Gycle Flag _

Name Dirvension Type

— o o e e o e mmee R e e e mea

ICYCLE 1 1

é}::CgﬂﬁﬁﬁZGgiﬁZ§fén@:CEéméé-gp;étégng_

Mode cycle flag.

= (Q, Do not store namelist varia-
bles on disc,

= 1, Store namelist variables on
disc,

— s e s e wem e b e e e e e

Definition

Name Dimension Type
LECEL 1 I
LYCE2 1 I
LECEML 1 I
LYCEM2 1 I
LBCEN 1 1
LECFL 1 1
LYCF2 1 I

Blank common location of the target
errors associated with the first
step of the control grid.

Blank common location of the target
errors associated with the second
step of the control grid.

Blank common location of the tarpget
error indices associated with the
first step of the control grid.

Blank common location of the target
error indices associated with the
second step of the control grid,

Blank common loration of the nominal
trajectory target errors in the grid
mode.

Blank common location of the perform~
ance indices associated with the
first step of the control grid.

Blank common location of the perform-
ance indices associated with the
gsecond step of the control grid,
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c) _C@_mIQN[_rRINT/Printout Pararneters T -T-T- T - T s

Nistes Dimension Type Definition

CNTRGL 20 R Initial values of all possible con-
trols other than thrust controls.

ETLOUT 6 R Target tolerances in print~out units.

G@UT 20 R Performance gradient in print-out
units-

HPUT 10x22 R Perturbation array in print-out
units.,

RNTR@L 20 H Hollerith names of controls in
CNTR@L.

S@UT 120 R Sensitivity matrix in print-out
un}tS.

TARGUT 6 R Desired target values in printout
‘units.

— o e — = e— wae S

d) _ C@MM@N/PRINTH/Printout Labels

Name Dimension Type Definition

TABELT 6 H Hollerith names of chosen targets.

LABEL 25 H Rollerith names of all possible
targets.

- e — o — e —

Name Dimension Type Definition

BTYL 1 R Tolerance on control bounds,

CHI 1 R In plane Ay direction angle at
injection,.

CNVRTT 6 R Conversion constants from input

units to interunal units for selected
targets,
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Name Dimension Type Definition

CNVRTU 20 R Conversion constants from input
vnits fo internal umits for
selected controls.

CTHETA 1 R Cosine of optimization angle.

DELVO 1 R Injection 4Y ,

DFMAX 1 R Maximum increase allowed in the
cost index (F) per iteration.

DPSI 6 R Target error to be removed during
current iteration,

DP2 1 R Estimated region of linearity in

' the control space.

E 6 R Target errors of the current tra-
jectory.

EMAG 1 R Target error index,

EPS@ON 1 R Scalar multiple for cantrol pertur-
pbations.

ET#L . 6 R Target tolerances.

ETR . 6x6 R Array of target errors of the refer-
ence and all trial trajectories
evaluvated during a single iteration.

F 1 R Performance index of the current
trajectory.

FIR . 6 R Vector of performance indices of

' the reference and all trial trajec-
tories evaluated during a single
' iteration.

G 20 R Performance gradient.

GAMA 1 R Scale factor providing the best con-
trol change.

GAMMA 6 R Vector of trial trajectory control

change scale factors,
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Hame

. Dimensions

Type
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Definition

GIRIAL

- MMULT

$PTEND

PSCALE

FCT

PRTURB

PSI

Pl

P1P2

P2

STATR

5
10x22

20

20

6x20

8x6

One-~dimensional search constants,

Control perturbation array.

Vector of scalar multiples of the
H array to determine the second
step of all controls in the control
grid,

Cosine of the optimization angle
which is used to test convergence
in the targeting and optimization
mode, '

Scale on the performance index when
simultaneously targeting and opti-
mizing.

Percentage of the target error to
be removed during an iteration,

Vector of control perturbations;
summary of H array.

Out of plane AY direction angle
at injection,

Vector of net cost wvalues for the
reference and all trial trajectories
evaluated during a single iteration.

Vector of combined target error

indices and net cost values for the
reference and all trial trajectories
evaluated during a sipgle iteration.

Vector of target error indices for
the reference and all trial trajec-
tories evaluated during a single
iteration.,

Target sensitivity matrix,
Array of initial states for the

reference and all trial trajectories
evaluated during a siagle iteration,
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Name Dimensicns Type Dafinition

ST@L 1 R Test variable for determining line-
arly dependent columns of the
weighted sensitivity matrix.

TARGET 6 R Vector of desired target wvalues.

TARNGM 6 R Target values evaluated for the
reference trajectory.

TARPAR 6 R Target values of the most recently
generated trajectory.

TARTHL 25 R Vector of all possible target
tolerances.

TARTR 6x6 R Target values of the reference and
all trial trajectories evaluated
during a single iteration.

TLYW 1 R Limit of target error index below
which optimization only is per-
formed.

TUP 1 R Limi: of target error index above
which simultaneous targeting and
optimization is discontinued and
targeting only is initiated.

U 20 R Selection of controls for the
specified mode run,

UWATE 20 R User input weights on controls.

VPARK 1 R Circular parking orbit velocicy
magnitude,

WE 6 R Veetor of target weights.,

XMM R Mean motion of s/ec in parking orbit.

PRO 1 R Radial distance at injectiomn.

PINC 1 R Geocentric ecliptic inclination at
injection

PTO 1 R Time of injection



Name Dimensions Type Definition
INACTV 20 I Vector denoting which controls are

active, on bounds, or within bound
tolerance regions.

INSG 1 I ¥Flag set when S and G are inmput
through namelist,

ITERAT 1 I Iteration counter (in grid mode
ITERAT indicates the index of the
control being changed for a grid
trajectory).

.
‘+

TWATE 1 I Flag designating the desired con-
trol weighting scheme.

JMAX 1 I Number of mission thrust phases,

JWATE 1 I Flag designating target weighting.

KMAX 1 ¥ Number of thrust controls (THRUST
(1,J)) chosen to be elements in
Ua

K@NVRJ 1 I Convergence flag.

1gCCne 1 I Blank common lucation for storage

of the inner products of the
weighted sensitivity matrix columns.

LBCCM 1 T Blank comuon location for storage
of the magnitude of the weighted
sensitivity column vectors.

1.4cbu 1 I Blank common location of the total
contrel correction vector {(not
scaled by GAMA).

LGCDUL i I Blank common location of the per-
fomance control correction vector
(not scaled by GAMA),

LgCcDT2 1 I Blank common location of the con-
straint control correction vector
(not scaled by GAMA).

LBCRFM 1 I Blank common locatiom ef the s/c
masses evaluated at event times
for the reference and all trisl
trajectories in a single iteration.
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Name Dimensions Type Defipition
LgCsSDu 1 I Biank common storage location for

the original control correction
vectors when a number of controls
must be dropped during an iteration.

LPCSI* 1 I Blank common location of the pseudo
inverse of the weighted sensitivity
matrix. &

LYCSWG 1 I Blank common storage location for

the original weighted performance
gradient when a number of controls
must be dropped during an iteration.

LYCSWS 1 I Blank common storage location for
the original weighted sensitivity
matrix when 2 number of controls
must be dropped during an iteration,

L@CTS 1 I Blank common location of event
times for the referenmce: and all
trial trajectories in a single
iteration,

TYCUL 1 I Blank common location of minimum
and maximum control bounds,

LOCWG* 1 I Blank common location of the
weighted performance gradient,

LACWS* 1 I Blank common location of the
weighted sensitivity matrix.

18CWU 1 I Blank ccmmon location of the con-
. trol weights.

LYCXR 1 I Blank common location of the 6-
component state vectors associated
with the event times of the refer-
ence and all the trial trajectories
of 2 single iteration.

MIN 1 I Index on the scale factor in the
GAMA vector which provides the
hest control correction.

#May be in compressed form if controls have been drepped during the
iteration.
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Name Dimensions Type Definition

MPRINT 10 I Flag designating TOPSEP print
options,

MMAY 1 I Maximum number of iterations,

NT 1 I Number of targets.

NINP 120 I Vector of primary bodies assoclated
with the event times of the refer=-
ence and all trial trajectories in
a single iteration.

NTPH 20 I Vector of control phase numbers
agsociated with the event times of
the reference an.! all trial trajec-
tories in a single iteration,

NTR 1 I Trial trajectory counter (NTR=1
indicates the iteration reference
trajectory).

NTYPE 1 I Flag designating the type of con-
trol correction to be made during
an iteration,

NU 1 I Number of controls,

INJLGC 1 I

Index locating the selected injection
controls in the U vector.
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AZMIN

RPL’

TGFUEL

TUG

TUGLSP

TUGHT

—— ——
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Maximum launch azimuth comstraint
Minimum launch azimuth constraint
Inner parking orbit radius

Full capacity of tug stage

Flag controlling injection computations

Specific impulse of tug stage

Dry weight of tug stage
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2.6.3 GQDSEP Labeled Commons

G@DSEP labeled commons were created following two specific guidelines
as much as possible -~ orgaﬁization first by variable functioﬁ, and second by
variable type, Organization by funection will hopefully si;plify understanding
of the program and minimize the number of common blocks required for any given
subroutine. Organization by type is to facilitate conversion to machines which
_require double precision for many real variables, or which merely allocate
different numbers of bytes of core for real, integer or logical variables,

Any variable for which further descriptions may be found under input
description is denoted ''(See Input)" and refers to Reference 1, Volume II

(User's Manual) Section 2.3.
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Name Dimension Type Definition
C@NRD 1 L Used for input only
=F, set a priori control equal to a priori
knowledge
=T, assume a priori control is read in namelist
$G@DSEP
IAUG 50 I Parameter augmentation control {see Input)
IGF@RM 1 I - =0, input control uncertainties packed

=1, input control uncertainties unpackad
(see Input)

IPF@ERM 1 I =0, input knowledge uncertainties packed
=1, input knowledge uncertainties unpacked
{see Input)

MAXAUG 1

b=

Maximum length allowed for auvgmented state
vector (inciuding S/C state) allowable maximum
governed only by available core and dimensioned
lengths of LIST (see Common/DIMENS/) and AUGLAB
(see Common/LABEL/) arrays
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Name Dimension Tvpe Definition
MAXDIM 5 I Maximm allowable input dimensions on individ-

ual state vector partitions corresponding to
actual dimensions of covariance partitions
in subroutine NMLIST

MAXDIM(1l) = 6 (S/C state)
MAXDIM(2) = 10 (solve-for parameters)
MAXDIM(3) = 13 (dynamic consider)
MAXDIM(4) = 15 (measurement consider)
MAXDIM(5) = 10 (ignore)

XLAB 50 H Parameter Hollerith labels corresponding to
parameters as ordered for IAUGC (see Input,
IAUG)

D . T I T R - T T T R T I P . T~ )

b) Common/DATAGR/Real variables required only for DATA overlay

- e o e
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DOPCNT 1 R Aversge number of doppler (range-rate) measure-
ments taken per day during tracking arcs
(see Input)

SIGRS 1 R Standard deviation in spin radius for equiv-
alent station location errors (see Imput)

SIGLON 1 R Standard deviations in longitude for equiv-
alent station location errors (see Input)

S1GZ 1 R Standard deviation in z-height for equivalent
station location errors (see Input)

CORLON

o

R Station-to-station lomgitude correlation for
equivalent station location errors (see Input)
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¢) Common/DIMENS/Covariance dimensions and sub-block locators

R R T T T T L . T T S

LIST 30 I List of parameters included in augmented
state vector in the order in which they appear
in the covariance. LIST is used for locating
elements of covariance and transition matrices
where necessary. All parameters augmente¢ are
denoted by parameter number used for Imput
(see TAUG in Input). S/C state components -
X,¥,2,%,¥,2 - are denoted by -1,-2,-3,-4,-5,-6,
respectively.

LISTDY 20 I List of dynamic parameters included in transi-
tion matrices read from STM file., Parameter
numbering and ordering conventions are the
same as for LIST (above).



Name

LYCAUG

LOCBLK

LYCLAB

NAUG

NAUGSQ

NBIK

NFHSTM

Dimension

5x5

5x5

37

Definition

Array of locations of first word of covariance
partitions within complete augmented covariance
matrix. For example, since covariance blocks
are ordered, S/C state, solve-for parameters,
dynamic consider, measurement consider, ignore
parameters,

-~-LPCAUG(1,3) locates the first word of the
sub-block of correlations between the S/C

state and the dynamic consider parameters,

Used for locating first word of covariance
partitions when sub~-blocks are stored separately
but contiguously in core (for further explan=-
ation see AUGCNV Sec 3.3.1 and PPAK Sec 3.3.31)

Locates within LIST and AUGLAB arrays the
beginning of the parameter (LIST) or label
{(AUGLAB) lists for the five augmented state
vector partitions

(1 =1

(2) = beginning of solve-for parameters

(3) = beginning of dynamic consider parameters

(4) = beginning of measurement consider parameters
(5) = beginning of ignore parameters

Dimension of augmented state vector

Total number of elements in augmented covar-
iance matrix (=NAUG#*2)

Total number of elements required to store
individual, packed covariance partitions (for
further explanation, see AUGCNV, Sec 3.3.1,
and PPAK, Sec 3.3.31)

Dimensions of individual state vector partitioms

(1) = S/C state

{(2) = solve-foxr parameters

(3) = dynamic consider parameters

(4) = measurement consider parameters
(5) = ignore parameters

Number of dynamic parameters (including 5/C
state) used included in state transition
matrizes on 3¥E file.
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Name Dimensgion Type Definition

d) Commun/GUiDE/Guidance Related Variables Not Specifically Used for Scheduling
or Propagition

— e o mm mmk o mr e v ke G M A Mwe gEm . e A e S e M e mee e e E e e e e e e e e AR M e S b S e e

BURNP 4 R Guidance interval parameters
(1) - vehicle mass at guidance start

{(2) - thrust acceleration magnitude at guidance start
(3) - vehicle mass at guidance end

{4) - thrust acceleration magnitude at guidance end

CENWT 5 R Control weighting factors,following correspondences
assumed
(1) - acceleration magnitude
(2) - cone angle
(3) - clock angle
(4) - cutoff time
(5) - startup time

DELAY 1 R Guidance delay time for current maneuver

s 6x5 R Cuidance sensitivity matrix of S/C state at cutoff
time with respect to controls

SMAT 15 R Sensicivity matrix of targef parameters w.r.t.
control parameters

TARWT 3 R Target parameter weights

TBURN 1 R Length of burn interval for current guidsnce maneuver

"GST@P 1 R Stop time for integrator if either guidance or predic-
tion requires integration of tramsition matrices to
some time past TFINAL, For both guidance and predic-
tion TDUR (Common/TIME/) is defined according to the
maximum of TGSTPP and TFINAL

TYFF 1 R Cutoff time for current guidance maneuver

T@N 1 R Execution time for current guidance maneuver

UMAY 5 R Maximum (1<9) control corrections allowed

VARDV 4 R Array of variances of delta-V execution error
parameters 9
(1) - magnitude pr0portionalit§ (100%7)
(2) - magnitude resolution (km 552)
(3) - in-ecliptic pointing {rad<)
(4) - out-of-ecliptic pointing (rad?)

VARMAT 18 R Variation matrix, sensitivity of target conditions
with respect to S/C state at cutoff time

IPQL 1 I Guidance policy flag for current guidance event
(see IGPYL, Input)

IREAD 1 I Read policy for namelist $GEVENT for current
guidance event (see IGREAD, Input)

NCEN 1 I Number of controls to be used for low thrust

guidance
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e) Common/KEPC@PN/Transformations Required When Ephemeris Body State is in
l Keplerian Elements

— — —

Name Dimension
DXDKAF 36
DXIDKBR 36
DEDKST 36
LISTPH 6

- e— -
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Definition

Transformation from Keplerian to cartesian
elements for ephemeris body evaluated at
cutoff time of guidance event

Transformation from Keplerian to cartesian
eleients for ephemeris body evaluated at
guidance maneuver execution time

Transformation from Keplerian to cartesian
elements for ephemeris body evaluated at time
TSTM, the current trajectory time as defined
by the 5TM file

List of ephemeris parameter numbers for
whichever set (Keplerian or cartesiam) is
augmented to the S/C state
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EVLAB

JPBLAB

MESLAB

PGLAB

2%5

10

210

> ]

Array of parameter labels, AUGLAB(I) contains
a six-character Hollerith label which corres-
ponds to the parameter number in LIST(I)

(see LIST, Common/DIMENS/)

Array of event lzbels
(1,1),(2,1) - propagation

(1,2),(2,2) - eigenvector
(1,3),(2,3) - thrust
{1,4),(2,4) - guidance
(1,5),(2,5) - prediction

- Rum identifying label input through namelist

$GEPDSEP and printed at the top of the first
page of each measurement and event print

Array of measurement labels used for printing
in MEASPR (see MEASPR, sec. 3.3.22 for further
details}

Array of labels for control covariance sub-
blocks, used primarily for punching. Upper
triangle elements are identical to those names
used for control uncertainty input (CXSG,CXUG
etc). Lower trianmgle blocks correspond to
transposes of upper triangle blocks -~ their
labels are so denoted by an added dollar sign
(CXSG$,CXUGS, etc).
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Rame Dimension Iype Definition
PLAB 5x5 H Array of labels for knowledge covariance

sub~blocks. Upper triangle elements are
identical to those names used for knowledge
uncertainty. input (CXS, CXU, etc)., Lower
triangle blocks correspond to transposes of
upper triangle blocks =-- their labels are
so denoted by an added dollar sign (XSS,
CXUS, etc).

VECLAB 2x5 H Array of word labels for augmented state
vector partitions
(1,1),(2,1) - state
(1,2),¢2,2) - solve-for
(1,3),(2,3) - dynamic
(1,4}, (2,4) - measurement
(1,5),(2,5) - ignore

- W om wm w M e m w e w m m e W @ wm v M W e o w M = om = m e = =R =
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P 1 I Location of current knowledge covariance in
blank common
BG 1 I Location of current control covariance in blank

common, if guidance events are included

PWIS 1 I Location of weighted least squares reference
covariance in blank common if using sequential
weighted least squares 0D algorithm

PHI 1 I Location of complete augmented transition
matrix in blank common if not using covariance
integration option

PTEMP 1 I Location in blank common of temporary working
area the size of the augmented covariance
(and therefore transition matrix, also)
By convention the output of C@VP is always
located by PTEMP

PLYCAL 1 I Location in blank common of local working
storage avea the size of the augmented co-
variance matrix. This area is intended to be
used locally within a subroutin: and noft to be

! saved for use in another subroutine.




Name

PG1

PG2

Dimension

Iype
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Definjticn

Location of observation matrix in blank common
Location of gain watrix in blank common
Locations of four augmented covariance

size blocks in blank common used for

guidance computations
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GAINCR

GENC@V

MESH

PDYT

Array of flags controlling checkout print
options (see Input)

Flag controlling computation of effective
Process noise

=+TRUE., compute effective process noise
=+FALSE-, d¢ not compute effective process
noise

Flag controlling creation of GAIN file (TAPE 4)
=+TRUE-, create GAIN file
=-FALSE., do not create GAIN file

Flag indicating if current run is generalized
covariance run

=-TRUE-, generalized covariance run

=+*FAISE*, =not geveralized covariance Tun

Flag indicating if scheduled trajectory time
can be meshed with some time print on the

S5TM file within specified forward and backward
tolerances (TOLFPR,TELBAK,common/PRPPR/)
=+TRUE+, meshing successful

=.FALSE+, meshing not successful

Flag controlling covariance propagation
=+TRUE., propagate by integration of covariance
variational equations

=+FALSE., propagate by state transition matrices
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Name Dimension Type Definition

PRINT 1 L Flag controlling measurement print
' =.TRUE., causes full print before and after
current measurement
=,FAISE,, suppresses measurement print except
for that on SWMMARY file if summary print
requested (see SUMARY, common/L@GIC/)

PRNCHV 5 - L Array of flags controlling print options on
covariance sub-blocks (see Imnput)

PRNSTH 5 L Array of flags controlling print options om
transition matrix partitions (see Input)

*  PREPG 1 L Flag controlling propagation of control
covariance
=,TRUE., propagate control simultaneously
with knowledge covariance
=,FALSE., do not nropagate control covariance

-l ; . PUNCHE 5 L Array of flags controlling punching of complete
(l ‘ augmented state unceriainties for different
event types (see Input).

SCHFTL 1 L Flag controlling termination or continuation
of run after mesh failure on STM file
if MESH = ,TRUL., SCHFTL has no effect.
if MESH = ,FALSE., then SCHFTIL = ,TRUE., will
terminate error analysis processing, while
SCHFTL = ,FALSE., will result in diagnostic
print and the currently scheduled measurement
or event will not be processed

SUMARY 1 L Flag controlling SUMMARY file priant
) =,TRUE., prints summary information for all

measurements on SIMMARY file (TAPE B)
=,FALSE., no summary print

VRNIER 1 L . Flag indicating if current guidance event is a
: vernier (=.TRUE,) or a primary (=.FALSE.)

. e wn W m e wm M EE we A am Sm A G mm s mS Wk S R w mk W R wk ap wm W S5 e W A e

k;é’l IAUGPH 1 I Parameter number of first ephemeris element
as used for input (See TAUG,Input).



Name

IAUGST

IBAZEL

IBDIAM

IBRAD

IBSTAR

IBWAY

IBIWAY

IDATYP

TDMAX

IEPHEM

IGAIN

I8TAl
ISTA2
ISTA3

MAX STA

Dimension Type
1 I
1 I
1 I
1 1
1 I
1 1
1 I
1 I
1 1
1 I
1 1
1 I
1 I
1 I
1 I
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Definition

Parameter number for first station location
parameter

Parameter number for first azimuthe-elevation
angle bias parameter

Parameter number for apparent planet diameter
measurement bias

Parameter number for right ascension/declination
measurement biases

Parameter number of first star-planet angle
measurement bias

Parameter number of first 2-way DSN measure-
ment bias term

Parameter number of first 3-way DSN measure-
ment biss term

Leading digit of decodsd measurement type

=], ground-based raunge-race

=2, ground-base range

=3, azimuth-elevation angles

=4, on-board optics - star-planet angle

=5, on-board optics - apparent planet diameter

Maximum number allowed to be assigned to a
dynzmic parameter. All parameter numbers less
than or equal to IDMAX are assumed to corre-
spond to dynamie parameters. Those greater than
IDMAX are assumed to be measurement parameters.

If any ephemeris eleaents included in aug-
mented state vector, denotes form

=0, time-evolving cartesian

=1, stationary cartesian

=2, stationary Keplerian

Flag indicating gain computation algorithm
to be used (see Input)

Parameters used in decoding measurement codes.
For further explanation see @BSERV, sec. 3.3.26.

Maximum number of stations for which station
location errors and range and range-rate biases
can be augmented to the state (maximum number
accommodated by IAUG array). See ¢BSERV, sec.
3.3.26 for further explanation.



Name Dimension
NEFHEL 1
NR 1
NSPLVE 1
NET 1

Type
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Definition

Number of ephemeris elements augmented to
state for current error analysis run

Dimension of obsevvation vector for mea-
surement currentlv being processed

Total number of variables and parameters being
estimated by OD algorithn (number of S5/C state
variables plus number of solve for parameters)

Total number of ground stations defimed in
STALGC array for possible use in ground-based
observations (maximum 9). For further expla-
nation see NST and STALGC, in Input.
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j) Common/MEASR/Measuremant Related Real Variables
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AZMTH2

BDYDEC

BDYRTA

ELEV

ELEV2

RANGE

16

Azimuth angle in degrees from station ISTAl
(@BSERV, sec 3.3.26) computed only for azimuth-
elevation angle measurements

Azimuth angle in degrees from station ISTA2
(@BSERV, sec 3.3.26) computed only for azimuth-
elevation angle measurements and if ISTA2 » 0.

Declination angle of the target body (in
degrees) as seen from the designated observation

Right ascension angle of the target body (in
degrees) as seen from the designated observatory

Elevation angle in degrees from station ISTAl
(§BSERV, sec 3.3.26) computed for all ground-
based measurements

Elevation angle in degrees from station ISTA2
(@BSERV, sec 3.3.26) computed for all ground-
based measurements when ISTAZ » O

Dual purpose measurement noise matrix. Before
the knowledge covariance is updated at a
measurement, R is the ccvariance of the mea-
surement white noise, After the lmowledge
covariance is updated, R is the measurement
residual matrix. For further explanation see
Vol. I, Analytical Manual, sec 6.4,

Range in km from station ISTAl (@BSERV, sec
3.3.26) computed for all ground-based mea-
surements



Name Dimension
RANGE2 1
RRATE 1
RRATE?2 1
SCDEC 1
SCGLYN 1
STAL@C 3x9
STARDC 3x9
STPANG 3
VARMES 10

EEEE
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Definition

Range in km from station ISTA2Z (@BSERV, sec

3.3.26) computed for all ground-based measure-
ments if ISTAZ »0

Range-rate in km/s from station ISTAL ({BSERYV,
sec 3.3.26) computed for doppler (range-rate)
measurements only

Range~rate in km/s from station ISTA2 (@BSERYV,
gsec 3.2.76) computed for doppler (range-rate)
measurements only, and only if ISTA2» 0

8/C geocentric equatorial declimation in
degrees, computed for all ground-based measure-
ments

§/C geocentric equatorial longitude in degrees,
computed for all ground-~based measurements

Array of station locations in cylindrical

equatorial coordinates

STALGC (1,I) = spin radius (km)

STAIGC (2,1} = longitude (degrees externally,
radians internally)

STAIPC (3,I) = height (lm) (See Input)

Array of ecliptic star direction cosines (or,
equivalently, unit vectors in star directions)
See Input

Array of star-planet angle measurements in
degrees, computed only for star-planet angle
measurements.

(1)-angle between planet/target body and
star 1STA1l (@BSERV, sec 3.3.26)

(2),(3) -~ same as (1) above only for stars
ISTAZ and ISTA3 respectively

Array of measurement white noise variance.
Dafault values and input are by standard
deviations in array SIGMES (see Input)
internal values require units conversion

as well as squaring.

(1), 2-way doppler (km /s )

(2), 2-way range (km?)

(3), 3-vay equlvalent frequency drift (km /s )
(&), 3-way range (km )

(5), azimuth angle (rad )
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Name Dimension Type Definition

{6), elevation angle (radz) 2
(7), on-board optics-star-planet angle (rad®) 2
(8), on-board optics-apparent planet diameter (rad™)
{9), on-board optics-center finding uncertainty.

in conjunction with star-planet angle (rad”)
(10), not used

o M o e e e me ee ae E e Mmoo me m d wb w  w R wr w W e
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%) Common/PRPPI/Propagation Related Integer Variables
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IPRGP 1 I Flag controlling print options with propagation
event
=0, no print
=1, print standard deviations and correlation
coefficients for 8/C state vector only
=2, full eigenvector print

LAFTER 1 i not used

LBURN 1 I not used

LDEIAY 1 I not used

- om m m m Em a m wm m wm m o m a wm m wm m wm w m e e m m w wm M w wr e o e wr e w e = = o
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EPTAU 3x2 R Array of correlation times for thruster process
noise termsy EPTAU(I,J) represents correlation
time for process whose variance is EPVAR(I,J)
(See Below)

EPVAR 3x2 R

Array of wvariances for thruster noise processes.
All elements are used for covariance integration,
while only elements EPVAR(I,1) are used in the
effective process noise model.

Primary processes

(1,1), magnitude variance

{(2,1), cone angle pointing variance
(3,1), clock angle pointing variance

Secondary processes

(1,2), magnitude variance

(2,2), cone angle pointing variance
(3,2), clock angle pointing variance

GMASS 1 R not used



47

Name Dimension Type Definition
GTBURN 3%3 R GT matrix (See DYN@, Section 3.3.10) evaluated

at the beginning of a guidance burn interval.

GIDLAY 3x%3 R GT matrix (See DYN@, Section 3.3.10) evaluated
at cutoff time of guidance interval,

GTSAVE 3x3 R GT matrix (See DYNP, Sectiom 3.3.10) saved at
beginning of each propagation interval during
normal knowledge propagation.

Q 6x6 R Effective process noise matrix computed in
DYN® (Section 3,3.10).

SAVACC 3 R Thrust acceleration magnitude for bias, and

: first and second noise processes.

TG i R Input epoch for control uncertainties if
different from epoch for knowledge uncertain-
ties.

TPLBAK 1 R Backward tolerance on reading transition

matrices from STM file.

THLFAR 1 R Forward tolerance on reading transition
matrices from STM file,

- o m m w e M m Em w m M mm  w W R O e e o 44 M o mm e s o e s e M m
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IGPAL 20. 1 Array of guidance policy control flags
=0, no maneuver, print control uncertainties
=1, target to cartesian state, XYZ, at time
spec1f1ed by TIMFTA
=2, ‘two variable Be=plane targeting (B.T, BeR)
=3, three variable B-plane targeting (B-T,
B+R, TSOI)

=4, closest approach targeting (radius of
closest approach, inclination, time of
closest approach),

=5, XYZ targeting, variabld time of arrival.

IGREAD 20 I Array of guidance event read control flage.
(See Imput)

ITPGL 20 1 Not used.



" Name
MCHLE
MCEUNT

MESEVN

MNEXT

MECNTR

MPFREQ
NCNTE
NCNTG
NCNTP
NCNIT
NEIGEN
NGUID
NERED

NSCHED

NTHRST.

Dimension Type
50 1
1 I
1 I
1 I
11 I
11 I
1 1
1 I
1 I
1 1
i I
1 I
1 I
1 1
1 I
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Definition

Array of measurement (and propagation évent)
codes used in scheduling (See SCHED, Section
3.3.36).

Measurement counter, total cumulative number
of measurements processed.

Current measurement or event code.

Code for measurement (or propagation event)
to be scheduled after the current event.

Array of counters for classes of data types
used for measurement print control (See
Input),

Array of print frequencies for measurement
print control (See Input),

Counter indicating number of current (orv
most recently 2xecuted) eigenvector event.

Counter indicating number of current (or
most recently executed) guidance event.

Counter indicating number of current (or
most recently executed) prediction event.

Counter indicating number of current (or
most recently executed) thrust event.

Total number of eigenvector events to be
processed.

Total number of guidance events to be
processed.

Total number of prediction events to be
processed.

For input, number of scheduling cards to
be read.

During execution, number of elements of

SCHEDM (common/SCHEDR/) to be tested for

scheduling. :

Total number of thrust events to be pro-
cessed.
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Name Dimension Type Definition
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DELTIM 1 R Propagation interval length, time between
previously and currently scheduled event,
DELTIM computed between STM file time when
reading STM file, and between actual sched-
uled times for PD@T and STM file generationm.

SCHEDM x50 R Array of measurement schedule times.

SCHEDM(1,1I) = Next time to be scheduled
for measurement type MC@DE (1)

SCHEDM(2,I) = Stop time for MCHDE(I)
SCHEDM(3,1) = Time increment for scheduling
MC@DE ().
TCURR 1 R Cirrent trajectory time.
TCUTPF 20 R Array of guidance event cutoff times,.
TDELAY 20 R Array of guidance event delay times.
TEIGEN 20 R Array of eigenvector event times,
TF}NAL 1 R Final trajectory time for current run,
TGUID 20 R Array of guidance event times.
TIMFTA 1 R Target condition evaluation time for fixed

time of arriwval targeting.

TMNEXT 1 R Time of next measurement (or propagation
event) to be scheduled (See SCHED, Section
3.3.36).

TPAST 1 R Time of most recently scheduled measurement

or event. Set to previous scheduled time
when generating STM file or executing PD@T.
Set to previous STM file time when reading
from STM file.

TPRED 10 R Array of prediction event times,

TPRED2 10 R Array of times predicted to for prediction
events,
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Name
TST™M
TTHRST
(,
)
e
s
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Definition

Dimension Tvpe
1 R
20 R

Current time from STM file when reading STM
file.

Array of thrust event times.
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2.6.4 SIMSEP Common Blocks

The SIMSEF overlay of MAPSEP has seven common blocks: DYN@S, ISIMI,
ISTM2, SIM1, SIM2, SIMLAB and STUREC. DYN@S contains the random number
seed and thrust noise terms; it is essential to all SIMSEP routines that
call the ranmdom number generator, RNUM. SIM1 and ISIML are common blocks
containing information essential to the operation of SIMSEP and execution
of the Monte Carlo loop. SIMl contains real data and ISIML, integer
da.a. SIM? and ISIM2 have a correspondence similar to SIM!I and ISIM1
and contain accumulated statistical data. SIMLAB contains Hollerith
labels used throughout the program. Finally, STPREC is a storage common
block with three sets of data, each pertaining to the actual, estimated,

and reference world integrating conditions.

Name Dimension Type Definition
IRAN 1 I Random number seed.
TVERR 6x3 R Time varying thrust errors.

IEPH
IGL
INREF
IQUT
TPUNCH

IT™X
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5 I Ephemeris planet ceode,

5 I Guidance Flag.

1 I State vector read-in flag.

1 I Printout frequency flag.

1 I Punch output flag.

5 I Maximum number of iterations allowed in non-

linear guidance.
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Name Dimension Iype Definition
JMAX 1 I Number of the last active thrust control phase,
JMIN 1 1 Number of the first active thrust control phase,
KDIM 5 I Dimension of the augmented knowledge covarisance.
KTERR 5 I Option flag for calculating target errors after
a guidance correction.
LSTAR 6x5 I List of target variable codes,
MTPH 5 1 Thrust phase number at a guidance event.
NCYCLE 1 I Number of Monte Carlo cycles.
NEP2 2 I Active ephemeris planet code,
ﬁGUID 1 I Number of the guidance event
NTAR 5 I Number of target variables.
NTC 5 I Number of control variables.
NTPL 5 I Number of the target planet.

- e e o e e o dm e e w W b = M W M e o o m W v S m m m w e m m = e
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KATH 1 I Dimension of the ATHC@V covariance matrix

{see Common SIM2).
Mo 1 I Number of Monte Carlo cycles executed previously.
NSAMP 5 I Number of Monte Carlo cycles executed previously

for a given guidance event.

- e am o o m wm we w w M tw W b MB e W M kA M m m wm W e e W = wm = m = -
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LABCON 12x5 I Stores Hollerith data pertaining to control
variables.
LABTAR 12%5 I Store Hollerith data pertaining to target

variables.

NAMEX 12 I Store Hollerith state vector labels,
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e) Common/SIME/Trajectory Simulation Real Variabl
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Name Dimension Type Definition

AGR 1 R Backup convergence tolerance for the weak
convergence test.

CONWT 6x5 R Control weights,

CPMAR 1 R Computer processing time limit,

DVMD@T 1 R Mass flow rate for chemical propulsion system,
DVMAN 1 R Maximum delta-velocity magnitude step.

EPMERR 6x7x2 R Ephemeris error covariances {in eigenvector/

eigenvalue format) for the ephemeris bodies,

EXVERR 4 R Midcourse velocity correction execution errors.
GMERR 3 R Gravitational constants errors.,

MEND 1 R 8/C reference mass at TEND,

PG 6x7 R Spacecraft control error matrix (eigenvector/

eigenvalue format).

RMGE 5 R 8/C reference mass at a guidance event.

RMTAR 5 R 8/C reference mass at a target point.

RXGE 6x%5 R Reference state vector at a guidance event.
RXTAR 6x5 R Reference state vector at a target point,

SCERR 10 R Spacecraft errors.

SMAT 365 R Sensitivity or guidance matrix.

SPFIMP 1 R Specific impulse for chemical propulsion system.
TCERR 6x20 R Thrust bias errors.

TEPH 2 R Epoch of evaluation of the ephemeris errors.
TGE 5 R Guidance event epoch

TEL 5 R Target condition tolerances.
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Ngme Dimension Type
TTAR 5 R
BHTAR 6x5 R
XEND 6 R
XEFH 6x2 R
XTARG 6x5 R

- e o e e e e e W e E e e G W M G e e S e M e wr m = we wm m @ m = .

ADVT
AMASS
ATRCGV

CNCHV

DVCEV
DVMAGS

ENDCGV

GCCRv

GMC@V

TCCEV

TERCGV

TMC@V

420

42x5

Ixbx5
2x5

6x7

6x7x6

2x5

6x7x5

42x5

2x5

B . T R . . L . . ]
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Definition

Target epoch,

Conversion factor for converting target vari-
ables from internal to external printout units.

Reference state vector at TEND.
Ephemeris planet state vector.

Reference trajectory target variables at TTAR.

Total delta-velocity magnitude statistics.,
Accumulated final spacecraft mass statistics.
Accumulated total thrust control statistics,

Accumulated active thrust control error
statistics.

Accumulated delta-velocity vector erbor matrix.
Accumulated delta-velocity magnitude statistics.

Spacecraft control error covariance at the
final trajectory time TEND.

Accumulated spacecraft control error statistices
evaluated at guidance events,

Accumulated mass error statisztics evaluated
at guidance events.

Accumulated spacecraft control error statistics
evaluated at the target points.

Accumulated target error statistics,

Accumulated mass error statistics evaluated
at target points.
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§) Comon/STOREC/Stored Varisbles T
Name Dimension Type Definition
SCRAL 1 R Stored radiation pressure coefficient.
SECC1 4x10 R Stored planetary eccentricities.
SEMN1 15 R Stored lunar orbital elements.
SEXV1 1 R Stored exhaust velocity.
SINC1 4x10 B Stored planetary inclinations.
SMEAN1 4x10 R Stored planetary mean anomalies.
SNTPM1 1 R Stored thrust phase number,.
SPME G1 4x10 R Stored planetary nodes.
S@MGTL 4x10 R Stored planetary longitude of APSES.
SPML 11 R | Stored planetary masses.
SPO1 i R Stored electric power constant,
SSAX1 2x10 R Stored planetary semi-major axes.
SSCM1 i R Stored S/C mass.
SSM1 1 ' R Stored solar mass.
STEFF1 1 R Stored thruster efficiency.
STHRT1 6x20 R Stored thrust control profile.
SXEFH1 6x2 R Stored ephemeris body cartesian states.

Note that there are, in fact, three sets of data in ST@REC corresponding to
post-scripts, 1, 2, and 3, VYor example, SCRAl contains tha radiation pressure
coefficient used while integrating an actual trajectory. SCRA2 also contains
a radiation pressure coefficient but is used while integrating an estimated
trajectory. Likewise, SCRA3 and all post-script-3 constants are used for
generating the reference trajectory.
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3.1 Subroutine: MAPSEP

Purposge: MAPSEP is the executive routine that selects the mode
of operation (primary overlay): T@PSEP, G@DSEP, SIMSEP,
or REFSEP. 1In addition, MAPSEP calls a fifth primsry,
overlay DATAM, to initialize many trajectory parameters,

and to print the initial trajectory information.

Input/Cutput:
Input/ Argument /
Variable Cutput Common NDefinition

M@DE I C Flag determines the program's
operational mode.
= + 1, Targeting and Optimization
(T@PSEP) .
+ 2, Error analysis (G@DSEP).
+ 3, Simulation (SIMSEP).
+ 4, Reference trajectory pro-
pagation (REFSEP).
Positive values will cause re-
cycling back to the MAPSEP main,
while negative numbers will cause
recycling back to the mode main.

nonhm

ICYCIE 0 C Flag used for writing the mode's
namelist onto disc when recycling
back to the mode's main.

= 0, Do not store the namelist

variables on disc,

= 1, Store the namelist variables

on disec,

INIT 0 C Flag used to read namelist $TRAJ
from disc during recycling.

Local Variables:

Variable Definition

ISEND Index used to select the program's mode of
operation. ISEND is the absolute value of
MUDE.
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Subroutines Called: DATAM, T@PSEP, C#DSEP, SIMSEP, REFSEP

Common Blocks: (BLANK) , C@NST, CYCLE, EDIT, EPHEM, TIME, TRAJ1,
TRAJ2, TRKDAT, W@RK

Logic Flow:

DATAM
Initialize The

! 1 —@ Trajectory

Parameters And
Read The
Namelist {TRAJ

!

ISEND = HODE

1 &4
2 3
' ; &
TOPSE?P GODSEP SIMSEP REFSEP
Targeting irror Trajectory Reference
and ' Trajectory
Optimization Analysis Sisulation Propagation
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3.1,1 Subroutine: BLEKDAT

Purnose: To initialize default values of program
constants,

Method: DATA statements.

Remarks: The following four pages contain a listing of

BLKDAT with respect to the default constants

in MAPSEP., The variables are defined in
appropriate common blocks (Section 2.6).

Common CGNST: AU, PI, RAD, TM, F¢P, BIG, SMALL
Common EPHEM: DJ1900, SUN, PLANET, SMASS, PMASS,
CSAX, CECC, CINC, CHMEG, CUMEGT, CMEAN, EMN,
SPHERE, SRADIS, PRADIS

Common TRAJ1: UP, VP



DATA
DATA
DATA
DATA
DATA
DATA
DATA
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AUZ L« 495978938/

BODY/Z12%6H /

UJdlvun/s2415020.,0/7

PTsHAD/ 3., 141092653089 7932384457 .295T7790130u8232/
TM/0b400.0/7

SMALL sBRIG yFUP «FOV/latb =201 ) ,EE0s =1l pmeh/

SUNsFLANET/6HASUN

suHMERCRY s 6HVENUS

+oHELRTH s6HMARS )

% BHJUPTTHIGHSATURN s 6HURANUS s HANEPTHNRE s AFLUTU s bHENCKE sOHMOUN 7/
DATA UP(lal)sUP(Z2s1)sUP (391 sVP{leldevr(2alievri{3sl)/0n040/

DATA SMASS5,PwASS/

A IV IZ2OCNNCLDDMCI WV

1.327124499¢11 s
24218159769 340aT2E+yb
3.260601030054067T0E+(U5«
4,03503978H6TT469L+05
4, 2528443803590 E+04
126570771 683080876E+08
3.7Y2B52571732038E+0T s
S 1877234627129 0E 16
B«BYUSTRZTENARGLLE+ Y
Te3d24U09340182859E+04y
l.U ¥
4.BY983(3970%967To4A273

SEMIMAJOR Ax15 UF ORAKRLT (M)

DATA CSAR/

WxTZEOVWLEMa R

b 7909134903249 10E+07
1.0820848330031876+060
o699y ful2faninlanE+JRy
242794 10004320089+
Tefn3283004960 T5HE+NH,
leaz2b99i8laanTTyab+N9,
2eBHYDABBZUNMIIYeVE+DY
446904 1 THHERIIZESE+ (Y
SeHYUZ2]3T700la6b 330 +0%,

Ja 9

ECCENTRICITY OF PLANET ORBIT

DATA

LM< <X T

(CECC(I)el=)r20)/

2aU%6142100000000E~01
~3.00000000000GU0GCE~DY
6ed20p0%0000000000L~07,
9,1000000U000000QE~08+
1.6751040U0D00000E~-02
~1a260000000000GN00E~0T
Q331290005000 000E~024

~7T.70000000000000CE-08,

4.8337A~0000000000E-02+
(e 3

Ue
Je
Je
U,
Ge
Ve 3
~Sel82Tbou4]44000E+04,
LeBLUSB2E3THULZITTE+0D
Ue S
Ue

A D W B B

2elaolitUOULLDOOUOE=0D0

Use ’
~4 o FT4000000000000LE-05y
De *
-4,150000000000000=05"
Je ?
GL200eG0000u00000E~05
e E ]

1.630200000000000~04>
Uge
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(CECC{I)el=dlet0) 2

598%006U0V00JUVLU0E=02

0- 1 ]
4,704630000000000L-02+
0: ¥
A.5284%0000000000E-03
Ow s
ettt 03300 36260924501
“Ue L ]
U. L ]

Ue ?

INCLIMNATION QF PLANE] ORBIT

BATA

L P MMC X

/
NATA

AR COUDZZC B

(CINC{T}ai=ls20}/

ladcdd233223183338E-01 s
=3, 195 77udYn3eeIu0E~0Ty
5.92300206TH0T208b4E-02
=} 09004 T8338833THE~08
02 ]
0- ' +
3e dcuaqaegaaobHJQt D2
2s201lU»a112237303E~07
228410269581 1352E-32
Ua L]

(CINC(TI)s1=21s80)7/

by 3503?80Uh700200£ 02+

"De ]
1034865946981 1US07E-02)
Ue )
3 lUSITTUTLB1I0904E-02
Qu %
2e99AT0LHYTUBLYO94E-01
0, L
05 9
Oa , ]

BLRDAT-3

=3.470500060000000L~ 041

0, )
Ce ?20400000000000b U4y
Uu 9
[701000000000000L~05
Oa )
U s
Ue ’
Ue ]
Ue

3.247THOLBLYTH2789L U3y

Dg ]
1eTHo510339297630E-05
U 9
e ' |
0. '
~1.1730972450%6180E-05)
Ue ]

—=Y 40962736221 90714E~05,

Ue

=1 757018897 752580L-05y

Ue L]
GebY62736221907256-06
04 .

=159y HeD 1476614700~V
Ja 9
Oa k)
13 s
03 9
Ua

LONGITUDE UF ASCENDIMG NODE OF PLANET ORBIT

DATA

CrprpMmiagacEIT

{COMEGLI)el=lscud/

a 2285199991 788 38k=01
«U38933p4 37awTilE-00.
1.32£bU435U02?54?t+00q

- Tel5584993317677T1E~06
.0. 9

U. L 3
Budlavau374154815E~01,
~P el UnRe0554TLASE~0R
1,7355180775289711E+00s
'U. ]

2.UbBETETTIBTE&LIUE-02

U, ’
197053452740 7097e-02
Ua ¥
Ua L
{1 3 s

1.345634308877203E-02
=4 ,3yl8az2e77303082u~08y
1,764479392398155-02
U
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b/

DATA {(COMEG({[)al=d)leun)/ .

s 1.966a4a580479854F+00 1.923977869010149E-02,
5 Ua y Ue : ¥
v l.282640770442T4TE+00 B.3120874929960460-03y
U Oa 9 U. 5
N 2.283773383300414E+004 1.92303285860621 7002,
N Use L U- A
l‘J 1.‘31435153!}102253&:4’00' Us 3
[ ile ' * 'Jﬂ 2
X O« . 9 u. ¥
X U 9 Ul

%/

LONGITUDE UF PERIGEE UF PLANET ORRIT

DATA (COMEGT(IYsI=1a2u)/ '
1.32669951 1794565E+00 Co1148640258929940L~02»

4

M 501438731908 72180E~08a Ua L]
v 2717680495003 53804E+00- ot l48061en86557E~02
v 1o fO4Ll200BIIUNYZLE=0S Ve . 5
E le7Tb0b303L327T7u8SE+00s Ja0UlBEBel6T97356E~02,
3 TeBUcahidUgNhhsb3E~0hAs Y.l Tlosliidslaable-00y
A D.83320805a570200E+00 3¢l 293650893 bE~U2s
A C.L00DU3900 s TUUIE=NA, 2 Vb IAg28TTLIOUSE-UB,
J Ce2loohizlgT03LYUE~01 2e812302353243390~024
J Oa 9 Uo

¥4

DATA {(COMEGT(I)sI=2lsa)/

s 1004979596006 10U07TE+QU 3.41986116213b240-02
D BQ * 00 ]
u 2350242008382 792E+00 2.8346080630711233~02
u De ] L, 9
3] 763529381 7954256E-01+ 1:.5327045158701206-02+
N Ua : 3 U, ° : s
o4 3909813302791 94KR+00s Ve 9
!:’ Ue ] 09 . L]
K DI 9 OQ v
X Uu L] au

w/ .

MEAN ANOMALY OF PLANET DRMIT

PDATA (CMEAN(I)sI=1ls20)/

M 1, f85111995351T31E+00 114247100079 z0080+02,
M Be 12664625997 1626E-0% v, s
v 371082617 1888963E+00 CeTU62466232TB3IBOE+02,
\' 146824973 v8922935E~06 0. ’
E 6.256583T7a4118b74+00 l.7TUlyodTolbss2ibsiz,
E wla¥94768T02233648E~0T s ~] 221 7T3047T60396035E~U%
A 5.5763405232543052+00» YeltbuaTT2by4T20L*ULs
A 2236544487 395227T922E=07 % .363323129985823e~1i0s
o 3.930858179721440E+00> 1.450191927737481c+Uls
\j Ue 9 Ug *
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1 T4

DATA (CMEAN(I)sI=21ls40)/
3.0602040400251932E+00
Oe k)
1.29716215222617THE+00
Oe ¥
To20ab51500367T5110~-01s
0. ¥
3.9938v 000070754 0E+00
e . 3
0: 3
Ul ’ k J

B X T U2IZICCHLK

.

DATA EMN/

4o9236%151)0
3+000036c07
Seb3dblslbé
=4 0001inUcUD
44719904573
=0,0000137 17«
DeUBYBUGLIUR
0, 09690048y
38439044025

W S W B W W AW

M=~ 2 OC

Y,

DATA SPHERE/

J.l89HTHuUP2EL]IE+US
lo49583365A6233E +Ub
2elbT2281l908TeE+d0
1.5634935c50950E+06
fe6a4dTBa3]l145E+U7
G393 339BIAVGE+0T
Le0lUUBGD00710E+0R
1,6774056308UG+08
LeB3laou31aTo9eE+07
vel

8555281 139243E-06

L " B ) - I T R B

PRAxTZOLLALENSI

/

DATA SRAUVIS.PRADID/

BaY3392E+0)5
£a43I5VUE+0S
e U000E+QI
GedTB1BE+T3
30393“0&*03
Tel3720E+04
b Badluk+0a
2.36500E+04
2500206+ 04
T«01600E+03
U.U

1,7T3509E+03

LEIRTZONLEMCT W

4
RE TURN
END

PR B B I L T T R R B

BLKDAT-5

b B3T12098Y790549E400

Ue ; <
2:.06656TY19055%11c+00
U, 5
1.046371040633037E+005
Ue *
64962635 7U8298997E~01+
Ve k4
Ue ¥
Ue

-0.00)92422
V., 000000034
Ve0U1R44367

-0.00000020+
Ueze9971481
V.000000033

Ww B B o TR
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| 3.1.2 Subroutine: DATAM
Purpose: To read input data and initialize trajectory
and spacecraft parameters for all MAPSEP modes.
Method: After DATAM executes the default wvalue initial-
ization, the namelist $TRAJ is read. The dimen-
sions and Qefinitions for variables contained in
this namelist are discussed in detail in Section
2.1 of the User's Manual., The input data are
processed and stored in labeled common for sub-
sequent use in any of the three possible modes.
User options specified by input determine the
l degree of data preparation and the logic opera-
(ﬁ.- . tions within the main cycle of the program.
Remarks: Some variables appearing in DATAM are initialized
from the namelist with units. specified in the
User's Manual. .Before these variables are
stored in common, they are converted, if neces~
sary, to internal units which are: kg, kv, km,

sec, km/sec, and radians

Input/Output:
Input/ Namelist/
Variable Qutput Common Definition
ACC (STEP) I N/C Scaling factor of the inte~
: gration step size,
11
BIG 0 C Large constant, 1#107°,
) .
,‘ BEDY 4! c Hollerith names of bodies

k@} considered in integration.
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DATAM-2

Input/ Namelist/ .\

Varisble Outout Common Definition

BDYIN 1 N Input ephemeris data for
body not included block
data,

CECC 1/0 c Array of orbital eccean-
tricities and rates.

CINC 1/0 c Array of orbital inclina-

' tions and rates.

CMEAN /o Y Arxray of mean anomalies
and rates.

COMEG 1/0 C Array of longitudes of
ascending node and rates,

CEMEGT I/0 H Array of longitudes of
periapsis and rates.

CSAX /0 C Array of semi-major axes
and rates.

DJ19200 o c Julian date of year 1900.

DRMAX 1/0 N/C Maximum deviation from the
reference conic before
rectification,

ECEQ 0 4 Transformation matrix £rom
Earth equatorial to ecliptic.

ENGINE I/0 N/C Spacecraft subsystem para-
meter.

EPYCH (TLNC) 1/0 C(N) Launch epoch,

FRCA 1/0 N/C Specification for testing
closest approach along tra-
jectory (See Section 2.1,
User's Manual).

TAUGDC 1/0 N/C Flags specifying parameters
which are used to augment

' the state transition matrix.
ICALL c Trajectory package initial-

ization flag.
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63
Input/ Namelist/

Variable Output Common Definition

ICHGRD 1/0 N/C Flag indicating relative
to which bedy the input
state corresponds,

IENRGY 1/0 N/C Flag specifying type of
power subsystem.

INIT 0 c Cycle flag.

INTEG (IPT(1)) O C Flag specifying equations
to be integrated in the
trajectory package.

IPRINT i/0 N/C Print option flags.

ISTMF 1/0 N/C STM file flag and data
cycle flag.

ISTHP i/o N/C Flag specifying stopping
conditions.

JPFLAG 0 c Primary body change out-
put flag.

KTRAJ (I6PT(2)) O C Control phase change out-
put flag,

LgCs 0 C First location in blank
common available for use
in the trajectory package.

MEVENT (I¢PT(3)) © c Event detection logic flag,

M@DE 1/0 N/C Mode specification flag.

MPLAN 0 C Number of bodies included
in the integration.

NB 1/0 N/C Flag specifying bodies to
be included in the inte-
gration,

NBED 0 c Number of bodies specified

NEP 1/0 N/C Ephemeris planet designa-

cion.
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65 DATAM-5
e T Input/ Namelist/
% L; Variable Cutput Common Definition
.:\*': = 3

XBEDY 1/9 N/C Hollerith name of input body.

XPRINT 1/6 N/C Trajectory print frequency
(days).

ZX 1/¢ N/C Direction cosines of the
reference star.

DUMMY I N Not used.

ELVMIN 1/¢ N/C Minimun elevation angle.

GHZERG @ c Greenwich hour angle at
launch epoch,

1@RBS 1/¢ N/C Index designating location of
astrouomical observatory in
STALGC.

KARDS 1/¢ N/C Number of formatted print
schedule cards to be read dur-
ing a REFSEP run.

f PRIML I N Logical flag specifying that
the $TRAJ namelist be printed

(TRUE) or uot be printed (FALSE).
STAIGC T/g N/C Tracking station coordinates.

Definition

A0, Al, A2, A3

DJICENT
D10K

1¢PT

Juax
STATER

STATEV

Subroutines Called:

Fromessn,

-ﬁix; Callipne Subroutine:

Common Blocks:

Constants used in the obliquity computa-

tions.

Days in & Julian Century,

Constant 104.

Option flags used to set parameters in

TRAJ.

Number of thrust control phases.

Magnitude of initial position vector.

Magnitude of initial velocity vector.

BLKDAT, ZER@M, MMAB, VECMAG, TIME

MAPSEP

C¢NST, EDIT, EPHEM, TIME, TRAJ1, TRAJ2, W@RK, TRKDAT

PRECEDING PAGE BT.ANT %rrvm weee o



BLKDAT

Initielize Program
Constantrs

i

. Initialize Namelist
Default Options

!

INIT = 1

No

N
. __/
ij | | ‘LYES

Read
Namelist
Variables

From
Tape 3

Read
Hamelist
4TRAJ

4

ISTMF = 0

Yes

u

DATAM-6
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ISTF = 1 \N" b,

Yes

.

Write
Namelist

Variables
On
Tape 3

ﬂ\\‘ Yes
ISTMF 3> 3 I
/

Read
Namelist
Variables

Compute Obliquity
To The Ecliptic,
ECEQ

A"

<;95DYIN(1):£ DJ1900 Tes \
1L§0

Input PFew
Ephemeris Body

P v




68
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N
3.1.3 Subroutine: TIMF (DAY, IYR, M@, IDAY, THR, MIN, SEC, ICUDEY}
Purpose TIKE converts a Julian Nate to the;correspoﬁding
calendar date or a calendar date to the correspond-
ing Julian Date.
Tnput/Outputs
Input/ Argument/
Variable Qutput Common Definition
DAY 1/0 A Julian Date,
¥R 1/0 A Galendar year.
MP T/o A Month.
IDAY /0 A Day.
IHR 1/0 A Hour.
i{ MIR T/0 | A Minute.
_ SEC 1/0 A Second.
. IC@DE I A Flag that determines whether

Subroutines Calle

d: None

Calling Subroutine:

Common Biocks:

None

DATAM

to convert from a Julian

Date te calendar day or vice

versa.

= 0, Convert to a Julian Date

# 0, Convert from a Julian
Date



€9 THPSEP-1
3,2 Subroutine: TEHPSEP
Purpose: To execute the proper submode operation,
Remarks: T@EPSEP is the primary overlay which controls the

targeting and optimization wmode,

Input/Qutput:
Input/ Argument/
Variable OQutput Common Definition
IM@DE I c Submode designation,
M@DE I c Mode designation,
=1, Cycle back within mode
1, Cyfle back to MAPSEP
main
Local Variables:
Variable Definition
WPRK | Working storage.
Subroutines Called: DATAT, FEGS, GRID, PGM *
Calling Subroutines: MAPSEP
Common_Blocks: (BLANK), ALTFIL, C@NST, EDIT, EPHEM, GRID, TIME,

TPP1l, TYPZ, TRAJL, TRAJ2, WERK



¢
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TOPSEP

TOPSEP-2

" DATAT

Initialize All Mode
Parameters and Setup
Iinternal Units

Perform Targeting
and/or Optimization

FEGS

Generate a
Reference Trajectory

Y.
GRID

Generate a Grid of
Trajectory Target
Error Indices
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3.2,1 Subroutine: BUCKET (X, ¥, N, XX, YY, NP)
Purgbse: To sort a set of independent elements in ascend-

ing order and to find a right bounded minimum

from the associated set of dependent elements,

Remarks: This routine is used in preparation for the

polynomial curve fitting routine, MINMUM, to aid

in calculating trial control profiles, BUCKET

sorts pairs of elements (Xi, Yi) in ascending

order of the elements Xi to form the pairs of

elements (XXi, YYi) and locates the element

yp

such that

Y

NP < YYNP-i-l

If this condition cannot be satisfied the

pointer, NP, is set to zero to indicate that no

right bounded minimum exists,

Input/Output:
Input/ Argument/
Variable Cutput Common .Definition

N - I A Number of elements to be
sorted.

NP @ A Pointer to a minimum
dependent element.

X X A . Vector of independent
elements to be sorted,

XX 0] A Vector of ordered independ-

ent- elements.



Input/
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Agrument/

Variable. Qutput Common Definigion
¥ ' I A Vector of éependent elemants
associated with X,
Y & A Vector of dependent elements
associated with XX.
Local Variables:
Varisble Definition
IEND Termination flag.
SAVE Intermediate variable.
Subroutines Called: None ¢

Calline Subroutines? CEXMIN

~Gommon Blocks: None




e
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BUCKET-3

Initialize Parameters
M=N
() = XD
Y (I) Y (i)

nn i

17

Set Termination Flag
IEND = 1

¥

Is

Yes

X (I-1)4XX(T)
7

Q?No

Exchange the Values of
X¥(I) and XX(I-1)
and
YY(I) and YY(I-1);
IEND = 0
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Bet Pointer
NP = 0
and
I =2

X

Isg Yes
YY(I-1) & YY(I) ‘L
?

Set Pointer
NP =1
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3.2.2 Subroutine: DATAT

Purpose: To read input data and initialize the trajectory
targeting and optimization mode.

Method: After DATAT executes the default value initial-
izatcion, the namelist $T@PSEP is read. The
dimensions and definitions for variables con~
tained in this namelist are discussed in detail
in the T@PSEP section of the User's Manual, The
input data s#re processed and stored in labeled
common for subsequent use in any of the three
possible submodes. User options specified by
input determine the degree of data preparation
and the logic Opérations within the main cycle
of the program.

Remarks: Some variables appearing in DATAT are initialized
from the ﬁamelist with units specified in the
User's Manual. Before they aré transmitted to  ~
ather routines, they are converted, if necessary,
to internal operational units which are: kg, kw,

km, sec, km/sec, and radians.

Input/Output:
Input/ Namelist/
Variable Qutput Common Definition
BIG i . c Large constant, 1,E20
BT¢L I R/C " Tolerance on control

bounds.



I SRS IO) IR 1 | N S
¢ .
) 76 DATAT-2
o
{
\K
' Taput/ Wamelist/ :
Variable Output Commou Definition
CHI 0 Y In plane AV directiom
angle at injection,
CNTR@I, 0 c Initial values of all
‘ : possible controls other
than thrust contreols.

+ . ONVRIT 0 G Conversion constants from
input units to internal
units for selected targets.

CRVRTU 0 H Conversion ¢onstants‘from .
- input units to internal
-units for selected controls.
DELVO 0 c Injection JAY |,
DFHAX 1/0 N/C Maximum increase allowed
) in the cost index (F) per
( J iteration.
(_-"“' DP2 1/0 R/C Estimated region of linear-
ity in the control space.
E 0 G Target ervors of the current
* trajectory.
ENGINE (1) I N/G Powver from solar panels at
1AU.
ENGINE(10) I N/C - 8/C exhaust velocity.,
EPS@N I N/C Scalar multiple for control
perturbations,
ETLEUT 0 c Target tolerances in print-
cut units.
ET@L 0 ' Target tolerances.
G /o N/C Performance gradient,
G@uT 0 C Performance gradient in
; ' print-out units,
GTRIAL 1/0 N/c Cne-dimensional search con-

stants.:
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17 DATAT-3
o
L
\ Tnput/ Namelist/ )
Variable Outout Common Definition
H 1/0. ¥/C Control perturbation array.
HMULT 1/0 N/C Vector of scalar multiples
of the H array to determine
the second step of all con-~
trols in the control grid.
HEUT 0 c Control perturbation array
in print-out units.
ICYCLE 1I/0 C Mode cycle flag.
IM@DE 1/0 N/c TOPSEP submode designation,
INACTV o C Vector denoting which con-
trols are active, or bounds,
or within bound tolerance
regions.
A INJLGC 0 c Index of the contrel pre-
/. ceding the injection
T controls in U.
INSG 1/0 N/C Tlag set when 5 and G are
input through namelist,
ITERAT 0 G Tteration counter.
IWATE I/o N/C Flag designating the desired
control weighting schemes,
NAX 0 C Humber of mission thrust
phases.-
JWATE i/0 N/C Flag designating target
weighting.
KMAX 0 c Number of thrust controls
{THRUST (I,J)) chosen to be
elements in U,
KGNVRI 0 c fonveréence flag.,
LABEL o c Hollerith names of all pos-

E

—

sible targets.
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Input/ Namelist/
Variable Qutput Common

DATAT-4

LABELT 0 : c

LAcene

o
«Q

LgCCH 0 c

1.4CDhU 0 c

1.@Cnul 0 C

LgCcDu2

o
(2

LYCEL Q c

1GCE2 0 C

LgCEML O ¢

I@CEM2 7 O c

s

Definition

Hollerith names of chosen
targets,

Blank common storage loca-

tion for the inner products
of the weighted sensitivity
matrix columns.

Blank common location for
storage of the magnitude

of the weighted sensitivity
column vectors.

Blank common location of
the total contreol correction
vector (not scaled ¢ GAMA),.

Blank common location of
the performance control
correction . vector (not
scaled by GAMA).

Blank common location of
the constraint control cor-
rection vector (not scaled
by GAMA) .

Blank common location of

the target errors associated
with the first step of the
control grid,

Blank common location of
the target errors associated
with the second step of the
control grid.

Blank common location of the
target error indices associ-
ated with the first step of
the control grid.

Blank common location of the
target error indices associ-
ated with the second step of
the contreol grid.
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Input/
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Namelist/
Common

DATAT-5

Definition

LECEN

LECFL

L@Cr2

LYCRFL

14GSDU

LgCST

1gCSHG

LPosws

0

G

Blank coraon location of
the nominal trajectory
target errors in the grid
mode.

Blank common location of
the performance indices

associated with the first
step of the control grid.

Blank common location of
the performance indices
associated with the second
step of the control grid,

Blank common location of
the S/C masses evaluated
at event times for the
reference and all trial
trajectories in a single
iteration.

Blank common storage
location for the original
control correction vectors
when a2 number of controls
must be dropped during an
iteration,

Blank common locacion of
the pseudo inverse of the
weighted sensitivity matrix,

Blank common storage loca-
tion for the original
weighted performance gradient
when a number of controls
must be dropped during an
jteration.

Blank common storage loca-
tion for the origimal
weighted sensitivity matrix
when a number of controels
must be dropped during an
iteration.

#May be in compressed form if controls have been dropped
during the iteration.
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- Yariable

Input/

80

Namelist/
Common

DATAT-6

LYCTS

LECUL

LACWE*

LPcHs*

LyCHu

LECKR

_ MPRINT

RLP

NTNP

Ougput

0

/0

I/0

G

“G

N/C

N/C

Definition

Blank common location of
event times for the refer-
ence and all trial trajec-
tories in a single iteration,

Blank common location of
minimum and maximum control
bounds,

Blank common location of
the weighted performance
gradient.

Blank common location of
the weighted sensitivity
matrix,

Blank common location of
the control weights.

Blank common location of
the 6-component state

_vectors associated with

the event times of the

~reference and all the trial

trajectories of a single
iteration,

Flag designating TOPSE?P
print options,

’ Integer designation for

launch planet.
Maximum number of iterations,
Humber of targets.,

Vactor of primary bodies
associated with the event
times of the reference and
all trial trajectories in
a single iteration,

*May be in compressed form if controls have been dropped
during the iterationm.

J
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]
- Taput/ Namelist/ .
Variable Qutout Common Definition
NTPH 0 H Vector ;f control phase

numbers associated with the
event times of the refer-
ence and all trial trajec=-
tories in a single iteration,

NTR 0 c Trial trajectory counter
' (NTR = 1 indicates the
iteration reference trajec-
toryl

/// NIYPE 0 C Flag designating the type
- of control correction to
be made during an iteration,

NU 0 C Bumber of controls,

¢PTEND 1/0 N/C Cosine of the optimization
| angle which is used to test
convergence in the target-
(i l . ing and optimization mode.

¢ @SCALE 1/0 N/C Scale on the performance
index when simultaneously
targeting and optimizing.

BCT 1/0 N/C ' Percentage of the target
: error to be removed during”
an iteration.

PRTURB G c Vector of control perturba-
tions; summary of H array.

PSSt o C Out of plane AV direction
' angle at injection,

7l Q c Vector of net cost values

for the re¥ference and all

trial trajectories evalu-

ated during a single iter~
ation. ‘

P1P2 a - H Vector of combined target
) = error indices and net cost,
S values for the reference
v j | - and all trail trajectories
L evaluated during a single
iteration,



N
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82 ‘DATAT-8
Input/ Namelist/ .
Variable Cutput Common Definition
P2 0 c Vector of target error
; indices for the reference
and all trial trajectories
evaluated during a single
iteration.

RAD I C Number of degrees in one
radian,

L3 1/0 B/C Target sensitivity matrix.

SCMASS i H 5/C initial mass,

S@UT 0 C Target sensitivity matrix
in print-out units. :

STATEO I C Initial state,

STEL I N/C Test variable for determin-
ing linearly dependent
columns of the weighted
sensitivity matrix,

STYRE r/0 c Blank common variable.

TARGET 1/0 N/C Vector of desired target
values,

TARGUT 0 e Das:red target values in
print-out units.

TARTHL i/0 N/C Vector of all possible tar-

: get tolerances,
THRUST - I 14 Mission thrust controls.
TLEW I _N/C Limit of target ervor index
~ below which optimization
only is performed,

™ - I G Number of seconds in a day.

TSTART I H Reference trajectory start
time.

TP I N/C Limit of target error index

above which simultaneous
targeting and optimization

is discontinued and targeting
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Input/ Namelist/

DATAT-9A

Definition

Variable Quiput Common
[ ¢ C
ULIMIT I N
UWATE 1/¢ N/C
VPARK ¢ c
VE '] C
e ¢ C
AZMAX 1/¢ N/C
AZMIN 1/¢ N/C
TASTM /¢ N/C
PRNML 1 N
RP1 1/6 N/C
TGFUEL 1/9 N/C
TUGISP 1/6 N C
TUGHT 1/¢ N/C
TUG ¢ c

Local Variables:

Selection of controls for the
specified mode run.

Control bounds,
User input weights on controls.

Parking orbit velocity at in-
jectiom,

Vector of target weights.

Mean motion of s/c in parking
orbit,

Maximum launch azimuth con-
straint.

Minimum launch azimuth con-
straint.

Flag specifying the method of
computing the targeting sensi-
tivity matrix.

Logical flag specifying that the
namelist $TRAJ be printed (TRUE)
or not be printed (FAISE).

Inner parking orbit radius.

Fuel capacity of tug.

Specific impulse of tug.

Dry weight of tug.

Logical flag designating injec-
tion computations.

Yariable Definition
KéUNT Control counter.
TIME Mission time corresponding to the implemen-

tation of controls chosen from the elements
of the THRUST array.
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Subroutines Called: ZEROM, CYPY, UXV, UNITV, SCALE, SUB, VLCMAG,
UDGTV, PRINTD, INJECT

Calling Subroutinzg: T@PSEP

Common Bloecks: (BLANK) , CGNST, CYCLE, EDIT, EPHEM, GRID, PRINT,

PRINTH, TIME, T$PLl, T@P2, TRAJL, TRAT2, WERK,
TASTM, TUG



——,
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¢ |

Logic Flow:

B4

Set All Parameter
Default Values

N
ICYCLE=1 ::} 2

¥

Read
Namelist 3}
Variables }
\From Tape

8

Read

Namelist
$THPSEP

Read
Namelist
Onto Tape
8

¥
IM@DE=1 es

No



Determine: U, PRTURB,
CNVRTU if THRUST Or
Initial Cartesian State

Elements Are Used As
Controls

:

Are \ No
Injection Controls

Used /
HL?es

Compute; P70, PINC, PRO,
DELVO, CHI, PST, U..
PRTURB, and CNVRTU

i

Determine U, PRTURB, And
CNVRTU If ENGINE(1),
ENGINE (10) Or SCMASS
Are Used As Controls

I

Sl

Determine Which Controls
Are Initially Active, On
Bounds, Or Within The
Tolerance Regions Near
The Bounds

DATAT-11
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86

. .i

Select The Appropriate
Targets And Compute
CNVRIT

Jr
INSG=0

lNo

Convert Input S And G
Arrays Tb Internal
Units

&

Set The Locations
0f All The Variable
Length Parameters
Stored In Blank
Common

Y

PRINID

Print The Appropriate
Input Data

DATA-]12



e B
87 DELU-1

ek 3.2.5 Subroutine: DELU (WS, WG, DPSI, DP2, NI, NU, NIYPE, SINV,

- PG2, DUl, DU2, DU).

Purpose: To compute the control correction based upon
the method of projected -gradients.

Method: The. projected gradient algorithm used in TOPSEP
is described as follows. Let:

.U = Set of control parameters;

E = Bet of target errors;
F = Performance iadex;
@
G = Performance gradient (‘B—%);
T = Set of targets;
AP . o7
Sensitivity matrixz (ﬁ :

;m
w
n

We seek a control correction AU to increase
the performance (decrease the cost) and

de:rease the target error. Then

AU = ol AT, + § Ay,

where
AU, =-s* (ssH E
AU, ==/AT} AU, GB) g
F e g 1
and

-1
P = T (gsT) s




88 DELU-2

0, for targeting only '

1, for optimizatién

it

2

{.0, for optimization only

{ 1, for targeting

Remarks: DELU is called only after tranéforming the
control space tﬁ a weighted space. Thus, WS
and WG are a weighted target sensitivity matrig
and a weighted performance gradient respectively.
The control corrections, therefore, are also

weighted.

The performance correction is modified-to
Q j,' account for an estimated region of linearity
(DP2). This control correction may then be

represented as follows:

AU, = REGIPN *'* (I-P) G

1
* f T, Tt 2
REGIgN =— /. E"(S87) E ¥ (1+DP27)
cle - (se)TssTy (se)
Input/Ouiputs
Input/ Argument/
Variable Output Common - . Definition
BFPSI I A Target ervor to be removed
during current iteration.
S : : .
! %v} . DP2 1/0 A Estimated region of linear-

gl ‘ ) ity in the control space.
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s
\ﬁ'/ Tnput/ Argument/ _
Variable Cutput Common Definition

)] 0 A Total control correction
vector (not scaled),

DUl o A Performance control vector
{not scaled).

Du2 0 A~ Constraint control correc-
tion (not scaled),

NT I A Number of controls.

NTYPE i A Flag designating the type
of control correction to be
made during the current
iteration.

NU I A Number of controls.

rG2 0 A Magnitude of the projected

R gradient squared.
(|
QMI¢~’ SINV 0 A Pseudo-inverse of the target
sensitivity matrix if NU
NIL'; actual inverse of target
- sensitivity matrix if NU =
NT- -

WG I A Performance gradient,

WS I A Target sensitivity matriz.

ATPHA

Jocal Variables:
Varisble Definition
ALPHA Scale on DUl when computing DU; if
not making a2 performance correction
ALPHA set to 0, otherwise set to 1.

BETA Scale on DUZ when cemputing DU; if
not making a comstraint correction
BETA set to 0, otherwise set to 1.

. .
. -l
et E- % (S%§7) % E




90 . DELU~4

|
S Variasble - Definition
c2 ' . @ =xg '
T et
c3 (8%G)~ * (8%87) * (5%G)
P (<WGRK (43)) C8% % (s # sug
EEGION Scale on performance correction
" accoupting for the assumed region of
linearity.
86 (=W@¢RK (37)) 5*%G
SST (SWPRK (1)) gksT
Subroutines Called: CPPY, INVSQM, MMAB, MMABT, MMATB, MMATBA, ZERGM
i{ \ Calling Subroutines: S1ZE ‘
’ 7

Common Blocks: EDIT, WORK

R
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Logic Flow: 91

DELU

Compute:” ALPHA
and BETA

DELU-5

<N'f=mu > Yes

Compute: SST,
Cl, €2, And C3

1
S

Compute The
Gradient PG2,
PG2 = C2-C3

I

}

Compute SINV By
Taking The Inverse
Of The Square
Matrix WS

A

< PG2 }éo

*0
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DELU-6

o _ CLE(LHDP2)
REGI@N 7

DP2 Too Small, F
Increase Estimated
Region Of Linearity:

DP2 = 2 * Cl
REGIGN = C1/PG2

g JS} ) 4;
Compute
DUl

Compute
DU2 And DU
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DIRECT-1

3.2.3A Subroutine: DIRECT (DUl, DU2, DU, SINV, ULIMIT, WG, WS, WU,

NUD, NTD)

Purpose: To compute the control correction,al.

Method: The method of projected gradients is used to com-
pute Atl. Preliminary computations include:

o Determining linear dependency anong columns
of the sensitivity matrix, 8, thus averting
numerical problems when computing the pseudo-
inverse of 8.

o Determining which controls lie on their re-
spective bounds, if any, and which control
corrections violate the control constraints.

o Determining the maximum allowable scale fac-
tor for the current iteration.

Input/Qutput:
Input/ Argument/
Variable Qutput Common Definition

BiG I ] Large constant, 1.E20.

CTHETA 0 c Cosine of optimization angle,

DFMAX I C Maximum increase allowed in
the cost index (F) per
iteration.

bBPSI 0 c Target error to be removed
during current iteration.

DP2 I/v C

Estimated region of linearity
in the control space.



e

T

a2-( DIRECT-2
Input/ Argument/
Variable Qutput Common Definition

DU 0 A Unscaled total control
correction.

DUl 0 A Unscaled performance con-
trol correction.

Du2 0 A Unscaled constraint control
correction.

E o C Target errors of the current
trajectory,

EMAG 0 c Target error index,

G 0 c Performance gradient.

GAMA 0 c Scale factor providing the
best control change.

GAMMA 0 c Vector of trial trajectory
control change scale factors.

GIRIAL 1/0 c One~dimensional search
constants, |

INACTV 1/0 c Vector denoting which con-
trols are active (1), on
bounds {2), or within
bound tol.

RGMAX o c Index identifying the con-
trol which will reach bound
if A4 is scalea by GMAX.

ITERAT I c Iteration counter.

Lgecene I C Blank common location of the

: inner products of the.columns
of the sensitivity macrix,

LOCCM I C Blank common location of the
magnitude of the sensitivity
column vectors.

LECSDU I C Blank common storage location

for the original control cor-
rection vectors when a number
of controls must be dropped
during an iteration.
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Taput/ Argument/

Variable Output Common Definition

THCEWG 1 c Blank common storage loca-
tion for the original
weighted performance gradi-
ent when a number of controls
must be dropped durirg an
iteration.

LYCSHS 1 c Blank common storage loca=
tion for the original
weighted sensitivity matrix
when a number of controls
must be dropped during an
iteratiom,

HMPRINT I c Array of TOPSEP print
flags.

NT I c Numbe: of targets.,

_NTD I A Integer vsed to variably
dimension SINV and WS,

NTYPE I c Flag designating the type
of control correction to be
made during an iteration.

NU I C Number of controls.

NUD I A Integer used to variably
dimension DU, DUl, DU2,
SINV, ULIMIT, WG, WS and
wu.

BSCALE 1 o Scale on the cost index when
simultaneously targeting and
optimizing.

PCT I C Percentage of the target
: error to be removed during
an iteration.

Pi 0 C Vector of net cost values
for the reference and all
trial trajectories evaluated

- during a single iteration.
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Input/ Argument/
Variable Qutput Common Definition

P1P2 0 c Vector of combined target
error indices and net cost
values for the reference and
all trial trajectories evalu-
ated during a single iteration,

P2 0 c Vector of target error in-
dices for the reference and
all trial trajectories evalu-
ated during a single iteration.

S I c Target sensitivity matrix.

SINV 0 A Test variable for determin-
ing linearly dependent
columns of the weighted
sensitivity matrix,

U 1 c Selection of controls.

ULIMIT T A Bounds na controls.

WE I c Vector of target weights,

WG 0 A Weighted performance
gradient,

WS 0 A Weighted sensitivity matrix.

Wu 0 A Control weights.

DP1DS 0 C The first derivative of the
net cost function (Pl) evalu-
ated at % = 0.

DP12DS 0 c The first derivative of the
combined net cost function
and target error function
(P1P2) evaluated &t § = 0.

DP2DS 0 c The first derivative of the

target error function (P2)
evaluated at ¥ = O.
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v Local Variables:

Variable

DIRECT~-5

Definition

DUIMAG (=JORK(1))
EPRIME (=WORK(10))
ES (=WORK (16))

GAM (=WORK (36))
GFMAX

KDEP

LDEP
(] w
SSINV (SWORK (80))

UNEW (=¥ORK (60))

Magnitude of aa_gl.

Weighted target errors.

ETSQ

Vector of maximum allowable scale
factors for each element of the
control correction.

Estimate of the scale factor which
will cause the DFMAX constraint
to be violated.

Number of controls on bounds.
Vector indicating which controls
are to be dropped from the con-

trol correction.

Number of active controls in the
current iteration.

Storage for the pseudo-inverse
of the sensitivity matrix.

Updated coatrol vector used to
compute INACTV,

Subroutines Called: CPPY, GENMIN, STEP, DELTU

Calling Subroutines: PGM

Common Blocks: (BLANK), C¢NST, EDIT, T¢P1l, T@P2, WORK,
S1ZE

T—

Coy




Logic Flow: DIRECT-6

Initialize
Parsmeters

Compute
DPsI

WEIGHT

Make Transformation
To Weighted
Control Space

bl
STEST

Determine Which
Columns of the Sensitivity
Matrix Are Linearly
Dependent

-




(L

92~-H

Compute the Maximum
Allowable Scale Factor,
GMAX, Which Will Restrict
The Cantrol Vector To The
Feasible Region

!

Compute: GAMMA (2)
And GTRIAL(2)

¢

( RETURN )

DIRECT-7



t\;l} 3.2.38F Subroutine:

Purpose:

Tnput /Output:

92-1

DIDUO

DTRUO-1

To compute the appropriate columns of the target-
ing semsitivity matrix which relate changes in
target wvalues to chenges in the initial state.

Input/  Argument/

Variable Qutput Common Definition
ETA I A Sensitivity of targets to
changes In final state
IJH I c Array indicating active controls
huf I A Number of targats
N I A Number of controls
PHI I c State transition matrix
SPRIME 7] A Partition of sensitivity matrix
( ]'§ Local Variables
! Variable Definition
DXFDXO Sensitivity of final state to

Subroutines Called:

Calline Subroutines:

Commion Blocks:

Logic Flow:

CyPrY, MMAB
STMTAR
IASTM, T¢P2, WERK

. See listing

changes in selected elements of
initial state



3.2.4

?urgoae:

Method:

Subroutine:

93 . FEGS-1

FEGS
To calculate the performance index, the target
arrors, the targeting semsitivity matrix, and
the performance gradient,
FEGS provides the interface between the abstract
control spéce targeting, and optimization search,
and the actual low thrust trajectory generationm,
Trajectory parameters such as
1} Initial conditions
o ecliptic state relative to primary
body:
¢ injection from parking orbit;
o spacecraft mass;
2) Spacecraft engine characteristics;
3} ‘Thrust controls:
are reset as specified by non-zero values of the
H array (contrel perturbations). Subsequently,
the trajectory propagator is called and trajectoiy

information is collected.

Subroutine FEGS performs two major functions for

TOPSEP depending upon the input value of IT. If

IT equals 1, the target semsitivity matrix (8) and

the performance gradient (G) are computed ﬁy finite

differencing. A trajectory is generated for each
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perturbed control resulting in the computation of
a column of the S matrix and an element of the G
vector, The perturbations to the controls are
input in PERT, a variable in the argument list,
If IT is -1, a trial trajectory is generated. 1In
this case all the specified trajectory parameters
ave veset before the trajectory propagator is
called, After the trajectory is generated, the
performance index (F) and thé target errors (B)
are evaluated. If IT is 0, a grid trajectory is
generated. Baslcally the same logic flow is fol-
lowed as for the trial trajectory genmeration.

The primary differenmces are that only one element
of PERT is non-zere and that no trajectory event

times are stored in blank common.

Remarks: When the STM method of targeting is flagged
(TASTM = 1) subroutine STMTAR construets F, E,
and 8. Subroutine FEGS only generates the trial
trajectories and the final referemce trajectory,

Input/Outputs

Input/  Argument/
Variable Qutput Common Definition
CHI T/0 c In plane AV direction angle at
injection.

DEING 1/0 H Injection AV,
E 0 c Target errors of the current

- trajectory,
ENGINE (1) 1/0 C ‘Power from solar array at 1 au.
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95 _ - FEGS-3
Cl
- Input/ Argument / ]
Variable Output Common Definition
ENGINE(10) I/0 ¢ Exhaust veleocity.
iy - X G Performance index,.

FIR(L) I c Performance index of the
‘ ' reference trajectory for
the current iteration.

G -0 c . Performance gradient.

IT I : A 1, generate perturbed
trajectories and
compute S and G

0, generate a grid tra-
jectory and compute
F and E

-1, generate a trial tra-
jectory -and computs

CJ ; ’ F and E.
: - ITERAT I c Iteration counter (IT =
1 or ~1); Control iden-

. tifier for grid submode
(IT = 0).

EMAX 1 c Number of thrust controls
* (THRUST (I,J)) chosen to
be elements of U.

THCM I c Blank common location of
the current s/c mass.

LgcTs I ¢ Blank commorn location of
event times for the ref-
erence and all trial
trajectories in a single
iteration.

NLP - I R ¢ Tatineh planst identifier .
(normally Earth),

NT I : G - Number of targets.

:"; " NTR I C Trial trajectory counter,
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- " Tnput/ Argument/ .
Variable Output Common Definition

g I G Bumber of controls,

PERT I . A Vector of control perturba-
tions, :

PSI /0 - C Out of plane AV direction
-angle at injection,

S O - C Target sensitivity matrix,

SCMASS T/0 G *  8/C mass corresponding to
the trajectory start time
{TSTART) .

STATEO 1/0 C 8/C state corresponding to
the trajectory start time
(TSTART),

) for the reference and all

A ‘ . trial trajectories evalu-
‘ated during the current
iteration,

,-[- STATR 1/0 c Array of initial states

TARGET I c Vector of desired target
. " wvalues,

TARNGM o c Target values evaluated
for the reference trajec-~
tory.

TARPAR 0 ’ c - Target values of the most
recently generated trajec-
tory.

TARTR 1/0 c- Target values of the ref-
erence and all trial
trajectories evaluated
during a single iteration,

™ I G Conversion constant:
’ Rumber of seconds in a
day.

i1 ) , TSTART 1/0 c Trajectory start time.
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{H;]) Taput/ Argument/
Variable Quiput Common Definition
U I c Selection of controls for the.
specified mode rumn,
VPARK /8 c Parking orbit velocity at in-
jection.
MM 1/¢ c Mean motion of s/c in parking
orbit,
PRO 1/¢ C Radial distance at injection.
PINC 1/¢ 4 Ecliptic inclination at injec-
tion,
PTO 1/¢ C Injection time relative to
TLNCH,
Local Variablest
Variable Definition
E A Semi~-major axis of parking orbit.,
CNTRGL The nominal value of the control plus its
perturbation.
ITRIAL _ Trial step counter,
KALL o Statement number to which the logic flow
returns after S5 and G are computed.
K@PUNT Control index.
MEGA Longitude of the ascending node of the
parking orbit.
SEMEGA Argument of periapsis of the parking orbit.
XECC Eccentricity of the parking orbit.
XHEAN | Mean anomaly of the s/c in parking orbit.

Subroutines Called:  CARTES, C@NIC, C@PY, PRINT1, VECHMAG, MATGUT,
S MODINJ ' :



Calling Subroutines:

Common Blocks:

GRID, FGM, THPSEP .

(BLANK), CYNST, EDIT, EPHEM, 'rfnﬂ: T¢P1
T@P2," TRAJL, TRAJ2, W¢R.R

FEGS-6



Logic Flow:
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FEGS~-7

<1TERAT - 0>Y__e-®
lfo

Reset Values Of The
Thrust Array Which

Are Flagged By Non-
Zero Values in H

.
J,O
. Set Trial Trajectory
(f J} Event Times
¥ )t
P
A4

Restore Thrust
Array To <§__{::i)
Nominal Values

Reset Values Of
STATEO Which Are
- Flagged by Non-Zero
Values In The H
Array




STATEO To |
Nominal

100

Ye
IT = 1 z
Restore No
Values
N\
Are Any Orbit No N
Injection &

Controls Used?

fes

Reset Values Of
STATEO By Perturbing
the Specified
Injection Controls:

PRO, PINC, PTO,
DELVO, CHL, or PSI

estore STATEQD
and Injection
Controls To Th
Nominal Values

—

FEGS-8
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F T T TV S

ﬁh} \

Reset Values Of
ENGINE (1), ENGINE(10),
or SCMASS if Flagged
By Hor-Zero Values In

The H Array

Restore
ENGINE (1),
ENGINE (10), Or

SCMASS To ‘The
Nominal Values

No

O

M
X

TREK

Generate a Trajectory
Resulting From The
Modified Trajectory

Parameters

T

om——

Compute F and E

L\W
L

FEGS-9



e e X T e e s ol e e ————— ey o] A B S . . 1l ... ]

10z - FEGS-10

. »

TREK

Generate A Trajectory
Resulting From The
Perturbation Of
One Control

!

| Compute ¥, The Appropriate
Column of S5, And The
Appropriate Element Of C

S I

PRINT1

Print The Perturbed
Trajectory Summary

:

KALL

100 800 1100

¢
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3.2.5 Subroutine:.FGAMA (18}

Purpose: To evaluate the net cost index and éarget
errcr index qf a trial traject;ry.

Hethod: Subroutine FGAMA scales the control correction
A u by GAMMA(NTR), which is computed in GENMIN,
and calls FEGS to generate a trial trajectory.
Preceding khe cal% to FEGS for the second trial
trajectory generation, a computation is made to
estimate the scale factor which will reduce the
value of the final spacecraft mass to some
specified limit (FTR(1) - DF). This scale
factor beccmes the maximum allowablg scale for
future trizl steps,.unless the scale is further
restricted by explicit control bounds. However,
no additional constraint is placed omn the scale
factor if the final spacecraft mass is increased
by taking larger trial steps in the Au di;ec-
tion, The scale factor is not restr?cted due
to the performance constraint prior to the
second trial step for lack of information to mzake
an accurate estimate.

Remarks: - The cost index F is actually the negative of
the final spacecraft mass., If the cost index
is decreasing (becoming more negative) in the

A direction the estiration loop is bypassed.
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4
ﬁ
If the loop must be enteread because the cost
15 increasing, 2 modification must he made to
the cost index values (FTR) so that the rou-
tines MINMUM and THEM may be used. To f£ind
the minimum value of the final épacecraft mass
the negative . of the cost index is minimized in
the Au direction,
Input/Cutput:
- , Input/ Argument/
Variable Sutput Common Definition
DFMAX I c Maximum percentage decrease
' . © allowed in the s/c .final
mass for iteration.
(J]“ ‘o E 0 H Target errors of the cur=--
~ rent trajectory.

ET¢L. I c Target tolerances.

ETR 1/0 : G * Array of target errors of
the reference and all trial
trajectories evaluated dur-
ing a single iteration.

F 0 . C . Cost index of the current

*  trajectory.
FIR . I/o A G Vector of cost indices of
) o o e - - the reference and all trial
trajectories evaluated dur-
ing a single iteration.
e so 7 e Performance gradient.

'GAMMAi'L.7' I . N * Vector of trial trajectory

e e e e L contirel change scale face
tors,

¢ . Maximum allowable value

R  for GAMMA.
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Input/ Argument/ _
Variable Qukput Common Definition
15 I A Trial téajectory number.
14CDU I C Blank common location of
the control correction
vector Au.
LgCsSDy 1 C Blank common locszzion of
the trial step (CAMMA (NTR)*
AU); used as such only
when generating trial tra-
jectories.
LPCST I G Blank common location of
: : the pseudo inverse of the
welighted sensitivity
matrix.
Nt 1 c Number of targets.
{ ”.} NTR 0 G Tyrial trajectory counter
(:/ - (NIR = 1 for the iteration

reference trajectory).

. RO I C Number of controls,
@SCALE T c Scale on the net cost
. ’ - index Pl when simultane-
ously targeting and opti-
mizing.

Pi 0 G Vector of net cost values
: for the reference and all

trial trajectories evaluated
during a single iteration,

P1PR2 0 c Vector of combined target
error indices and net cost
values.

P2 0 _ c Vector of target error

indices for the reference
and all trial trajectories
evaluated during a single
iteration, '

TARPAR Q C Target values of the most
recently generated trajec-
tory.

TN s e e v e ———



106 - _ FGAMA-4
Input/ Argument/ .
Varizble Cutput Common Definition
VIE I c Vector of target welghts,
Local Varizbles:
Variable Definition

D Maximum decrease allowed in the final
s/c mass,

DP1DS First derivative of Pl evaluated at
GAMMA (1) = 0.

EPRIME (=WORK(1)) Vector of target errors divided by »
tolerances.

FMAX Estimated maximum cost evaluated in
the Au direction,

FTEST (sWPRK(53)) Vector of cost indices corfesponding
‘to the scale factors GTR(I), I =1, 3
where GTR(l) « GTR(2)} < GIR(3).

GDU (=WORK (13)) Linearized approximation to change
in cost function required to perform
8 minimum - norm correction back to
the targeted manifold.

GTR(L) (=W@RK(50)) GAMMA (L).

CTR(2) (<WORK(51)) wuIn { caMMA (2), GTR(4) §}

GTR(3) (=WPRK(52)) mx { cama (2), cIR() }

GIR(4) (=W@RK(53)) Scale factor corresponding to FMAX,

GTS (FHPRK (7)) Infermediate storage in GDU computa-
tion.

JERR Flag set to 1 to direct HMINMIM and

THPM to compute GTR({4) given F(GTR(%4))
using the prescribed polynominal
expansion, .



Subroutines Called:

Calling Subroutines:

Common Blocks:

107 FGAMA-5

CHPY, FEGS, MATHUT, MINMUM, MMAB, MMATB,

' MMATBA, NEGMAT, SCALE, THPM, ZERgM

GENMIN

(BLANK), EDIT, T@P1, T@PZ, WORK




Logic Flow:

108

Lo )
:

NIR = IS
NTR = 3 And
DFMAY < 1

Yes

Yes

DEPIDS< O

MINMUM

Estimate The Minimum S8/C
Mass (FMAX) And The
Corresponding Trial Step
Scale Factor (GTR(4)) In
The Au Direction

FTR(1) ~DF <FMAX

No

k4

FGAMA-~6

. o e et P o e P b e b mt et et
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THPM

Estimate The Trial Step Scale
Factor Corresponding To The

Maximum Allowable Decrease In

Final S/C Mass Using A 3-Point
Curve Fit

©

MINMUM

Estimate The Trial Step Scale
Factor Corresponding To The
Maximum Allowable Decrease
In Final S/C Mass Using a

2-Point, 1-Slope

< GTR(4) < GTRIAL(2)

FGAMA-7

Yes

GTRIAL(2) = GTR(&)

|

i

< . GAMMA (3) > GIRIAL(2) }—Y—es’——:r

No

GAMMA (3)=GTRIAL(2)

Al
x

Y P P
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A —

FEGS

Generate A Trial Trajectory
And Compute F And E

b

——— 1

e ———————_——al

Compute!
P1(NTR), P2 (NTR), And
P1P2 (NTR)

C RETURN j

FGAMA-8
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GENMIN -1

11l

3.2,6 Subroutine: GENMIN (X, Y, DYDX1l, GTRIAL, YES, MIN)

Purpose: To choose the besgt control change scale factor
hased on z one~dimensional search in the new
control vector direction.

Remarks: The bast scale factor will be defined as that
which provides for the minimum value of the net
cost~function as described in subroutine SIZE.
The one dimensional search will consist of a
series of second and third order polynomial
curve f£itting techniques. '

Input/Qutput:

Input/ Argument (A)/
Variable Qutput Common {C) Definition

DYDX1 1 A Value of the first
derivative of the net

cost function evaluated
at X{1)=0

GTRIAL(L) I A If X(I+1) < GTRIAL(LY®X(1),
then X({I+1l) is set equal
to GTRIAL(L) *X(I)

GTRIAL(2) I A Maximum allowable scale
factor value

GTRIAL(3) 1 A The percentage of X(I+1)
to X(I) above which the
search will be terminated.

" GTRIAL(4) T A The percentage of YES(I) to
: Y (I+2) below which the
search is terminated

GTRIAL(5) I A Flag designating the extent
of curve fitting in the
new control direction (i.e.,
GTRIAL(5)=%4 signifies all
four techniques may be used)

MIN ] A Pointer designating the
minimizing scale factor

X(1) I A X(1)=0, value of scale
factor assoclated with :
current net cost function value
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112
\i[_' Input/Output: - Continued
Input/ Argument (A)/ : ’
Variable Qutput Common{C) Definition
%(2) I ' A Value of scale factor for
) first trial net cost-function
evaluation
X(3) ’ # . A Scale factor returned from
"two point, one slope"
curve fitting routine
X(&) ] A Scale factor returned from .
"three point, one slope"
curve f£itting routine
X(5) $ A " Becale factor returned f£rom
: ‘ "three point" curve
fitting routine
' : X(6) ¢ A Scale factor returned from
@f ; “four point" curve fitting
- . routine
Y(1) 1 A Value of current net
| - cost~function
Y{(2) + ¥(6) 7] A Trial net cost-function
values associated with
X(2)» X(6)
YES . 4] . A Vector of estimates of net
* gost—functlon values
returned from the curve
fitting routines
‘Local Variables: o
Variable Definition_
MAX The number of trial net c&st-funccion

values which must be tested for
the local minima

MINSV ' ' . The number of a trial net cost-function
- yalue which is a local minimum but
not necassarily the global minimum




Subroutines Calied:

Calline Bubroutines:

Common Blocks:

113

BUCKET, TCGAMA, MINMUM
SIZE

None

GENMIN-3

pa IRt Y
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Logic Flow:

@@;___7_0_:.< DYDX1

114

< <0.

GERMIN-4

NETNG

FGAMA

<Is Y(1} Input >_._;;N° : d
Compute Y(1)

Yes

FCAMA

Compute Y(2)

7

MIRMUM

Calculate X(3) and YES(l) Using
"Two Point One Slope" Technique

<X(3)<GTRIAL(1) % X(2) - BI85 _piv(3) = GIRIAL(L) x X(2)
No |
¢y
Yes
< X(3)> GTRIAL (2) \ X(3) = GTRIAL (2)
7

<,._§_})€(_:§§L)l > GTRIAL(3)>N1—>®

Ye s‘y

FGAMA

Compute Y(3)

7

YES 1 “"’Y 31 Ly L 14 ND
l_—ﬁ—l—‘J—Y(B) 2 GTRIAL (&) - &

w4

Yes
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r\ _ GENMIN-5

Y.

< GTRIAL(S) = 1 RS
‘ Wo, | ’
5 .
® il

THPOSM

Calculate X(4) and YES(2) Using
"Three Point One Slope' Technique

l

< X(6)< GTRIAL(1L) * X(3) >Yis¢}'x(4) = GIRIAL(1) x X(3)

NDJ’

-y,
Y
< X(4) 7 GTRIAL(2) =t K@) = GTRIAL(A)
(?{ 1 . 'ND | '
N N
. lm._:x_(él’ % GTRIAL(3) °
X(3) 7
Yes
Il
FCAMA
Compute Y(4)
YES(2) -Y(& > No
<|___(_l___£_l¥(4) |zomrian)
Yes
< GTRIAL (5) = 2. Yes \f 3
N?Jr
BUCKET
) . ' ‘ Find Three
D ' Best X's
ﬁgi“ﬁﬁ For Hext Fit
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GENMIN-6
THPM
Calculate X(5) and YES(3)
Using "Three Point" Techmique
7 Yes
< £(5) < GTRIAL(L). x X(4) X(5) = GTRIAL(L) % X(4)
I“D$
Yes
< %(5) > GTRIAL(2) X(5) = GTRIAL(2)
Ko
-
lx 3) -X(4 l; GTRIAL(3) v
i4)
Yes
X
FGAMA

Compute Y(5)

YES(3) -Y(5)j No
Q 15 | 2 GTRIAL(4) w

Yes
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7
GENMIN-7
< GTRIAL(S) = 3. >l‘i___;>®
N%L -
FOPMIN

Calculate X(6) and YES(4)
Using "Four Point" Technigue

¥

+

X(6)

I

GTRIAL(1)

< X(6) < GTRIAL(1) X X(5)

I

T

]

GTRIAL(2)

( X(6) > GTRIAL(2) ‘>———> X(6)

No;[g—— i

> GTRIAL(3) >L—>®

Ye S‘L

<lx§6) ~K(5)
X(5)

FGAMA

Compute Y(6)

Yes

Nl

From the Values of Y(I)
Find Y(MIN) and specify
X(MIN)

2
<>
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“ISet X(2)=1.
X(3)=1.25

v

FGAMA

~§f Compute Y(2)
and Y({3)

-

THEM

ComFute YES(2) and X({&)
Using "

Three Point' Techniquef

GENMIN-8




3.2,7A  Subroutine:

Purpose?

Method :

Remarks:

Input/Output:

119 GRID~1

GRID

To generate a family of trajectories in order
to obtain performance and error index imfor=-
mation,

Consider an NU-~dimensional control space and a
nominal control vector u. A grid of trajectory
target error indices and performance indices is
génerated based upon two steps from the nominal
control vector in each control direction. The
first step in the 3th control direction is
specified by the i*" element of PRTURB, The
second step for the same control is specified
by HMULT; *  PRTURB, .

The user can take advantage of the cycling
capability of the TOPSEP mode to specify more
than two steps in each of the control directions

by stacking cases,

Input/ Argument/
Variable Output Common Definition
CNVRTT I C Conversion constants from
- internal target units to
output target units,
E I C Target errors of current
‘ trajectory.
ETR(1, 1) O c Target ecror index of

nominal trajectory.



Variable

Input/
Cutput

120

Argument/
Common

GRID-2

F
FTR(1L)

-HMULT

ITERAT
KPNVRI

1 l_}
bt ' LABELT
- 1gcoul

LgChu2

1PCEML

LECEM2

LECEN

1$CEL

I

G

Definition

Performance index of
current trajectory,

Performance index of
nominal. trajectory,

Vector containing the
scale on the elements of
PRTURE for the second

- step in each control di-

rection,

Index specifying which
control element is being
changed.

Index specifying the step
number in the control di-
rection under consideration.

‘Hollerith labels for spec-

jified targets.

Location in blank common
of the first control steps.

Laocation in blank common
of the second control
steps,

Iocation in blank common
of the target error indices
associzted with the first
control steps.

Location in blank common
of the target error indices

" associated with the second

control steps.

Location in blank common
of the target errors of the
nominal trajectory.

Tocation in blank common

of the target errors associ-
ated with the first control
steps.
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121 GRID-3
Inpu*/ Argument/
Variable Cutput Common Definition

1HCE2 I c Location in blank common
of the target errors
asspciated with the second
control steps,

LYCF1 I c Location in blank common

' of the performance indices
-associated with the first
control steps.

1L¥CTF2 1 c ) Location in blank common
of the performance indices
asscciated with the second
control steps.

NT I C Number of targets.

NTR X G Flag used to set the
branch of logic followed
in FEGS {(always set to 1),

R I C “Number of controls.

PRTURB I H Perturbations to the con-
trols for the first step
in each contrel direction,

STYRE I c ~ Blank common variable for
storage.

WE I c  Vector used to comﬁute
target error index, containing

1
TAREGL(I)Z
WERK T C Working storage.
Leocal Variables:
Variable Definition

PERT { = UWATE)

Vector used to transfer the control
steps to FEGS where F znd E are
computed.
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122 GRID-4

Varizable Definition
WETPL ( = 8) Arvay whose off-diagonal elements are
' zero and whose d4iagonal elements are

s

_ Subroutines Called:

Calling Subroutines:

Common Blocks:

Logic Flow:

WE (1)

CgPY, FEGS, MMATBA, PRINT2, ZERGM

t

TPPSEP

(BLANK), EDIT, GRID, PRINTH, T@Pl, T@¢P2, WERK

GRID

r
FEGS

Generate
Nominal Trajectory

v

Compute FIR and ETR
and Store E in Blank Common




123-A

FEGS

Generate a Trajectory Associated With
The First Step in the jth Control Direction

!

Store E, F and the Target
Error Index in Blank Common

FEGS

Generate a Trajectory Associated With
The Second Step in the .th Control Direction

Store E, F and the Target
Error Index in Blank Common

Y
PRINT2

Print Summary
Output

RETURN

GRID-5



e

123-B INJECT-1

3.2.7B Subroutine: INJECT

Eatry Points: MEDINT
TUGINT

Purpose: To generate tug injection data

Method: The analytic‘discussion of the injection process
may be found in Reference 1, Sectiom 9.5, page
124,

Remarks: Subroutine INJECT consists of three related com-
putational blocks. Each block corresponds to an
entry point,

o INJECT, computation of outer parking orbit
and injectioﬁ parameters: PRO, PINC, P10,
DELVO, CHI, and PSI.

o M@EDINJ, computation of the initial state based
upon perturbed Injection parameters.

o TUGINJ, computation of inmer parking orbit and
fuel requirements for the parking orbit transfer.

Inﬁut/Outnut:

Input/ Argument/

Variable Cutput Common Definition

AZMAY I C HMaximum launch azimuth constraint.

AZMTH 1 C Hinimum lavnch azimuth constraint.

CHI /0 c In-plane AV direction angle at
injection.

DELVO 1/0 c AV at injection.

ECEQ I c Transformation matrix from Earth
equatorial to ecliptic.

H

I c Array of contreol perturbations.
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123-C INJECT-2
" Tuput/ Argument/

Variable Quiput Common Dafinition

INJIHC I c Location of injection parameters
in contrel vector,

NLP I C Launch planet designation,

PINC 1/0 c Ecliptic inclination of outer
parking orbit,

PMASS I C Vector of planetary masses,

PRO T/0 c Geocentric radial distance to
S/C at injection.

PSI 1/0 C Qut-of-plane 4V direction angle
at injection.

PTO 1/0 C Injection time relative to launch
epoch,

RAD I H Angle conversion constant (radians
to degrees).

RP1 I c Inner parking orbit radius.

SCMASS I C Initial S/C mass.

STATED 1/0 H Initial S/C state.

TGFUEL I H Fuvel capacity of tug vehicle,

UG I c Logical flag specifying injection
computations if TRUE.

TUGISP I H Specific impulse of tug vehicle.

TUGHT I c Dry weight of tug wvehicle,

U I c Control vector.

VPABK /0 C Parking orbit velocity at injection.

MM 1/0 C S/C mean motion in outer parking

orbit.
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123-D INJECT-3

Local Variables:

Variable

Definition

ANGLE (= W¢RK(30))

DELVA (= WURK(32))
DELVB (= W@RK(33))
DELV1 (= WORK(41))
EC (= W@RK(40))

EQIMAX (= WORK(28))
EQIMIN (= WORK(29))

EQI1 (= WERK(31))
EQI2 (= W@RK(27))

GRAV

PHITAT

STATEQ (= WORK(21))
VINF (= WORK(39))
WFUELA (= WORK(35))
WFUELB (= WORK(36))
WFUELT (= WERK(38))

WFUELD (= WORK(37))
WFUEL1 (= WORK(42))
WIGT (= WORR(34))

XECC

Plane change required during parking
orbit transfer.

First impulsive AV,
Second impulsive AV,
Single maneuver injection AV,

Eccentricity of hyperbolic escape orbit
for single maneuver trajectory.

Maximum equatorial inclimation constraint.
Minimum equatorial inclination constraint,

Equatorial inclination of inner parking
orbit.

Equatorial inclination of outer parking
orbit,

Gravitational constant.

Latitude of launch site,

Initial state in équatorial coordinates.
Hyperbolic excess velocity

Fuel required for first tug maneuver,
Fuel required for secomd tug maneuver.
Total fuel requirement.

Fuel required for third tug maneuver
(injection).

Fuel required for single tug maneuver
(injection) from innexr parking orbit.

Total tug weight plus payload prior to
any maneuvers.

Eccentricity of outer parking orbit,



Subroutines Called:

Calline Subroutines:

Common Blocks:

Logic Flow:

123-K INJECI~4

ADD, MMATB, SCALE, UDOTV, UNITV, UXV, VEGMAG

PG4, FEGS, TREK, STMTAR

;gusw, EPHEM, TGP1, T@P2, TRAJ1, TRAJ2, TUG,
RK

See listing



126 . MINMUM-1

3.2.8 Subrourine: MINMIM (X, ¥, DYDX1, XMIN, YHIN, IERR)

Entry Points:

THPM
THPASH

FEPMIN

Purpose:

Input/Output:

Variable

DYDX1

IERR

IMIN

THMIN

To estimate a local minimum of the cost
funection Y{X) and the minimizing independent
variable ¥* by fitting selected sample points

with a quadratic or cubic polynomial.

Argument (A)/
I/0 Common (c) Definition

1 A _ Value of the first derivative
of ¥ with respeet to X
evaluated at X(1) = O,

0 A Flag whose non-zero value
dndiecates that two of the
given X values are identical.

I A Vector of independent
yariable sample values

0 A Minimizing independent
variable X¥

1 . A Vector of cost fumction
sample values
o - . A Local minimum of the cost

function, y(X#)

Lty 4R e At Pk
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Local Variables:

Variable
A

Subroutinzs Called:

Calling Subroutines:

Common Blocks:

Method

Case 1:

125 MINMUM-2

Definition
Cubic polynomial coefficients
None

GEMMIN, FGAMA

None

The function Y(X) is approximated by either a
second or third order polynomial in order to
compute analytically the minimizing parameter
X%, The polynomial approximation is of the form

n

YR L PR = a, ¥
1=0"

where n = 2 or n = 3, The following four cases
describe the method of approximation and the

resulting minimization process

Y is fitted with a quadratic polynomial based on

1) Y0
2) ill
dX 'X=0

3) Y(XD) where Xo>0 is an initial estimate of X*

The quadratic polynomial coefficients are

calculated from the formulae

a= T(0)
= &
a1~ Flx=0

Y(X )-a a
o= o o L ——
2 Xuz X,



126 - MINMUM-3

The independent variable value minimizing the -

quadratic is

a
Yk = %“L
=2
Case 2 . Y is fitted with a cubic polynoﬁial based on:
1) Y(0)
C 2) Flx=0

3) Y(I{c) where Xo>0 is a sample value
4) Y(Xl) vhere Xl>0 is a sample value
Thne cubic polynomial coefficients are calculated

from the following formulaz

A . A = max {Xo, xl}

ol = min{}( X } / A
a = ¥{0)

[s54
B 7 dX[X=O )

{Y(la) - o3 () - Ax(l4e) a

- Qtere?)a |(2a2) 7

[ Aaa, + 8 (L) + d®¥(A) - ¥(aA) (2327t
L-at

The independent variable value, X* minimizing F is

ot X% = [ -a, + / '](333)-1
. al




Case 3

89

I

]
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127 . MINMUM-4

A quadratic polynomial is fitted to $(X0), Y(xl),
Y(Kz) where XO, Xl, X2 are greater than or equal
to zero and represent sample values of X (not
necessarily the some values as in prior cases).
It is assumed that:

1) Xg X1<X2

2) Y(Xo)>Y(Xl)<Y(X2)

The formulae for the quadratic coefficients

~are as follows:

C
Y(Xo) - EQQE—-—
0712

Y(K,) Y(X,)
P M 2

450912 dogdag

The independent variable value is the same as in Case 1.

e e e e o i et na L e e
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128 . MLRMUM- 5

Case 4 " A cubic polynomial is fitted to Y(Xd), Y(Xl),
Y(Xz), Y(KB). The formulae for the polynomial

coefficients are as follows

Yi = Y(Xi)
Big = Ay Xy
&y = %; - X,
By = - L, o+ 0% -1 + Y3
dy0950930 410991931 dg0dpidan  93g8a3d39
3 -+
A:M..Y _w“g -]-w.g..
2 dp%0%0 @ doffa b dpefnds 2
(X HE 4K, :
d30931%2 3
(Bq1¥B41+B,,) (By5tBagtBay) (B1gtB3g7 By
bh=- Taa- Ytd aa. LWL agas T
10%20%30 1091931 1 20%21%2
(B10¥By0+B51) ¢
dygd3393 3
A =Y - (AX+£LX2+AX3)
0 o 1T'o "2 o 30

The independent variable value minimizing P is the sawme' as
that in Case 2Z:
Cxx=fea + Y eyt
2 ' 3

2
Va," - s
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' MINMUM :)

3

Solve Case 1 Coefficient
Equations - "Two Point
One Slope" Curve Fit

R

< A, > 0. >L_a.

MIMUM-6
IMIN = 1,E10
IN = -1,E10

i

Yes‘ég%

CXMIN = -A
7%,

WIN = A_+ A XN +
A, XMI I

PP
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Solve Case 3 Coefficient
Equations - "Three Point
Curve ¥it

v

MIRMUM-7

<A2?0.>N—°——s~a

ILN
YMIN

1.E10
-1.E10

IR

Yeg )

- A

- XMIN =
2A2

TMIN =A ) + A, XMIN + Az mmz

Solve Case 2 Coefficient
Equations - "Three Point
One Slope'" Curve




1
Solve Case 4 Coefflcient
Equations -~ "Four Point" —
Curve Fit
hd .
< A, =o. Yes A
No Yes
o d
- . f} 2 -
XMIN = - A, + /A, 3A3Al ¥MIN = 1.E10
3P\3 = ~1,E10
YMIN = THIN =

Ao +Al XMIN +

A2 xmuz +A3 XMIN3

=
( RETURN )

1€T

S-WIAWNIH



3,2.9

Purpose:

Method:

Subroutine: PGM

132 PGM~1

To genera£é~é”térgeted and optimized reference

trajectory,

PGM (Projected Gradient Method) is the organ-

izational routine for the targeting and opti-

mization submode, The logic for a complete

iteration may be found in this routine. Basi=-

cally,

(o]

the iterative scheme proceeds as follows:
A reference trajectory is generated
using the namelist input variables in
$TRAJ,

The target error index is calculated.
The method of control correction is
determined and convergence is tested,
Target sensitivities to changes in
controls are computed by numerical
differencing or STM techniques,

A control correction is computed and
scaled.

The control correction is applied to
the current control vector.

The trajectory associated with the
new control vector becomes the refer-

ence trajectory for the next iteration.



133 PGM-2

‘uJ J . This process continues until convergence has
been achieved or the maximum nymber of itera-
tions has been reached.

Remarks: A check is made on the remaining central
processor, (CP), time after every iteration.
If the estimated processor time for the next
iteration is larger than the remaining CP

! time, the iteration process is terminated.

X Input/Output:
‘Input/ Argument/
Variable Qutput Common Definition

CHI 0 c In plane AV direction
angle at injection.

(i l ' DELVO ) c Injection AV.

E I ‘ c Target errors evaluated
for the current trajectory.

EMAG I C Target error index.

EPS¢N I c Scalar multiple for con-

' trol perturbationms.

ETR (1,1) © c I =1, NT; Target errors
of the reference trajectory
for the current iteration.

F ' I c Performance index of the
current trajectory.

FIR(1) 0] [ Performance index of the

' reference trajectory for
the current iteration.

GAMA 1 c Scale factor providing the

best control change.

T



Variable

Input/
Qutput

134

Argument/
Common

PGH-3

H

INJLEC

INSG

) ITERAT

FMAY

KONVRI
LYCDU

1.¢gCnul

1.BCcDU2

LPCRFY

LYCST*

- 1/0

X

1/0

Gl

G

Definition
Control perturbation array,

Index on the control pre~
ceding the injection con~
trols in the vector U,

Flag set when S and G are
not caleulated for current
jteration,

Iteration counter.

Number of thrust controls
(THRUST (I,J)) chosen to be
mode controls (U).

Lonvergence flag,

Blank common location of
the total control correc~
~tion vector (not scaled

Blank common location of
the performance control

* ecorrection vector (not

staled by GAMA),

Blank common location of
the constraint control
correction vector {(not
scaled by GAMA),

Blank common location of
the 8/C masses evaluatad
at event times for the
reference and all trial
trajectories in a single
iteration.

Blank common location of
the pseudo inverse of the
weighted sensitivity
matrlx.



135 PGM-4

] .

g }

x.J.' Input/ Argument/

VYariable Qutput Common Definition

LHCTS I c Blank ‘common location of
event times for the refer-
ence and all trial trajec~-
tories in a single iteration,

L@CUL I H Blank common location of
minimum and maximum control
bounds (ULIMIT).

L@CWE* I : c Blank common location of
_ the weighted performance
. gradient.

LBCWHS* I c Blank common location of
the weighted sensitivity
matrix.

Lgcuu I c Blank common location of
the control weights.

| LECXR I c Blank common location of

{ s the 6-component state

e vectors associated with
the event times of the
reference and all the
trail trajectories evalu-
ated during a single
iteration.

MIN I H Index of the scale factor
in the GAMMA vector which
provides the best control

correction.

NLP 1 c Integer designation of the
launch planet.

RT I c - Number of targets.

NTNP . I c Vector of primary bodies

associated with the event
times of the reference and
all tkrial trajectories in
a single iteration.

, *Arrays may be in compressed form if controls have been
o dropped during the iteration.
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Input/ Argument/
Variable Cutput Common Definition

NIR I c Trial Trajectory counter.

Ny 1 c Number cf controls.

PHASS I c Vector of planetary gravi-
tational constants,

PRTURB 1 c Vector of contrel pertur~-
bations.

PSI )] c Out of plane AV direction
angle at injection,

STATEQ 1/9 C §/C state at trajectory
start time for the reference
trajectory of a given iter-
ation,

STATR /0 c Array of initial §/C states
for the reference and all
trial trajectories of a
given iteration,

TARN@M 1/6 C Target values evaluated
for the reference trajectory.

TARTR I c Target values evaluated for
the reference trajectory
and all trial trajectories
in a given iteration,

U /9 C Selection of comtrols for
the specified mode run,

VPARK é c Parking orbit velocity at
injection.

WE I c Vector of target weights.

M & c Mean motion of S$/C in park
ing orbit. ‘

TASTH I c Flag specifying method of
computing the targeting
sensitivity matrix.

THM@DE ¢ c TOPSEP submode flag.
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Input/ Avgument/

Variable Output Common Definition

PRO I C Radial distance of S/C at
injection,

PING I c Ecliptic inclination of S/C
at injection,

PTO I c Injection time relative to
launch epoch.

TG

Local Variables:

I c Logical flag specifying in-
jection computations (TRUE),

Variable Definition

K@UNT Index counter for the control vector U,

TCPITR CP time for the first iteration {(exclud-
ing reference trajectory genmerationm).

TCPNGW Current CP time velative to the start
of the job.

TCPREF CP time Ffrom job stavt to the end of

Subroutines Called:

Calling Subroutines:

Conmon Blocks:

the reference trajectory gemeration.
C@#PY, FEGS, MMATBA, PRINTO, SEC@ND, STZE, STEP, TEST,
TIMELIM, ZERGM, STMTAR, INJECT
T@PSEP

(BLANK), C@NST, EDIT, EPHEM, T@P1, T¢P2, TRAJL,
TRAJ2, W@RK, IASTM, TUG
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2

No
TASTM = 1

Yes

STMTAR

Generate the
nominal tra-
jectory and

compute S

v

FEGS

Generate the
nominal
trajectory

Compute EMAG

1

Store the appropriate
information from the
nominal trajectory in
TARTR, ETR, FIR

) 4

TEST

Determine the type of
control correction for
the next iteratiom and
test for convergence

PGM-7

i hm a3
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FRINTO

Print iteration
summary

-

ITERAT = ITERAT +1

FEGS

Generate perturbed
trajectories and
evaluate S and G

No
Yes
W
_ No
TASTM = 1 M
LN
Yes
*
‘ No { ITERAT}O
Yes
-
STHMTAR

Generate new reference
trajectory and compute
S

I

ha 4

SIZE

Size the control correction
by generating a series of
trial trajectories
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0

STEP

Scale the Control
Correction and Add
To The Original

Control Vector

!

I

Choose the Best Trial
Trajectory To Be The

Reference Trajectory for The
Wext Iteratiom. Resecr:
TARNFM, E, EMAG and F

¢

Reset Blank Cocwwmon Storage
For the Next Iteration:

ST@RE (LOCTS)
STPRE (L@CRFM)
NTHP

!

INJLGC = 0

PGM-9



Compute New Parking
Orbit. Reset:
DELVO, CHI, PSI,
PRO, PINC, PTO

G )
The Estimated CP Time
Necessary to Run Another

Iteration Violates The
Job Time Limit

lyo
7
K1s ]
& MIN =1
it

Yes

i

Yes

EPSPN > 0 _\
/ v

PGM-10

3 !iPD , Modify The
Control

PRINTO ) Perturbations

Print Summary
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INJECT

Compute new
parking orbit

Generate new reference
trajectory resulting
from last iteration

RETURN

PEM-11
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3.2,10 Subroutite: PRINTO (KFLAG)

Entry Points:

PRINTL, PRINTZ, PRINT3

Purpose: To provide print summaries £for the various
TOPSEFP submodes,

Remarks: An iteration summary, a perturbed trajectory
summary, a grid summary, ¢r aj termination summary
is printed depending upon the entry point called.

Tnput/Output: ¢

Input/ Argument/
Variable Cutput Conmon Definition

CNVRIT I c Target parameter conver-
sion counstants.

CNVRTU I c Control parameter conver-
sion constants,

DPSI I C Target error to be removed
during current iteration.

De2 I c Region of linearity in
control space,

E I c Target errors,

EMAG I C Target errvor index.

ET@L I C Target tolerances.

ETR I C Array of target errors for
itevation trial steps.

F i G Per formance index.

FIR I - C Vector of performance
indices for iteration
trial steps.

G I C Performance gradient,

GAMA I C Optimum control change

scale factor.



143

PRINTO~2

.

) Input/ Argument/

Variable Output Common Definition

ITERAT i c Iteration number,

KFTLAG 1 A Print specification flag,

KPRVRI I C Convergence flag.

KAUNT T C . Index on control under

v consideration,

LABELT X c Hollerith target labels.

' 1GCDU I c Blank common location of
total control correction ’
vector,

L@CDUL i ¢ Blank common location of
performance control correc-
tion vector.

LYCDU2 I c Blank common location of

ot l the targeting control
gj B correction vector.,

' LYCEML I c Blank common location of
the target error indices
associated with the first
step of the control grid.

T14CEM2 T c Blank common location of
the target error indices
associdted with the second
step of the control grid,

L@CEN I c Blank common lecation of
the. target errors associated
with the first step of the
control grid,

LBCE2 I ¢ Blank common location of
the target errors asso~
ciated with the second
step of the comntrol grid,

1.BCF1 I c Blank common location of

the. pexformance indices
associated with the first
step of the control grid,
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Input/ Argument/
Variabie Qutput Common Definition

L@CF2 I C Blank common location of the
performance indices asso-
ciated with the second step
of the control grid.

NT I c ‘ Number of targets.
NU I C Number of controls,
PG2 1 C The square of the projected
gradient magnitude,
PRTURB I 4 Cont rol perturbationm.
5 I C The sensitivity matrix.
TARGET 1 c Desired target values.
TARPAR I c Target values of perturbed
trajectories.
TARTR 1 C Target values of the trial
. trajectories,
| U I c Control vector.
LABEL I C Hollerith labels for all
possible tzrgets,
XINC i H Ecliptic inclination.
@MEGA | I C Longitude of ascending mode.
S¢MEGA 1 c Argument of periapsis,
TMEAN I c Mean anomaly.
TA I C True anomaly.

Local Variables:

Variable Definition

COU ( = WORK(121)) The scaled control change (converted
. to output units).

| DULGUT ( = WERK(1)) Converted performance control change.

DU2GUT ( = WERK(21)) Converted constraint control change.
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Definition

ENGM ( = WORK(73))

ETLHUT ( = W@RK(85))
B80T ( = WERK(61))

E2¢UT ( = WORK(67))

TARGUT ( = WORK(79))

UGELD { = WORK(101)}

UGUT ( = WERK(41))
WE@RK

ISTEPN

KGFF

Converted target errors of the nomi-
nal trajectory.

Converted target tolerances.

Converted target errors of the first
step grid trajectories.

Converted target errors of the
second step grid trajectories.

Converted target values.

Converted control vector of previous
iteration,

Converted control vector.
Working storage.

Hollerith labels of requested stop-
ping condi*ions.

Hollerith labels of actual stopping
conditions.

Subroutines Called: SCALE, STEP

Caliing Subroutines: FEGS, GRID, PGM, TREK, STMTAR

Common Blocks: (BLANK), GRID, PRINTH, T¢P1, T¢P2, WPRK, TARGET




Logic Flow: PRINTC-5

Print Iteration Summary
variables: TITERAT, GAMA, PG2,
F, EMAG, E. DPSI, G, DU,

DU2, DU, CDU, U$LD, U, and S

RETURN

Print Perturbed Trajectory
Summary Variables: K@UNT,
‘U(K@UNT), PRTURB, G, S,
Cﬁ l - . TARPAR, TABELT

Print Grid Summary Variables:
TARGET, ET@L, LABELT, EN@M,
UguT, DUI@UT, DU2¢UT, E1OUT,

E2¢UT, ETR(l), FTR(1)
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3,2.11 Subroutine: PRINTD

Purpose:

Remarks:

To print submode input summaries,
PRINTD is in the DATAT overlay and does not

remain in core during TOPSEP's submode opera-

tion,
Input/Qutput:
Input/ ‘Argument /
Yariable Qutput Common Definition

CNTRL I c Initial values of all
possible controls,

CNVRTU I c Conversion constants from
input units to intermal
units for selected controls,

DFMAX I c Maximum increase allowed in
the cost index (F).

DP2 I C Estimated region of lin-
earity in the control
space,

EPS@N 1 R Scalar multiple for con-
trol perturbations,

GPUT I c Performance gradient in
print-out units,

GTRIAL i c One~dimensional search
coanstants,

HPUT I c Control perturbations in
printout units,

IM@DE I c TOPSEP submode designation.

INACTV i c Vector denoting which con-
trolz are active, on
bounds, or within bound
tolerance regions,

INSG I c Flag set to 1 when § and G

are input through namelist
{nominally 0).
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PRINID-2

Argument / .
Variable Dutput Common Definition

IWATE T G Flag designating the
desired control weighting
scheme,

JHMAX I c Number of mission thrust
phases.

KA I g Rumber of thrust controls
{THRUST { I, J)) chosen to
‘be elements in U.

KNTR@L I c Hollerith names for the
elements in CONTRGL,

T.BCUL I G Blank common location ef-
minimum and maximum control
bounds,

i
AR I 'C Maximum number of iterations,
i .. .
' l‘} NT 1 H ~Number of targets.
N

NU I 4 Number of controls.

PCT I Y Percentage of target error
to be removed during an
iteration,

SgUT I C Target sensitivity matrix
in printout units,

ST@L I c Test variable for determin-
ing linearly dependecnt
columns of the weighted
sensitivity matrix,

TLGW I ¢ Limit of target error index
below which optimization
only is performed.

I C Limit of target error index

TUF

above which simultaneous
targeting and optimization
is discontinued and target-
ing only is initiated.
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Input/ Argument/ .
Variable Qutput Common Definition
UWATE t/o c User input control weights.
WPRK I c Working storage.
Local Variables:
Variable Definition
KBUNT Control counter,

UL ¢ = WPRK(1))

The minimum and maximum values of the
control bounds in printout units,

Subroutines Called: None

alling Subroutines:  DATAT

Common Blocks: (BLANK), C@NST, EDIT, EPHEM, GRID, PRINT, PRINTH,
TIME, T@P1, T@P2, TRAJL, TRAJ2, WORK

1 ‘!’3
X :
Print Title Print Title Print Title
For Reference For Targeting For Grid
Trajectory And Optimization Trajectory
Generation Sub-Mode ' Generation

v

Print Targeting
And
Optimization
Data Summary

e

A

&
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Print List Of
Target Names,
Values And
Tolerances

]

Print Array Of
Thrust Control
Perturbations

|

Are Initial Conditions,
Available Power, or

Exhaust Velocity
Used As
Controls

érYes

Convert CNIRBL To
To Print~Qut
Units

i

Print KNTROL,
CNTROAL. And

The Corresponding
Perturbations

No

et
A

!
Print UWATE,
UL, and INACTV

-

< INSG = 1
Jr Yes

¥No .

\/

Print S@UT
And GPUT

T AT Ty A

PRINTD-4
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3.2,12 Subroutine: SIZE

Purpose: To size the control correction.
Methed: The basic procedure for sizing the control cor-

rection is as follows:

1. Compute the target error to be removed during
the current iteration. Often it is not wise
to remove all the target error in one step
due to the nonlinear relationship of the
targets to the controls.

2, Compute the control correction A U based upon
the method of projected gradients.

3. Perform a one-dimensional search in the AU
direction to determine a scaled control cor-
rection which will minimize either the t..rget
error, the cost index, or both.

Suppliementary computations include:

o Determining linear dependency among columns
of the sensitivity matrix, 5, thus averting
numerical problemns when computing the pseudo-
inverse of S.

o0 Determining which controls lie on their respec-
tive bounds and which control coryections
violate the control constraints,

o Determining the maximum allowable scale factor

for the current iteration
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Remarks:
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Steps 1 aud 2 of the control sizing procedure are
completed in the secendary overlay DELTU which is
called from SIZE. 1In addition, DELTU performs

wost of the supplementary calculations. The third
step is completed within subroutine GENMIN. Sub-
routine SIZE wonitors the overall procedure. Elabo-
ration of the third step in terms of the coded logic

follows.,

Subroutine size calls subroutine GENMIN to compute
the value of the scaling factor )’ (GAMA) which
minimizes a function P(¥) in the combined constraint
direction, Agz. and the optimization directionm, Agl,
or each direction individually depending upon the
value of NTYPE. The function P(Y) is the sum of two
functions, P1(Y) and P2(¥). P1(Y) is the net cost

index and P2(Y) is the target error index.
P(Y) = a<Ar-PL(7v) + B-P2(Y)

where

1, for optimization only or simultaneous
a = targeting and optimization,
0, for targeting only

1, for targeting only or simultaneous
g'= targeting and optimization,
0, for optimization only

A = Weighting of the net cost index {(¢SCALE)
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GEMMIN evaluates P(7Y) for different values of ¥
so that e polynomial approximation of the function
cun he wade,  Onee the polynowlsl 18 formulated
the minimizing ¥ may be computed analytically.

To reduce the number of point evaluations of

P(7), SIZE provides GENMIN with the first deriva-
tive of the functiom at Y = 0. The first deriva-

tive (DP12DS) is of the form

PY(0) = gP(¥) = a-AP1Y(0) + B-P2°(0)
dv
v= 0

For the special case when only the target error is
to be minimized, the first derivative (DP2DS) is
P (0) = p27(0)

Likewise, for the case when only the net cost is

to be minimized, the first derivative (DP1D3) is
s
P(O)Y = APL (O)

The function P2(Y) to be minimized along the con-
straint direction, Auz, is the sum of the squares
of the target errors (E) divided by the target

tolerances (ETEL).

P2(v) = E'(u +vAn,) WE( +7Au,)
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where
2
1 0
ETGL(1)
2
. 1
W= ETOL(2)
2
0 1
ETHL(NT)

The first derivative evaluated at v = 0 is

simply
’ T
P2°(0) = 2" (u) S Ay,
where § 1is the target sensitivity matrix (-6-—'—5).
The function P1{(7) to be winimized along the

optimization direction Ay, is defined

A

k3 0 14
P1(7Y) =F(_q+yé.gl) - F (u) +

-1
¢ (u) [ -s(ss’)

E (u+y ﬁ.gl):l
\ 4

B
-
where A represents the change in performance pro~

duced by a step of length v aleng (_}3_,1_1 and B

represents the linearized spprogimation to change
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in performance required to eliminate the target
error preducgd bv a step of length 7y along

A Yy F is the cost index (negative of the

3F
ag)'

The first derivative evaluated at Y =0 is then

S/C mass) and G is the cost gradient (

P70 =g W Ay, '

The functions P‘(0), P17(0), and P27(0) are
initialized in the secondary overlay DELTU, The
point evaluations of the fumctions P(Y), Pi(7),
and P2(7) are computed in GENMIN and stored in
the vectors P1P2, Pl, and P2 respectively. The
various values of the scale factor, Y , are
stored in the vector GAMMA while the minimizing

scale factor is stored in the variable GAMA.



o,

pr—

-

T e

! | A [N SSUUREIPUNTSUUNTIVIO SPpINHEI OUEIEE S,
1 96 8 A L )
Input/Output:
_ Input/ Argument/ :
Variable Qutput Common Definition
BiG I C Large constant, 1.E20
(]

DP1DS I C Pi(0)

DP12DS I c r'(0)

DP2DS i c P2' (0)

pP2 1/0 c Scale on optimization cor-
rection,

GAMA 0 C Scale factor providing the
best control change.

GAMMA 0 c Vector of control change scale
factors for the trial trajec-
tories.

GMAX 0 C Largest allowed scale factor,

GTRIAL 1/0 C One-dimensional search
constants,

INACTV 1/0 C Vector denoting which con-
trols are active (1), on bounds
(0), or within bound telerances.

INSG I/0 C Flag set when 8§ and G are
input through namelist,

ITERAT I c Iteration counter,

KGMAX I Y Index on controel which will
reach a bound if GMAX scales Au,

LECUL 1 c Blank common legation for the
control bounds, -

MIN 0 C Index of minimizing scale
factor in GAMMA.

NTYPE ¢] C

Flag specifying the type of
control correction,
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Input/ Argument/
Variable Output Common Definition

NU I c Number of controls.

Pl 0 C Vector of net cost values
corresponding to the scale
factors in GAMMA,

PLlP2 0 c Vector of combiuad net cost
and target error index values
corresponding to the scale
factors in GAMMA,

P2 G c Vector of target error index
values corresponding to the
scale factors in GAMMA.

U 1 C Control wvector.

UL1MIT I C Contrel bounds.

Local Variables:

Variable

Definition

P1lEST

Pl2EST

P2EST

UNEW

Subroutinesg Called:

Calling Subroutines:

Commun Blocks:

Vector containing the estimates of
PI1( &) for the trial trajectories.

Vector containing the estimates of
P(¥ ) for the trial trajectories,

Vector containing the estimates of
P2( 8" ) for the trial trajectories,.

Updated control vector used to compute

INACTV.

C#PY, DELTU, GENMIN, STEP

PGM

(BLANK), C@NST, EDIT, T¢Pl, T@P2, WERK, SIZE®

o el Ao+ - g bbb i o b P e e < 2
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‘ SIZE ,

:

DELTU

Compute the
Control Correction
u

!

NTYPE

)

i’u

GENMIN

Find GAMA To
Minimize Pl

GENMIN

Find GAMA To
Minimize P1P2

v

STZE-8

GENMIN

Fiad GAMA
Minimize

To

P2

¥

GMAX = GAMA

1b‘\LiNo
\ /

‘LYQS

' . A\\ No
INACTV (KGMAX)=-1
(Ly_f
©s

ITERAT = ITERAT -1
INSG = 1

=

Determing Which
Controls Are Now
On Bounds Or In
The Tolerance Region

-

1.




Pages 159 through 165 have been deleted.
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3,2,13 Subroutine: STEP (U@LD, SCALE, DELU, WU, UNEW)

Purpose? To update the control vector,
Method: The new control vector is updated by the follow-

ing algorithm:

UNEW (I) = U@LD (I) + SCALE * DELU (1)

Input/OQutput:
‘ Input/ Argument/
Variable Qutput Common Definition
DELU X A Control correction vector.
NU I A Number of controls.,
SCALE I A Scale on control correction.
UNREW 0 A Updated control vector.
_U@LD I A Previous control vector.
Local Variables: None

Subroutines Called: None

Calling Subroutines: GRID, PGH

Common Blocks: None




3.2.14A Subroutine:

furpose:

Method:

167 STEST-1

STEST (WS, NT, NU, ST@L, CI;QTC, CMAG, LDEP,

NDEP) ]

To compute the inner products between columns

of the weighted sensitivitv matrix in order to
determine linearly dependent control sensitiv-
ities,

The normalized inner products between columns

of the weighted sensitivity matrix arr .omputed
and stored in the CD@TC arrav. These values are
then tested to determine whether thev fall within
some tolerance (STPL) of unity. The control
sensitivity vectors, whose inner products do

fall within this tolerance region, are considered
to be linearly dependent and at least one of the
associated controls will be dropped from the
control vector during the concurrent iteration.
For example, if 8§, und §j represent two columns

i

of the weighted sensitivity matrix and

l 2 l £ sl
* “,;
j

then §. and _S__j are censidered linearly dedpendent.
Whether the w and !ﬁ component is dropped from
the control vector depends upen the other column

vector imner products, If éj and §k are also
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linearly dependent then control u, will be dropped

3
since this measure will allew mcce controls to
remain active. The fact that a tolerance region
is uged to test linear dependency does permit §i
and.§k to remain linearly indepeﬁdent although both
vectors are linearly dependent with §j. it §i and §j
are the only linearly dependent vectors the control
with the lower index is arbitrarily dropped.

Remarks: STEST is called only once per iteration and only

when considering coatrols in the weilighted space,

are considered linearly
dependent.

Input/Output:
. Input/ Argument/
- Variable Output Common Definition
CDPTC o A Array of normalized inmer
products; CDBTIC (I, J) is
the inner product between
" the I and J columns of WS,
CMAG 0 A ) Magnitude of the semsitivity
column vectors.
LDEP . 0 - A Vector of flags nominally
° zero but set to 1 to denote
which controls should be
dropped.
NDEP 0 A Number of dropped controls. §
NT I A Number of targets. :
NU I A Number of controls. ﬁ
STPL I A Minimum difference allowed :
between normalized inner E
) : products of the control 2
L . . ¢ sensitivity vectors and i
o = : unity before the vectors g
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STEST-3
!‘ L]
. Input/ Argument/
Variabie Qutput Common Definition
WS I A Wéighted sensitivity matrix.
Tocal Variables:
Variable Definition
MATRIX Integer array the same dimensions as
CDOTC whose components are nominally
zero but set to 1 when {1-CD@TC i’<
STYL) I
MRC NU X 2 array; the first column repre-
. sents the sum of the elemen®s across
the rows of MATRIX; the second column
represents the sum of elements down
the columns of MATRIX.
HRCSUM NU X 1 vector whose elements represent
the sum across the rows of MRC.
o ‘o
L ITEST Index of the largest element of MRCSUM.
Subroutines Called: ZERGM
Cailing Subroutines: SIZE h
-Common Blocks: Hone




i
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T Logic flow:

£,

DNI=1, NW; J=1, 1

Compute the Normalized

Inner Product CDPTC (I,J)
Between the

Columns I and J of WS

M—< 1-CDOTC (I, J) < STYL >

YeiL

MATRIX (I,J) =1

B!
A4

Sum the Elements Across The
7th Row of MATRIX and
Store in MRC (I,1)

i

Sum the Elements Down The
Ith Column of MATRIX and
Store in MRC (I,2)

L

DO I =1, NU; J=1, NU

Sum the Elements Across The
Ith Row of MRC and
Store in MRCSUM (I)

&

STEST~4&
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Set TTEST to the
Largest Element of
MRCSUM, Set K to
Appropriate Index

I
TTEST >
l> 0

Zero Qut the Kth
Column and KD Row of
MATRIX and set
LDEP(K) = 1

i

Set NDEP Equal To The
Number of Elements of
LDEP which are 1




3.2.148 Subroutine:

171-B STMTAR-1

STMTAR (1IT)

Purpose: To compute the targeting sensitivity matriz from
the 7wugmented state transition matrix.
Method : The methnd of computing the sensitivity matrix, S,
from the partitions of the augmented STMs, ¢ and
6, is described in Reference 1, Section 9.7,
page 140.
Remarks: During each iteration the reference trajectory (i.e.
the trajectory defined by the S$TRAJ variables in
the zeroth iterate and the "best'" trial trajectory
in each subsequent iteration) must be integrated
to compute @, 8, and S, If a portion of this refer-
ence trajectory remains constént throughout the
iterative process, it715 integrated during the
zeroth iterate only.
Input/Output:
Input/ Argument/
Variable Qutput Commen Definition
CA 0 C Closest approach computed in BPLANE
E 0 c Target error vector
ETA(=STATR(1,2)) O C Sensitivity of targets to changes
' in final state
F 4] C Cost index (negative of payload)
1JH I C Array of flags indicating active
controls
IPRINT o c Trajectory print flag
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Input/ Argument./

STMTAR-2

Definition

Variable Output Common
iT I A
X 1 C
LISTAR 1 C
LG 1 c
LOCRFM I C
LOCTS 1 C
LOCXR I C
MPRINT I C
NPRI I H
NT I C
NTNP 0 c
NTP I C
NTPH I C
NTPHAS I C
NU I C
PHI 0 C
RCA 0 I
] o C
SCMASS 1 C

Flag indicating integration of
the fixed trajactory are (-1) or
intopgral lan nl 5THMe (1)

Number of active thrust controls

Array of flags indicating select-
ed targets

Blank common location of final
5/C mass

Blank cogmon location of the S/C

masses evaluated at event times

Blank common location of event
times

Blank common location of the S/C
states evaluated at event times

TOPSEP print flags

Primary body designation

Nunber of ~argets

Vector of primary body designa-
tions associated with trajectory
evemt times

The target body code

Vector of control phase numbers
associated with event times

Thrust phase counter
Number of controls
State transition matrix (6x6)

Target planmet encounter radius
computed in TRAJ

Targeting sensitivity matrix

S$/C mass at trajectory start time



trajectory

171-D STMTAR-3
Input/ Argument/

Variable OQutput Common Definition

STATEQ I c 8/C state at trajectory start
time

STATR I c Array of initial states corres-
ponding to the reference and
each trial trajectory

TARGET 0 c Desired tavget values

TARNGM 0 C Target values evaluated for the
reference trajectory

TCA 0 C Time of closest approach computed
in BPLANE

TEND I C Trajectory end time

THETA 0 c Sensitivity of final state to
changes in thrust controls

gkt 1 c Time conversion constant (days
to seconds)

TRCA 0 C Time at closest approach computed
in TRAJ

TSI 0 c Time at S0I computed in BPLANE

TS@L 0 C Time at SOI computed in TRAJ

TSTART I C Trajectoury start time

TUG 1/0 c Logical flag indicating injection
computations if TRUE

Lecal Variables:
Variable Definition
NPRIC , Primary body designation at time TSTART for the refer-
ence trajectoxy
REFMO S/C initial mass at time TSTART for the reference
trajectory
REFXO S/C 1iaitial state at time TSTART for the reference
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Subroutines Called: CUPY, DTDUO, ECGMP, MATGUT, MMAR, MUNPAK, PRINT3,
SUB, TCOMP, THCOMP, TREK, TUGINJ, VECMAG

Calling Subroutine: PGEM

Common Blocks: (Blank), CONST, TASTM, TARGET, TIME TGPI, TOPZ,
TRAJ1, TRAJ2, TUG |
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‘ STMTAR ’

TUGTNg

Generate tug
injection data

" TREK

Integrate reference
trajectory to first
active thrust con-
trol phase

¥

THCEMP

Integrate reference tra-
jectory from the first
active control phase to
the end time and gemerate

# and 8.

ECOMP

Compute ETA °
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TCEMP

Compute TARNOM

¥

PRINT 3

Print termination
summary

g

DTDUO

Compute the partition
of S5 associated with
initial condition
controls

F:N

RETURN

STMTAR~6



-3.,2.15 Subroutine:

Purpese!

Method:

Eemarks:

172 _ TEST-1

TEST

To test for convergence and to determine whether
the next control Ehange will be a targeting
and/o; oﬁtimization correction,

The determination of the type of éontrol correc=
tion is based upon the size of the error index

(EMAG). The value of EMAG is compared to user

-dnput limits which direct the calculation of

the next control change to be either a constraint
correction, a performance correction, or simulta-
neous cohstraint and performance corrections,

The iteration process is comsidered convérged

and the run is terminated when the performance
index is maximized,

A summary of the control correction decision

process i1s given in the following table.

1F THEN
EMAG 7 TUP TARGETING
TLEW £ EMAG £ TUP TARGETING AND OPTIMIZATION
EMAG < TLEW OPTIMIZATION

Search Dirvection Options
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The input limits TUP, TLG¢W, and GPTEND allow the
user flexibility in determining the type of target-
ing and optimization strategy. For example, the
user may concentrate vn targeting exclusively by
setting TUP = TLGW = 1, and @PTEND = 0. When the
trajectory is targeted the run will terminate

without optimizing.

The angle (8) between G and Ay, is used to test
convergence in subroutine TEST. Optimization is
considered complete when

cos 8 = G "AYy
|G} *Ay,]

approaches 0 (when & approaches 90 deg) and when;
EMAG < TL@W. The user may override this conver=-
gence requirement by specifying UPTEND. When
@PTEND £ @ < 90 and EMAG < TL@W the rum is termi~
nated, Figure 3-1 illustrates the convergence

process.
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| e N k Zero Error Contour
Unconstrained o) —— Constant Error Contours
S;Maximum T, Constrained Maximum
AN Constant Cost
% / Contours
\
!
Ur
Figure 3-1 Geometric Interpretation of Convergence
Input/Output:
Input/ Argument/
Variable Output Common Definition
CTHETA I c Cosine of the convergence
test angle,& . As opti-
mization process converges,
© approaches 90 degrees and
CTHETA approaches O .
EMAG i C Quadratic error index,
ITERAT I C Current iteration number.
KENVRJT 0 c Convergence flag,
= -1, maximum iteration
number reached
= 0, iteration in process
= 1, convergence
MMAX I c Meximum number of itera-

tions allowed.
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174 TEST~4
Input/ Argument/
Variable Cutput Common Definition

NTYPE 0 c Flag designating type of
next control correction,
= =1, optimization only
= 0, targeting and opti~

mization
= 1, targeting only

JPTEND I c User specified convergence
tolerance on optimization
process {(e.g., CTHETA £
@¢PTEND indicates convergence),

TLGY I c Upper limit of EMAG for
which optimization only is
per formed.

TUP I H Lower limit of EMAG for
which targeting only is
performed.

Local Variables: None
Subroutines Called:  None
Calling Subroutipes: PGM

Common,_Blocks:

Logic Flow:

EDIT, T@Pl, T@P2

None



3.2.16

Purpose:

Method:

175 . TRER-1

Subroutine: TREK (IT, ROUNT)

To organize calls to the trajectory propagator
and to evaluate target conditions,

The trajectory propagatbr, TRAJ, performs two

~basic functions for TOPSEP: 1) trajectory

integration from some specified starting time
(TREF) to the stopping condition denoted by
ISTPP, and 2) trajectory integration from the
starting time to an event time (TEVNT). 1In

the latter case TRAJ may be recalled and tra-

_jectory integration continued from the current

event time to the next event time without
requiring initialization of the trajectory

routines and parameters. These capabilities

‘are utilized in TOPSEP's submodes in different

ways. For the simple trajectory propagation
submode, TRAJ is required to integrate from

the start time to the termination time. However,
the targeting and grid submodes require that
TRA& return to TREK at certain phase times s0
that the s/c mass and state may be stored in
blank common, This requirament is necessary
only for the reference apd trial trajectory

when elements of THRUST(I, J) are used as con-

trols. When TREK is called to set. up grid
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trajectories and perturbed trajectories the
appropriate mass and state are selected from
blank common. TRAJ then integrates the trajec~
tory from the beginning of the associated thrust
phase to the terminal time thus avoiding the
duplication of known trajectory segments, When
elements of THRUST(I, J) are not used as con-
trols, however, TRAJ integrates from the start
time (TSTART) to the terminal time. TRAJ
returns the s/c terminal state, and mass and

the final time upon complétion of the trajes-
tory integration. To compute additional termi-
nation data or to compute target parameters such
as BDT and BDR or orbital elements, subroutine
BPIANE must be called. Subroutine TC@MPL is then
called to select and to store the appropriate

target parameters in the vector TARPAR.

The flag returned from TRAJ which directs further
computation of termination data is KUT@FF. The
following table provides a summary of the KUT@FF

options.
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TREK-3

Computed G@ TO

bmiomeny

Actual Stopping Requested Stopping Statement

KUT@FE Condition I1STYP Condition Number

1 Final Time 1 Final Time 400

2 Final Time 2 Encounter 100

3 Final Time 3 561 100

4 Final Time 4 Stopping Radius 100

5 Encounter 2 Encounter 200

6 Encounter 3 SpI 200

7 S¢1 3 S@T 300

8 Stopping Radius & Stopping Radius 400

g Event Time HA Event Time 700
Input/Output:

Input/ Argument/
Variable Output Common Definition

BIG 1 c Constant equal to 1.,E20

CA I C Closest approach.

ECC I H Eccentricity of orbit rela-
tive to the target planet
at the actual stopping condi-
-tion.

ICALL | 0 c Trajectory initialization
flag.

. IMgDE I c TOPSEP submode designation.

INTEG 0 G Flag indicating which equa-
tions are to be integrated
in TRAJ. ’

IPRINT 0] Trajectory print f£lag.
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Input/ Argument/

Variable Qutput Common Definition

T I 4 Flag indicating type of in-
itialization preceding the
call to TRATJ.

ITP 0 cC Index of the target planet in
the NB array (bodies included
in the trajectory integratiom).

KMAX I C Number of thrust controls
(THRUST (I, J)) chosen to be
elements of u.

KYUNT I A Index on control.

KUT@FF 0 c Termination flag.

L@CM 0 C Blank common location of final
S/C mass.

LYCRFM 1 c Rlank common location of the
S /C masses evaluated at event
times for the reference and
all trial trajectories in a
single iteration.

LECTS I c Blank common location of event
times for the reference and all
trial trajectories in a single
iteration.

LGCXR I c Blank common location of the
6-common state vectors asso-
ciated with the event times of
the reference and all the trial
trajectories of a single itera-
tion. )

MEVENT 0 c Flag designating trajectory
propagation to event times.

MPRINT I c Submode print option flags,

NPRI o H Primary body designatioun.

0 C Vector of primary bodies asso-

NTNP

ciated with the event times of
the reference and a2ll trial
trajectories in a single itera-
tion,
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Input/  Argument/

Variable Qutput Common Definition

NTP I c The target body code
(NB (TTB)).

NTPH I # Vector of control phase num-
bers essociated with the event
times of the reference and all
trial trajectories in a single
iteration.

NTPHAS 0 c Thrust phase counter.

NTR I c Trial trajectory counter.

NU I C Number of controls.

RCA 0 c Target planet encounter radius.

SCMASS 1/0 C S/C mass at the trajectory
start time.

SMA 0 c Semi-major axis of the approach
orbit relative to the target
planet.

STATEQ 1/0 c S/C state at trajectory start
time.

STERE 1/0 c Blank common variables,

TARPAR o C . Target values of the most recent-
ly generated trajectory.

TCA 0 C Osculating time of closest
approach.

TEVNT 0 c Event time to 2 monitored by
TRAT.

™ . I c Number of seconds in a day.

TRCA 0 ¢ Time of closest approach deter-
mined by TRAJ if KUTGFF equals
5 or 6, otherwise set to TCA.

TREF 0 C Reference time used by TRAJ to

begin trajectory propagation.
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Input/ Argument/

TREK-6

Definition

Variable Qutput Common
TSPL 0 C
TSTART I C
TSTEP 0 C
UREL 0 c
UREIM ] C
UTRUE 0 C
VCA 0 C
VRETM 0 C
VTRUE 0 c
BDR 0 c
BDR 0 C
TASTM I c

Time at sphere of influence
determined by TRAJ if KUT@FF
equals 7, otherwise set to
TSI, :

The reference trajectory
start time.

The actual trajectory termina-
tion time.

Array containing the positiom
components of the S/C relative
to the bodies flagged in the
NB array.

Vector containing the magni-
tude of the position com-
ponents of the 8/C relative
to the bedies flagged in the
NB array.

S/C position components rela-
tive to tne primary body.

Osculating velocity at closest
approach,

Vector containing the magnitudes
of the velocity components of
the §/C relative to the bodies
flageged in the NB array.

S/C velocity components rela-
tive to the primary body.

Osculating B-plane element
orthogonal to the eeliptic
plane.

Osculating B-plane element in
the ecliptic plane.

Flag designating the method of
computing the target sensitivity
matrix.
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Input/ Argument/

Variable Qutput Common Definition

TISTAR I c Array of indices identifying
selected target variables.

NT 1 C Number of target variables.

T8I 0 c Time of sphere of influence
crossing based upon osculat-
ing B-plane conditions,

TUG 0 c Logical flag determining
whether injection conditions
should be calculated.

VHP 0 c Hyperbolic excess velocity.

VREL I c Array containing the velocity

Local Variables

comporents of the 5/C rela-
tive to the bodies flagged in
the NB srray.

Variable Pefinition

JuMp Index on the thrust controls (THRUST
(I, J)) chosen to be elements of u.

MISS Flag set to 1 if osculating elements
are calculated outside the target
planet's sphere of influence,

NPRIO Primary body at time TSTART for the
reference trajectory.

NTPHC Thrust control phase number at time
TSTART for the reference trajectory.

REFMO 8/C initial mass at time TSTART for
the reference trajectory.

REFX0 §/C initial state at time TSTART for

Subroutines Called:

Calling Subroutines:

Comnmon Blocks:

the reference trajectory.

BPLANE, CUPY, VECMAG, TUGINJF, PRINT3, TCOMP1
FEGS, STMTAR |

(BLANK), CUNST, EDIT, EPHEM, GRID, PRINTH, TARGET,
TIME, T¢PL, T@P2, TRAJ1, TRAF2, WORK, TASTM, TUG



:‘\L/‘}

Page 182 has been deleted,



Logic Flow:

183

Compute NPRIO, NTPHO,
REFX0, and REFMO

!

Default Trajectory
Parameters: ICALL,
INTEG, MEVENT to
Integrate A Reference
Trajectory (ICALL = 1)

TREK-9
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Generate A Reference
Trajectory For The Yes

t

TREK=-1{)

First Iteération In The
Targeting Submode? }j’

ro

<KMAX=NU>N°

res

Set Trial Trajectory
Parameters:

TREF, NPRI, NTPHAS, STATEO,
and SCMASS to The Proper
Values Corresponding To The
Phase Time In Which The First
Control Is Implemented

i

< soue > } Yes
lﬂo

Set The Event Time TEVNT
To The Value Of The Phase
Time Stored In Rlank Common
Corresponding Ta U(JUMP)

v

TEVNT = BIG

=
®

i
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185

Yes

TREK~11

< KAUNT > KMAX \/,\

Sl;qo

8ot Grid Trajectory Parameters
TREF, NPRI, NTPHAS, STATEOQ, and
SCMASS To The Values Corresponding
To The Beginning Fhase Time In
Which The Control U(KOUNT)
Is Implemented

KMAX % 0 And

No

KOUNT £ KMAX —J///

Yes

Y

Set Perturbed Trajectory
TREF, NPRI, NTPHAS, STATEO,
and SCMASS To The Values
Corresponding To The Beginning
Phase Time In Which The Control

U(K@UNT) Is Implemented

i

TREF = TSTART

N
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TRA L

Integrate the Trajectory

from Time TREF to the Time

Specified by KUTFF

No

TREK-12

Store Mass and State
of 8/C at TEVNT in
Blank Common and Store

NPRI in NTNP

BPLANE

Compute Osculating
Conic Data

Termination Data
Estimated from
Osculating Conic
Calculations

Appropriate Parameters
Set According to
Termination Computationg
in TRAJ
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TCOMPL

Determine The Target
Parameter Values

Reset NPRI, NTPHAS, STATEO,
And SCMASS To The Values
Stored In NPRIO, NTPHO,
REFX0, And REFMO

TREK-13



3,2.17 Subroutine:

Entry Points:

Purpose;

Method:

188

WEIGHT (DU1, DU2, DU, SINV, WG, WS,

URWATE

WEIGHT-1

WU, NUD, NTD)

To perform the appropriate control and target

space transformations by weighting and unweight-

ing the controls, gradients, semsitivities, and

targets.

Several different weighting algorithms have been

devised to transform the control and target

spaces in order to facilitate targeting and

optimization. The weights are applied to

"condition" the effects of selected controls

when targeting and optimizing. The weighting

algorithms are as follows:

1. 'User input weighting

1

WU () = Rt

2, TUnitized control weighting

1
JU(3) * UWATE (J) |

WU (J) =

'3, Sensitivity weighting

{ s(x, J)
WU (1) = MAX IUIJATE(J)

sy

.
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4. Combined sensitivity, target error, and
control weighting

NT
_ S (1, J) * ETR (I. 1}
W (J) "Z U (3} ¥ UWATE(J)
1=1

5. ‘Target gradient weighting

NT
2 z : 5 (1, J) * ETR (I, 1)
I=1

gz (1) =
w N = lez (|
J et g2

6. Avereged gradient and control weighting

1

(10 * V(1) * m«m'r&:(.r) + Gz(J) )

WU (J
@ = WATE (3) * U(3)* +szz )

Remarks: This routine is used to weight controls and
targets before the control correction is cal-
culated and to unweight the same variables and
certain additional parameters before the trial
trajectories are made,

Input/Qutput:

, Input/ Argument /
Variable Qutput Conmon Definition
DPSL I c Tayget error to be removed
) . during current iteration.
N '
Sl A - :
ij' DU 1/0 A Total control correction,
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L
) Toput/ Argument/ :
Variable Quiput Common Definition
DUL 1/0 . A, Performance correction,
DU2 1/0 A Constraint correction.
ETPL I ¢ - Target tolerances.
ETR I c Array of trial trajectory
) eYTOTS.
G L G . Performance gradient.
TWATE S C Flag specifying type of
. weighting.
1, User input weighting
2, Unitized control
weighting '
dg'wl) ) 3, Sensitivity weighting
| - . ) - e
’ 4, Combined sensitivity,
target error, and
control weighting
5, Target gradient weight-
ing
6, Averaged gradient and
control weighting
IWATE I c Flag specifying target
weighting.
NT I G Rumber ofAtargets.
NID - I A Integer variable used to
‘ ) : dimension arrays in the
argument list (number of
targets).
NU I H  Number of comntrols.
. NUD . I A Integer variable used to

dimension arrays in the
argument list,
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WEIGHT~4
_ Input/ Argument/
Variable Output Common Definition
5 T c The sensitivity of targets
to changes in controls.
SINV 1/0 A Pseudo inverse of the
: sensitivity matrix.
U 1/0 c The control wvector,
UWATE I G User input weights on
controls (used in each
. weighting algorithm).
(e ¢ A Weighted performance
gradient,
WORK I c Temporary working storage.
WS 0 A Weighted sensitivity matrix,
WU I A Control weighting vector,

Local Variables:

Variable Definition
G2 Target gradient.
G2MAG Magnitude of the target gradient;
ST@PRE Temporary storage location.

Subroutines Called:

Calling Subroutines:

Common Blocks:

Logic Flow:

SIZE

AMAXL, MMATB

EDIT, T@Pl, TPP2, WHRK

v m————



PN

< 1
JWATE

!

-

Logic Tlow: WEIGHT-5
Calculate
Target
Gradient
G2
(¢ J = 1, NO) _
X
<
; o,
1 2 3 l: j: 6
; Y ——
Calculate Calculate Calculate Calculate Calculate Caleculate
WU(J) by WU (J) by WU{J) by WU(J) by WU (J) by Wu(J3) by
" User Input Sensitiv-~ Combined Target Averaged Unitized
Scheme ity Sensitiv- Gradient radient Control
Weighting ity Scheme and Scheme
Schemes Error and Control
Control 1 Scheme
Scheme
4 WL J" 3 i’ ‘L
r
U = U{J) * Wu(J)
WG = GQ/MUWD)
WS(I,J) = S(I,J)/wu(J), I =1, NT
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‘I Weight Targets: (I=1,NT; J=1, NU)
WS(I,J) = WS(I,J)/ETBL(I)

DPSI(I) = DPSI(I)/ETﬁL(I)

UNWATE
g J =1, NU
A Ry
DUL (I} = DUL(J)/WU(I)
DU2 (J) = DU2 (J)/WU{J)
A DUT) = DUJI)/WU(I)
u{I) = U(J)/Wu(T)
SINV(J,I) = SINV(J,I)/WU(J),I=1,NT

v

0
4 <:: TWATE ::>
1
. 4
SINV(J,L)=SIN (J,1)/ETOL(I),
I=1,NT
WS (T,J)=WS (I, J)*ETPL (),
I=1,NT
< Y.
<::; TWATE ::> 0

]
DPST (I)=DPST (I)*ET@L (L),

I=1,NT

4

X7

RETURN

WEIGHT-6
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3.3 Program:
Purpose:

Ingut!ﬂutgut:

Local Variables:

Subroutines Called:

Calling Subroutines:

Common Blocks:

194

GPDSEP=1.

G@DSEP

Executive control for errcor analysis.

Inputs are all trajectory data provided by
DATAM. Outputs. are all error analysis data.
None

BLKDTG, C{¥PY, CGVP, DUMP, MASSIG, MATQUT,
SCHED, SETEVN, SETGUI, STMGEN

MAPSEP

WOR®, (BLANK), DIMENS, EDIT, ENCPW, LABEL,

L@YCATE, L@YGIC, SCHEDI, SCHEDR, TRAJ1, TRAJ2
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Logic Flow:

G@DSEP

@GVERIAY DATA

Set default
values; read and
transform input

y

' 2
vhanuﬁg—-u<::;_ISTM? 1 :::}

& Yes
STMCGEN

Generate STH ‘ 3
file

Previous trajectory time

{(TPAST) set from STM file
time unless PD@GT = ,TRUE,
: . then TPAST cet from

previous scheduled time

#100

v
SCHED
Determine next

event time and
code

<r

l?
MESEVN < O Yes “
(Is next event nast 3
final time?)
-l No

CovP

Propagate knowledge
fand control covariance
to event time

<

&




Yes

196~A

?
MESEVN < 10
{Is this an event
rather than meas?)

No

L4

JVERIAY MEAS

Process
Measurement

SETEVN

Perform all necessary
computations and print
for eigenvector, thrust,
propagation and
prediction events

o

?
MESEVN = &

(Guidance event?)

l' Yes

SETGUL

Process guidance
event

G@DSEP-3
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3.3.0 Subroutine:?

Purpose:

Method:

Input/Output:

AST@BS -1

AST@BS (HECP, HECE, TCURR, HMAT)

To compute the obserivation partials for astrs .

nomical observations of the target body.

See Volume T, Analytic Manual, Section 6.3.

Input/ Argument /

Variable Qutput Common Definition

HECP I A Heliocentric ecliptic
coordinates of the
ephemeris body.

HECE I A Heliocentric ecliptic
coordinates of the earth.

TCURR I A Current trajectory time.

BEMAT o A Observation matrix.

GHEZERG I c Greernwich hour angle

' evaluated at launch

{TINCH) .

@MEGAG I C Rotational rate of the
earth.

STALYC 1 c Tracking Station/
Observatory locations.

ECEQ I C Ecliptic to equational

Local Variables:

Variables

transformation matrix.

Definition

GRILYN

GEQSTA

GECSTA

RHGEC

Greenwich hour angle at
TCURR.

Geocentric equatorial co-
ordinates of the observatory.

Geocentric ecliptic coordi-
nates of the observatory.

Topocentric ecliptic posi-
tion of the ephemeris body.
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Local Variables:

Variables

ASTEBS -2

L)

Definition

RHPEQ

AEQ

DEQ

Topocentric equatorial
position of the ephemeris
body.

Geocentric equatorial right
ascension of the ephemeris
body.

Geocentric equatorial de-
clination of the ephemeris
body.,

Temporary storage for the
observation matrix.

Subroutines Called: CYEQEC, L¢CLST, LUDCGL, MMATZ, VEQMAG, ZER@M

Calling Subroutines: @BSERV

Common Blocks: C@NST, DIMENS, KEPCUN, MEASI, MEASR, TRKDAT, W¢RK

Lpgic Flow: None



-

"3.3.1 Subroutine:

Purpose:

-
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AUGCNV-1

AUGCNV (C@VIN. C@VHUT, IGPT)

To convert internal storage format bf the aug~
mented state covariance inform;tion from "block"
(see'Remarks) to augmented (see Remarks) form.
The augmented covariance form is assumed as
Iollows, where the individuval matrix partitions
or subblocks are defined in Input (ﬁol. I,

Usexr's Manual, Sec. 2.3):

P C¥S CXU  CXV  CXW |
cxsT s CSU  CSY  CSW
cxut  csut  wu cuv  CuW
cxvt  csvt  cuve By oy
CXW®  CSW'  CUWST VW'  PW ]

The "block'" form assumes that all active par-
titions are stored contiguously in packed form
in the following order:

P, CXS, CXU, CXV, CXW, PS, CSU, CSV, CSW, PU,

CUV, CUW, PV, CVW, PW.

COVIN and CGVPUT may share the same location.
Therefore, in order to prevent writing over
elements which have not been properly relocated
in going from block to augmented form, FW is
relocated ﬁirst, then GVW and so on ué the above-
mentioned ordering of the block form. For the

same reason, in going from augmented to block
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form the forward ordering (P, CXS, Aeté.)

sequence is followed in relocating.

Input/Quiput:
Input/ Argument/
Varisbles DOngput Common Definition
"CYVIN X ’ A Augmented covariance iﬁ
either block or augmented
form according to IGPT
cHvguT 0 A . Augmented covariance in
opposite form from COVIN,
according to IGPT
X I¢PT I : A Conversion control flag
(ifJ-) : =1, augmented to block form
=—1; block to augmented form
IQCAUG- I ‘ c " Array locating First word of
. each covgriance partition
within augmented fomm
IPCBLK 1 S + | Array locating first worqlof
each ccvarianée partition
within block form
NAUG® I c Length of augmented state
| vector
NOTH I ¢ Array of lengths of imdividual

state vector partitions

.
Ca
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-AUGCNV-3
—
‘ Local Variables: g
Variable ‘ Definition - g
ISUB Subscripts used foleocating elements E
JSUB ’ Vai‘: LGCAUG and LGCBLK
NCYL Number of columns in current covariance
sub-block
NRGW ‘Number of rows in current covariance
sub-blbck

Subroutines Called: MPAK, MUNPAK, SYMUP

Calling Subroutines: PPAK

Common Blocks: WORK, DIMENS
Logic Flow: 'None

i
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3.3.2 Subroutine:

d

200

S

BILXDTG~1

BLEDTG

To initialize label arrays in common /LABEL/

Purpose:
by DATA statements.
Input/Qutputs
Input/ Argument/
Variable Qutput Common ' Definition
AUGLAB 0 C _ Augmented state vector
element labels
EVIAB 0 c Event labels
MEST.AB o c Measurement labels
PGLAB 0] C Control covariance parti;
tion labels
FLAB 0 c Knowledge covariance par-
‘ tirion labels
VECLAB o H Augmented state vector
partition labels
Local Variables: Hone
Subroutines Cailed: None
* alling Subroutines: G@DSEP
Commonn Blocks: LABEL
Logic Flow: HNone
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3.3.3 Subroutine:
Purpose:

Method:

Remarks:

Input/Qutput:

}ocal Variables:

Subroutines Called:

Calling Subroutines:

Common Blocks:

Logic Flow:

201
BB~ 1

BEMB '

To force abnormal termination with traceback.
BEMB computes and attempts to use the square
root of -1,0,

On CDC 6000 series computers any attempt to use
the square root of a negative number when op-
erating with real variables causes program
termination and provides a traceback to the
main program of subroutines called and the
location called from each. B@MB is called

from several places in GUDSEP and its associated
secondary overlays to indicate an unresolvable
conflict of control variables.

None

Hone

None

STMRDR, GAINF, DEFALT, DIMENS, NMLIST, $UTPTC
None

Hone
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CHRREL~1

3.3.4 Subroutine: CPRREL (PVAR, IGPTN, PUNCH, COVLAB)

Purpose:

Remarks:

Input/Output:

To compute, print, and optionaliy, punch stand-
ard deviation; and correlations coefficients
from an input covariance matrix.
Since VARSD (covariance to standard deviations
and correlation coefficients) operates strictly
on the upper triangle of a covariance matrix,
only the diagonal of PVAR need be saved outside
‘ PVAR.. The remaining lower triangle terms are

then copied into the upper triangle.

Cﬁ' lv} i Taput/ Argument/
Lo ) Variable Output Common Definition
PVAR I A Input covariance matrix,
IGPTH I A Option flag.
= 1, PVAR in covariance
form

= =1, PVAR already in
standard deviatiouns
and correlation
coefficients

PUKCH I A Logical flag indicating if
standard deviations and
correlation coefficients
are to be punched,

C@VIAB I A Array of labels to be used
for punching, if PUNCH =
~TRUE,

o F AUGLAB I R Augmented state vector
Lo iabels.
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) Tnput/ Argument/
Variable  Output Common Definition

LYCAUG T c Array locating partitions
of augmented covariance
matrix,

THCLAB I c Array locating state vector
partition labels in AUGLAB,

FAUG I. c Length of augmented state

‘ vector.

NDTM 1 c ’ Array of dimensions of
augmented state vector
partitions.

PRNCGV I c Logical array denoting
which partitions of stand-
ard deviations and correla-
tion coefficients are to be
printed,

f13 .
Q;, : Local Variables:
: Variable Definition
Pds 1 ¢ RSS position uncertainty.
VEL 1 ¢ RSS velocity uncertainty,

Subroutines Called: MPAK, VECMAG, VARSD, PRSDEV, PUNSD, PRC{RR,
. PUNCER, SYMLG, MUNPAK.

Calling Subroutines: SETEVN, GUIDE, MEASPR

Common Blocks: WORK, DIMENS, LABEL, L$GIC
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logic Flow:

MPAK

Save PVAR
Diagonal In
WORK

!

Tes /IQiPTN = -1 >
PYAR N

Standard No | PVAR
Deviation and Full .
Correlation Covariance
Coefficients

VARSD

Compute Standard
Deviation and
Correlation
Coefficiente

!

Write
L4 P#5, VEL

CPRREL~3
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in

PRNCGV

or
NDTHM

D J =1+, 5

U

0

r
N

p“e

PRNCGEV
and

PRNCOV (1) ::>
NDIM(T)

=T

% NDIM > O

PRSDEV

Write Standard
Deviation, Cor-

ficient for Ith
Diagnol Block

relation Coef- A

!

FALSE
Pel

™

o

CORREL-4

PUNSD

Punch Standard
Deviation and
Correlation Coeff

<

y;
1
'E

é%-——iilﬂ<:r NDIM(J)

#0

4

PRCHRR

Write
Correlation
Coefficients

;
<

FALSE

JTRUE

PUNCHR

~ Punch
Correlation
Coefficients

At
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Yes,

MUNPAK

SYMLY

Copy PVAR
Lower Triangle
Into Upper
Triangle

Reload PVAR h
Diagenal From
WORK




R !

Purpose:

Method:

Remarks:

CEVP-1

CgVP (T, TF, STMRD, PIN)

To propagste a covariance between two time

points.

Three options are available:

1) propagation by transition matrices read from
STM file;

2) propagation by transition matrices computed
as needéd and-not saved; or

3) propagation by integration of covariance
variational equations.

Independent of propagation method, the ocutput

of C@VP is always stored in blank common located

by the integer variable PTEMP. This és true

even for zero length propagation iﬁtervals, in

which case the input covariance is merely copied

to that location,

Additionally, when the option to read the STM
file is exercised, CUVP automatically propagates
the control covariance if control propagation is

indicated (logical variable PREPG).

When C@VP is called with both STMRD and FDGT
false (nominally for prediction events only)
tests are made to subdivide the complete'%ropaga-

tion interval into as many subintervals as necessary
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CovP~2

to guarantee that no transition matrix prop~

agation crosses a thrust phase change, sirice

that would viclate effective process noise model

assumptions.
Input/Qutput:
| Input/ Argument/
Variable Quiput Common Definition
T I A Beginning time of propa-
gation interval
TF I A End time of propagation
interval
H STHRD 1 TA Logical variable indicai-
?I J} : ing source ci transition
- matrices if transition
matric:s are to be used
=T, read transition
‘matrices from STM file
) =F, generate transition
matrices by calling
TRAJ overlay
PIN I A Input augmented covariance
DELTIM I/o c Propagation interval length
DXDKST 0 c Keplerian to cartesian

transformaticu for ephemeris

body

PR
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C@VP-3 f
Input/ Argument/ ;
Variable  Output  Common Definition :
DYNGIS I c Dynamic noise flag ;
GT 1/0 o Transformation matrix E
from thrust cone-clock i
system ko heliocentric é
ecliptic coordinates ¥
evaluated &t end of prop- é
agation interval g
GTSAVE 0 c Same transformation matrix %
as GT, but evalnated at ;
. !
beginning of propagation E
\ interval é
=y TAUGDC . I C Dynamic augmentation vector %
ICALL 0 c Initialization parameter E
for TRAY (sec. 3.3) 2
IEP 1 c Locator im UP, VP of g
elements corresponding to 2
ephemeris planet é
1
IEPHEM I C Flag indicating form of |

ephemeris elements, if any

INTEG 0 c Control parameter for TRAJ

(sec. 3.3)
ISTEP 0 c Control parameter for TRAJ
{sec. 3.5)
H £ LIST 1 C A?ray cf state vector augmen-

tation parameter numbers
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Tnput/ ‘ Argument/
Variable Output Common

CovP-4

Definition

LISTDY L c

LECFP I c

TFCTC 1 c

LED@T I C

MEVENT 0 - C

Array of dénamic parameter
numbers included in transi-
tion matrices

Location in blank common

of covariance matrix tobe
integrated when PDUT option
is selected

Location in blank common

of either trapsition matrix
or covariance matrix returned
by TRAJ (sec. JTE )} after
integration

Ordered list of parameters
expected by TRAJ (sec. 3.5 )
when covariance integration
option is selected. LPD@T
is equivalenced to IGPHL
array in common [SCHEDI/
since no guidance events are
permitted when integrating
covariance variational equa-
tions

Control flag for TRAJ (sec 3.3)
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CEVP-5
Input/ Argument./
Variable . Output Common Definition
NAUG I c ‘Length_pf tntai augmented
. state vector
NEPHEL I c Humber of ephemeris elements
augmented to state vector
NTPHAS I . C Humber of current thrust
phase
FDYT 1 c Logical flag
=T, infegrate covariance
variational equations
=F, propagate‘covariances
. by transition matrices
¢ I c Location in blank common
' of control covariance
PHI . X C Location in blank common
of transition matrix
PIJCAL I C Location ian blank common
of working storage block
as large as the augmﬁﬁted
covariance matrix
PROPG I c Logical flag, operative

only if PDGT = FALSE and

STMRD = TRUE

=T, propagate control co--
variance simultaneously

with knowledge
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CHvP-6
Iﬁput/ Argument/ .

Variable Qutput Common Definition

=F, do not;propagatelcon-
trol covariance

Q 0 c Effective process noise
matrix

SMASS 1 : C Mass of Sun,

STATEO 0 C Initial heliocentric
ecliptic S/C state for
TRAJ (sec 3.5) when ICALL =
1

TCURR I H Current trajectPry time

TEVNT 0 c Event time for propagation
{either of covariance or
transition matrix) to by
TRAJ (sec 3.3)

G I C Epoch of input control co-
variance referenced to TLNCH

™ I c Conversion factor, seconds/
day

TREF 0. c Reference time for TRAJ

' (sec 3.5)
TTHRST I c Array of thrust event times
P I e Array of n-body heliocentric

position vectors

B R

i S
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\N_JJ Input/ Argument/
Yariable Qutput Common Definition
UTRUE T c S/C heliocentric position
vector
VB I c Array of n-body heliocentric
velocity vectors
VTRUE I c §/C heliocentric velocity
vector
Local Variabies:
Variable Definition
FRSTIM Logical flag used when PDGT = TRUE
to control one-~time only initializa-
{ _J} tion of parameters four TRAJ (sec 3.5)
‘ =T, first pass through CGVP
=F, not first pass through C@VP
ILIST List of augmented dynamic parameters
Tl Start and stop times respectively
T2 for propagation subintervals as

Subroutines Called:

Common Blocks:

governed by thrust events {see
Remarks)
AMABT, CARKEP, C@PY, DYNG, LPADRC, MMAB, MMABT,
MUNPAK, FROP, STMPR, STMRDR, STMUSE, ZER@M
W@RK, (ELANK), CYNST, DIMENS, KREPCHN, L@CATE,
LYGIC, I-;EASI, PRGPI, PR@PR, SCHEDI, SCHEDR,

EPHEM, TIME, TRAJ1, TRAJZ
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CyvP

e

Vi TIPS T

4@&;prcyagation int

Ayal greater tha

1 L0

BELEYIY - 0.

#50 L

CGVP - 3

LpPY

Cory imrut
covariance to
outjut

Do £ L UmTEe
R — " —~ . . . .
. {Covuariance integration?

15

matrices from 57

STMRD = +oxlFe
{Read transitiomn

£ile?}

Yas

4

SE s

Read transition
mat:ix

!

JIELS

DELY £l {a
(ST £ile is
already positioned
witrhin tolerance?)

No
. 4

Ha R ha N
.

Compute
process noise

v
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7 :
Yo PREPG = *TRUE.
(Is control to be
propagated?)

X\

t Yes
3

PROP, COPY

Propagate con-
trol covariance

g PR{P
E Propagate know-

ledge covariance

#1000

Set up TRAJ
parameters for
trans-matrices

and events

#1100 j,

Propagate input covariance
from T to IF evaluating

at all intermediate thrust

avents to preserve effective

process mnoise model

COVP - 9
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F

]
RSP = oERIE.

{Is this first

entry into J/VP?}

1L Yes

Tnitialize
~iAJ parameters
for events and

coveriance

integration

e

Set event

tima
LRVGT

Y

LYADRU

Put covariance
in correct form
and location

!

GVERLAY Tpa:

Integrate
covariance

b

LAADRE

Return covariance
to GYDSEP form

e

1?

TiRN




3.3.6 Subroutine:

Purpose:

Method:

217
CYEQEC-1

CYEQEC (STACYL, GRDBﬁ, ECEQ, ¢MEGA, GEQSTA,
GECSTA) '

To compute ?nstantaneous ge&céntric equatorial
and geocentric ecliptic cartesian coordinates

of a point (station location) given in geocentric
efuatorial cylindrical coordinates.

Given cyiindrical coordinates X A.Z(spin radius,
longitude, z - height) instantaneous Greenwich
hour angle (G}, and sidereal rotation rate, uJ,

equatorial coordinates are

xeq = T_ cos (A+ G)

yeq =T, sin {A+ G)

By = 2 |

ieq = -~tyr_ sin (A+ l".;) = -a)yeq
}-Teq =wrs cos {A+ G) = wxeq
-ieq =0

Ecliptic position and velocity are computed
by the application of the equatorial to eecliptic

transformation axec/axe

q

ec x
9% Jox ed
yec = ec eqd . qu

z z
ec eq

b -t

b g i o g e
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CYEQEC-2
. - - -
iec ieq
$ e ___axec/axeq :}Eq
e "ol
.IngutIOutDut:
Input/ Argument/
Variable Dutput Common Definition
STACYL 1 A Station cylindrical co-
ordinate (rs, As Z)
GRLGN I A Instantaneous Greenwich
hour angle
ECEQ 1 A Equatorial to ecliptic
transformation (axec/axeq)
@MEGA 1 A Earth's sidereal rotation
rate
GEQSTA 0 A Station geocentric equa-
torial position and velocity
GECSTA 0 A Station geocentric ecliptic
position and velccify'
Subroutines Called: None
Calling Subrouﬁines: @BSERV
Common Blocks: ‘Tone
. Logic Flow: None



3.3.7 Program:
Purpose:

Remarks:

Input/Qutput:

Local Variables:

Subroutines Called:

Calling Subroutines:

Common Blocks:

Logic Flow:

DATAG-1

‘DATAG

Executive control of GPDSEP data oﬁerlay.
DATAG performs no computation;. It merely
calls three separate subroutines to break the
data overlay coding into more easily managed
blocks.

All initialization parameters for GUDSEP.
None

DEFALT, INPUTG, GUTPIG

G@DSEP

None

Hone

i

;
i
3
]
H
\
1
i
i
1
i
k
i
b
:
]
:
i
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. DEFALT-1
3.3.8 Subroutihe:  DEFALT
Purpose: To establish default values for alf error
analysis inputs.‘
Reﬁarks: ' Only tﬁose variables not having default values

defined in GUDSEP input (Vol. II, User's Manual,
Section 2.3) will be included in the following

Input/Output list.

Input/Output:
i Input/ Argument
Variables Qutput Common Definition
EPgCH I _ c Julian date of launch
( u epoch
é;;l’ GHZERY 0 c Greenwich hour angle eval-
uated at time EPGCH
IAﬁGDC _ I H Array of flags controlling
| dynamic parameter augmen-
tation for tramsition
matrices
JAUGPH .'0 C Location of ephemeris
element flags in IAUG.array
JAUGST 0 G Location of station locatiion
. parameter flags in IAUG
array |
g Location of azimuth and

IBAZEL 0

elevation angle measurement

bias flags in IAUG arréy
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Input/
Qutput

221

Argument
Common

DEFALT-2

Definition

IBDIAM

IBSTAR

IB2WAY

IB3WAY

IDMAX

IEP

IT?

O

H

Location of apparent planet
diameter measurement bias
flag in IAUG array
Iocation of star-planet
angle measurement bias
£lage in IAUG array
Location of 2-way range

and range-rate measurement

‘bias flags in IAUG array

Location of 3-way range

and range-vate measurement
bias flags in TAUG array
Maximum allowable parametér
number for any dynamic param-
eter iq TAUG array

Parameter psed to locate
ephemeris body position

‘and veloci£§ in UPR, VP,

UIREL, VREL arrays .(common

" JTRAI2/)

Same as IEP, only for tar-

.get body
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. DEFALT-3
i i \\- )
Input/ Argument
Variables Output Common Definition
LIST 0 c Array listing parameter
numbers of augmented state
vector. For first six
. ‘" locations (for basic S/C
state) LIST(I) = -I
LISTDY ‘0 Y

Igcs c c

MAZAUG o H

List of parameter numbers
of all dynamic parameters
augmented to 8/C state for
transition matrices. Dé~
fining values determined
by IAUGDC array.
Parameters locating first
word of blank common avail-
able to TRAJ (sec. 3.5 )}
default value,

=1

Maximum allowable length
of augmented state vector.
Determined by-dimansions
of LIST and AUGLAB arrays.

Defanlt walue, = 30,
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DEFALT~4

w
KJ J Input/ Argument
Variables Output Conumon Definition

MAXDIM 0 4 Array of meximm allowable
dimensions on individual
state vector partitions,
Values set are governed
by dimensions of input co-
variance matrices in sub-
routine NMLIST (sec 3.3.25).
Default values are:

(D

6, 8/C state vector

(2) = 11, solve-for parameters

(3

]

13, dynamic consider

parameters

(%) 15, measurement con-
sider parameters

(3) = 10, ignore parameters

MAXSTA 0 C Largest station number
allowed for augmenting'
2-way or 3~way range or
range-rate bias to the S/C
state vector

NPHSTM 0 c Length of augmented state

vector of dynamic parameters

used in transiticn matrices

...‘



224

DEFALT-5
Tnput/ Argument _

Variables  OQutput Common Definition

GMEGAG 0 c Earth sidereai rotation
rate default vaiue
= 6.300388099 rad/day

RAD I C Conversion factor, degrees/
radian.

TEND 1 Cc Trajectory end time in
days referenced to EPGCH
as defined in $TRAJ name-
list (Vol. II, User's
Manual, sec. 2.1)

THRUST I c Array defining thrust con-
trol policies, phase end
times and specific param-
eter values (ses common
/TRAJLS)

™ I C Conversion constant, seconds/
day

TSTART I c Trajectory start time in

- days referenced to EPGCH,

as defined in ¥TRAJ namelist

(Vol..II, Usex's Manual,

Sec, 2.1)

ke s




Local Variables:

SR RO [P | I 1 4. 4 1]
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, DEFALT~6
Tnput/ Argument
Variables Qutput Common Definition
XLAB ] C Six-character Hollerith

labels corrcesponding to
input parameters as defined
by IAUG array (see Vol. II,

User's Manual, Sec. 2.3)

Variable Definitinn

MAXPAR Maximum number of parameters available
for augmentation. Governed by dimen~-
sions of TAUG and XLAB arrays. Current
default value = 50.

TFRAC Fraction of a day the initial Julian

Subroutine Called:

Calling Subroutines:

Comnton Blocks:

Logic Flow:

date, EPPCH, is away from midnight
Greenwich Mean Time. Used in computing

GHZERG.

B@MB, LGCATE

DATAG

WERK, (ﬁLANK), CENST, DATAGI, DATAGR, DIMENS,
GUIDE, KEPCGN, LABEL, LOCATE, LOGIC, MEASI,
MEASR, PROPI, PRGPR, SCHEDI, SCHEDR, TIME,
TRKDAT, TRAJ1, TRAJ2

None
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3.3.9

Purpose:

Remarks :

Subroutine:

226

. ) . DIMENS-1

DIMENS

To define dimensions and locatioqs;of all
matrices located ;n blank common,

Blank common locations set aside by the
variables PHI, PL@CAL and PTEMP are normally

allocated the same number of words of storage

.as for a covariance matrix. There are, how-

‘ever, two exceptionms to this standard., If

thg dimensions of transition matrices to be
read from the STM file are greater than those
of the augmented covariance matrix, or if both
the transition matrices from the STM file and
the augmented covariance are smaller than 9x9
and guidance events are to be executed, The
second case requires a2 minimum 9x9 area since
thrust bias sensitivities are required for low

thrust guidance maneuver evaluations.

Since only one secondary overlay may reside in
core at any one time, all blank common locations
associated only with. secondary overlays begin at
the same address, Thersfore, LOCS {(trajectory),
H (measurement) and PGl (guidance) are set to

the same location,
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DIMENS-2
B Input/Output:
Input/ Argument/
Varjiable Qutput Common Definition
AUGLAB 0 c Hollerith labels for a2ll
parameters augmented to
state vector.
CONRD I c Logical flag indicating
if control uncertainties
read in.
4 0 c Location in blank commdn
of observation matrix.
IAUG I c Array of parameter augmen=-
tation flags.
TAUGDC 0 c Dynamic paramefer augmen-
tation flags, .
TAUGPH I c Location in IAUG array of
l ephemeris element flags.
IDMAX I c Maximum parameter number
allowed for a dynamic para-
meter in IAUG array.
IGAIN I C Integer flag for OD algo-
rithm.
1CF@RM I M Integer flag indicating }
input form of control :
uncertainty matrices. é
i
IPFORM I c Integer flag indicating :
input form of knowledge :
uncertainty matrices, i
LIST 0 c Array containing parameter E
numbers for all parameters ;
in augmented state vector. !
LISTDY 0 c Dynamic parameter augmen- ;
tation numbers. j
LBCAUG 0 C Array locating sub-blocks
;o ‘ within augmented covariance.
] P (See AUGCNV, Section 3.3.1).
LOCBLK 0 C Array locating covariance

sub-blocks within block

form (See AUGCNV, Section
7.7 1Y

3
I
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DIMENS~-3

Input/ Argument/
Varxiable Output Common Definition
LPCLAB o c Array locating state vector
‘ partitions within LIST and
AUGLAB arrays.

LECTE 0 c Location in blank common
where TRAJ (Section 3.5)
picks up covariance matrix
to be integrated.

1¥Cs o - G Location in blank common
of areas available to TRAJ
(Section 3.5).

MAKAUG I (H Maximum allowable length
of augmented state vector.

MAXDIM 1 c “Array of maximum allowable

-dimensions of individual
state vector partitions. -

NAUG 0 c Length of augmented state
vector.

RAUGSQ .0 e NAUG*NAUG.

NBLK 0 c Kumber of words occupied
by augmented covariance
stored in block form (See
AUGCNV, Section 3.3.1).

NDIM 0 c Array of current dimensions

* of individual augmented
state vector partitions.

NEPHEL 0 c Number of ephemeris elements
in augmented state vector,

NGUILD I c Rumber of guidance events
to be executed,

NEHSTM 0 G ~ Number of dynamic parameters
included in transition
matrices on STM file,

NSPLVE o] c Total number of parameters

to be solved-for by filter
(including S/C state),



-

229

DIMENS~4

Common_Blocks:

. Input/ Argument/
Variable Cutput Common Definition
P 0 c 7 Location in blank common
\ of kaowledge covariance.
PDET I c Logical flag for covariance
propagation.
=T, integrate covariance
=F, use state transition
matrices.
PG 0 C- Location in blank common
of control covariance.
PGL 0 C Location in blank common
of NAUG X NAUG storage
PG2 0 c blocks used for guidance,
PG3 0 C
el o C
PHI ‘0 c Location in blank common
of transition matrix.
PLUCAL 0 c Working locations in blank
common for intermediate
PTEME 0] C operations on covariances
and transition matrices.
PHLS 0 H Location in blank common
of weighted least squares
reference covariance.
XLAB I c Array of Hollerith labels
for all parameters available
for augmentation,
‘Local Variables: None
Subroutines Called: B@MB
Calling Subroutines: INPUT:

WPRK, (BLANK), DATAGT, DATAGR, DIMENS, LABEL,
LYCATE, LPGIC, MEASI, SCHEDI, TRAJZ2

*



DIMENS~3

Logic Flow:

Compute NEPHEL, Zero NDIM
Array. Redefine TAUG Array
To Distinguish Between
- Measurement And Dynamic

Consider Parameters

200 l’

Compute NDIM(I),
LIST(1}, AUGLAE(1),
NAUG, NAUGSQ

Y

Compute Blank Common Locators
If No Guidance, Leave No
Storage Behind PG,

If No WLS Filtering, Leave
i J j No Storage Behing PWLS

1=1,5 =1

_— / NDIM(I) = MAXDIM(I)
c <% 1s 1th Augmented State Vector
Partition Within Allowable
Dimensions?

£ !
[wr)
ol

) | l’.\lo

IPFPRM = 1, Or
CONRD = T And 1GFORM = 1

‘\\\ Yes
Have Either Knowledge Or j//f

Control Uncertainties Been Input
-+ In Unpacked Form?

lﬂo

NDTM(I)*NDIM(J) MAXDIM(I)*MAXDIM(J) v
) Does Total Length of Any Packed v
LA Covariance Sub-Block Exceed Total s
(;j{ ) . Length Allotted To It On Input?
No
N4

| sy |
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Is Total Augmented
State Vector Shorter
Than Maximum Allowable

NAUG = MAXAUG
Yes

Length?

7

i

BOMB

\iA

Terminate Processing
Input Covariances
Have Overflowed Bounds

#3800

-Arrays and NBLK

Define LGCIAB,

LYCAUG, LECBLK <t

I

. DYMENS-6




3.3,10 Subreoutine:

Purpose!

Me thod:

Remarka:

Input/Cutput:

232

~DYNG-1

DYNG (T, DT, PHIMAT)

To compute effective process noise.

See Volume I, Analytical Manual, Section 6.2,
For PDOT, DYN$ is used fo modify the thrust bias
and noise partitions of the augmented covariance
when the number of thrusters has changed (at
thrust switching events).

To change the process noise model, subroutines
DYN®, PUTPTG, and LPADFM (in TRAJ) may be
affected for PDOT, and subroutines DYN@ and
STMUSE may be affected for STM uvsage (effectiyve

process noise).

Input/ Argument/

Variable Output Common Definition

T I A Trajectory time at begin-
ning of propagation
interval (STM only)

DT T A Interval length (days).

PHIMAT I A Augmented transition
matrix over propagation
incervald

EPTAU I c Array of process noise
correlatlon times,

EPVAR 1 c Array of process noise
variances,

GT I c Transformation matrix
from magnitude, cone,
clock to eecliptic carte-
sian coordinate system
evaluated at end of prop-
agation interval,

GTSAVE x C Same as GT matrix, only

evaluated at beginning of
propagation interval
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DENP=-2
Input/ Argument/
Variable Qutput Common Definition
NAUG I c Length ¢f augmented state
vector,
NTPHAS 1 c Number of current thrust
phase,
P I C Location in blank common
of knowledge covarience,
PTEMP I c Location in blank common
of temporary covariance,
Q 0 c Effective process noise
matrix (6x6).
THRUST I c Array of thrust phase
definition parameters.
™ I c Conversion conetant;
seconds/day.
Local Variables:
Variable : Definition
NCPHAS Number of next thrust phase
@MECHV Effective velocity covariance in
magnitude, cone, clock ecoordinates.
PHISUB 6x3 sub-block of PHIMAT representing
sensitivity of position and veldeity
at end of interval to velocity at
beginning of interval,
THRSTR Ratio of operating thruster at phase
: change.
VEFF1 Effective ecliptic certesian velocity
covariance at beginning of interval.
VEFF2 Effective ecliptic cartesian velocity

covariance at end of interval.

Subroutines Salled: AMABT, LECLST, MMABAT, MPAK, MUNPAK, SCALE, SDVAR,

SYMUP, VARSD, ZER@M

Calling Subroutines: CPVP, GULDE, SETEVH

Common Blocks:

WORK, (BIANK), C@NST, DIMENS, LBCATE, L@GIC,
PR@PR, TRAJL, TRAJZ



Logic Flou:

_PPGT

\

ZERGM

Zero Qut Q
Matrix

Scale Lovariance
According to
Humber of

Operating
Thrustiers

b

THRUST

Yes

(1, NTPHAS)
A = 9,
Coast Phase?

lﬂo

Compute Velocity
Govariance At
Beginning of

Interval

v

VMABAT

‘Rotate Velority
Covariance To
Ecliptic
Coordinates

v

Compute Velocity
Covariance at End
Of Interval

T

MMABAT

Rotate Velocity
Covariance Into

Ecliptic Covar.:

e

Add To Q.

Load Terminal Veloecity Covariance
.Into G, Propagate Initial Velocity
Covariance Through Intervel And

Scale Q By Time,

N

DYNgG=-3
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EIGPRN-1
-~
L 3,3.11 Subroutine: EIGPRN (A, N, PVSUB, PZER@, VZERG)
Purpose: To compute and print eigenvectgré and eigen-
values of an, input matrix,
Remarks: Two options on computing eigenvalues and
vectors are provided. The first operates on
the complete input matrix. The second operates
on the 3x3 position and velocity sub-blocks
only, which are assumed to be the first and
second 3x3 diagonal sub-blocks, respectively.
Input/Qutput:
Input/ Argument/
Variable Qutput Common Definition
. A I A Input matrix.
. H I A Dimension of input matrix
(assumed to be square).
PVSUB I A Logical flag controlling
' computation option.
=T, operate on position
and velocity sub-~
blocks.
=F, operate on complete
matrix.
. PZER$ I A Off-diagonal amnihilation
value for complete ma~ . ix
if PVSUB = .FALSE. or for
position sub-block only
if PVSUB = .TRUE.
VZERY I A Off-diagonal annihilation

value for velocity sub-
block if PVSUB = .TRUE.
Not used if PVSUB = .FALSE,

7~
1
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(M J
‘ N - '
Local Variables:
Variable Definition
ICYCLE Cycle control flag when PVSUB =

.TRUE, indicating whether processing
position or velocity sub-block.

¢DZERG Off-diagonal annihilation value given
to EIGEWW,

VALPV Array of eigenvalues returned by
EIGENV.

VECPV ' Array of eigenvectors returned by
EIGENV,

Subroutines Called: EIGENV, MATPUT, SQRT, MPAK

Calling Subroutines: SETEVN, RELCGV

/ ' _Common Blocks: None
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Logic Flow:

JDZERG
PZERE

A4

PVSUB = .TRUE.
Operate On
Position & Velocity
Sub-Blocks Only?

J?No

EIGENV

Compute
Eigenvectors
and
Eigenvalues

!

MAT@UT

Yes

Print
Eigenvalues

!

Compute
Eigenvalue
Square Roots

!

MAT@UT

Print
Eigenvector
and

Eigenvalue
Square Roots

Ar
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ICYCLE = O

T

MPAK

Fetch 3Ix3
Position
Sub-Block

#300

EIGENV

Compute : -
Eigenvectors
And Values

!

Write
Eigenvectors
" and
Eigenvalue
Square Roots |

!

ICYCLE = 1
Velocity Terms
. Computed?

4?0

ICYCLE =
HADZERD
VZERD

v

MPAK

|
i

]

Feteh 3x3

Velocity
Sub-Block

EIGPRN-4
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d _ ‘ ESCHED-1

3.3.12 Subroutine: ESCHED (KIND, NCNT, NST@P, TIME)

Purpose: To modify event counters to gq@rantee that of
all events requested in nameii;t $GPDSEP, only
those occurring between the initial and final
times of the present error analysis are sched-

uled.

Hethod: If five events of a single type are scheduled -
according to nameliét YGPDSEP, three of which
occur before trajectory time TCURR, the remain-
ing two events are not shifted into the first
two locations for that event. Rather, the
event counter is set to 3, informing the

{ “,ﬁ scheduler that the fourth event of that type
will.be the first scheduled.

Remarks: If any guidance events are scheduled, but the
.last is not scheduled within .5 day of error
analysis final time, this subroutine automatically
sched&les an additional guidaéce event of policy
zero. This merely forces a print of all control

uncertainties at the final time.

Also, to minimize complexity of SCHED (Section
3.3.36), guidance event times .are adjusted by

the delay time in this subroutine,
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(. j
Input/OQutput:
Input/ Namelist/
Variable Output Common Definition
KIND I A ' Event code.
= 2, eigenvector
= 3, thrust
= 4, guidance
= 5, prediction
NCGNT 0 A Event counter, set equal
to number of events sched-
uled by namelist PGODSEP
which must be skipped dur-
ing execution.
HST@P 1/0 A . Total number of events of
' type KIND, including those
skipped according to NCNT.
J1 . TIME I A Array of scheduled event
(L, ' times.
EVLAB I c Array of Hollerith event
. labels,
IGPPL I G Array of guidance policy
flags.
IGREAD I G . Array of guidance namelist
. read control flags,
TCURR I C Current (and initrial) tra-
jectory time,
TCUTPF I ' C Array of guidance event
cutoff times.
X TDELAY I ) C Array of guidance event
. . : delay times.
TFINAL I G Trajectory final time.
1 TPRED2 I C Array of times predicted
; : to
i :



)

Local Variables:

Variable
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ESCHED-3

Definition

NUMBER

Subroutines Called:

Calling Subroutine:

Common Blocks:

Logic Flow:

Actual number of events of code
* KIND to be executed,
None
PUTPTG
LABEL, SCHEDI, SCHEDR

None
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3.3.13A Subroutine: ESLE (P, N)

Purpose:

Input/Output:

ESLE-1

To load equivalent station location errors

into augmented covariance matrix,

Input/ Argument/

Variable Output Common Definition

P I/0 A Augmented covariance
matrix sc¢ill in standard
deviations and correlation
coefficients.

N I A Dimension of augmented
covariance matrix,

C@RLEN 1 c Station-to-Station longi-
tude correlation coeffi-
cient.

TAUG I c Parameter augmentation
list,

TAUGST I c Location of station loca-
tion parameter flags in
IAUG array.

LIST I c List of parameters con-
tained in augmented state
vector,

NST I c Number of tracking stations,

SIGLON I C Standard deviation in sta-
tion longitude.

SIGRS I c Standard deviation in sta-
tion spin radius,

S1G2 I C Standard deviation in sta-
tion z-height.

STAL@C I c

Array cf station cylindriecal
coordinates,



local Variables:.

Variable
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ESLE-2

Definition

EQSLE

IL¢C

LYHCATE

G;,J Subroutines Called:

Calling Subroutines:

Common Blocks:

Logic Tlow:

Local array equivalenced to station
location standard deviation terms.

EQSLE (1) = SIGRS
(2) = SIGLYN
(3) = SIGZ
(4) = CORLON

Counter for number of stations whose
location uncertainties are included
in the augmented state,

Array used to locate ofif diagonal
positions where longitude correla-
tions must be loaded if more than
one station's location errors are
augmented.

None

INPUTG

WORK, DATAGI, DATAGR, DIMENS, MEASI, MEASR

None
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3,3.13F Subroutine: FBURN (SMAT, UMAX, NTARG, NCN, COHNWT, TARWT,
TECHV, GAMMA, VMAT, BURNP, LTARG, LABS, LABCHN,
VTA, NAUG, TBURN, LPZN)

Purpose: To compute the low thrust guidance matrix and

gssociated guidance paremeters.

Method: See Analytic Manual, Section 6.6 (Guidance)
Input/Output:
Input/ Argument/

Variable Qutput Common Definition

AUGLAB 1 c Vector of labels for
augmented state.

BURNP I A Mass ancd thrust accelera-
tion at guidance epoch and

. cutoff,
R CHNWT I A Control parameter weights.

ENGINE(10) 0 A Exhaust velocity.

GAMMA 0 ) Guidance matrix,

LABCHN 1 A Vector of control parameter
labels,

LABS I A Vector of printout labels.

LPAN 1 c Location in blank common
of knowledge covariance,

LTARG 1 A Vector of target lables,

NAUG I A Dimension of augmented state,

NCEN I A Number of control param:ters,

NTARG I A Number of terget parameéers.

PTEMP 1 c Location in blank common of

temporary (working) covariance,

e SMAT I A Sensitivity matrix of tsrget
‘‘‘‘‘ WRT control parsmeters, ,
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FBURN-2
Tnput/ Argument/

Variable Output Common Definition

TARWT I A Target parsmeter weights,

TBURN I A Duration ef guidance burn,

TECEV I A Target error covarisnce
before guidance.

UMAX I A Vector of maximum control
corrections allowed.

VMAT . A Variation matrix of target
WRT stete {at guidance
epoch).

VTA I A Logical fiag for variable
time of arrivel guidance.

Local Variagbles:
; Variable Definition
CGAM Guidance matrix for constrained

control parameters,

CSWATE Weighting factor for time parameters.
DCYN Sealing factor.
* GAMT Guidsnce matrix trauspose used as
. working array. : -
: LC@N Local vector of control labels
(LABC@N).
LISTC Yector of control parameter numbers

(new ordering).

LISTU Vector of control parameters numbers
(old ordering).

NCU Number of constrsined controls,
NUN Number of unconstrained controls,
STEMP Local sensitivity matrix (SMAT).
TRCﬁV Target error covariance resalting

from residual {(non-removeable) control
error.
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FBURN-3

Varisble Definition

U Centrol parameger correction matrix.
UMAXT Local vector of conErol bounds (UMAX).
UWATE Local vector of control weights (CANWT).

Subroutines Called:

Callipg Subroutine:

Common Blocks:

Logic Flow:

ADD, AMAB, AMABT, CPPY, CPPYT, GENINV, ICHPY,
IDENT, L@ADRC, MATEUT, MMABT, MMATBA, NEGMAT,
PRSDEV, SCALE, VARSD, ZER@M

GUIDE

(BLANK), CON3T, LABEL, L@CATE, TRAJ1, W@RK

( FBURN )

Initialization; copy
guidance parameters
into working arrays
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FBURN=-4

Compute Guidance Matrix (GAMMA)
and Control Uncertainties (U) for
Unconstrained Ceontrols

I

Check Each Diagomal of U Agaiast
Its Constraint (UMAEI) and Scale
If Violated

Compute Residual Target Error
: (TRCHV)

Reorder Control Set:
Unconstrained Parameters
i First, Constrained Hext

Any
Constraints
n Violated

Compute Final Guidance Matrix,
- Control Cormections, Guidance
Fuel Regulrements

tny
Constraints
Activated

Compute Residuzl State
Error and Update
Knowledge Covariance

yes




3.3.14 Subroutines

Entry Points
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FILTIR-1

¥ILTR (P, PCPN, H, R, N, NS, ¥R, GAIN, RESID,

PP)
PILTR2

To compute the orbit determination filter gain

for a measurement and update the knowledge

A genepal purpose fiitering routine (See

Analytic Manual, Sections 6.4 and 6.3) which

nominally computes the Kalman~Schmidt (KS)

gain and updates the knowledge covariance.

Alternately, via the entry point, FILTRZ, the

coﬁariance can be updated with an input gain,

Several places in FILTR computations require

the use of sub-blocks of an inmput or inter-

Wherever possible, advantage

is taken of iInternal storage formats so that

the full matrix may be accessed using only the

correct sub-%inck dimensions, eliminating

requirement for pulling out the sub~block and

storing it in an intermediate array.

Definition.

Knowledge covariance before
measurement.,

Purpose:
covariance uvsing that gain,
Method:
Remarks:
mediate matrix.
Input/Output:
Input/ Arpument/
Variable Qutput Common
P I A
H I A

Observation matrix.
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FILTR=~2
Taput/ Avgument/

Varlable Qutput Common Definition

GAIR 0 A Gailn matrix.

PP 0 A Knowledge covariznce after
measurensnt.

N I ¢ A Dimengion of asugmented
covariaace.

NR 1 A Dimension of current

k\\ : meagsurement,

NS I A Total number of varlables
and parameters baing estiw
mated by f£ilter.,

PCON I A Location in blank common of
working storage as large as
augmented covariance matyrix,

R I A Measurement white nolse
matrix, !

RESID 0 A Measurement residual matrix.

Local Variables:

Variable Definition

Hp Product of observation matrix and

input covariance matrix,

INVRES Location in common/WHRK/ of inverse

of measurement residuzl matrix.

INVRS2 Locatlon in common /WJRK/ of working

storage.

Subrountines Called: AMABT, AMATBT, CPPY, INVSQM, MMAB, MMATB, SCALE,

MTRZ



Calling Subroutines: MEAS
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Common Blocks: WORK

Logic Flow:

FILIR

FILTR-3

(RESID) = (H)*(P)*(H)~ + (R)

l

(RESID) = (H)*(P)*(H)® + (R)

(5) = (RESID)~*

|

(GAIR) = (H)*(P)*(J)

:

e

Update Knowlege Covarilance
(PP) = (1—(GAInm*(H)*(P)*(1~(GA1N)*(H))T
+ (GAIN)*(R)*(GAIN) "




Pages 247 and 248 are deleted.
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GATNF-),
3.3.15 Subroutine: GAINF (K, RDWRIT)
Purpose: To read gain matrix from or write gain matrix
to GAIN file (TAPE 4).
Tnput/Qutput:
Input/ Namelist/

Variable Output Common Defipition

® 1/0 A Gain matrix (real).

RDWRIT I A Read/write control flag
= 4HREAD, read gain matrix
= S5HWRITE, write gain

matrix.

CHEKPR (4) 1 c Logical check print flag,
operative for both read
and write modes.

¢ : = T, print gain matrix to
output
= ¥, do not print gain
matrix.,

MESEVH I c Measurement code corre-

///// o spondiag to gain matrix.

KR I G Number of columns in gain
matrix.

NSPLVE I G ~ Number of rows in gain
matrix,

Local Variables:
Variable Definition
MEV Measurement code read from GAIN file.

MEV is compared to MESEVN, the code
provided from SCHED (Section 3.3,36)
to guarantee proper meshing of gain
with its original data type,

Subroutines Called: MATPUT, BOMB
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Calling Subroutine: MEAS

Common Blocks: LEGIC, MEAST, SCHEDI
Logic Flow: None

GAINF-2



3,3.16 Subroutine:

Purposue:

Remarks:

Calling Subroutine:

251

GAINUS-1

GAINUS (X)

Ter hee replaced by uner {1 any gafn mntrix
algorithm |+ desired other than Kalman-Sehmidt,
sequential weighted least squares, or read

from GAIN file,

Users-supplied gain is expected to be an infre-
quently exercised option., The user who wishes
to incorporate his own algorithm should be
very familiar with filtering theory. Though
there are no "wrong'" algorithms, any algorithm
not carefully thought out -- and many that are -~
will generally be meaningless and harmful. The
only absolute rule is that the gain matrix has
dimensions NS@LVE by NR (common/MEASI/}.

MEAS
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GUIDE-1

Subroutine: GUIDE.

Purposa: To perform all computations and printout for the
execution of a grnidance maneuver.

Method: Both low thrust and impulsive AV guidance are
available. See Vol. I, Analytical Manual, Sec.
6.6 for details,

Input/Output:

Input/ Argument/

Variable Output Definition

AUGIAB I Hollerith label array for
all augmented parameters.

GHERPR (5) I Check print flag
=T, low thrust guidance - print,
) knowledge and control un-

certainties at end of bumn
interval and tramsition
matrix over burn interval.
AV guidance - prints eigen~
values and eigenvectors
- of AV covariance,
=F, no optional print

CUNWT 1/0 Array of control weights.

DETAY I Guidance delay time for
current maneuver,

LRDKBR I Keplerian to cartesian coord-
inate transformation for
ephemeris body at beginning of
burn interval,

DYR@EIS i Dynamic noise flag

{12 1 Velocily covariznce off-
diagonal annihilation value
for eigenvalue/vector compu-
tation.

A GT 1I/0 Transformation matrix for
k;;' ; dynamic noise computation.
- GTBURN I GT matrix evaluated at be-

ginning of burn interval,
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GUIDE~2
Input/ Argument/ ;
Variable OQutput Common ‘ Definition :
GIDLAY R C GT matrix evaluated at
beginning of guidance delay Z
period. :
GTSAVE 1/0 c Transformation matrix for ;
dynamic noise computation. ;
IEP 1 c See UREL, VREL below.
IP@L I C ] Guidance policy for current
maneuver.
IREAD I H Namelist $GEVENT read control
flag for current aneuver,
iTe . I g See UREL, VREL below.
LYCIC I c Location in blank cowmon of
transition matrix from cutoff
time to target condition time.
NAUG I c Length of augmented state vector,
NCNTG I c Number of current guidance
‘maneuver, :
NCPN I c Number of low thrust controls. f
NEPHEL I H Nimber of ephemeris elements ;
: in augmented state. !
HPHSTM I C Dimension of state transitiom é
matrix from TRAJ (Sec. 3.5 ) :
with dynamic parameters only. ;
NTP ke C Code number for target body. }
P : I = Tocation in blank cowmmon of ?
, knowledge covariznce at i
beginning of guidance delay :
periecd. :
PG S c Location in blank common of :
control covariance at beginning i
of guidance delay time., :
PGL I ¢ ) Locations in blank common
for intermediate covariances
PG2 I - c } required for guidance compu-~
' tations.
PG3 I C

. PG& I c U
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GUIDE-3
Input/ Argument/

Vsriable Output Common Definition

PHI I C Location in blank common of
transition matrix over delay
period,

PI I C Mathematical coustant, M

PLAB 1 C Arvay of knowledge covarisnce
labels.

PLECAL I c Location in blank common of
covariance-sized working storage.

PTEMP I c Same as PL@CAL.

RAD 1 C Conversion constant, degreus/
radian,

S I C Sensitivity matrix, cutoff
state w.r.t. controls.

SMAT 1/0 ¢ Sensitivity matrix, targets
WRT contruls.,

TBURN I C Burn interval duration for
curr:-nf maneuver.

TIMFTA I c Target condition evsluation
time fer fixed time of
arrival guidance,

T™ I C Conversion constant, seconds/day.

TOFF Cutoff time for current maneuver.

TN I Startup time for current
maneuver .

TSTM I Most recent STM file time point,

TSTP I ‘ Trajectory stop time from inte~
grator for B-plane or closest
approach targeting,

UREL(1, IEP) I c S/C pozition relative to ephemeris
body at target condition time.

VARDYV 1 C Array of exgcutiog error variances,

VARMAT I/0 c Variation matrix, sensitivity
of target conditions to cucdfi
state,

VREL(1,IEP) I c S/C velocity relative to

ephemeris bedy at target condition
time .
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Input/ Argument/
Variable Qutput Comnmon Definition
VRNIER 1 C Logical fiag
= T, current maneuver is
vernier.
= F, current maneuver not
vernier.
Local Variables:
Variable Definition
LABGON Array of control Hollerith labels,
CSWATE Dimensional weighting for start-up and
cutoff time controls.
DELTAV Expected velocity update for &V guidance,
Dveev Tmpulsive AV covariance
DVM Mean AV magnitude.
ETA ) Variation matrix, target conditions wrt
state at target coadition time.
GAMMA Guidance matrix
LABS Labelling array
ITARG Input parameter to ECHMP (Sec,%.6.5)
JSTHP ~ Input parameter to ECPMP (Sec.3.6.5)
LPG@FT Location in blank commpn of control
covariance at cutoif time,
LPGON Location in blank common of control
covariance at startup time,
LP@FF Location in blank common of knowledge
covariance at cutoff time.
LP@N Location in blank common of knowledge
covariance at startup time.
NTARG ‘ Number of cargets.
PHIBRN 6 x 6 state transition matrix over
burn interval.
PHITAR 6 x 6 state transition matrix f£rom

cutoff to target condition time.

)
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GUIDE-5

Variable Definition

SIGDV Standard deviation in AV,

LABTAR Array of target labels,

TARTIM Target condition evaluation time.

TEMP Hollerith prefix.

LTARG ‘ Current target label.

TRS Trace of AV covariance.

VHAT Variation matrix, target parameters
WRT state at guidance epoch.

VTA Logical flag for variable time of

Subroutines Called:

Common Blocks:

arrival low thrust XYZ guidance
{(if TRUE).

ADD, C@PY, CURREL, DYN@, ECHMP, EIGENV,
FBURHN, GENINV, ICHPY, MAT@UT, MMAB,

MMABAT, MPAK, MUNPAK, NEGMAT, PRGP, PRSDEV,
PUNC@R, RELC@V, SCALE, SUB, VARSD, VERR.

WORK, (BLANK), CONST, DIMENS, GUIDE, KEPCON,
LABEL, L$CATE, L@GIC, MEASI, PR@PR, SCHEDI,
SCHEDR, TIME, TRAJ1, TRAJ2.
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Logic flow:
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-

SCALE

Perform dimen-
sion velghting
of S matrix
time entries

v

Set LP@N, LPGON,
Punch §
matrix if
not read

!

IPPL = o
(No maneuver,
print control
uncertainties®

Jf Ne

Setup for
ECHMP and
define target
labels

!

Yes

(IREAD >2). or. (VRNIER. and.
IPGL = IGPPL(NCNTG-1)})
(Read variation matrix or use
from previous maneuver ?)

Yes

Jr No

ECGMP, PUNCAR

Compute And
punch variation
matrix

GUIDE-b6
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IREAD < 0 \
{Read namelist No
4GEVENT. 7)

JrYes

Read $GEVENT

#1900

DELAY £ 0 \
(Is delay time ) Yes

less
than zero) Jf

‘L No

Propagate
knowledge and
control to
execubtion time

:

#1000 X

Print knowledge
and control

uncertainties at
execution time

Il

IP@L =0 Yes
{No maneuver

to be
executed 7)

No

3
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f TBURN > 0. %
¢ (Impulsive }
, guidance ?) §

'LNQ

Propagate
knowledge and

i control through

CHEKPR (5) = T
{Optional print No
at cutoff
time 7) f

éfes

rint burn intervazl
transition matrix,
kunowledge and
control at cutoff

%1000 Jﬁ

Store 6x6 control covariance for
maneuver sizing CPMM@AN (PILCAL).
Use control minus knowledge for
Vernier. Use target relative 1f
ephemerjs body and target body are
the same,

GUIDE-8
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l

FBURM

Compute low
thrust guwidance

corrections

GUIDE=~9
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#2000

Impulsive
AV

computations

®
-
#300

4

Write before and
after maneuver tar-
get condition
uncertainties

:

c@pPY

Update control co-
variance to know-
ledge at beginning
of delay interval

@ N

#9999
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}+¥ 3.3.18  Subroutine: INPUIG .
1 Purpose: To control all inputs to G@DSEP
K Remarks: Common/L@CAL/ appears in this subroutine only and
3 - is an oxdering artifice to equivalence its elements
to the array L$CATE,
Input/Output: e
# Iy.put/ Argument/
: Variable Output Common Definition
3 CPNRD ¢ G Logical flag
: : =T, control uncertainties read in
- =F, control uncertainties not read in
4 IEPHEM ] - c Flag indicating coordinate system
; of ephemeris elements.
1 ICF@RM & c Flag indicating form of inmput
f | control uncertainties.
e IPF@RM @ c - Flag indicating form of input
: knowledge uncertainties.
¥ ISTHE I c STM file usage flag
MAXDTM I C Axrray of maximum dimensions
allowed on input covariance
sub-blocks,
NAUG 1] Cc Length of augmented state wvector.
P ] C. Location in blank common of
knowledge covariance.
G ] G Location in blank common of
: control covariznce
ZIAB I ) c Array of Hollerith labels for
all possible augmentation
parameters.
Local Variables:
Variable Definition
¢X5, CXu, CX¥, PS5, CSU, CSV, CSW, Locations in blank common of
Po, cuv, CUW, PV, CVH, FW : input covariance matrix sub-

blocks of the same name.
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Yariable Definition
NTET Total number of wordé allocated for

Subroutines Called:

Calling Subroutines:

Common_Blocks:

Logic Flow:

each of knowledge dnd contro. uncer-
tainties to be read in namelist
S5G@DSEP,

NMLIST, DIMENS, PPAK, ESIE, SYMUP

DATAG

WORK(BLANK), DATAGR, DATAGI, DIMENS, L{ICATE,
MEASI, TRAJ2, L@CAL

None
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LOADRC-1

3.3.19 Subroutine: LFADRC (A, MA, NA, LISTA, C, M, N, LISTC, LTRAN)

Entry Points:

Furpose:

Method:

1L¢DCHL, LEDREW

To load selected rows or columns from one matrix
to another,

A list of codes (LISTA for matrix A and LISTC
for matrix C) is associated with either column
entries, row entries or both., The two matrix
codes are compared and rows or columns having

common codes are loaded from A to C.

14DCPL uses LISTIC to define the columns of C,
Letting the index J'run from i to N, for each
value of J, LISTA is searched for an element
JJ such that LISTC(J) = LISTA(JI). If no
equality is found, no operation is performed
on column J of matrix C. If an equality is
found, the elements of row JJ in matrix A

are copied into row J of C,

LYDROW functions the same way for the rows of
C as LYDCPL does for columns, LISTC and LISTA
are then assumed to define the rows of C and

A, respectively.

LYADRC loads rows and columas simultaneously

for square matrices where a single list can
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TOADRC-2

denote ordering for both rows and columns, such
as covariance and transition matrices, For the
simultaneous loading, an intermediate transfor-
mation array LTRAN is used. LTRAN(I) is zero
if the Ith parameter of LISTC does not appear
in LISTA, or is equal to II if LISTA(II) =
LISTC(I). Individual elements are transferred

from A to C by
C(I,J) = A(LTRAN(I)), LTRAN(I))

if LTRAN(I) > 0 and LTRAN(I) > O, othérwise
element C(I,J) is not changed from input value,
Remarks: The argument LTRAN is working storage and is
used only when LOADRC is called, It must have
a length at least as great as LISTC. The
jnputs NA and N are ignored for L$ADRC, A is

assumed to be MAxMA and C to be MxM,

Input/Cutput?
Input/ Argument /
Variable Quiput Common Definition
A I A Input matrix,
MA ¥ A Number of rows in A, )
NA L | A Number of colummns in A,
LISTA I A Vector list of code numbers

for rows/columns of A,

[T—
Pa e

G 0 A Output matrix,
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. LJADRC-3

Tnput/ . Argument/
Variable Qutput Common Definition

M A Number of rows in C.

N A Number of columns in C.

LISTC A VYector list of code num~
bers for rows/columns of
c.

LTRAN A ‘ Transformation list from

Local Variables:

Variable

A to C in LYADRC designed
as working storage with
no specific output func-
tion, Must have length
greater thanm or equal to
that of LISIC,

Definition

MIN

Subroutines Called:

¢z1ling Subroutines:

Common Blocks:

. Bogic Flow:

LYDCHL -~ minimum of (M, MA)
LYDRGW - minimum of (N, MNA)

When copying rows or columns MIN is
the row or column length., It guar-
antees that the length of rows or
columns in neither A nor C is
exceeded,

None

STMRDR, GUIDE, C¢VP, PRED, STMUSE, RELCGV

None

None
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L@CLST-1
1.%3.204 Funetion:  LECLST (IPARAM)
Purpose: To locate the position of a parameter in the
augmented state vector.
Input/Output:
Input/ Argument
Variable Qutput Common Definition
TPARAM I A Code number of parameter
to be located,
NAUG I c Dimension of augmented
state vector,
LIST I ¢ Vector of code numbers in
augmented state,
LECLST 0 F Parameter locatiom, if in
augmented state.
Local Variables: None
Subroutines Called: None

Calling Subroutines: @BSERV

Common Blocks: DIMENS

Iogic Flow:

i

Default | )
LECLST = 0 -

B
4*——§94-4i:: LIST(I) = TPARAM j::>

“Wunetion Value Cutput




3.3,20B Subroutine:

Purpose:

Method:

Input/Output:

268-A

MASSIG-1
]

MASSIG (IFLAG, P, BG, DT)

To compute the estimated and cumulative

spacecraft mass variances,

See Analytic Mznual, Section 6.2 (Covariance

Propagation).

Input/ Argument/
arighle Qutput Common Definition

DT I A Propagation iaterval,

ENGINE(10) I C Exhaust veloecity.

EPTAU I c Thrust noise correlation
times.

EPVAR I c Thrust noise veriances,

IAUGDC T c Vector of flags for dynamic
parsmeters.

IFLAG I A Flag for computational con-
trol, :
= 0, do not average accel-

eragtiom,
= 1, initialize SAVACC,
= 2, update mass variance,
= 3, update and print mass
variance,

NAUG I c Dimension of augmented
state.

NTPHAS I C Current thrust phase number,

P I A Rnowlege covarisnce,

PG I A Control covariance,

SAVAGC 1/0 c Previaus thrust acceleration,

'SCMASS 1 c Current S/C mass,

SCMVAR 1/0 c Current mass variance,

THRACC I C Thrust acceleration veetor,

THRUST I c 8/C thrust array.



Local Variables:

Varisble

268-B MASSIG~2

Definition

FLOW

INITA

TAMAG

Subroutines Called:

Calling Subroutines:

Common Blocks:

Logic Fleow:

S/C mass flow rate,

Initialization flag
0, do not average acceleratiom,
1, use average scceleration,

nn

Thrust accelerstion magnitude.

cgry, LPCLST, VECMAG
GPDSEP, SETEVN
CHNST, DIMENS, L@GIC, PREPR, TRAJ1, TRAJ2, WPRK

None.
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3.3.21 Program:

268-C

MEAS~]

MEAS

Purpose! Executive control for measurement processing,
Input/Cutput:
Tnput/ Argument/
Variable Qutput Common Definition
GAIN 4] C Location in blank common of
gain metrix.
H @ c Location in blank common of
observatior matrix.
IDATYP @ c See @BSERV, 3,3.26.
IGAIN I c Goin matrix £flag.
= 1, Kalman-Schmidt (KS)
= 2, sequential weighted
least squares (WLS).
= 3, user-supplied,
= 4, read from GAIN file
ISTA3 B c See BBSERV, 3.3,26.
NAUG I c Length of augmented state vectcr,
NR @ c Length of measurement vector,
P I C Location in blank common of
knowledge covariance after
measurement.,
PRINT /] c Logic flag
=T, full print for current
measurement
=F, do not give full print
for current measurement.
PTEMP I C Location in blank common of
knowledge covariance before
measurement,
PWLS I G Location in blank c¢ommon of
WLS reference covariance,
SUMMARY I c Logical flag

=T, summary print for all
measurements.,
=F, nec summayy print,
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MEAS-2

Subroutines Called: FILTR, GAINF, GAINUS. MEASPR, MNPISE, @UBSERV,

Common Blocks: WORK, (BLANK), DIMENS, LABEL, L@CATE, L@GIC,

Local Variables: None
PCRTRL
Czlling Subroutines: C@DSEP
MEASR, MEASI
Logic Flow:

FILIR

Yes
IGAIN = 1

Compute K-S gain matrix
and update COMMEN (P)

NO

FILTIR

Compute WLS gain and
update C@MMAN (PWLS)

'%
!
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GAINUS

Compute user gzin

GAINF

Read gain from gain file,

FILIR2

Update CEMMON (P)

True GAINF
GATHCR
- Write gain metrix,
False
3

MEAS-3
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MEASPR+-1
3.3.22 Subroutine: MEASPR(TYEE)
Purpose: To control all measurement print
Input/Qutput:
: Input/ Argument/ '
Yariable Output Coumon Definition
TYPE . I A Print type
=6HBEFORE, before measurement
print
=5HAFTER, jafter measurement
print
AUGLAB - I C Array of augmented parsmeter
Hollerith labels. -
AZMTH2 I c S/C azimuth angle from station
ISTAZ,
AZMUTH I c S8/C azimuth angle from station
ISTAL.
CHEKPR(3) T c Print covariance before and
after measurement (if TRUE),
DELTIM I c If >0, print transition matrices.
DXDRST I c Keplerian to certesian krans-
formation for ephemeris elements.
ELEV I c 8/C elevation angle from station ;
ISTAL j
ELEV2 I c §/C elevation angle from station |
ISTA2 '
GAIN I c Tocation in blank common of
gain matrix.
H I c - Location in blank common of
observation matrix.
IDATYP I C General data type flag (See i
$BSERV, (Section 3.3.26). .
ISTAL I C 2
IsTA2 I c See PBSERV, Section 3.3.26. |
ISTA3 I c
L@CLAB T c ‘ Array locating state wvector

partitions in AUGLAB.
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MEASPR-2
Input/ Argument/
Variable Output Common Definition
_ MESEVN T c Measurement code for current
data type.
MESIAB I «C Array of measurement Hollerith
: - labels.
HAUG I c Length of avgmented state vector.
NDIM i G Array of lengths of individual
C state vector partitions.

NEFPHEL I c Number of ephemeris elements
augmented to state. -

NR o T c Length of current measurement
vector.

NS@LVE 1 _ C Total number of variables and
parameters being estimated by
filter,

P 1 G Location in blank common of
knowledge covariance after
measurement.

PHI I c Location in blank common of

: transition matrix.

PIAB I H Array of knowledge covariance
sub-block Hollexith labels.

PLGCAL X c - Location in blank common of
covariance-sized working
storage.

PRINT . I c Print control flag
=T, full print
=F, pot full primt

PTEMP X c LYiocation in blank common of
knowledge covariaznce before
measurement.

R I c Before measurement, measure-
ment white noise matrix;
after measurement, measure-
ment residual matrix,

SCDEC ' I c 8/C geocentric equarorial

declination.

R el T
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MEASPR-3
C -
Y ) : Input/ Argument/
Variagble Qutput’ Common , Definition .
SCGLON i ¢ 8/C geocentric longitude
SCMASS I G 5/C mass
SUMARY I C Print control flag '
=T, summaxry print
=F, no summary print
ICURR I G Current trajectory time
TPAST I c ' Previous trajectory time
VECLAB I c Array of state vector

partition Hollerith labels.

focal Variables:

Variabie Definition e
AZ HAzimuth" Hollerith label
({{ | J) BIARK Hollerith "blank"
= DEC "Declination Hollerith label
EL . o "Elevation'" Hollerith label
. ESTA "From Station'" Hollerith label
EULPR o Flag on SUMARY print file

If full print is made for current data type
FULPR = S5HPRINT; otherwise FULPFR = Hollerith

blank.
H@INUM Array of Hollerith numbers
IgN "Iongitude" Hollerith label

Subroutines Called:  MPAKR, SQRT, J@BTLE, PRINTT, STMPR, C@RREL, RELC@V,
' C@PY, COPYT, MAT@UT, PRPART

CaITing Subroutines: WMEAS

Common Blocks: W@RK, (BIANK), DIMENS, KEPC@N, 1ABEL, L@CATE, LEGIC,
© MEASI, MEASR, SCHEDI, SCHEDR, TRAJ1, TRAJ2



273 MEASPR-4

ﬁ”;;J) ‘ . MELSPR )

/gmmRY#.TRUE-
Yes (No summary

print)

Arite §/C
state and
solve~ for std.
dev. to summary
file (TAPE 8)

2

#200 iy
o ' ; : |
: , JPRINT 4 . TRUE, ves RETURN : 5
Qw“ (No full ) |

' print ?)
L'No
: N
i Print data

type labels

|

|

|

|

: ; i

‘ |

|

i

I

& |
' |
| |

}

i

!

PRINTT

Print
trajectory

| jnggfﬂ%tion |

Before measurement, print know-
ledge uncertainties, observatio
atrix, measurement white noise.

After measurement, print measure
ent residual and going matrices
and knowledge uncertainties
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MNGISE~1
., ].— . :
3.3.23 Subroutine: MNQISE
Purpose: To define the measurement white noise matrix,
Method: . Required elements f£rom the mexsurement variance

array, VARMES, are loaded into tke measurement
noise matrix, R,

Tnput/Cutput?

Taput/ Argument/
Yariahie Qutput Common Definition

IDATYR I H Basic data type

dopplexr !
range
azimuth~alevation
star-planet angle
apparent planet
diameter,

_ _ » right ascension-
‘,wl declination,

™

#wnouu
=] [E o P

w U w W

_.__
I

ISTA3 I c Data sub~-type for range
and doppler,

1]

0, Z-way

1, 3~way

2, simultanapus 2~way/
3-way

3, differenced 2-way/
3-way

no

1

R I C Dimension of measurement
noise matrix, '

R o c Measurement noise matrix,

VARMES I c Array of measurement white
noise variances,

Local Variables: None

Subroutines Called: None

Calling Subroulines: MEAS

by
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3.3.24

Purpose:

Remarks:

Subroutine:

276

MSCHED-1

MSCHED

Te set up measurement and propagation eéent
information for use by the scheduling routine
SCHED (Section 3.3.36).

If the current error analysis reads gain matrices
from the gain file (generalized covariance run)
all scheduling and measurement print control
information will also be read from the gain

file and any scheduling cards in input will be
ignored, MSCHED automatically writes this
informatiou on the gain file if gain file

creation has been specified in namelist EG@DSEP,

Each card read is assumed to contain four wvari-
ables - START, ST@P, DELT, MESC@D (for input
format see GPDSEP input, Section 2.3). If the
interval (START, ST¥P} is not completely con-
tained.in the interval (TCURR, TFINAL), the
values of START and/or STPP will be adjusted
so that only those events within the (TCURR,
TFINAL) interval will be scheduled., Measure-
ment events are denoted by MﬁSC¢D equal to

the numbgr_of the data type, and propagation

events by MESCUD equal to zero. An additional

FRECEDING PAGE BLANK NoT prsmp
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MSCHED-2

)

option is also available to schedule measurements
in any sub~-interval of (TCURR, ‘TFINAL)., When
any input card contains a value for DELT less
than or equal to zero, all succeeding event cards
are scheduled in the (START, ST@P) interval
defined by. that card until a new card with DELT
less than or equal to zero is encountered,

Input/Output:

. Input/ Argument/
Variable Output Common Definition

IGAIN I c Integer flag controlling
: filtering algorithm

IGAIN = & means read gain
{ 4 . from gain file.

GAINCR I G Logical flag controlling
gain file creation,

.TRUE., create gain file.
+FALSE,, do not create
gain file

nn

MPFREQ 1/0 C Array of measurement print
-control flags,

MCYDE e} c Array of measurement and
: propagation event codes.

NSCHED /o c Input as number of schedul-
ing cards to be read.
Qutput as number of entries
in SCHEDM MCUDE arrdys to be
operated on for scheduling
current run.

SCHEDM 0 c Array defining scheduling
: _ of events found in MC@DE.
_ ?! ‘ Fach MCPDE (I) will be
;:;ff* . scheduled starting at
o ) : SCHEDM (1, I}, stopping at
‘ SCHEDM (2, 1), in increments
of SCHEDM (3, I).
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Subroutines Called:

Calling Subroutines:

Commor: Blocks:

None

@UTPTG

MSCHED-3
Input/ Argument/
Variable Qutput Common Definition

TCURR I c Trajectory start time,
lower bound for measurement
scheduling.

THINAL I c Trajectory stop time, upper
bound for measurement sched-
uling.

Local Variabies:
Variable Definition

BEGMES Beginning of allowable event scheduling.
interval, initially set to TCURN,

DELT Scheduled time interval between measure-
ments,

ENDMES End of allowable event scheduling inter-
val, initially set to TFINAL,

IBIAS Running counter of number of schedule
cards read but not loaded into SCHEDM
and MC@DE arrays.

MESCED Measurement code read from input card.

START Beginning of scheduling interval for
measurement type MESCED,

ST¢P End of scheduling interval for wmeasure-

ment type MESC@D.

C$NST, SCHEDI, SCHEDR, MEAS1, LOGIC, WHRK
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Logic Flow: MSCHED-4

Read .NSCHED,
SCHEDM,

. MCODE from

GAIN File

Initialize
BEGMES = TCURR
ENOMES = TFINAL

DF 1 = 1, NSCHED B%r

Read
START, ST@P,
DELT, MESC{D

f i : $ .
: i

< DELT:0 > £

}
100 Reset:
Adjust START, ST@P BEGMES = Max
To Include Only Times (START, TCURR)
Between BEGMES and ENDMES = Min
ENDMES (STEP, TFINAL)
|
. !
200 ;
Is Anything : I
Left In No Increment f
(START, ST@P) / IBIAS ]
Interval? ;
E

J}es

Load START,
ST@P, DELT,
MESCHD Into
SCHEDM, MC@DE

300

s
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" MSCHED-5

Reduce NSCHED

By Number Of
Cards Not
Scheduled

Y =
NSCHED = 0 \ es ; Ser NSCHED = 1,

First Element Of
’ No
3

/ SCHEDM to BIG
Print

Measurement
Schedule

GAINCR >
l;l'rue.

Urite
NSCHED, SCHEDM,
MC@DE, MPFREQ
On
Gain
File

False

N T~
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R 3.3.25 Subroutine:

Purpose:
Remarks:

{ }

S

Ingut[Output:

Local Variables:

Subroutines Called:

Calling Subroutines:

Common Blocks:

Logic Flow:"

281
NMEIST-1

MMLIST

Read SGUDSEP namelist

All knowledge and control covariance matrix partitions
are provided as arguments to NMLIST in ordex to

minimize the number of modifications necessary in

the event maximum dimensions of any sub-block are

changed., Dimensions of these arrays in NMLIST must

correspond to those specified for MAXDIM array in

subroutine DEFALT (Sec. 3.3.8)

If GAIN file is beihg created, NMLIST writes all
variables in namelist $GPDSEP to GAIN file (TAPE &)
in binary éormat. Similarly, if GA file is being
read, NMLIST reads default values for namelist
SGYDSEP in binary format from GAIN file (TAPE &) ;
and then reads normal namelist $G@PDSEP from input ‘
to modify defaulted values as desired.

See GPDSEP Input, Volume II, User's Manual Sec. 2.3
None

JYBTLE, BEMB

INPUTLG

DATAGI, DATAGR, DIMENS, GUIDE, LABEL, LPGIC, MEASI,
MEASR, PRPPI, PRUPR, SCHEDI, SCHEDR, TRAJ2

None
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3.3.26 Subroutine! QBS:ERV (IMAT)

t R e SR e dnm——te e B e el

fIBSERY-1

Purpose: To compute observation matrix
Method: See Volume I, Analytical Manual, Sec. 6.2
Input/Output:

Input/ Argument/

Variable Quiput Common Definition

HMAT ] A Observation matrix

AZMTH2 @ c Azimuth angle from station
ISTA2 ‘

AZMUTH @ c Azimuth angle from station
ISTAL :

DXDKST 3 G Keplerian to cartesian trans-
formation for ephemeris elements.,

ECEQ I c Rotation matrix from equatorial

: to ecliptic coordinatés.

ELEV ] C Elevation angle from station
ISTAL

ELEV2 1] c Elevation angle from station
ISTAZ

GHZER$ I c Greenwich hour angle at launch

JAUGST I C Location in JAUG array of
station location flags,

YBAZEL I c Location in IAUG -arvay of
azimuth-elevation angle meas-
urement bias flags.

IBDIAM I c Location in TAUG array of
apparent planet diameter
measurement bias flag.

IBSTAR I c Location in IAUG array of star-

' planet angle measurement bias
flags.

Iy 2UAY I G Location in TAUG array of 2-way
range and range-rate measure-
ment bias flags.

IB3WAY I H

Location in IAUG array of 3-way
range and range-rate measure-
ment bias flacos.,

R L ITIEE I AT S

s e ks i
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#BSERV-2

@._ ) ' Input/ Argument/
ne Variable Quiput Common Definition

ITATYP 0} c General data type decoded
from MESEVN,

. : =], range-rate measurement
. =2, range measurement
- =3, azimuth-elevation anble
measurement
, on~board optics, star-
planet angle
=5, on-board optics, apparent
planet diameter :

TEPHEM I . G Ephemeris body coordinate
v systen flag
=0, non-stationary cartesian
=], stationary cartesian
=2, stationary Keplerian

JSTAL @ . c For IDATYP = 1,2,3 1ISTAlL =
station number of first station.
For IDATYP=4 Number of first
JJ;' ) star. For IDATYP=5 ignored.

ISTA2 4] c For IDATYP=1,2,3 ISTA2 = station
numbexr of second station (if
data type requires)
For IDATYP=4 number of second star.
For IDATYP=5 ignored.

ISTA3 0] C Ignored if TDATYP=3,4,5
] If IDATYP=1,2:

=0, 2-way data from station ISTAl

=1, 3~way data from stations
ISTAl and ISTA2

=2, sirultaneous 2-way/3-way data
from station ISTAL and ISTA2

=3, differenced 2-way/3-way datz
from stations ISTAl and ISTA2,

LIST X c List of augmented parameter
numbexrs.
e T.ISTPH T - & List of ephemeris element

parameter numbers.

MAXSTA I c Maximum station number for which
station location errors and 2-way
or 3-way biases are allowed.

MESEVN I c Measurement cede of current
data type.
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PBSERV-3
%*A . : ’ .
o] : Input/ Argument/
- Variable Output Common Definition
HAUG I ' c Length of augmented state
vector.,
)it I H Array of bodies used in traj-
ectoxy integratiom.
NBGD I G Humber of bodies used in
trajectory integraticn.
HEP I _ G Humber of ephemeris body.
NEPHEL I G Number of ephemeris elements
‘ augmented to state.
TR ¢ c Length of current measurement
. wvector,
PHMEGAG I c BEarth sidereal rotation rate.
PRADIS X c Array of planstary radii
(i'} : RAD 1 c Conversion constant, degrees/
R - radian
RANGE 7 C Range froem scation ISTAL to
5/C or range from S/C to
ephemeris body.
) RANGEZ ¢ c Range from station ISTA2 to S/C
SCDEC 6 c 8/C geocentric equatorial
declination,
SEGLYN @ c 5/C geacentric longitude.
STALYC I c Array of station loecation
eylindrical coordinates.
STARDC I o Array of star direction cosines.
STPANG ¢ ‘G Array of star planet angles.
TCURR X c Current trajectory time.
T I C Conversion constant, seconds/day.
. I c Position array of bodies used

in trajectory integratiom.
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Tocal Variables:

A —a - . a 5} e e R W st k
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@BSERV-4
Input/ Argument/
" Variable Qutput Common Definition
TREL I . C Relative~poéition array of
5/C to bodies for trajectory
integration.
ve I G Velocity array of bodies used
in trajectory integration.
VREL I. c Relative velocity array of S/C
to bodies for trajectory
integration.

For all variables and equations, see Volume 1,

Analytical Manual, Section 6.

Variable Befinition
CACB C08 (azimuth) x COS (elevation)
CATPHA COS (azimuth)
CBETTA. CO0S {elevation)
CGAMMA C0S (star-planet angle)
DABDX A )/ s
DABDXS A%, @)/ xg
DELR Vector position difference between
stations ISTALl and ISTAZ,
DELRH( &
DIFF23 Logical flag .
=T, differenced 2~vay/3-way data
=F, not differenced 2-way/3-way data
DPPLER -Logical flag
=T, range-rate measurement
=F, not range~rate measurement
GECSTA Geocentric ecliptic coordinates of ISTAL
GEGST2 Geocentric ecliptic coordinates of ISTAZ
GECV S/C geocentric ecliptic coordinates
GEQSTA Geocentric equatorial coordinates of ISTAL
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@BSERV-5

Variable Definitrion

GEQV 5/C Geocentric equatorial cooxdinates

HECE Heliocentric ecliptic coordinates
of Barth.

HECP Heliocentric ecliptic coordinates of
ephemeris body.

HEGYV S/C Heliocentric ecliptic coordinates.

A Observation partials fior TSTAL station
location parameters.

HV2 Observation partials for ISTA2 station
location parameters.

HX 2-way observation partials for S/C
state from ISTAL,

HX2 2-way observation partials for S/C
state from ISTAZ,

ISTA MNumber of station or star for which
partials are currently being computed.

NIEMP When multi-station data is used, infor-
mation for ISTAZ is computed first in
locations HX,HV,RH@HAT, and GECSTA.
NTEMP is number of words which must te
copied from HX, etc, into HX2, etc,

PARKEP Observation sensitivities to ephemeris
body elements.

PECCYL Partial of instantaneous station
geocentric ecliptic to e¢ylindrical
coordinates.

PEQCYL Partial of instantaneous station
geocentric equatorial to cylindrical
coordinates.,

RHO Range vector from station ISTA to §/C
or from S/C to ephemeris body.

REGDPT Relative velocity vector from station

ISTA to S/C.

B R e T PSP SRR
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@BSERV-6

Variable Definition
RH@GHAT Unit vector in RHE direction from ISTAL
RHGHT2 Unit vector in Rﬁ@ direction £rom ISTAZ2
SATFHA SIN (O
SBETA SIN B
SCGAMMA, SIN }’
SGNCPS Signum (COSJL)
STML23 Logical flag
=T, simultaneous 2-way/3-way data
=F, not simultaneous 2-way/3-way data
SINE Sin (apparent planet diameter angle)
TATB tan {I tan f3
THRWAY Logical flag
=T, 3~way data only
=F, not 3-way data only
THOWAY Logical flag
=F, 2-way data only
- =F, not 2-yay data only
WHAT @
A
XSHAT Xs

Subroutines Called:

Calline Subroutines:

—— e e e e

Common Blocks:

ZERGM, CYEQEC, VECMAG, UNITV, UD@TV, ASIN, L@CLST,
PARSTA, MMAB, NEGMAT, MMATB, ATANZ, C@PY, ADD,
MUNPAK, SUB, UXV, SQRT, MMABT, AC@S, L@DCOL

MEAS

WPRK, (BLANK), C@NST, DIMENS, EPHEM, KEPCHY,
MEASI, MEASR, SCHEDI, SCHEDR, TRAJL, TRAJ2
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PATT I
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p Iogic Flow:
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!

k%

( $uSERV )

Zero Work array

Decode MESEVH

Sat state vectors for
5/C, earth, ephem body

!

=1, doppler i’_

G¢  T¢, TDATYP

w

=2, lrange

IBTIAS = 3
Doppler = «TRUE-

InIAS = Q
Doppler = -FALSE.

g,

l

=3,l azimuth
elevation

Y

Set data type
logicals

[ASS 2 = «FALSE-

Set station number {(ISTA)
to second station if
multi-station data type

#110C

-

u ‘;rEQE [

CH>—

Compute station
eclintic
coordinates

1]

s
HX

tation ISTA, and
= 3y/9(x,%) from

eqn. 6-2.2

. " or equ. 6-2.4

Compute tracking geometry
parameter: relative to

@BSERV-7

=4 or 5, optical




289 #BSERV-8

AT

Are station location
coordinates for ISTA
augmented to S/C states?

i Yes .

PARSTA

Compute partials
of station state
to cylindrical
coordinates

No

i

HV = av/as
eqn. 6-2.3 or
egn. 6-2.5

—F

#1600 ¥

| < PASS 2 \ TRUE: 4
Q . | -rarse.

Compute S/C
geocentric equa-
torial declination
and longitude

PASS 2 = »TRUE.
Copy 211 information |
, computed above for second §
station to HEZ, etc. : §
Set .ISTA to first ;
station number

|
!
!
!
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[} . .
=1, (2~ dat
| Cp U@, LHELD = 1, (Z-wey data)
difference

data -3, [simult, =2,L(3-way data)
2-way/3-vay

ADD
8y; 4 9Yg
5.0 30,5

HX=

#1900

e = 971+ _ 89
- 9(x,%) a(x,%)

- Load &7 into second
- ‘ row of (AT, ] »
T{ station location crrors

ior Tirst statiom, load iV
into first row AT

€!J; ' 20

‘H=difference:! sensitivities
according to egn. 6-2.8

-

k5

A mPAE

Load X into first row
UMAT
Load station location
errors (UV,:HV2) as
necessary

Load bias sensitivities
if station numbers in
correct range and
biases augmented
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#3000 ,
NR = 2
ISTA = first station #
LDRGW = 1
Zero HMAT

Ho
=t
#3100

)
i

Simultaneous Data
from two
stations?

es

@BSERV-10

gtation number

NR = 4
ISTA = second

LDRET = 3

4

CYEQEC

O

Compute station
geocentric equa-
torial coordinates

e

- MMATR

Rotate S/C pos.
into equatorial
coordinates

bt

Compute
DABDX

74

Are station

location parameter;\\\LNO

augmented to
state vector?

erés

Compute
DABDXS, PEQCYL,
- RV
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#3600 A

Rotate DARDX into ecliptic
and load into HMAT,
"1 Load bias sensitivities
if necessary

<

NR 2 2 {only one station)
- *PRe Yes
PASS2 (both stations
computed)

No

hdl

. PAS82 = +TRUE-

ISTA = ISTAL
IDREW = 1

#4000

Compute MR,
range vector,
mzgnitude and

unit vector

L,

q
IDATYP = 5

(apparent planet
diameter meas?)

PBSERV-11
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&)

ISTA = first
star number
NSTAR = 0

#4100 .l

Increment NSTAR
Set ISTA
according to
NSTAR

!

Compute angle, sensitivity
Load HMAT
Load bias sensitivity
if bias augmented

?
NSTAR < NR
Yes (more observation elements

to compute?)

. l No
#4300 ¢
?
NEPHEL > 0
@——-’D (Any ephemeris
elements augmented?)
Yes

Y

Load ephemeris sensi-
tivities, transforming
if Keplerian

PBSERV~12



294

3]
2

A

#5000

Compute and load
apparent planet diamater
sensitivity and bias
if auvgmented

#BRSERV-13
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GUTPTG-1
"_(:_\
[
3.3,27 Subroutine: @UTPIG
Purpose: Print out for user information of options
selected and initial values. Conversion of
input to internal units as necessary.
Input/Output:
Input/ Argument/

VYariable Quiput Common Definition

BIG 1 C Large constant, 1,E20,

CENRD I G Logical flag,
= T, control vncertainties

read in,
= F, control uncertainties
not read in.’
‘{‘ -j _ CORLYN I c Station longitude correlation
(h/ , coefficient.

DOPCNT X c Average number of range-raté
measurements taken per day
during tracking arc.

DYNGIS I ¢ Logical flag.
= T, compute effective pro-

cess noise.
= ¥, do not compute effective
process noise.

EPSIG I c Array of process noise stand-
ard deviations.

EPTAU I c Array of process noise ecor-
relation times.

EPVAR I C Array of process noise vari-
ances,

GAINCR X C Logical flag.

= T, create GAIN file.
= F, do not create GAIN filef
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$UTPIG-2
Input/ Argument/ .

Variable Output Common Definition

GENCOV I c Logical flag.
= T, generalized covariance

analysis on current
run,
= ¥, o generalized covari-
. ance analysis on current
run,

GTAUL - @ c Array of negative inverse
primary process noise cor-
relation times for TRAJ
(Section I.3v) Opera-
tive only if PD@T = _TRUE.

GTAU2 @ c Array of negative inverse
secondary process noise cor-
relaticn times for TRAJ
{Section . %! Opera-
tive only if PDYT = ,TRUE.

JAUGST I c Location in IAUG array of
station location parameters.

YGAIN I Cc Gain watrix algorithm flag.

ISTHF I c STM file usage flag.

LIST I G Array of augmented parametér
numbers.

LPDGT g c Array of dynamic parameters

: ’ to TRAJ (Section ~ ¥)
Operative only if PDUT =
.IRUE,

MC@UNT " c Measurement counter,

MPFREQ 1/0 c Measurement print frequency
control array.

NAUG I Cc Length of augmented state
vector.

NCNTE ¢ c Eigenvector event counter.
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GUTPTG-3
Input/ . Argument/
Variable Qutput Common - Definition
NENTG @ C Guidance event counter.
NCNTP - @ H Prediction event counter,
NCNTT ¢ c Thrust event counter.
NEIGEN L/9 c Total number of eigenvector
events to be scheduled.
NGUID . 1/9 + Total number of guidance
events to be scheduled.
NPRED 1/¢ c Total number of prediction
events to be scheduled,
NTHRST /¢ c Total number of thrust
events to te scheduled,
NST I C Humter of tracking stations
: defined.
P I c Location in blank common of
knowledge covariance.
PDOT R G Logical flag.

" = T, covariance propagation
by integration of vari-
ational equatiouns.

= ¥, covariance propagation
by state transition
‘matrices.
G I H Tocation in blank common of
) contrel covariance,
PGLAB , I ¢ Array of control covariance
- sub-block Hollerith labels.
PLAB I c Array of knowledge covariance
- sub-block to Hollerith labels.
PRNCEV I c Logical array controlling
covariance sub-blocks printed.
PRUPG # ¢ Logical flag.
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Definition
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o Input/ Argument/
Variable Output Common
QN@ISE ¢ c
RAD 1 C
SCHFTL 1 c
SIGLON I C
-BIGMES I G
SIGRS I c
SIGzZ 1 H
STALGC I C
TCURR . 1 c
TDUR 1 C
TEIGEN s G

= T, propagate control
covariance simultane-~
ously with knowledge,

¥, do not propagate con-
trol covariance simul-
taneously with knowladge.

Array of process noise var-
iances provided to TRAJ
{(Section 35 5 when
PDGT = TRUE.

Conversion constant, de-~
srees/radian.,

Logical flag,

T, mesh fajilure on reading
ST file is fatal.

= F, mesh failure on reading

STM file is not £fatal.

‘Standard deviation in sta-

tion longitude,

Array of measurement white
noise standard deviations.

Standard deviation in sta-
tion spin radius.

Standard deviation in sta-
tion z-height.

Array of tracking station
cylindrical coordinates.

Current (and initial) tra-~
jectory time.

Trajectory final time
(seconds) for TRAJ (Section
3.5)

Array of eigenvector event
times.



L.ocal Variables:

Subroutines Called:

Calling Subroutines:

Commen Blocks:
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_::ﬁ[ @UTPTG-5
Input/ Argument/ ,
Variable Output - Common Definition
TFINAL I G _ Error analysis final time,
TG I c . Epoch for input control
uncertainties if CONRD =
.TRUE .
TGUID I c Array of guidance event
times.
™ I c Conversion constant,
seconds/day.
TPLBAY I c Backward tolerance on STM
file mesh.
THFPR I C _ Forward tolerance on STM
file mesh.
; TEPRED I c Array of prediction event
. times.
- -
TTHRST I . c Array of thrust event times.
VARMES ¢ ' c Array of measurement white

noise variances.

Nee. .

MSCHED, ESCHED, SCHED, B@MB, ATAN, ZERGM, CHRREL,
SDVAR, C@PY

DATAG
WORK, (BLANK), CONST, DATGI, DATGR, DIMENS, LABEL,

L@CATE, L@GIC, MEASI, MEASR, PRPPL, PRYPR, SCHEDI,
SCHEDR, TIME, TRAJL, TRAJ2
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PGUID = 0 ,@R. TG <TCURR
No guidance events or in-

put controi epoch no
later than input knowledg
8

No

Schedule propagation
event at input control
epoch to force event
at time TG.

MSCHED, ESCHED

Schedule all
measurements
and events

#100 $

i Check input, for
! inconsistencies,
i compute meas.

i white nolse
L ELML=SC J——

{#650

If PDOT, scale appropricte
covariance terms by number
of thrusters

#850 é

rint a priori
knowledge and
control
uncertainties
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PARKEP-1
3.3.28 Subroutine: PARKEP (X, v, GMU, DXDK)
Purpose: To compute Keplerian to cartes&an transformation.
Method: | Central &ifférencing.
Input/Outpﬁt:
Input/ Argument/

Variable Qutput Common Definition

X i I A Cartesian position of body.

v - I A Cartesian velocity of body.

GMU I ) A Gravitational constant of

\ central body.
DXDK 0] A Output Keplerian to Cartesian

Yocal Variables:

transformation,

Variable Definition

XKEP Body Keplerian elements.

XMINUS Body cartesian state using negative
perturbation.

XPLus : Body cartesian state using positive
perturbation.

XPERT Array of cartesian perturbation levels.

Subroutines Called: CPNIC, CARTES

Calling Subroutines: SETGUIL, STMRDR, C@VP

Common Blocks: WPRK
Yogic Flows None .
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PARSTA-1

3.3.29 Subroutine: PARSTA (GEQSTA, RSPIN, ECEQ, PECCYL)

Purpose: To compute the partial derivative of station
instantaneous geocenfric ecliptic cartesian
state wrt station equatorial cylindrical coor-
dinates.

Method: See Volume 1, Analytical Manual, Section 6.

Input/Output:

TInput/ Argument/

Variable Output Common Definj cion

GEQSTA I A Instantaneous geocentric
equatorial cartesian state
of station,

RSPIN 1 A Station spin radius,

ECEQ I A Rotation matrix from equato-
rial to ecliptic cartesian
system.

PEGCCYL ¢ A Partial derivative of instan-

Local Variables:

Variable

taneous ecliptic state of
state wrt cylindrical coor-
dinates,

Definition

C@$SEPS, SINEPS
C@SPHI, SINPHI
CPMEG, SP@MEG

Subroutines Cailed:

Calling Subroutines:

Common Blocks:

Yogic Flow:

Hone
PBSERY

None

None

COS and SIN of Earth ocbliquity to eclip-.

tic.

€05 and SIN of instantaneous station
aquatorial longitude.

60S and SIN of Barth imertial rotatiom

rate,
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PCNTRL-1

3.3.30 Logical Functien: PCNTRL (ITYPE, ISUB)

Purpose:

Method:

Remarks:

Taput /Qutput:

Variable

Input/
Qutput

To control measurement print.

Each general data type (e.g., 2-way range,
simultaneous 2-way/3-way doppler, azimuth-
elevation angles) is assigned a print fre-
quency (MPFREQ) and a counter (MPCNTR).

A teét iz made on the counter for the
input data type defined by ITYPE, ISUB,

If the MPCNTR, modulo its MPFREQ, is zero,
the measurement is printed,

Two additional features are provided. ~The
first processed measurement of-any data
type whose corresponding MPFREQ element

is non~zero is printed. Also, the final
measurement, independent of the data type,

is printed,

Argumentf
Cocmmon Definition

ITYPE

1508

I

I A Basic data type, corresponds
to IDATYP in common block
MEASI,

1, doppler

range

3, azimuth-elevation
angle

4, star-planet angle

5, apparent planet dizm-

eter.

(L
N
'

L

A Sub-~data type for doppler
and range, ignored if
ITYPE > 2.

e e B e s v v e B = e
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St . PCNTRL-2
\i\' J .
\v‘
Input/ -Argument /
Variable Qutput Common Definition
= 0, 2-way
=1, 3~way
= 2, simultaneous 2-way/
3-way
= 3, differenced 2-way/
/ » St 3~way
PCNIRL 0 ¥ Logical print control vari-
' able,
= TRUE., if measurement to
be printed
= ,FALSE., if measurement
not to be printed,
MEGNTR 1/0 C .Array of data type count-
ers,
i ) MPFREQ I c " Array of data type print
Q’ L frequencies.
- -
TFINAL 1 c Trajectory final time,
TMNEXT - I c Time of next scheduled
measurement,
Local Variables:
Variable ' Definition
I1GPDE Integer subscript locating data type

in MPFREQ and MPCNIR.

Subroutines Called: None

-Galling Subroutines:  MEAS

Common Blocks: SCHEDR, SCHEDIL

;’rﬁ-} #Function Value Output.
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Logic Flow:
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< PCNTRL }

A4

Default
PCNTRL = ,FALSE.
Compute
Subscript
ICEDE

¢

No TMNEXT > TFINAL .
Is This Last
Measurement?

JYYES

PCNTRL = .TRUE,

PCNIRL-3

.

A

Both
False

Yes /k’ ) j:>
~ MPFREQ(IC@DE) = 0
*ﬁ\\‘

J;:o

Increment
MPCNTR (IC@DE)

!

MPCNTR(IC®DE) = O ,
0

MPCNTR(ICUDE) Mo
MPFREQ(ICHDE) =

ifither True
) -

PCNTRL = ,TRUE.
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PPAK~-1

3.3.31 Subroutine: PPAK (PBLECK, IFfRM, PAUG)
Purpose: To load input covariances from either backed
or unpacked input form to block form (See
AUGCNV, Section 3.3.1).
Tnput/Output:
Input/ Argument/
Variable Qutput Common Definition
PBLECK 1 A Array containing all input
covariance information.
IF@RM I A Flag indicating input form
of individual sub-blocks
within PBL@CK.
= 1, sub-blocks are packed.
; = =1, sub-blocks are not
ked.
{ packed
Lo
PAUG g A Output covariance in "block"
~ form.
LYCBLK I c Array locating covariance
. © sub-blocks in "block" form
(PAUG) .
HAXDIM I c Array of dimensions of covar-
iance sub-blocks in PBLYCK,
MAYDIM remains at input
values if input sub-blocks
are not packed and MAXDIM
is adjusted to NDIM if sub-
blocks are packed.
NDIM T c Array of assumed sub-block
dimensions on output.
Local Variables:
B Variable Definition
q,.w3;¥ IBLOCK Running counter locating current covar-

fance sub~block within PBLECK.
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PPAX-~2
Variable Definition
MAXSAV Array saving input values of MAXDIM,

.

Subroutines Called: MPAK, SYMLG, AUGCNV

Calling Subroutine: INPUTG

Common Blocks: W@RK, DATAGI, DIMENS
Logic Flow: None
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£ : . . PREP-1
A i
3.3.32 Subroutine: PRGP (PIN, PHIMAT, NP, WLSREF, P@UT)
Purpose: To propagate an augmented covariance mafrix
between time points.
Method: State tvansition matrix with effective process
noise model,
Remarks: PIN and PPUT may not share the same location.
This routine also propagates the reference
covariance for sequential weighted least
squares (WLS) filtering.
Input /Output:
Input/ Argument/
/ l Variable Qutput Common Definition
4;,- PIN I - Input covariance to be
propagated.

PHIMAT I A Transition matrix over
time interval.

NP I A ' Demension of input transi-
tion matrices.

WLSREF I A Logical flag controlling
propagation of WLS refer-
ence covariance,
= ,TRUE. and IGAIN = 2,

WLS reference propagated,
otherwise not.

PPUT c _ A - Cutput covariance,

DYNGIS I c Logical flag comntrolling

addition of effective
process noise,

LTRUE,., add §Q
LFALSE,, do not add Q

-

e
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PREP-2
Input/ Argument/
Variable Qutput Common Definition
IGATN I G Integer flag controlling
filtering algorithm
= 2, use WLS
# 2, do not use WLS,
NSGLVE I c Total number of wvariablsas
solved-~£or (=6 + number of
solye~for parameters).
PWLS I H Location in blank common
of WLS reference covariance,
Q X c Effective dynamic noise
matrix,
Local Variables: None

Subroutines Called: ZER@M, MUNPAK, MPAK, SYMTRZ, -AMABAT

Calling Subroutines: C@VP, PRED, GUIDE

Common Blocks?:

(BLANK), DIMENS, L@CATE, LPGIC, MEASI, PR@PR

SrEE R
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ZEROM

Set P@UT
To Zero

g

1GAIN
and WLSREF

‘tees

.TRUE.

2 ‘\\L No

MUNPAK

Lead Q Into
Upper Left Hand
6x6 Sub-block of

PRUT

v

Propagate WLS Reference
With Pyoper Sub-Block
of PHIMAT and
Store in P@UT

)

MPAK, SYMTRZ

Pack NS@LVE x NSOLVE

Block of PBUT Into

WLS Reference and
Symmetrize

v

ZERBM

Reset Used
Portion of P@UT
To Zero

K
v

i

PREOP-3



311

False

< DYNGTS >

True

v

MUNPAK

Load Q Into
PAUT

Iry,

[ 2

v

AMABAT

POUT = POUT +
PHIMAT * PIN *

(PHTMAT) "

I

SYMTRZ

Symmetrize
PYUT

Y

‘ RETURN '

PRGP-4
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~ PRPART-1
P
" 3,3.33 Subroutine: PRPART (A, MAXRGW, NRgW, NCL, LABEL)
Entry Points: PRCURR, PUNCER
Purpose: To print or punch the transpose of any sub-

block or partition of a matrix with column
labels for printing and a single matrix name
for punching,

Remarks: This routine was designed primarily for print-
ing partitions of covariance and transition
matrices and punching covariance partitions,
However, it has general applications to any
matrix, PRPART and PRCPRR are functionally

i equivalent - the difference in output being

- E format by PRPART for general matrices and

- F format by PRCBRR for easy reazding of corre-
lation coefficients. PUNCHR punches, and is
valid for general matrices. The calling
sequence requires that the argument A be the
first word of the partition of interest, For
example, given a 9 x 9 state transition matrix,

PHI, which is theoretically partitioned as

PHI = 8

ﬁﬁxﬁ 6x3

03x6 I3:-:3

{ X to print the transpose of the §6x6 partition

we would use
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PRPART~2

CALL PRPART (PHI, 9, 6, 6y LABELL)
where IABELL is a 6-vector of Hollerith labels
for the gplumﬁs of ﬁsxﬁ. 8imilarly to print

the tramspose of 86x3’ we would use

CALL PRPART (PHI (1, 7), 9, 6, 3, LABEL2)
where PHI (1, 7) represents the first element
of the eﬁx3 partition, and LAREL2 as a 3~vecto;

of Hollerith labels for the columns of a6x3' If
~PHI is not explicitly dimensioned 9 x 9 in the
calling routine, this last call could alsc have
ﬂeen
.CALL, PRPART (PRI (NPHI #* (7-1) ; 1),
NPHI, 6, 3, TABEL2)
Wheré the PHI subseript (WNPHI #* (7-1) + 1) comes
from the generzl formula for locating element

(I, J) in a matrix dimensioned (M, N):

ige = ™% (J-1) + I,

Input/Qutput:
Input/ Argument/
Variable Quiput Common Definition

A I A First word of matrix sub-
block to be printed or
punched.

L]

MAZRGW I A Number of rows in complete
matrix from which partition
is being taken,

NRGW I A Mumber of rows in partition

to be printed/purched, must
be less than or squal to
MAXRGW.
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T PRPART-3
Input/ © Argument/ .
Variable Quiput Common Definition
NO@L I A ‘Number of columns in parti-
tion to be printed/punched.
TABEL I A For PRPART and PRCORR an
NC@L-vector of Hollerith
labels for printing.
For PUNCPR, a one-word
Hollerith label for the
matrix to be punched,
"Local Variables: None
Subroutines Called: Nona

Calling Subroutines: C@RREL, STMPR, MEASPR, GUIDE

{; J . Common Blocks: None
{ '

Logic TFlovw: Nonte

(;--\.
i1 o 5
3 .
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PRSDEV-1

3.3.34  Subroutine: PRSDEV (SDC$R, MAXRGW, NR@W, LABEL)'

Entry Points:

Purpose:

Remarks:

PUNSD

To print (PRSDEV) or punch (PUNSD) a matrix of
standard deviations and correlation coefficients,
The input matrix (SDC@R) may represent a complete
covariance or any diagonal sub-block thereof., It
is assumed.to have standard deviations on the °

diagonal and correlation coefficients in the

upper triangle, The lower triangle is ignored.

For further remarks on locating the partition to
be printed/punched, see Section 3.3.33; Subroutine

PRPART under Remarks.

’
AN Input/Qutput:
Input/ Argument/
Variable Qutput Comeron Definition
) SDCER I A First word of partition to
be printed/punched.

MAXROW 1 A Total number of rows in
matrix from which partition
is taken. »

NR@W I A Number of rows in partition.

TABEL I A PRSDEV - an NR@J-vector of
Hollerith labels correspond-
ing to the variables in the
partitions.

PUNSD - a ons-work Hollerith
label for the matrix parti-
tion,
(b
{ - Local Varxiables: None




Subroutines Called:

Calling Subroutines:

Common Blocks:

Togic Flow:

316

None
CPRREL, GUIDE, RELCHV
None

None

I R

PRSDEV-2

e e
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: REICGV~1
ﬁg'l }
3.3.35 S'ubroutine: RELC@V (PIN, DXDK, EIGEN, PREL)
Purpose: To compute S/C state uncertai;ties relative to
ephemeris body. .
Input/Output:
Input/ Argument /
Variable Qutpuk Common Definition
PIY T A Augmented covariance matrix.
DXDK I A Keplerian to cartesian trans-
formation for ephemeris body.
EIGEN I A . Logical €flag.

= T, compute eigenvectors
and eigenvalues of
relative covariance.
l ! y = ¥, compute standard devi-
J 7 ations and correlation
coefficients only.

-
e ‘

PREL ¢ A Relative covariance matrix.

AUGLAB I C Array of augmented para-
meter Hollerith labels.

F@P I ¢ Final off-diagonal annihi-
. lation value for pesition
eigenvalue computation.

FGV I C Final off diagonal annihi-
lation value for wvelocity
eigenvalue computation.

JEPHEM I C . Ephemeris body coordinate
system flag.

LIsT I c List of augmented parameter
numbers.

LISTPH I c List of ephemeris element
. parameter numbers.

Nisfran ]

NAUG I Y Length of augmented state
: vector.



- ' 318

PR B : RELCGV-2
Local VariabLesé
Variable Definition
CHRR Cross covariance of S/C state with
‘ ephemeris body cartesian state,
~ PEFH Covariance of ephemeris body cartesian

state,

Subroutines Called: ZER@M, L@ADRC, L¢DC@L, MMABT, C@PY, MMAB, SYMTRZ,
VARSD, PRSDEV, MPAK, ADD, SUB, SUBT, EIGERN

Galling Subroutines: MEASPR, GUIDE, SETEVN

Common Blocks: WPRR, (BLANK), C@NST, DIMENS, KEPC@N, ILABEL,
LYCATE, MEASI




-

%
.

' » Logic Flow:
!

No

319

‘ RELC®V ,

¢

Zero WHRK
Load PEPH
and CORR

!

IEPHEM £ 2
(Are ephemeris

elements
Keplerian?)

tes
|

Transform PEP:,
C#RR into

cartesian
coordinates

]

Print
cartesian
ephemeris

uncertainties

t g
-
L

Compute
relative
uncertainties

_ ¥

Print relative
uncertainties

v

‘ 7
<EIGEN = «TRUE-

l- Yes

EIGPRYN

Compute and
print eigenvalues
and vectors for

relative uncertainty
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R . : - SCHED-1

3.3.36 Subroutine: SCHED (TLAST, TEVENT, DELT, JEVENT)

. Purpose: To schedule for G@DSEP the next méasaremént
or event to be processéd.

Remarks: During normal operation, SCHED returns a pre-
computed measurement or event and then computes
and stores locally the next measurement or
event to be prpcessed. Therefore, two succes=-
sive calls are required to initialize both the
measurement and event scheduling sequences,

The purpose in pre=-computing times and event

codes is to minimize search time, When a mea=~

{h surement is scheduled, only measurements need
be scanned for the next scheduling, not events.
The reverse, of course, is true when an event
is scheduled.
Input/OQutput:
Input/ Argument/
Variable Qutput Common Definition

TIAST 1. A Time of previous measure-
ment/event,

T TEVENT o A Time of new measurement/
event,

DELT 0 A Time difference between
previous and new measure~
ment/event.

! _ JEVENT 0 A Integer code of new measure-
P ment /event corresponding to
. _ time TEVENT,
o .

BIG I c An awfully large number.
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’ SCHED~2
Input/ Argument/ .
Variable Output Common Definition

MC@DE I Array of measurement codes
to be scheduled.

MCPUNT 1/0 Measurement counter,

NCNTE I/0 Eigenvector event counter.

NCONTG I/0 Guidance event counter,

NCNTP 1/0 Prediction event counter,

NONTT 1/0 ‘Thrust event counter,

NEIGEN I Total number of eigenvector
events,

NGUID I Total number of guidance
events.

NPRED I Total number of prediction
‘events.,

NSCHED I Bumber of schedule times
in SCHEDM to be scanned
for next measurement or
propagation event.

HTHRST I Total number of thrust
events,

SCHEDM I Array of measurement sched-
ule times
SCHEDM(1,I) = Next time to
be scheduled for measurement
type MC@DE(I).
SCHEDM(2,I) = Stop time for
MC@DE (I).
SCHEDM(3,I) = Time increment
for scheduling MC{DE(I).

TEIGEN I Array of eigenvector event

times,
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g"“J- - . SCHED-3
¢ "
Input/ - Argument/
" Variable Qutput Common Definition

TFINAL 1 G Final time,

TGUID I H Array of guidance event
times,

TPRED I c Array of prediction event
times.

TTHRST I c Array of thrust event
times,

"Local Variables:
Variable Definition
JENEXT Integer code of next evenrt to be sched-
culed.
RAR I
{ J / MNEXT Integer code of mext measurement to be
- - scheduled,
TENEXT Time of next event to be scheduled,
TMNEXT Time of next measurement to be sched-
nled,
Subroutines Called: None

Calling Subroutines:

Common Blocks:

$UTPTG, STMGEN, G@DSEP

C@NST, SCHEDI, SCHEDR

S U SO
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Logic Flow: SCHED-4

TMNEXT > \ Yes -
TENEXT f
ifo

TEVENT = TMNEXT TEVENT = TEREXT
TEVERT = MNEXT JEVENT = JENEXT
Increment MC@UNT Increment Appropriate
Find IMIN Such That Event Counter
SCHEDM (1, IMIN) TENEXT = BIG

< SCHEDM(1, 1)
For All 1 £ NSCHED

v !

TMNEXT = SCHED (1,IMIN) TENEXT = Minimum
MNEXT = MC@DE (TMIN) 0f Remaining Event
Increment SCHEDM Times, If Any
(1,IMIN) JENEXT = Corresponding x
by SCHEDM (3,IMIN) Event Number
No SCHEDM(L, IMLN) >

SCHEDM (2, IMTN)

‘L?es

SCHEDM (1, IMIN}
= BIG

- !

%

DELT = TEVENT - TLAST

-4
TEVENT > Yes JEVENT
TFINAL =-1
No

RETURN <3
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3.3.37 Subroutine:

Purpose:

Input/Qutput:

Variable

SETEVN

Event print control and

for prediction events.

Input/
Qutput

324

Argument/
Common

SETEVH-1

propagation control

Definition

MESEVN

AUGLAB

DXDKST

EVLAB

Fop

IPRGP

NAUG

NCWTY

NEPHEL

I

H

Event code. i

s propagation,

, eigenvector.

» thrust switching.
s guidance,

, prediction,

nsnu
LW, O W I ]

Array of augmented pars-
meter hollerith labels,

Keplerian to cartesian
transformation for ephemeris
body.

Hollerith event label array.

Final off-diagonal annihi~
lation walue for position
eigenvalue computation.

Print control flag for j
propagation events,

0, no print

1, print standard devia~
tions and correlation
coefficients for S/C
state only

full eigenvector event
print, §

non

:2,
Length of augmented state ;
vector, !

Number of current predic- i
tion event, ;

Number of ephemeris elements ;
in avgmented state vector. ;
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SETEVHN-2
i ]
i\‘... ‘1 )
Input/ Argument/ «

Variable Output Common Definition

P I c Location in blank common
of curcent knowledge
covariance.

PLAB I C Array of Hollerith labels
for knowledge covariance
sub~blocks.,

PLECAL I c Location in blank common
of working storage providcd
to subrautine RELCOV,

PTEMP I c Location in blank common of
predicted knowledge covari-
ance.

SCMASS I c Current S/C mass.

TCURR I c Current trajectory time.

TDUR @ C Maximum integration time
(seconds) for TRAJ,

TFINAL I C Error analysis final time.

TGST@P I c Maximum integration time
(days) if prediction event
requires integration past
TFINAL,

™ 1 c Conversion constant, seconds/
day.

Incal Variables:
Varisable Definition
L? Location in blank common of ceovariance
to be operated on by RELC@V and CPRREL,
Subrgutines Called: J@BTLE, MP4<. VARSD, PRSDEV, EBi.NIT, RIGPRN, RELGHV,
CPRREL, C@VP; MASSIG, DYNG '

Calling Subroutine:

r————
—

GPDSEP
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Gbmmon Blocks:
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SETEVN-3

" WPRK, (BLANK), C®NST, DIMENS, GUIDE, KEPC@N,

LABEL, L@CATE, LEGIC, MEASI, PRPPI, SCHEDI,
SCHEDR, TIME, TRAJL



Logic Tlow:

327 SETEVN -4

( SETEVN ’

MESEVN =1, and
".D?R{JP-O
(Propagation event with
no print?)

No

MESE = , aud

No 1PR¢P

9

MESEVN = &

‘ (Guidance
event?)

(Propagation event with
short print?)

¥

Print S/C

>-
/o >
]

state uncertainties

only

&

PRINTT, MASSIG

Write trajectory
information,mass error
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LP = location
of current
knowledge
covariance

#1100 ?i

EIGPRN

Print eigenvectors
and
aigenvalues

¥

RELCOV

Compute relative
uncertainty of
any ephemeris

elements

;

CERREL

Print std,
dev. and
correlation
coefficieunts

¥

? ' 2
MESEVN = 5, and LP = P
(Prediction event and predicted

covariance not yet
computed?)

Propagate know-
iedge to prediction
time

. ¥

1P = location of

predicted
knowledge

covariance

\ No

SETEVN-5
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3.3,38 Subroutine:

SETGUL

329

el e s e e e e R i £ e

SETGUI-1

Dafinition §

and stop

Purposes Set up control for guldance event, Feriorms
all computations which must be done in primary
overlay which consists primarily of interfacing
with TRAJ.

Input/Output:

Tnput/ Argument/
Variable Qutput Common
RIG I c Enormous constant, 1.E20
EURND 0 c Mass and thrust at guidence start
CHEEPR(8) T c Logical flag.
= T, generate transition
matrices for guldance
by reading STM file.

= ¥, integrate transition
matrices for guidance
in TRAJ,

DELAY /] C Guidance delay time fcr
current event, t

DXDKAF 0] c DXDKST evaluated at end
of burn interval.

DEDEBR ] C DXDKST evaluated at begin-
ning of burn interval,

DXDKST I c Keplerian to cartesian
ephemeris transformation
from BSTMRDR, corresponds
to beginning of guidance
delay interval.

GT 1/¢ C Transformation matrix for
subroutine DYN@ evaluated
at end of propagation inter-
val, '

GTBURN o} c CT matrix evaluated at begin-

ning of burn interval.
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330
SETGUI-2
!
Input/ Argument/

Variable Qutput Common Definition

GTDLAY ¢ c GT matrix evaluated at
beginning of delay interval,

GTYFF @ ¢ GT matrix evaluated at end
of burn interval,

GTSAVE e c GT matrix evaluated at begin-
ning of current propagation
interval for subroutine DYN#.

IAUGDC 1/0 c Dynamic parameter augmentation
flags.

ICALL 0] C Setup parameter for TRAJ
{8ection 3.5)

pucy I c Set UP, VP below.

TEPHEM I c Ephemeris element coordinate
system flag.

IGPYL I C Array of guidance policy flags.

IGREAD I c Array of namelist $CGEVENT
read control flags,

INTEG ¢ C Setup parameter for TRAJ
(8ection 3.5)

IPgL ¢ c Guidance policy flag for
current event,

IPRINT ] c Setup parameter for TRAJ
(Section 3.5)

TREAD 4] c $GEVENT read policy for
current event,

1ST@P @ C Stopping condition parameter
for TRAJ (Section 3.5)

RUTYFF @ C Flag indicating actual inte~
grator stopping conditions,

LISTDY I ¢ List of dynamie parameters

contained in transition
matrix generated eithey
— from STH file or TRAJ.
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SETGUI-3
Input/ Argument/

Variable Qutput Common Definition

L#CTC I C Location in blank common
of transition matrix
returned by TRAJ.

HEVEN'T v} C Setup flag for TRAJ
(Section 3.5)

NAUG I c Length of augmented state
vector.

NCHTG I Cc Number of current guidance
event,

NPHSTH i c Dimension of transition
matrix returned by subroutine
STMRDR or by TRAJ.

NFRI I c Body number of primary
integration body.

NTPHAS 1 H Number of current thrust phase.

PGL 1 C Locations in blank common
of working storage for

pG2 1 c guidance related covariance
computations,

PHT I c Location in blank common
of transition matrix.

PL{CAL 1 C Location in blank common of
covariance working storage.

PTEMP I c Location in blank common of
covariance working s:orage.

5 ¢ C Guidance sensitivity matrix,
cutoff state wrt controls.

SCMASS I c S/C mass.

SMASS I H Mass of sun.

STATEQ ] C Initial integration state

- for TRAJ.
TBURN @ C

Length of burn interval for
current event. ’
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} SETGUL-4
Input/ Argument/

VYarizble Cutput Common Definition

TCUTGF I c Array of guidance event
cutoff times.

TDELAY ¢ c Guidance delay time for
current event,

TDUR & C Maximum integration time
{seconds) for TRAJ.

TEVNT @ C Event time for TRAJ,

TFINAL k3 c Error analysis final time,

TGSTEP 1 c Maximum integration time
if guidance event needs
transition matrices eval-
uated past final time,

TGULID I c Array of guidance event
scheduled times,

THRACC 1 G Thrust acceleration vector,

TIMFTA I c Target condition evaluation
time for fixed time of
arrival guidance,

TM I c Conversion constant, seconds/
day.

THFF o] C Cutoff time for current
svent,

TEN g c Maneuver execution time for
current event,

TREF & c TRAJ reference time for
integration initialization.

TST™M I ¢ STM file time,

P (1,IEP) 1 C Position of ephemeris body.

VP (1,iEP) I c Velocity of ephemeris body.

UTRUE 1 c S/C heliocentric ecliptic

position vector used to
define STATEO for TRAJ

initialization.
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SETGUI-S
' Input/ Argument/ :
Variable Qutput Common ’ Definition
VTRUE I c 5/C heliocentric ecliptic
velocity vector used to
defineg STATEQO for TRAJ
initialization.
VRNIER 0] c Logical flag.
= T, current maneuver is
vernier
= F, current maneuver is
primary.
Local Variables:
Variable Befinition
IHOLD1, IHOLD2, THOLD3 Locations for saving parameter values
IHOLD4, IHOLDS, IHOLDé which will be changed by calls to

either STMRDR or TRAJ.

TSTMSY Saves STM file time (TSTM) when gen-
erating state transition matrices by
calling STMRDR.

Subroutines Called: C¢PY, ZER@M, STMRDR, MPAK, STMUSE, STMPR, PARKEP,
BUMB, JPBTLE

Calling Subroutine: G@DSEP

Comaon Blocks: WPRK, (BLANK), CONST, DIMENS, EPHEM, GUIDE, KEPC@N,
LYCATE, L$GIC, MEASI, PRGPI, PRPPR, SCHEDI, SCHEDR,
TIME, TRAJL, TRAJ2




334 SETGUI-6

Logic Flom:

Set guidance
variables from
array values
Save NPRI,
NPHSTM, IAUGRC(2)

T

e e
CHEKPR(8) = .TRUE.
¥es ,(Read transition__ NO

matrices from
STM file?)

A4 200,
STMRDR TRAJ

Integrate trans-

Read necessary ition matrices.

tran§itiog Test KUTHFF for
ggﬁr;ggs rom abnormal
ile. termination,
#3000
AR '

PVERLAY GUIDE

‘ » Execute e

) Maneuver

v oy

Reset pertuybed
parameters




31.3.39 Subroutine:

Purposé:

Remarks:

Input/Output:

Variable

335

STHMGEN-1

STMGEN

Generate STM file.

For effective process noise computation rubroutine
DYN@ requires the evaluation at beginning and end
of a propagation interval of the rotation matrix
frOm body-centered magnitude, cone, clock system
to heliocentric ecliptic cartesian coordinates,
This transformation must be saved on the STM file.
At thrust phase change two such transformations
are required, one for each phase evaluated at the
same time Point. Calls to the trajectory overlay
are generated to guarantee that this transformation
is always evaluated for the interval just ending,
and an extra call to subroutine EP is required to
evaluate the transformation at the beginning of
the new thrust phase. This pertains to statements

between statement numbers 300 and 400.

Input/ Argument/
Output Conmon Definition

CHEKPR (1)

DELTTM

I c ‘ Check print flaz.

= T, write to output all
trajectory information
written on STM file.

= F, no write to output,

1 R Time difference between
previously and currently
scheduled events.
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RPACC, THRACC
UP, VP, UREL
URELM, VREL

VRELM, UTRUE

336
STUGEN-2
_ Input/ Argument/ .
Variable Output Common Definition
IBcH I c Location as blank common of
current S/C mass,
LHCTC I c Location as blank common of
current transition matrix.
HMESEVN I H Current event code.
NCNET X G Mumber of current thrust
event.
NPHSTH i C Dimension of transition
matrix.
TCURR X c Currently scheduled tra-
jectory time.
TFINAL I c Stop time for STM file
generation,
™ I G Conversion constant, seconds/
day.
TPAST I C Previously scheduled tra-
jectory time.
INTEG
ISTYP .
nitialization parameteyrs
ICALL ¢ ¢ ialization p
for TRAJ.
MEVENT
TREF, TEVNT
TGURR, TPAST
NPRI, NTPHAS ~ Trajectory information
APERT, APRIM written to STM file., See
CHRRMBN (LICM) N ¢ G common block descriptions

for individual variable

Zescriptions.

.

e R 8 bt =t o o e

ik dm b ap s - e e
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STHMGEN-3

, Input/ Argument/
Variable Qutput Common Definition
VTRUE, UTRUEM . Trajectory information
VTRUEM, WPGWERS @ C written to STM file. See

GT, GTSAVE,

COMMEN (LECTC)

Local Variables:

Subroutines Called:

Calling Subroutine:

Common Blocks:

Logic Flow:

None
C¢PY, SCHED, EP

G@DSEP

common block descriptions
for individual variable

descriptions.

WORK, (BLANK), C@NST, DIMENS, L@GIC, PR@PR,

None

SCHEDI, SCHEDR, TIME, TRAJ1, TRAJ2



3.3.40 Subroutine:

STMPR (T, TF, PHIMAT)

STMPR-1

Purpose: To print state tramsition matrix partitions
and effective process noise covariance if
computed,
Input/COutput:
Input/ Argument/
Variable Qutput Common Defipition
T I A Trajectory time at beginning
of propagation interval,
IF I A Trajectory time at end of
propagation interval,
PHIMAT I A Augmented transition matrix
over'propagation interval.
AUGLAB I c Array of augmented parameter
Hollerith labels.
DYNOIS I c Dynamic noise flag.
LPCAUG I 7 Array locating sub-blocks
. within augmented transition
matrix.
LYCLAB I c Array locating state vector
partions within AUGIAB array.
FAUG I c Length of augmented state
: vector.
KDIM I c Array of lengths of individ-
ual state vector partitions.
PRNSTM I c Cutput control flag determin-~

ing sets of transition matrix
sub-blocks io be prianted.

T, print sensitivities of
relevant state vector
partition to eatire
augmented state.

= F, no sengitivities printed

for relevant state vector

partition,



Subroutines Called:

Calling Subroutines:

e Common Blocks:

Logic Fi-w:

PRPART, MAT@UT

2o ' e i - i pod
339
STMPR-2
- , Input/ Argument/ -
Variable Output Common Befinition
(1) - 8/C state
(2) ~ Solve-for parameters
(3) ~ Dynamic consider para-
meters
{4) - Measurement consider
parameters
(5) - Ignore parameters.
Q I c Effective process noise
covariance,
VECLAB I 'H Array of state vector par-
tition Hollerith labels.
Local Variables: None

MEASPR., STMRDR, GUIDE, SETGUL

WORK, DIMENS, LABEL, L$GIC, PR@PR

None

e e e e

e et n e ot At At e e e



.3.3.41 Subroutine:'

Purpose:

Remarks:

. : 340

. . STMRDR-1

STMRDR (T, TF, I$PT)

' To read transition matrices and trajectory

information from STM file (TAPE 3).

During STM file creation the user should have
scheduled as fine a time grid of trajectory
points as will ever be necessary for the par-
ticular mission. Therefore, situations will
occur during STM file reading where many time
points are encountered on the file between
time points requested by the scheduler for

the current error analysis. In this situation
trénsition matrices over the short time inter-
vals are chained to produce the required transi-

tion matrix over the complete time interval,

Taput/Output:
Input/ Argument/

Yariable Output Cortmmon . Definition

T I A Trajectory time at beginning
of propagation interval.

TF I A Scheduled trajectory time at
end of propagation interval.

IGPT T A . Option flag.

' CHERPR(1)

0, normal read.
+1, count number of records
read for future back-
space capability.
-3, same as +1 but compute
guidance sensitivity
matrik in addition.

{1 )

i

I G Check print flag.



341
STHMRDR-2

Input/ Argument/ .
Variable OQutput Common Definition

T, print all trajectory
information read from
STM file and all inter-
mediate products in
Lransition matrix
chaining.

F, no print.

n

DELTIM I/0 c Input as scheduled interval
length. If STM file is
already positioned within
forward tolerance DELTIM is
set to 0.

DXDKST g c , Keplerian to cartesian
transiormation for ephemeris
bady evaluated at time TSTH.

» 1EP I 'Y See UP, VP below.

P
¥

"IEPHEH I : c Ephemeris coordinate system
- flag.

LISTDY I c ' List of dynamic parameters
included in transition matrix
read from STM file.

MESH @ G Logical flag.

= T, successful mesh of
scheduled trajectory
times with STM file
times.

= F, uansuccessful mesh,

HAUG 1 c Length of augmented state
vector.

NPHSTM I G Dimension of transition
matrix read from STM file,

PHI : X c Iocation in blank common of
output traasition matrix.

— PLOCAT, I ‘ c Location in blank common of
i ' transition matrix working
storage for chaining,

¢



I | Y

342
STHMRDR-3
Input/ Argument/
Variable ° Qutput Comwmon Definition
PTEMP I c Lozation in blank common
: of transition tatrix work-
ing storage for chaining,
S ¢ C Guidance sensitivity
matrix computed if IPPT = 1.
SCHFTL I C Logical flag.
= T, failure to mesh is
fatal.
= F, failure to mesh is
not fatal,
SMASS | I c Mass of sun.
TELBAK I C Backward tolerance on file
time meshing,
TPLFGR I c Forward tolerance on file
time meshing.
TSTM ¢ C Current STM file time.
UP{1,IEP) @ c Heliocentric position of
- ephemeris body.
VP (1,IEP) @ c Heliocentric velocity of
ephemeris body,
NPRI, NTPHAS
APERT, APRIM
SCMASS, RPACC Trajectory related informa-
THRACC,UP,VP tion read from STM file,
UREL, URELM @ C See individual parameter
VREL, VREIM definitions in common
UTRUE, VIRUE block descriptioms,
UTRUEM, VTRUEM '
WPUWER, 6T

GISAVE

£

e s A i T4 e o b e i =
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STMRDR-4
' !
Local Variables:
Variable Definition
THOLD Intermediate holding variable used
when exchanging valuss of IPHI2 and
IPHI3,
IPHIZ Initially set to PIL@BCAL and PTEMP
respectively. Values are switched to
IPHI3 avoid copying of intermediate transi-
tion matrices used in chainiag.
NBACK Bumber of records read when IfPT = 0
to be used for backspacing.
NUPPER Upper word limit for reading STHM record.
TSTMO Last Value of TSTM when I@PT = O,

Subroutines Called: VECMAG, PARKEP, B¢MB, MMAB, MAT#UT, MPAK, STMUSE,
STMPR

Calling Subroutines: C@VP, SETGUI

Common_Blocks: WORK, (BLANK), C@NST, DIMENS, EPHEM, GUIDE,
KEPC@N, L@CATE, LGGIC, MEAST, PRUPR,. SCHEDI,
SCHEDP, TIME, TRAJ1, TRAJ2
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Ao

MESH = ,TRUE.

{L

/ NBACK = Q0 .¥R.

Yes IGPT # 0 (8T
file properly
positioned?)

Rewind
STM file,
skip forward
to correct
position

o

v
TF > TSTM + TPLYOR “
{(Requested time
greater than
file time +
forward tolerance?)

transition

matrix and |

trajectory
info ‘

FRSTIM = .TRLUE.
(Does this read
sequencc start

No
from
file beginaing?)
47 Yes
T > T2 + TOLFPR
No Will next time

point mesh with
interval
beginning?
JyYES
r

No

—

STMRDR-5

DELTIM =

0.

(9]




STHMRDR-6

FRSTIM = ,FALSE.
Compute DXDKST
at beginning of
interval if
necessary

O——x

T > T1+IgLFER
Reguested time
still greater
than file time

qlfo

MESH = TRUE ¥, .
Yes JBR. SCHFTL +# o
‘ .TRUE. Successful Terminacte
mesh, or failure OK? Processing

BOMB

fRead nexcty
¢transition §
\ matrix :i“

Chain transition
matrices

7500 ?wl»

TF > T2+TOLFER \
Final time greater Yes
than file time?

!Eno

MESH = .TRUE. &R, . B?EB
SCHFTL # .TRUE, No

Mesh successful, ——¥ ;eminate
or failure OK rocessing

Y. ‘ rpm—T—
I8

STMUSE

Convert trans{i-
tion matrix to
usayle form




3.3.42 Subroutine:

Purpose:

‘Remarks:

346
STMUSE-1

STMUSE (THRNUM, DXDK, STMIN, NIN, LISTIN,
STM@UT, N@UT)

To convert state transition matrix as read from

87 file to state transition matrix as needed

by augmented covariance matrix,
A}

There are four possible operations required to

convert STM file transition matrices to the

augmented transition matrix required for

covariance propagation:

(1} ordering of rows and columns with insertions

for measurement parameters and deletions

for unused dynamic parameters as necessary

(2) scaling of thrust parameter sensitivities

to account for nﬁmber of thruster operating
A)
. over current phase;

(3) the setting to identity of ephemeris element
to ephemeris element sensitivity sub-blick
if stationary cartesian or keplerian elements
are augmented; and

{(4) the coordinate transformation af 5/C state
sensitivities to ephemeris elements if those
elements are Keplerian.

Input/Qutout: .
Input/ Argument/
Variable Output Common Definition
THRNLM I =Y Humber of thrusters operat-

ing over transition matrix
interval.

L
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} STMUSE~2
Input/ Argument / .
Variable Cutput Comrmon Definition
- :

DXDK X A Keplerian to cartesian
transformation for ephemeris
clements evaluated at begin
ning of interval.

STMIN I A Input transition matrix.

NIN X .4 Dimension of input transi-
tion matrix.

LISTIN I A List of parameters included
in input transition matrix,

STHM@UT 1) A Qutput transition matrix,

NGUT @ A ' Dimension of outr:- transi-
tion matrix (required only
variably dimensioning
STMPUT) .

IEPHEM I c Coordinate system flag for
ephemeris elements.

LIST X Cc Parameter list for output

: transition wmatrix.

LISTPH I c Parameter list of possible
ephemeris elements.

NEPHEL I . Cc Number of ephemeris elements

Tocal Variables:

Subroutines Calied:

Calling Subroutines:

Common Blocks:

augmented to state.

None -
iDENT, LEADRC, SQRT, L¢CLS?, SCALE, L@DCﬁL, MMAR
STMRDR, SETGUIL

W@ERK, DIMENS, KEPCg'., MEAST




e

Logic Flow:

SCALE

Scale down single
thruster seasitivi-~
ties according to
no, of thrusters,

v

JEPHEM = 0
PR,
NEPHEL = 0
(Any stationary
ephemeris parameters)

{v No

IDENT, L@ADRC

Load identity
into ephemeris
to ephemeris
sensitivities

R

IEPHEM # 2

Are ephemeris
parameters
cartesian?

érNo

L@DCAL, AR, LPDCPL

Transform S/C state
sensitivities to ephemeris
elements from cartesian to
Keplerian space,

STMUSE-3



3.3.43 Subroutine:

Purpose:

Method:

349

VERR-1

VERR (VARDV, DV, C@VERR)

To compute the AV

execution error covariance.

Variances in AV proportionality, resolution

and two pointing amgles are applied to the input

AV to form the execution error covariance (See

Section 6.3 of the Analytic Manual).

Input/Qutput: .
Input/ Argument /
Variable Qutput Common Definition
.VERDV I A Av execution error
variances:
2 2 2
O;Rn, G;u-:s, Goe, O
DV I A AV = (av, .f_w-y, AV,)
CAVERR 0 A Execution error covariance

Subroutines Called:

None

Calling Subroutines: GUIDE

Common Blocks:

Logic Flow:

None

None
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3.4 Subrout:ne; SIMSEY
Purpose: To control the overall logic flow of the trajec~

.

tory simulation mode,

Method: SIMSEP is the main subroutine in the trajectory
simulation mode, Its primary function is to

" control the execution of algorithms and logic

according to the operation and option flags
specified during input. This is done in two
basic cycles within the program. The first,
or outer cycle, is the so~called Monte "arlo
mission cycle where a complete actual trajectory
is propagated from beginning to end. Included
within the mission cycle is the guidance event
loop where trajectéry estimation and guidance
are performed to keep the "actual" trajectory
on course., After many sample missions have been
floyn, certain statistical parameters are com-
puted to aid in the deduction of expected trajec-
tory characteristics and system performance. |

Remarks: One of the key operations performed im SIMSEP
and its subordinate routines is the propagation
of trajectories from one time point to another.
This operation may simultaneously include the
éeneration of state transition matrices. Since

all communications with the integrator are by



351 SIMSEP~2

commor: block variables, the explicit in line
initialization of integrator control variables
prior to calling the trajectory routine is
evident throughout SIMSEP. A list of variables
which must be defined to properly initialize

the trajectory is given below. This list should

clarify how SIMSEP's interface with TRAJ is per-~

formed.
Variable Definition
EPYCH Initial trajectory epoch, a Julian
date.
TREF Trajectory starting time (in seconds)
measured from EPECH,
TDUR Trajectory termination time (in
seconds) measured from EP@CH,
STATEQ State vector specified at TREF,
SCMASS 8/C mass specified at TREF,
NTPHAS Thrust phar? number of TREF,
NPRI Primary body number at TREF,
ICALL Trajectory initialization £lag,
ICALL = 1, the trajectory is ini-
tialized and propagated.
ICALL = 2, the trajectory is ini-
tialized only.
JCALL = 3, the trajectory is propa-
> gated from a previous
integration step.
INTEG Flag indicating which equations are

to be integrated in TRAJ,

INTEG = 1, equations of motion and
variational equations are
to be integrated.
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SIMSEP-3

Definicion

Variable

IST@P

Input/Mutput:

Variahle

Input/
Output

INTEG = 2,

Trajectory

1ST@P

ISTEP

ISTHP

Argument/
Commion

]

1,

2,

only the equations of
motion are integrated,

stopping condition flag.

the trajectory integration
is ended at TDVR, '
the trajectory integration
is ended when closest
approach is detected at
the targec body.

the trajectory is stopped
when the sphere of influ-
ence is cncountered,

Definition

NREF

UREL

VREL

BLANK
(LgCH)

TSTEP

I

I

C

c

State vector read-in flag.

Relative s/c position
vectors.

UREL (1,1) for i =1, 2, 3
is the heliocentric posi-
tion vector of the s/c.
UREL (i, ITP) for i = 1,

2, 3 is the position vector
relative to the target
planet.

VREL (i,1) for i =1, 2, 3
is the heliocentric velocity
vecter of the s/c.

VREL (i, ITP) for i = 1,

2, 3 iz the velocity vector
relative to the target
planet,

Current s/c mass at any
given instant along the
trajectory integration.

Trajectory stop time rela-
tive to EP@CH.
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VYarisble

Input/
Qutpnt

353

Argument./
Comnon

SIHMSEP=4
Definition

EPgCH

IGE
IRAN

NSISED

PG

KTERR

NSAMP

MC

‘REGE

RHGE

RXTAR

RMTAR

I

c

Initial epoch of the mig~
sion. A Julian datz corre~
sponding to the launch of
the mission.

Epoch of a guldance event.
Random number seed.

Thrust process noise flag.
If NPISED = 1, time~varying
dynamic noise is activated
in the trajectory integra-
tor. If NPISED = 0, thare
is no dynsmic noise.

Initial 2/c coutrol cov-
sriance in eigenvector/
eigenvalue form,

Flag to indicate whether
or not a trajectory is to
be propagated after a given
guidance correction to the
designated target to eval-
uate target errors., If
KTERR = 1, target erxors
are computed. ILf RTERR =
0, no target errors.

Previous numbay of Moute
Carlo cycles that have been
procesged for a given
guidance event.

Previcus number of MHonte
Carlo cycles that have
been procesgsd for the
total =aission,

Reference trejectory state
vectors at guldance events.

Refarence s/c mass at guid-
ance events.

Refersnce trajectory state
at the targat time.

Reference sf/ec mpass at the
target time,
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SIMSEP-5

, Taput/ Argument/
Varisble Qutput Copmon Definition
TERUST I c Thrust coantrol array.
MIPH I c Thrust control phase number

at guidance events.

STHRT3 I c Stored thrust control array
for the reference trajectory
thrust profile.

NGUID I H Number of gulidance events
for this mission.

HNCTYCLE 1 C Number of Moate Carlo
cycles for this SIMSEP
Tun.

Local Variables:

Variable Definition
1c Honte Carlo cycle counter for complete
missions.
THAN Guidance event counter for completed
guidance events within z mission.
XREFQ . Initial reference trajectory state
vector.
SA Actual trajectory state vector.
XE Estimated trajectory state wvector.
ir Actual trajectory final target vari-
ables.
TPRNT Print output flag,

ICRVEG Guidance convergence flag.
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SIMSEP~-6
Varizble Definition
DELTAU Guidance control corrections computed
at 2 guidance event.
IGUID Guidance law flag.

Subroutines Called:

Calling Subroutines:

Common Blocks:

CAPY, CSAMP, DATAS, EPHSMP, ERRSHMP, EXGUID,
LEUID, NLGUID, NPISE, ¢b, @PSTAT, TRAJ,
REFRTJ, SET, SPRNT1, STAT, TCHMP, VECMAG,
ZER@Y

MAPSEP
C@NST, CYCLE, DYN@S, EDIT, EPHEM, TASTM,

STM1, ISTM1, SIM2, ISIM2, SIMLAB, STPREC,
TIME, TRAJ1, TRAJ2, WORK, (BLANK)



Logic Flow:

7356

DATAS

Read Namelists And
Initialize Program Data

v

SET {-+4)

Initialize Actual, Estimated,
And Reference Trajectory
Constants And Parameters

[

Yes

REFTR.J

Compute reference trajectory
conditions at the guidance and
target points

( & }Sta‘rt

T Cycle

of Monte Carl

g,

1€ = 1C+1

I

SET (-3)

L

Set All Nominmal Working Arrays

Used By TRAJ With The-Reference
Values

SIMSEP-7



CSAMP

Sample PG To Form XA

o

EPHSMP

Sample Ephemeris Error To
Form Actual Ephemeris
Planet Orbits

b

ERRSHP

Sample S/C Parameter Errors
To Form Actual
THRUST, SCMASS, Etc.

!

SET(+1)

Save All Actual Parameters
That Have Been Sampled In

The 5S8i-Arrays

orf Guidance 5!

Start
Cycle

IMAN = IMAN + 1

¥

SET(-1)

Set ALL Nominal Working

Arrays With The Actual
Parameter Values

L

OVERLAY (TRAJ)

To Guidance Event

Propagate Actual Trajectory

v

@D

Sample Augmented Knowledge
Covariance To Form Estimated
State Vector XE

SIMSEP-8
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SIMSEP-9

NLGUTID

Compute Nonlinear Guidance
Correction, DELTAU

v
LGUID
Compute Linear

Guidance Correction,
DELTAU

7 No
JVDivergence

ICNVEG2L

Divergence has
Occurred 1n
The Nonlinear
Guidance
Logic

ICNVEG=2

Wealk
Convergence

Yes, Convergence

EXGUID

Sample Guidance L
Event Execution
Errors And Form
Actual Correction

A
STAT

Compute Cumulative
Statistics For This
Guidance Event

A
EXGUID

Sample Guidance Event

Execution Errors And Form
Actual Ceorrection

A
(]




@VERLAY (TRAJ)

Propagate The Actual Trajectory
To The Target And Evaluate
Target Errors

Yes IMAN £

Recycele in NGUID

Guidance Cycle

GVERLAY (TRAJ)

Propagate Actual Trajectory
To The Final Target

L

STAT

Compute Cumulative Statistics
For This Mission

., Yes IC <
Recycle in NCYCLE
Monte Carlo
Cycle

’ Print And - /

Punch futput j

RETURN

SIMSEP-10



3.4.1 Subroutine:

Purpose:

Meithod:

Remarks:

Ingﬁt/Outuut:

360 . CSAMP-1

CSAMP (EVEC, NN, REFVEC, SMPVEC, IRAN)

To sample a n-dimensional covariance matrix in
order to formulate a zero-mean, Gaussian, error
vector which is added to the reference value,
From an input array of eigenvalues corresponding
to a specified covariance matrix in an uncorre~
lated representation, a standard Monte Carlo
sampling technique is used to define a random
vector., This random vector is then multiplied
by the modal matrix of eigenvectors to rotate

it b;ck into the original state space. It is
added to the reference vector to obtain a sample
vector.

This routine is used in SIMSEP for coanstructing
random actual state fectors relative to the
reference state at the initial time from the
input control error covariance. It is also
used to compute an augmented estimated state
vectors from the input knowledge covariances at
guidance events. The mazimum dimension a

covariance matrix may have is 20 X 20.

Input/ Argument/
Variable Qutput Commen Definition
EVEC I A Variably dimensioned

[P

.

{NH-% (NN+1)) array of eigen-
vectors and eigenvalues.
The (NN X NN) square matrix




Rt

Variable

Input/
Output

361

Argument/
Common

CSAMP-2

De€inition

NN

REFVEC

SMPVEC

IRAN

Local Variables:

Variables

is the so-«called modal
matrix which has eigen~
vectors as columns. The
{NN 4+ 1) column vector is
the (NN X 1) vector of
eigenvalues.

Dimensianality of the EVEC
matrix.

Reference state vector to
the sampled error vector is
added,

Sampled state vector which
is different from REFVEC by

the sampizd srror vector.

Random number generator uscd.

Definition

D

Subroutines Called:

Calling Subroutines: SIMSEP, @D, EPHSMP

Common Blocks:

Logic Flow:

WORK

Sampled error vector to be added to

REFVEC.

Equivalences to elements in

the WPRK common.

RNUM, MMAB, ADD



gt

Logic Flow:

Sample
(square roots of)
Eigenvalues and Form D

g

P

SMPVEC = REFVEC + EVEC * D

CEAMP-3



-

ey

kN

3.4.2 Subroutine:

Pu'.L'EOSE:

Method :

Input/Cutput:

Local Variables:

Subroutines Calied:

Calling Subroutines:

Common Blocks:

Logic Flow:

363 DATAS-1

DATAS

To make calls to SDAT1 and SDATZ in order to
read the SIMSEP input.

DATAS is a macro-logic routine which serves

'

exclusively to call SDAT1 and SDAT? in suc-
cession. ‘

None

None

SDAT1, SDAT2

SIMSEP

None

None



Pages 364 through 374 have been deleted.




375 EPHSMP-1

3.4.4  Subroutine: EPHSMP (IPRNT)

Purpose:

Method:

To make random samples from the input ephemeris
planet error covariances and the gravitational
constant uncertainties.

4 standard Monte Carlo sampling procedure is

used to form discrete errors in the Cartesian
state vector of the ephemeris planets, This
sampling is made at a specified rpoch and is
transformed into changes in the Keplerian orbital
elements, The analytic ephemeris is modified to
reflect these ephemegis errors. Likewise, errors

are computed for the solar and ephemeris planet

gravitational constants.

: Input/ Argument/
Variable Qutput Common Definition
SMASS 1/0 c Solar gravitational
constant,
, DMASS 1/0 C Planetary gravitational
constant.
PLANET I C Hollerith array of planetary
names.
CsAX /0 c Analytic ephemeris semi-
ma jor axes,
CECC 1/0 c Analytic ephemeris eccen~
tricities.
CING 1/0 c Aualytic ephemeris inclina-

tions,
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Y.ocal Variables:

- EPHSMP-2
-
i |
kt‘ ‘‘‘‘‘
Input/ - Argument /
Variable Output Common Definition
CHMEG 1/0 c Analytic ephemeris argu-
ments of the ascending
mode,
COMEGT 1/0 c Analytic ephemeris argu-~
ments of the apsis,
CHMEAN I/0 c Analytic ephemeris mean
anomalies and mean wmotions,
GMERR I H One sigma uncertainties in
' the gravitational constants,
XEPH 1/0 c Ephemeris planet state
vector at epoch,
NEP2 I c Flag array specifying the
. ephemeris planets,
et -ﬁ EPHERR I c Eigenvector/eigenvalue
oL representation of the
- ephemeris error covariance,
TEPH I C ‘Epoch at which the ephemeris

errors are evaluated.

Variable Definition

GMUS Temporary storage for the solar grawvi-
tational constant,

GHU Sum of sampled solar and plametary
masses,

- XX Temporary storage for the sampled

Cartesian ephemerls planet state,

EL Temporary storage for the sampled

R
P .
5% };;fSubroutines Called:

I AT

orbital elements,

RNUM, CSAMP, C@NIC, CPPY, ZERGM
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Calling Subroutines:  SIMSEP

Common_ Blocks: CPNST, DYN@S, EPHEM, SIML, ISEML, WQRK

e

{
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Logic Flow: EPHSMP=4

Sample GMERR(l) for a
Solar Mass Error to Add
to SMASS

D0 II1=1, 2

ﬁ::f NEP2 (I1) = 0
4&Nb
E—P@MU = SMASS + PMASS
E CENIC
gﬁ pute Conic Elements,

EL, Corresponding To

E CSAM@

) Sample Cartesian
Ephemearis Errors To
Form: XX
Sample GMERR(II+l) For

Planetary Mass Errors To Add
to PMASS

Load Actual Conic Elements,
BL, into the Ephemeris Arrays

C8AX, CECC, CINC, C@MEG,
COMEGT, CMEAN

RETURN



Page 379 has been deleted.
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ERRSMP~1
380

3.4.5 Subroutine s ERRSHP

Purpose: To make random samples from input SEPS paraneter
errors, thrust bilases and thrust process noise
in order to formulate actual values for these
parameters used during the propagation of an
actual trajectory.

Methods: A standard Monte Carlo sampling procedure is used
to compute random errors which are added to the
reference values to form "actual" parameter
values.

Input/Cutput:

Input/ Argument/ .
Variable Output Common Definition

SCMASS 1/0 c Initial §/C mass.

ENGINE(10) I/0 c Thrust exhaust velocity.
(=EXUVEL)

ENGINE(L) 1I/O c Electric power at 1. A.,U.
(=PPWERO)

ENGINE(11) 1I/0 c " Thruster efficiency,
(STHREFF)

ENGINE(15) 1I/0 C Radiation pressure coeffi-
(=CRA) cient. '

THRUST i/o C Thrust control array.

TNGISE 0 c Thrust control ﬁoise.

GTAUL 0 C Thrust control noise time

correlation coefficients
for the first process.
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ERRSHP=Z
Ji
‘\-\ ~ F
Input/ Argument/
Variable Oubpui . Common . Definition
(TAUZ 0 c Thrust control noise time
correlation coefficients
for the second process,
SCERR I C SEPS paramatar arrors.
TCERR I c Thrust control biases.
TVERR 1 c Time wvarying thrust centrol
EYTOYS. '
JMAX I C Total mmber of active
thrust phases.
JHIR I c Thrust phase number for the

first active phase

Subroutines Called: RNUM

Calling Subroutines: SIMSEP

i Common Blocks: CANST, DINgS, SIML, ISIMl, TIME, TRAJL,
TRAJ2, WPRK i



Logic Flow: ERRSMP-3

Sample SCERR to
Form SCMASS, EXHVEL
PGWERO, THREFF, CRA

v

1 Sample TCERR for
Thrust Control Biases
Te Form THRUST

]

Sample TVERR for Thrust
Process Noise and Correlation
Times to Form
TNGISE, GTAULl and GTAU2

RETURN




4

383

ERRSMP-4

v

Print: Diagonal of ¢
the Correlation
Time Matrrix and
initial Thrust
Control Noise
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EXGUID-1
3.4,6A Subroutine:s EXGUID (XA, DELTAU, IMAN, IPRNT)
Purpose: To execute commanded thrust control changes or

impulsive delta-velocity corrections which have
been computed by the guidance algorithm,

Method: For a low thrust guidance event, the actual
thrust ceontrols are changed according to the
commanded corrections computed by the guidance
algorithm, These updated thrust controls still
reflect thrust biases which were determined as
random samples from the input error sources,

For an impulsive guidance event, the commanded
(’ . _ delta~velocity is corrupted by randomly sampled
A J / execution errors and is then added to the actual
state vector as an instantaneous velocity change.

Input/Cutput:

Input/ Argument /
Variables Output Common Definition

XA 1/0 A Actual s/c state vector,

DELTAU 1 A Commanded thrust control
correction or delta-
velocity change.

IMAN I A Number of the current
guidance event.

IPRNT I A Print output flag.

EZVERR I C Inpulsive maneuver execu=-
tion errors.

THRUST 1/0 C Thrust control array.

TR,
A
.



e

385 EXGUID-2

Input/ Argument/
Varizble Qutput Common Definition

NIC 1 c Number of active thrust

controls.

IGL I C Guidance law specifica-

tion flag.
Local Variableec:
Variable Definition
EDVM Magnitude of the commanded delta-
' velocity correction.

ADVM Magnitude of the actual delta-
velocity correction.

UEDV Unitized estimated delta~velocity
vector.

AR Angle measured irn the ecliptic plane
from the positive X~axis to the pro-
jection of the commanded delta-velocity
correction,

BE Angle measured out of the ecliptic
plane to the commanded delta-velocity
correction,

AA Angle measured in the ecliptic plane
from the positive X-axis to the pro-
jection of the actual delta-velocity
correction.

BA Angle measured out of the ecliptic

Subroutines Called:

Calling Subroutines:

Common Blocks:

planz to the actual delta-velopity
correction,

VECMAG, UNITV, RNUM, ZER¢M, ADD, SET, MATHUT, CEPY

SIMSEP

CONST, DYN$S, TASTM, SIMIL, ISIMI, SIMLAB, ST@REC, TRAJL



Logic Flow:

386

EXGUID

EDVM

= || DELTAU }§

"

EDVM:SMALL

EXGUID-3

~

>

UEDV = DELTAU/ il DELTAU g

v

AE

=)
£
]

ATAN (UEDV (2)/UEDV (1))
ASIN (UEDV(3))

hid

Sample In and Out of Plane
Execution Errors to Form:
AA and BA

v

Sample Proportionality amnd
Resolution Execution
Errors to Form:

ADVM

¥

Form Actual Delta-Velocity:
DELTAU (4 )=ADV*COS (AA)4-COS (BA]
DELTAU (5)=ADVM*SIN(AA)4COS (BA ]
DELTAU (6)=ADVM*SIN(BA)

.

ZERGM

DELTAU = 0




ADD

AR

XA = XA + DELTAU

EXGUID-4

A 4

Priat: Commanded
and Actual Delta-
Velocity:
Corrections

SET(~1)

Restore the Actual Thrust
Controls in the THRUST
Array

T

THRUST = THRUST 4 DELTAU

¥

SET(+1)

Restore the S-1 Arrays
With the Actual

Thrpgt Contrq}s

i §

Print: Commanded
Thrust Control
Corrections and
Actual Thrust

Controls

Uy S PR
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3.4,.68 Subroutine:

387-B GUIDME~1

GUIDMX (FEI, THETA, ETA, GAMMA, NG, NT, IGUID,

IMAN, CHNWT)

Purpose: To calculate the guidance matrix used by the
linear guidance algorithm.

Method: The guidance matrix, [ , is computed from tra-
jectory sensitivities evaluated about the
reference trajectory according to the guidance
policy specified during input. The computational
steps in formulating T' are discussed in the
Analytic Manual, Section 7.3,1. Once the guid-
ance matrix has been determined, it is stored
and used on successive Monte Carlo cycles, thus
eliminating the need to re-evaluate trajectory
sensitivities,

Input/Qutput:

Input/ Axgument/
Variable Qutput Common Definition
PHT I A State tc state transition
matrix, § .
THETA I A Control variable to state
component transition matrix,
a“.
ETA I A State to target variable
| transformation matrix,ﬂl.
GAMMA G A Guidance matrix, T .
NC I A Number of ccntrol vafiablés.
NT I A Number of t4rget variables,
IGUID I ~A Guidance maneuvay type'flag.

i
i
i
'
i




387-C GUIDMK-2

Input/ Argument/
Yarizble OQueput ‘Common Definition
AN I A Guidance event number.
CONWT I A Weighting factors for the

Local Variables:

control variables.

Variable Definition
TMK; Temporary matrices storing
TMX3 intermediate calculations.

Subroutines Called: GENINV,

Calling Subroutine:

Common Blocks:

REFTRJ

None

MMAB, MPAK, SCALE
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387-D

GUIDMX

Logic Flow:

X1 = [ETA] * [puil

GUIDMX -3

l

MPAK

[ mx1] + [mvx2]

I1GUID No
o
Yes -

7 -

GENINV

{ TMX3 = Generalized Inverse (IMX2)

l

MMAB, SCALE

camsa = - [mx3] * [ mux2]
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388 LGUID-1

3.4.7 Subroucine: LGUID (XE, DMAN, IPRNT, DELTAU)

Purpose: To compute low thrust or impulsive guidance
corrections using a linear, non-iterative
guidance law.

Hethod: Using the linear guidance matrix, f' , formu-
lated in GUIDMX, LGUID computes & set of low
thrust or impulsive corrections accordiﬁg to

the matrix equatiomn

- Jﬁ.E=Fg§s

where 5 gE is the state vector difference
between the estimated and reference trajectory

stale at the guidance point.

Input/Output:
Input/ Argument/

Variable Qutput Common Pefinition

iE I A Estimated S/C state vector.

IMAN I A NMumber of the current guid-
ance event,

IFRNT 1 A Print output flag.

DELTAU 0 A Output vector of low thrust
or impulsive velocity cor-
rections.

SMAT I c Saved guidance matrix pre-
viously computed.

NTC i H Number of control variables.

RXGE I c Reference trajectory state
vector at the guidance
point,
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Local Variables:

Variable Definition

DXE Deviation of the estimated
state vector relative to
the reference trajectory at
the guidance point.

GAMMA Guidance matrix, I .

EDU Temporary storage for the
computed control correction.

Subroutines Called: C¢PY, MMAB, SUB

Calling Subroutines:  SIMSEP

Common Blocks: TASTM, STM1, ISIML, SIMIAB, STUREC, TIME, W@RK

Logic Flow: Wone



1

390 NLGUID-1

J

3.4.8 Subrautine: NLGUID (XE, IMAN, IPRNT, DELTAU, ICNVEG)

Purpose: To compute low thrust or impulsive guidance cor-
rections using & nonlinear guidance algorithm.

Method: The estimated state is propagated to the designated
target time where target errors relative to the
reference target conditions are evaluated, State
variations with respect to guidance controls are
computed with the estimated trajectory propagation.
From the target errors and the resultant sensitiv-
ity matrix, a linear control correection is calcu-
latad and applied as an update to the current con-
trols. This process is repeated until the target
errors are within specified tolerances. ILf the
target tolerances are not satisfied after NMAX
iterations, further guidance corrections for the
current Monte Carlo mission are aborted and the
misgsion is ended. A more complete discussion of
the nonlinear guidance problem and the method of
solution which has been implemented here is given
in the Analytic Manual, Section 7.3.4.

INPUT/QUTPUT: INPUT/  ARGUMENT/
VARIABLE QUTPUT __ coMoN  DEFINITION

XE I A Estimated S/C state vector.

TMAN I A Number of the current guidance
event.

IPRNT I A Print output flag.

DELTAU 0 A Computed low thrust or impulsive
control corrections.

1CHVEG 0 A Convergence flag.
= 0, No convergence after ITMX
iterations or after the quadratic
error function, Q, has increased
on three successive iterations.
= 1, Weak convergence after ITHX
iterations and Q being less than
AOR,
= 2, Strong convergence (Q& 1},

- THL 1 c Array of target error tolerances

} used in computing the quadratic
v error function.
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391 ' NLCGUID-2

’ INFUT/  ARGUMENT
VARTABLE QUTPUT COMMON DEFINITION

T

IGL . 1 C Flag designating the type of
‘ guidance correction to be computed, i
1f IGL = +2, the guidance is low i
thrust. 1If IGL = ~2, the guidance
is impulsive.

ITMX I C Maximum number of guidance itera- E
tions allowed. (Input as NMAX). |

ABK 1 G "Weak convergence tolerance. ;
IEPH I C Code for the ephemeris body. g
NTPL ‘ I c Code for the target body. | ;
NTAR ) I c Number of target variables,
NTC I C Number of control variables.
TGE i C Time of the guidance event.
TTAR I c Designated target time.
LSTAR 1 C List of target variable codes.
XTARG I c- Reference trajectory target con-

ditions at the designated target

time, %
SMAT 1 C Stored sensitivity matrix. ;
CENWT 1 C Control variable weights, g
THRUST I C Array of thrust controls.
STHRT2 I c Stored array of estimated thrust i

' controls. r

RXTAR X H Reference trajectory state at the

designated target time,

UNTAR I C Conversion factor which convert
target variables from intermal to
external units.

DVMEN 1 c Maximum delta~-velocity magnitude
change.




Q1

Qo0
ETA

EDV

EDU

TARGX

TARERR

GAMMA

Subroutines Called:

392 NLGULD-3
INPUT/  ARGUMENT
VARTARLE QUTEUT COMMON DEFINITION
1JH 1 c Array of indices which identify
the position in the THRUST array
of the active controls,
PHI 0 Cc State to srate traasition matrix
between TGE and TTARG.
THETA 0 C Controls to state transition matrix
between TGE and TTARG.
LOCAL VARTABLES:
VARTIABLE DEFINITION
Wy Weighting matrix used in formulating the quad-
ratic error function. WW is diagonal with the
reciprocal target tolerances squared for the
non-zero entries,
XXE Estimated trajectory state vector at TST@P.
ITER Current iteration counter,
Q2 Value of the quadratic error function evaluated

on two previous iterations,

Value of the quadratic error function evaluated
on ane previous iteration.

Current value gof the guadratie error functiom.

Transforuation matrix mapping differential state
variables into differential target variables.

Delta-velocity guidance correction at the cur-
rent iteration,

Delta-thrust-control guidaunce correction at the
current iteration,

Target variables eva.uated on the estimated
trajectory at TSTP..

© Target error at TSTHP,

Guidance matrix which maps target errors into
control variables.

ZERGM, MATQPUT, COPY, SET, MMAB, GENINV, VECMAG,

' SCALE, ADD, THC¢MP, TCHMP, SUB, MMATBA, ECOMP,
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Calling Subroutines:

Common Blocks:

393 NLGUID-4

SIMSEP

C@NST, TRAJL, TRAJ2, SIMLl, ISIML, TIME, (BLANK)



Logic Flow:

394

INITIALIZATION
AND
SET-UP

ITER = ITER+]

I

THECOMP

Compute Estimated Trajectory
and
PMI and THETA Matrices

!

TCHME

Compute Target Variables On
The Estimated Trajectory:
TARGX

.

TARERR = XTARG - TARGX "

i %
Compute Quadratic Errvor
Function:

Qo = [TARERR]T * [ww 1%
[ TARERR ]
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ECAMP

Compute

Transformation
Matrix: FEP

L0

% Tmpulsive

Compute Guidance Matrix:

>0

Low Thrust ;

NLGUID~O
Yes
" Strong Convergence é'
ICHVEG = 2
D -
RETURN

Matrix:

Compute Guidance

GAMMA

1
w

EDU = {cAMMA]

* | TARERR)

}

THRUST = THRUST + EDU




Pages 396 through 402 have been

deleted
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3.4.94 Subroutine: $D (XA, XE, IMAN, IPRNT)

Purpose:

Method:

Input/Output:

Variable

To estimate the s/c state vector and parameters
which have been augmented to the staée at a
guidance event,

Since an explicit orbit determination process

and measurement models are not included in

SIMSEP, 0D, in 'effect, performs the state esti-
mation function. A knowledge covariance, which
has been transformed into an eigenvector/
eigenvalue representation, is randomly sampled

to form an error, 5 XE, in the cstimated state
vector relative to the actual, i.e., 5XE =

XE - XA' If parameters such as ephemeris errors,
thrust biases, etc., have been augmented to the
six-component Cartesian state, estimated errors
for these parameters are simultaneously computed
by sampling an augmented knowledge covariance.

The formulated error vector is added to the
corresponding actual values to define an estimated
state and eétimates of the augmentation parameters

o be used in calculating guidance corrections.

Input/ Argument/
Qutput _ Cpggog 7 _ Defini;ign_m

h - E

I A Actual s/fc state yector
(position and velocity).
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¢#p=-2

Definition

Estimated s/c state vector
(position and velocity),

Number of the current guid-

Array of eigenvector and
eigenvalues corresponding
to the augmented knowledge

Estimated eiectric power at

Saved reference value of
the electric power at 1

Estimated thrust exhaust
Saved reference value of

the thrust exhaust wvelocity.
Estimated thruster effi-
Saved reference value of
the thruster efficiency.
Estimafted radiatior pressure
Saved reference value of
the radiation pressure,
Estimated SEPS mass,
Reference SEPS mass.

Estimated thrust control

Saved reference thrust

i Input/ Argument./
Variable. CGutput Common
XE 0 A
IMAN ° I A
ance event,
IPRNT I A Print cutput flag.
BLANK I C
covariance.
ENGINE (1) 0 c
( = B@WERO) 14,0,
SPO3 I c
AU,
{ j ) ENGINE(10) O© c
N ( = EXHVEL) velocity,
SEXV3 I C
ENGINE(11) O C
( = THREFF) ciency,
STEF¥3 I c
ENGINE(15) O C
( = CRA) coefficient,
SCRA3 I c
SCHMASS 0 C
RMGE I c
THRUST o] c
array.,
P STHRT3 I c
- ki

control array.
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Argument/

¢n-3

Input/
Variable Qutput Common Definition

KT I c Dimension of the augmented
knowledge covariance,

IEPH I H Ephemeris planet number
for the current knowledge
covariance,

NEP2 I c Active actual ephemeris
planet number.

SMASS 1/0 C Estimated solar gravita-
tional constant.

PMASS - 1/0 c Estimated planetary grav-
itational constant,

XEPH I/0 C Estimated ephemeris planet
Cartesian state wvector.

T GMERR I C Solar and planetary gravita-
{ } tional constant uncertain-
i ties.

CS8AX 0 c Estimated semi-major axis
for the ephemeris planet,

CECC 0 C Estiméted eccenkricity for

. - the ephemeris planet,

CINC 0 c Estimated inclination for
the ephemeris planet,

CPMEG 0 c Estimated longitude of the
ascending node for the
ephemeris planat,

CPMEGT 0 c Estimated longitude of
periapsis for the ephemeris
planet, :

CMEAN o C Estimated mean anomaly for

the ephemeris planet,



Local Variables:

Variable

406 D=4

Definition

AXA

EL

INDEX1

Subroutines Called:

Calling Subroutines:

Common Blocks:

Augmented actual state vector, The
dimension and packing are determined
by KTY.

Augmented estimated state vector.
Like AXA, the dimeunsion and packing
are determined by KTY,

Estimated osculating ephemeris planet
crbital elements,

Index identifying the position in the
EVEC matrix of the first element
corresponding to the current augmented
knowledge covariance,

ZER@M, CSAMP, C@PY, C@NIC
SIMSEP

CPNST, TRAJ1, EPHEM, TIME, SIM1, ST@REC, W@RK, ISIMl
(BLANK}

Set Thrust Controls Equal

To The Nominal
Mission Controls:
THRUST = STHRT3

v

—
.h..-—., f'-:

Set Basic 5/C Parameters
Fqual To The Nominal Values:
. SCMASS = RXGE _
PYWERO = SPO3, EXHVEL = SEXV3, ETC1
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;407-A

¢D-5

Compute INDEX1

Yo

|

'l |

)

CoAMP

Sample 6x6 Knowledge

Covariance And Form

Estimated Trajectory
State Vector: XE

Construct Actual Augrented
State Vector, &4,
According To The
Dimension And Parameters
Specified By XDIM

I

CSAMP

Sample {RDIM x “KOIM)
Augmented Knowledge
Covariance %o Form The
Augmented Estimated
State Vector: AXE




407-B ¢PSTAT-1

3.4.9B Subrountine: @PSTAT

Purpose: To output statistics evaluated during the
Monte Carlo mission simulations,

Method: After completion of Monte Carlo cycles in
SIMSEP, (PSTAT transforms variances and
covariances which characterize the statistics
of the "resl world" trajectorivs into standard
deviations and correlation coefficients. The
standard deviations, correlations, and means
are printed as a part of the standard SIMSEP
output whenever the number of Honte Carlo
cycles is greater than ome. Arrays of these
numbers are also punched (if requested by the
vser) in a format realdy to initialize a sub-

sequent SIMSEP run.

Tnput/Cutput:
Input/ Argument/

Variable Output Common Definition

RGUID I c Number of guidance events
occurring on ‘the mission.

NSAMP (i) I ‘ c Number of Monte Carlo cycles
executed in accumulating

. statistics for ith guidince
events.

GCCHV (1) 1 c Control error covariance
and vecter mean evaluated
at the ith guidance event,

GMCOHV (i) I C S/C mass variance and mean

evaluated at the ith guid-
ance event.
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407-C

B 3TAT=2

Definition

Delta-velocity covariance
and vector mean evaluated
for 1m ulsive maneuvers at
the ith guidance event.

Delta~velocity magnitude

varisnce and mean for

1mgu151v= maneuvers at the
guidance event.

Thrust control correction
covariance and means
evaluated for low thrust
maneuvers at the ith guid-

Number of low thrust con-
trols gctive for the ith

Control error covariance
and vector mean evaluated
a% the target time on the

i7" guidance event.

§/C mass variance and mean
evaluated at the target
guildance

Target error covariance and
means evaluated at the tar-
get time on the ith guidance

Humber of tawget wvariable
guidance avent.

Number of Monte Carlo cycles
executed in accumulating

Control error covariance
and vector mean evaluated at
the trajectory end time

Input/ Argument/

Variable Output Commaon
DVCEV (1) I C
DVMAGS (1) I C
CNCEV (1) I c

ance event.
NTCG(i) I C

guidance event.
TCCEV (i) I c
TMCHV (i) I C

time on the it

event.
TERC@V (i) T c

event.
NTAR(1) I G

for the ith
MC{i) I c

statistics.
ENDC@V I c

(TERD) .
AMASS I C

4/C mass variance and mean
evaluated at the trajectory
end (TEND).
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407-D @rSTAT-3

Input/ Argument/
Variable Output Common Definition
ADVT I C Delta-velocity magnitude
variance and mean evaluated
for all impulsive maneuvers.
ATHCEV I C Covariance of active thrust
: cintrols used throughout the
mission for all low thrust
maneuvers executed.
KATHC I c Dimension of the ATHCOV
matrix,
Local Variables: None
Subroutines Called: MAT@UT, SYMUP, VARSD
Calling Subroutines: SIMSEP
Common Blocks: SIM1, ISIMI, SIM2, ISIM2

Logic Flow: None




407-E REFTRI~1

b

3,4,90 Subroutine: REFTRJ

Purpose: (1) To compute reference trajeetory conditionF,
e.g., state, mass, sensltivities, ete., at the
guidance points; (2) to evaluate reference tra-
jectory target conditions at designated target
times; and (3) to compute the guidance matrix
to be used at linear guidance events.

Method: REFTRJ performs the trajectory calculations
necessary whenever INREF is read as zero during
the $SIMSEP namelist input. These calculations
are done by repetitively calling either the TRAJ
overlay or the THC@MP subroutine. Im ad&itibn,
REFTRJ prints znd punches the reference trajec-
tory data so that they may be used to initialize

subsequent STMSEP runs (with INREF = 1).

Tuput/Cutput:
Input/ Argument /
Variable Output Common Definition
TGE I c Epoch of a guidance eveat,
TTAR I c Designated target epoch,
NGUID I Y Number of guidance events.
NTAR I C Number of target variables.
NTC I H Mumber of controls.
NIPL I G Tarpet planet code,
5 I1GL I c Guidance law flag.
(\k iy, ISTAR 1 C List of target variable

codes,



Local Variables:

Variéble

407=F REFTRI~2
Input/ Avgument/

Varilable Qutput Common Definition

REGE 0 c Reference trajectory state
at the guldance event.

RMGE 0 c Reference 5/C mass at the
guidance event.

RETAR 0 c Reference trajectory state
at the target time.

RMTAR 0 C Reference S/C mass at the
target time,

XTARG 0 c Reference target conditions
at the turget time,

XEND 0 C Reference trajectory state
at the final trajectory
time (TEND).

MEND 0 C Reference $/C mass at the
final trajectory time.

SMAT 0 c Sensitivity or guidance
matrix for guidance maneu-
vers,

PHT o c State to state transition
matrix.

THETA 0 c Thrust controls to state

transition matrix.

Def;g;gipn
ETA - State to target variable transformation
matrix.
GAMMA Linear guidance matrix.
TME1 Temporary storage of intermediary

Calling Subroutines: SIMSEP

calculations.

Subroutines Called: C@PY, EG@MP, GUIDMX, MMAB, MPAK, TRAJ, TC@MP, THCOMP

e iy
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407~ REFTRJ ~3

Comupn Blocks: CPNST, EPHEM, TASTM, SIMl, ISTM1, SIMLAB, TIME,

TRAJ1, TRAJ2, (BLANK)

I
) g

g



e

Logic Flow:

£07-H

REFTRJ

OVERLAY (TRAJ)

Propagate Reference Trajectory To
Determine RXGE, RMGE, XEND, MEND

N = N1

I

THCGMP, TC@MP, EC¢MP

Compute PHI, THETA,
RXTAR, RMTAR, XTARG, and ETA

lzeLl No

REFTRT -4

#1

Yes

MMAB

sMaT = [ ETA] * {THETA |

GUIDMX

Compute: GAMMA




SO TRV SR

3.4.90 Subroutine:

407-1 |
SDAT1-1

SDAT1

Purpose: To read input data from the $STMSEP namelist and
to initialize the trajectory simulation mode.

Method: Once the default values have been initialized, the
SSIMSEP namelist is read from imput. Names, dimen-
sions, and definitions for variables contained in
8SIMSEP are discussed in the User's Manual (Section
2.4, page 37). The input data are processed and
stored in common blocks so that they may be used by
Monte Carlo cycle logic in SIMSEF. Variables con-
tained in this namelist control the degree of data
preparation and computational operations performed
within the main cycle of the program.

Remarks: Many of the variables appesaring in SDATI are imitial-
ized from namelist with units specified inm the User's
Manual, Before they are transmitted to other routines
and used by the program, they are converted to in-
ternal units which are kg, kw, km, sec, km/sec, and
radians.

Input/Qutput:
Input/ Namelist/

Variable Qutput Common _ Definition

AQK /0 N/C Backup convergence tolerance

for weak convergence tast,

CEMA 1/0 N/C Computer processing time limit

for the current SIMSEP run.

DVMEN 1/0 N/C Maximm delta-velocity magni-

tude step.

INREF 1/0 N/C State vector and trajectory

parameter read-in flag.

I¢UT 1/0 N/C Print output flag,

IPUNCH /0 N/C Punch output flag.

IRAN I/0 N/C Random number seed.

NCYCLE 1/0 N/C Number of Monte Carlo cycles

to be run. .
!



407-3

SDAT1-2

Definition

Number of guidance events
to be executed on each
Monte Carlo mission simu-

Ephemeris error matrices
for the ephemeris bodies.

Gravitational comstant
Active ephemeris planet
Cartesian state of the ephem-

5/C control error matrix.
Epoch of evaluation of the
Midecourse velocity correc-
tion execution errors.

SEP and S/C errors.

Thrust bias errors.

Thrust process noise.

Total delta-velocity magni-
Accumulated S/C control error

Accumulated S/C nass statis-

Accumulated total thrust
control statisties,

Input/CQutput:
Input/ Namelist/
Variable Out:put: Common
NGUID /0 N/C
lation,
EPHERR 1/0 N/C
GMERR I/0 N/C
errors.
NEP2 I/0 N/C
numbers,
XEPH 0 C
eris body at TEPH,
PG /0 N/C
TEPH 1/0 N/C
ephemeris errors.
EXVERR 1/0 N/C
SCERR /0 N/C
TCERR 1/0 N/C
TVERR /0 N/C
ADVT 1/0 N/C
tude statistics.
ENDCGV 1/0 N/C
statistic¢s at TEWD.
AMASS r/o N/C
: tics at TEND.
ATHCHY I/0 N/C
XEND I/0 N/C

Reference trajectory state
vector at TEND.



e
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407-K SDAT1-3
Taput /Output®
Input/ Namelist/

Variable Qutput Commnon Definition

MEND 1/0 N/C Reference S/C mass at TEND,

SPFIMP 1/0 n/c Chemical propulsion system
specific impulse.

DVMBET 1/0 N/C Chemical propulsion system
mass flow rate.

MC 1/0 N/C Number of previous Monte
Carlo cycles,.

KATHC 1/0 N/C Dimension of the ATHOUV
matrix.

JMAX 0 ¢ Number of the last active
thrust control phase between
trajectory times TSTART and
TEND.

JMIN 0 C Number of the first active
thrust control phase after
TSTART,

Local Variables: None

Subroutines Called:

Calling Subroutines:

Common Blocks:

Logic Flow:

DATAS

CgPY, LIGENV, EPHEM, MATYUT, SDVAR, ZERGM.

C@NST, CYCLE, DYN#S, EDIT, EPHEM, SIMI, ISIM1, SIM2,
ISIM2, SIMLAB, TIME, TRAJ1, TRAJ2.



Logpic Flow:

Initialize Default Values
for @5IMSEP Variables

¢

Read SSIMSEP

!

SDVAR
Convert PG Correlation

Coefficients To &
Covariance Matrix

}

r

EIGENV

Transform PG Into An
Rigenvector/Eigenvalue
Representation

L

SDVAR

Convert EPHERR Correlation
Coefficients Into A
Covariance Matrix

.

v

EIGENV

Transform EPHERR Into Ap
Eigenvector/Eigenvalue
Representation

:

Convert SCERR, TCERR, . and
TYERR To Internal Units

" BETURR

SDAT1-4



3.4.92 Subroutine:

Purpose:?

Method:

Remarks:

Input/OQutput:

407 -M

SDAT2-1
SDAT2

To read input data from the $GUID namelist and to
define the guidance philosophy, guidance control
variables, targets, etc.,, at each guidance event,

Since the number of guidance events comsiderad for a
given SIMSEP run has been specified by the NGUID vari-
able which was read in SDAT1, the SDAT2 subroutine

reads the $GUID namelist NGUID-times. Names, dimensions,
default values, and definitions for the variables con-
tained in $GUID are discussed in the User's Manual
(Section 2.4, page 37). The input data from SGUID ave
stored in common blocks for subsequent usage during

the execution of guldance maneuvers. The user specifies
through input the type of guidance, duration of the
guidance event, target variables and controls.

Variables appearing in SDAT2 are initialized from name-
list in external "user" units. As was dome in SDATI,
these variables are converted to internal units before
being transmitted to the rest of the program.

Input/ Namelist/

Variable Qutput Common Definition

TGUID 3 N Guidance event epoch

TGE 0 ¢

IGREF I N Reference trajectory state
vector at the guidance

RXGE 0 C point.

MGREF 1 N S/C mass at the guidance
point.

RMGE 0 c

8 I N Sensitivity or guidance
matrix,

SMAT 0 c

il I N Array of on/off flags used to

: identify active thrust con-
trols at a guidance event.

Iid 0 c Matirix of active control

variable indices.
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407-N

SDAT2-2
Input/Output:
Input/ Namelist/

Variable Ouiput Common Definition

UWATE T N ‘Control variable weights,

CONWT 0 c

IGUID I [ Guidanca law flag.

IGL 0 H

NMAX I N Maximum number of iterations
in the nonlinear guidance

ITMX o C algorithm.

HEP I j2) }. Ephemeris planet number.

IEPH 0 c

NTF? I N ‘ Target planet number.

NTPL 0 c

NTAR 0 C Number of target variables,

NTC 0 H Number of control variables.

TTARG I [2) } Target epoch,

TTAR 0 H

TARGET I N Target variables evaluated
on the reference trajectory.

ZTARG 0 C

XTREF I N Reference trajectory state

. at the target epoch

RETAR 0 H

MTREF I N 5/C mass at the target
epoch.

RMTAR 0 c

TARTEL I N 1 Targe: variable tolerances.

" o o

ITARGT I N Target variable selection
flags.

LSTAR 0 c
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407-0

SDAT2-3
Input/Outputs:
input/ Namelist/

Variable Qukput Cormon Definition

P I N Auvgmented lmowledge error
covariance at a guldance

PS I N event,

CES I N

BLANK 0 C Eigenvectors and eigenvalues.

KDDMEN I N Dimension of the augmented
knowledge covariance.

KDTM 0 c

KIER 1 N Option flag for computing
target errors.

KTERR 0 c

ccgve I N Azcumulated eomtrol error
statistics at the guidance

GCCEV 0 c point,

GMSCav 1 N Accumulated S/C mass
statistics at the guldance

GMCEV 0 G point.

CNTCEV 1 N Accumulgted active thrust
control error statistics,

CHCEV 0 c '

DVMCOV I N Accumulated delta-velocity
vector statistiecs at the

DVCov 0 c guidance event.

DVMAG I N Accumulated delta-velocity

' magnitude statistics at the

DVMAGS 0 C guidance event,

GCgvT T N Accumulated control error
statistics at the target

TCCHV 0 C point.

TMSCEV I N Accumulated S/C mass

_ statistics at the target
THCOV 0 ¢ point.
TARCGYV I N Accumulated target error
_ : statistics.
TERCGV 0 C
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407-P SDAT2-4
Tnput /OQutput:
Input/ Namelist/
Variable Output Common Definition i
MSAMP I N Number of previous Monte
Carlo samples on the
NSAMP 0 c accumuiated statistics.
MTPH 0 c Thrust phase number at a
guidu..2e event,
ICYCLE 0 G Recycle flag.
UNTAR 0 4 Vector of target variable

Local Variables:

Variable

conversion factors.

Definition

PP

TMAN

TWDEX1

INDEX2

Subroutines Called:

CGalling Subroutines:

Common Blocks:

Logic Flow:

Temporary storage for the
avgmented knowledge covar-
iance matrix.

Guidance event counter,

Index marking the position in
blank common after which eigen-
vectors corresponding to a par-
ticular augmented knowledge co-
variance are stored.

Index like INDEX1 execept it
warks where eigenvalues are
stored,

C@PY, EIGENV, ICHPY, MATHUT, MPAK, MUNPAK, SDVAR,
SYMIg, SYMUP, ZERGH.

DATAS

CYCLE, EDIT, EPHEM, IASTM, SIM1, ISTM1, SIM2, ISTM2,
SIMIAB, TIME, TRAJ1, TRAJ2, (BLANK).



Initialize Default Values
¥or EGUID Variables

%

IMAN = IMAN 4+ 1

Read BGUID

No

Load Reference Trajectory
Data XGREF, MGREF, S
Ete. Into Common Storage

L

Convert H To Internal
{odes and Load Into IJR

!

Lead Guidance Event Data
IGUID, ITARGT, NTP, Ete.
into Common Storage

SDAT2-5



407-R SDAT2-6

Yes

Convert Accumulated
Statistical Data CCOYG,

CNTCEV , DVMCEV , TARCEV ,FIC, Int
Covariance Matrices and Load
Them Into Common Stcrage

§

Pack P, CXS, and PS Into PP

v

SBVAR

Convert PP Into A
Covariance Matrix

)

ETGENV

Transform PP Into An
Eigenvector/Eipeavalue
Representation Ard

Store PP(BLQHK)

Yes

b ¥
Convert Accumu_ated Statistical Data THCGAV :

And AFC@V Into Covariances and Load Them
Into Common Stora ge




3.4,.10A Subroutine:

Purpose:

Method

Remarks:

408 SET-1

SET (ISTPRE)

To set and store physical parameters (ephemeris,
gravitational, etc.) and SEPS parameters (thrust
controls, mass, exhaust velocity, etc.) needed
by the trajectory integratiom routine for generat-
ing the actual, estimated, and reference trajec-
tories,

SET simply performs multiple copy operations in
transferring the working values used by the
trajectory integrator into designated storage
arrays, 81, S2 and S3. By calling SET with
ISTPRE equal to +1, +2 or +3, the corresponding
51, 82 or S3 array is equated io whatever is in
the regular working arrays. If IST@RE equals +4,
all three S-arrays are set., When SET is called
with IST@RE equal to -1, -2, or -3, then the
working arrays are re-set to whatever is stored
in 81, S2 or 83, respectively,

This routine is essential to SIMSEP in that it
allows the program to use the same trajectory
integrator to evaluate each of the different
types of trajectories needed for a wission simu-

lation,



409 SET-2
1)
o TInput /Output:
Input/ Argument/ :
Yariables Qurout Common Dzfinition
IST@RE T A Flag controlling the SET
logic flow.
ENGINE(1) I/0 c Electric power at 1 A,U,
(=P@WERD)
ENGINE(10) 1/0 C Thrust exhaust velocity,
(=EXHVEL)
ENGINE (11) I/0 C Thruster efficiency.
{(=THREFT)
ENGINE (15) 1/0 c Radiation pressure coeffi-
{=CRA) cient.
SCMASS 1/0 . C SEPS mass.
. = SMASS 1/0 ¢ Solar gravitational
i } - constant.
CLe
e PMASS /0 C Planetary gravitational
A constants,
NTPHAS 1/0 c Current thrust control
phase number,
XEPH 1/0 c Ephemeris planet state
vector, -
THRUST 1/0 C Thrust control array.
CSAX 1/0 C Semi-major axis ephemeris
constants.
EMN 1/0 C Lunar ephemeris constants,
CECC I/0 c Eccentricity ephemeris
constants.,
CINC 1/0 C Inclination ephemeris
constants,
c Longitude of the ascending

e CPMEG 1/0

node ephemeris constants,



e

410

SET-~3

Input/ . Argument/
Variable Quiput Common Definition
C@MEGT I/0 ¢ * Argument of the apsis
ephemeris constants,
CMEAN 1/0 c Mean anomaly ephemeris
constants,
58M1L 1/0 c Stored solar gravitational
constant,
SSCM1 1/0 c Stored SEPS mass.
SEXV1 i/o c Stored thrust exhaust
. velocity.
STEFFL 1/0 C Stored thruster efficiency.
SCRAL 1/0 c Stored radiation pressure,
S SPO1 1/0 C Stored electric power to
.-"“J : ’ 1. AUU.
{ A . : I
SPM1 I/0 c Stored planetary gravita-
. tional constants.
SXEPH1 I/0 C Stored ephemeris planet
state vectors.
SSAX1 1/0 c Stored semi-major axes.
SEMN1 1/0 c Stored lunar ephemeris
constants,
SECC1 /0. c Stored eccentricities.
SINCL 1/0 ¢ Stored inclinations,
shEGL /0 c Stored longitudes of the
- ascending node,
SPMGT1 1/0 c Stored arguments of the
apsis.
SMEANI /0 c Stored mean anomalies,
F i \ * ' . .
-ﬁ STHRT1 1/0 c Stored thrust controls,



411 SET-4

(Comment: In addition to these storage arrays and variables, there

are also corresponding S-2 and S~3 arrays.)

Local Variables:

Subroutines Called:

Calling Subroutines:

Common Blacks:

None
cory
SIMSEP, NLGUID

EPHEM, SIM1, ISIMl, ST@REC, TRAJ1, TRAJ2



-~ Logic Flow: SET-5

Jz==1 or = 4 =2 =3
Store SMASS, SCMASS,
EXHVEL, P@WERO, THREFF,
CRA, NTPHAS, PMASS,
XEPH, CSAX, EMN, CECG,
CINC, CHMEG, C@MEGT,
CHEAN, and THRUST into
the §8-1 Arrays.

A4

Store SMASS, SCMASS,
»JEXHVEL, P@WERO, THREFF,
CRA, NTPHAS, PMASS,
XEPH, CSAX, EMN, CECC,
Z CINC, C@MEG, C@MEGT,
CMEAN, and THRUST into
the 5-2 Arrays.

ISTORE :4

7

Store SMASS, SCMASS,
EXHVEL, P@WERO, THREFF,
CRA, NTPHAS, PMASS,
XEPH, CSAX, EMN, CECC,
CINC, CPMEG, COMEGT,
CMEAN, and THRUST into
the §-3 Arrays.

-~
sﬁ
(  reus )



IABS (ISTORE)

Store SSMi, SSCMI,
SEXV1, STEFF1l, SCRAL,

SPOL1, SPM1, SXEPHI,
SSAX1, SEMNL, SECCI, -
SINC1, SOMEGL, S@MGTL,
SMEAN1, SNTPH1, and

STMRT1 into the Nominal

Yrays.

e

Store SS8M3, S5CM3,
8%XV3, STEFF3, SCRA3J,
SPD3, SPM3, SXEPH3I,
S5AX3, SEMN3, SECC3,
SINC3, S¢MEG3, S@MGT3,
SMEANS, SNTPH3, and
STHRT3 irto the
Nominal Ar-ays,

¥

Store SSM2, SSCM2,
SEXV2, STEFF2, SCRAZ,
SP01, SPM2, SXEPHZ,
SSAX2, SEMN2, SECGC2,
SINC2, S@MEG2, SEMGT2
SMEAN2, SNTPHZ, and
STHRT2 into the
Nominal Arrays.

?




413-B SPRNT1-1

3.4.10B Subroutine: SPRNT1 (XA, XE, XREFO, IC, IMAN)

Entry Points: SPRNT2, SPRNT3, SPRNT4
Purpose: To print ectual, estimated, snd reference

trajectory data computed during Monte Carlo
mission simulations,

Method: SPRNT1, or one of its various entry points,
is called from SIMSEP whenever printout of
trajectory information is desired., A call
to SPRNTI results in the "Qutput Data for
the Actual Trajectory Initialization". (See
the sample case in the User's Manual, Pages
119 through 132.) SPRNT2 generates the
"Qutput Data for Guidance Event' which
includes printout for actual, estimated,
and reference trajectory data. SPRNT3
generates the "Output Data at the Designated
Target Time' when KTER = 1 and the corrected
trajectory is propegasted after a guidance
event, At the end of each Monte Carlo mission
simulation, SPRNT4 is called to display the
"Monte Carlo Mission Summary".

Input/Output:

Iaput/ Argument/
Variable Cutput Common Definition
XA T A Current actual S/C state,
XE I A Current 2stimated S/C

state.
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STEFF1 I

:STEFF3 I

| I —— 1

413-C

Input/ Argument /
Variahle OQutput Common

SPRNT1-2

Definition

XREFO I A

IC I A

IMAN I A

TCERR I c
SCERR I c

GMERR I c

GTAUL I C
GTAU2 I C

TNJISE 1 c

TGE I c
TTAR I c
XTARG I C
UNTAR I C
S5CM1 IS

S8CM2- I
SSCM3 I

(s ReNe]

SEXV1 I
SEXV2 I
SEXV3 I

+EeN ¢

SPO1 I
SPO2 I
SPO3 I

aon

STEFF2 I

Qa0

s

hanae an I i S R W

Current reference S/C
state,

Current Monte Carlo cycle
nurper.

Current guidance event
number,

Thrust bias errors,
S/C and SEP errors.

Gravitational constant
errors. -

Negative reciprocal of the
correlation times for the
thrust process noise.

Vector of random thrust
control perturbations.

Guidance event epoch.
Target epoch,
Reference target variables,

Vector of target variable
conversion factors.

Actual, estimated, aud
refereace S$/C mass.

Actual, estimated, and
reference exhaust velocity.

Actual, estimated, and
reference electric power,

Actual, estimated, and
reference thruster
efficlency.
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Input/ Argument/
Yariable Output Common Definition
SCRA1L A C Actual, estimated, and
SCRAZ I C reference radiation pressure
SCRA3 I c co-efficient,
STHRT1 I c Actual, estimated, and
STHRT2 I c reference thrust controls.
STHRT3 I c
SEM1 I C Actual, estimated and
SsM2 I c reference solar gravitational
SSM3 I C constant,
SXEPML I S Actual, estimated and refer-
SXEPM2 L C ence Cartesian steate for
SXEPM3 I c the ephemeris body at TEPH.
SPM1 I C Actual, estimated, and refer-
SM2 I G ence gravitational constant
SEM3 I c for the ephemeris body.
Local Variables:
Variabie Definition
DXE Vector deviation of the estimated
state from the reference and/or the
actual.
DXA Vector deviation cf the actusl state
from the reference.
ELA Keplerian elemerts corresponding to
ELE the actual, estimated, and reference
EIR Cartesian states of ephemeris body.
EMASS Actual S/C wass evaluated at TEND,
Subroutines Called: C@NIC, SUB

Callidp Subroutines:

Common Blocks:

LOEia Flow:

SIMSEP

CONST, DYNPS, EPHEM, SIM1, ISIM1, SIMLAB, ST@REC,
TIME, TRAJ1, TRAJ2, (BLANK)

None.
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3.4,11 Subroutine:

414
STAT-1

STAT (XA, XR, N, N1, ACGvV, M, PCPV)

Purpose: To compute a covariance matrix and meaﬁ,
recursively, from a sequence of error vecéors.
Method: Tor the MFh Monte Carlo cycle, an error vector,
XM’ is computed as the difference between an
actual and a reference vector., This error
.vector updates the previous mean based on (M-1)
samples according to the equation
Xy = Gyt @D X 0
, for M =1, 2, 3, .... The covariance matrix is
'i also updated by the relation,
-2 [_ T
Gy = M_-T]Cﬁ—l * 1 K XM-l]
T T
* T %% " mT R
for M =2, 3, 4, ...., where C:M_l is the previous
covariance matrix and CM the new covariance.
Input/Output:
Input/ A;gument[_
Variable Output Common Definition
XA 1 A Actual sampled vector.
XR 1 A Reference vector.
i N I A Dimension of XA and XR.
L KL I A Nl =N+, .



F

Input/ Argument/ -

Variable Qutput Common

STAT-2

Definition

ACOV

PCGY

Ioecal Variables:

I A

A-prior covariance matrix
and mean, based on M-l
samples, This is a (NxN1)
array with the variances
and covariances being
stored in the first N-
columns and the means
being stored in the Nl
columns, .
Number of Monte Carlo sam-

ples used to formulate the
updated covariance matrix.

Updated output covariance
matrix and vector of means.
The storage is in the same
format as AGHV, AC@V and
PCEV may, in fact, share
the same core locations,

-Variable Definition
X Error vector, X = XA - XR,
XX Temporary storage for the new means.
3T Temporary storaze for the outer prod-

Subroutines Called:

Calling Subroutines:

Common Blocks:

uct of two vectors.

5UB
STMSEP

WERK

A R g




Logic Flow: 416 STAT=-3

SUB

X =XA - XR

Compute New ilean:

X, = (GF@M-1) * Ky )/

Compute New Covariance:

T ¢ 1 : T
—l'+ N-l) - XMXM .

-+
=y
[

1
o
=i

RETURN
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3.4.12 Subroutipe: THCPMP (XE, XYE, TSAVE, IMAN, THETA)
Purpose: To compute the matrix of partial deviatives of

state coordinates at the target with respect to

thrust controls; namely,

® = 2x v, 2 % ¥ %) ] ,
?B(ul, Ugs eeees un) (63n)

0

where n is the number of control variables.

Hethod: Small perturbations are forced to each control
variable of concern and an integrated trajectory
is propagated to the target time. The final
state vector of.each variant trajectory is
differen;ed with the standard, or n;minal,
state to form numerical partials,

Remarks: This subroutine is used by both the linear and
nonilinear guidance subroutines in SIMSEP,
Conversion of THCPMP Lo use augmented state
transition matrices integrated during the tra-
jectory propagation would principally affect this
routine and would considerably reduce ths computa-

tional expense of numerically differencing,

. Input/Output:
Input/ Argument / _ .
Variable Qutput Common Definition
X5 I ) A Initial state wvector which

R X ‘ is to be perturbed in
: f* e computing the partials,
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418 . I THC@MP-2
AN ;o
Input, - Argument/ _
Variable Qutput C¢ mmon Definition
XXE I A Final state vector on the
standard as nominal trajec-
tory.
TSAVE I A Trajectory propagation

interval between the
- guidance event and the
target time.

IMAN 1 A - Number of the current guid-
ance event.

THETA 0 A ) (D - matrix of partial
derivatives.

THRUST I/0 c Thrust control array.

IHMAT B 1 G Array of indices that specify

the thrust controls which are
to be perturbed,

HMAT I c Array of thrust control
. perturbations,
JREL - I C Target body relative position
) veckor at the target time,
VREL I c Target body relative velocity
vector at the target time.
NTC@N 1 G Number of perfurbing controls.
Local Variables: None

Subroutineg Galled: TRAJ, COPY

Calling Subroutines: LGUID, NLGUID

Common Blocks: CPNST, TRAJ1, TRAJ2, TIME, SIMIL



Logic Flow: THCHMP-3
3 Y
( THC@MP §
g

Initialize Variables For
Trajectory Propagation

P

7

THRUST = THRUST + HMAT

v

Propagate Trajectory To
Obtain
UREL, VREL

!

' THRUST = THRUST ~— HMAT

"4

DO NT = 1, NIC@N

Complete the Ith Column
of ©: THETA (I,NT)




{

3-5

Purpose:

Remariks:

Subroutine?

420 TRAJ-1

TRAT -

To control the overall trajectory imitialization
and propagation,

Since TRAJ is used by the three modes, it must
be capable of reproducing the saﬁe trajectory
for each mode, independent of the augmented state
form, event times or print times, Special prob-
lems arise when the equations to be propagated
include the transition matrix or covariance
between events, For example, at the beginning
of an event either the transition matrix must be
reset to an identity or an updated covariance
must be given to TRAJ. To solve these problems,
logic was incorporated into TRAJ to make use of
event logic in the subroutine PATH with anrentry

point FLIGHT.

Beginning at the trajectory epoch £y the tran-
sition matrix or covariance is initialized and
is propagated to the first event (El)' MAPSEP
longic retufns to the calling routine which per-
forms its operations., Upon reentering TRAJ, the
transition matrix or covariance is again reini~-

tialized and
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TRAJ-2

propagated from E1 to E2° In order to propa-~

gate the transition matrix or covariance Irom

3
special logic in TRAJ calls FLIGHT to propagate

EZ to E, and preserve the trajectory grid, the

the appropriate matrix from E2 to Eqe Then the
spacecraft state is propagated from to to tl.
Now having the state and transition matrix or
covariance at tl’ the appropriate matrix is prop~-

agated to E This process is continued until

3.
all events have been gatisfied.

Input/Qutput:

Input/ Argument/
VYariable Qutput Common - Definition

ICALL I C = 1, initialize the trajec~
, "tory and propagate to
r an event or stopping
condition,
= 2, initialize the trajzc-
tory only,
= 3, propagate from a pre~
viously defined point
in the trajectory.

INTEG I c

I
[y
-

propagate the state
and transition matrix.
2, propagate the state,
propagate the state
and state covariance
matrix,

nu
(7]
v
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. TRAJ~-3
Input/ . Argument/
Variable Quiput _ Common Definition
D5C I C The blank common array.

The following 'lage will be
used to locate specific

information,
IGCET I c Previous event,
LgcX I ¢ Trajectory time,
LYCH I C Integration stepsize,
LYCTC I c State transition matrix or
: Covariance,
i LYCFd 1 c Deviations (from conic) of
: state (reference},
LPCDY I C Deviations (from conic) of
' y state derivatives (reference).
TdcYyT I c - Deviations of state.(event).
1HCDT I c Deviations of state deriva-

tives (event).,

MEQS I C Dimensions of the covariance
' or transition matrix,

“TEVNT I ’ C Next event time,

TAUGDC I c Flags used to augment the
covariance or transition
matrixk,

Local Varisbles:

Variable " Definition
TEVNIS : Stored value of TEVNT.
TAUGDS Stored value of TAUGIDC,
Subroutines Called: PATH, FLIGHT, IDENT, C§PY, Lg,

M



S

e g

RSN ORI | - 1

Callineg Subroutiness

Common Blocks:

423 TRAJ-4

TPPSEP, GUDSEP, SIMSEP

TRAJ2, WERK, (BLANK), C@NST, EDIT, EPHEM, TIME,
TRAJ1 .

.
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Lopic Flow: TRAJ~5

Initialize The
Trajectory
Routines
Call PATH

f Write An
= Error

) // Messages

~ Preyious
Time:
TEVHT

hid
Propagate The
- : State To An
Event or Stopping
Conditions
Call FLIGHT




Make The State
Transition
Matrix
An Identity:
Call IDENT

KTEG

g

.Reinitialize
The Transition
Matrix
Differential
Equation

425

Copy Updated

>3 2t ‘Covariance

Into Working
Array

’

Reinitialize
The Covariance
Differential
Equation

Propagate The
Transition
Matrix Or

Covariznce To
L. +1

call FLIGHT

.

Redefine The
Number Of
Equations And
Propagate The
State From ty

tl to t +1:

:

Reset Number
Of Equations
And Copy All
Data To New
Locations
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Make The State Copy The Updated

Transition Covariance Into

Matrix An The Trajectory
Identity Working Array:

Call IDENT Call COPY

Redefine The Redefine The

Tr;nzl?lon Covariance
D.ffa rzx.al Differential
i ere?tl Equation

Equation

un
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3.5.1 Subroutine:
Entry Point-

Purpose:

Method:

427 DNBISE~1

DNPISE (T)

NPISE

To compute thrust accelera;tion perturbations
due to time-varying process noise.

A vector of thrust control perturbations, § u,
is computed during the trajectory integration
at the beginning, middle, and end of each inte-
gration step, The time correlated thrust noise

is assumed to be a Gauss-Markov sequence accord-

ing to the equation

81y A Sy, o3, ,
- _At/Tl . -
whexe A = e 0
_At/'l‘z
e
O
JAtITN
. e
and At = ti_'l‘l - ti- T}.‘!e fﬂctﬂrs Tl’ Tz, “wwy

T,, are the correlation times associated with

N

each stochastic process, Suj. The vector 591
is assumed to remain constant over the interval

A ¢ with its effect on Su. being diminished
=i+l
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428 DN@ISE-2
by the exponential decay terms in A, Wy i
a vector of independent random variables which
have Gaussian distributions. The standard’

deviation, Cﬂaﬁ, is given by

, ~2At ¥
G.,mj = (l-e <) O-Ué

3

in order to satisfy the requirement that the

process be stationary.

Input/Cutput:
Input/ Argument/ )
Variable Qutput Common Definition

T I A Current trajectory time.

GTAUL I c Negative reciprocal of the
correlation times for the
first process.

GTAU2 1 G Negative reciprocal of the
correlation times %“or the
second process.

TVERR 1 c ‘ One-sigma values for the
time~-varying thrust control
errors.,

IRAN I c Random number seed.

THPISE 1/0 c . Vector of thrust control
perturbations.

Local Variables:
Variable Definition

Ti

Trajectory time at the previous point
of thrust noise evaluation, .



VYariable

429 DEFISE-3

Definition

H

Subroutines Called:

Calling Subroutines:

Common Blocks:

Time increment since the previous
thrust noise evaluation,

RNUM

EP, SIMSEP
TRAJL, DYN@S TRAJ2



Logic Flow:

-:“l_ j ei

-

430

< . DN@ISE

Compute Thrust

TNGISE

Control Perturbations:

(:: RETURN

-

( N@ISE

v

Tl =T

v

<_ RETURN

DN@ISE-4
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431 DPHT~1

3.5.2 Subroutine: DPHI (T, DS, DSTM, M, N, L@C)

Purpose: To compute the time derivative of the State Transition
Motrix (D)
Method: P= T
Input/Output: .
Input/ Argument/
Variable Output Common Definition
TAUCDC T C Flag indicating the augmeucation
of the STM and covariance Matrix.
T I A Trajectory time
DS I A Independent variables
DST™ 0 A Differential equations
M I A Number of rows in DS and DSTM
N I A Number of columns in DS and DSTM
1.0¢ I A Routing flag
INTEG I c Set = 1 Propagate the State and
Transitioa Matrix
Set = 2 Propagate the State
Set = 3 Propagate the State and
State Covariance
IRECT ) I C Index used to check whether the

current call to DPHI is for rectifi-
cation purposes only {i.e. IRECT =1)

Local Variables:

TAUGS Index used to check whether the T matrix needs to be
augmented.

Calling Subroutines: NUMIN

Subroutines Called: M@TIPN, LPADFM, GRAVAR

Corgmon Blocks: TRAJ2
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DPHI=-2
Logic Flow:

DPHI

Propagate the State to
Time T and Evaluate
Partial Derivatives

for the T Matrix:
Call M@TIGN

Yes

Yes
TAUGS=0 >

Compute the
Aupgmented
Elements of ¥
Call GRAVAR

<

- Load the F Matrix
and Compute §;
Call TOADFM

‘ Return ,




433 EP-1

-4
. f
N 3.5.3 Subroutines: EP (T, CMASS)
Purpose: To compute the effective low thrust accelera-

tion vector and matrix of partial deviatives
for transition matrix or covariance propagation

in a control phase,

Method: The magnitude of the low thrust acceleration is
a = 0.002 n P TL
nec
where
P = power available to the thrusters

]

thruster efficiency

! i m = gpacecraft mass
) . " ¢ = exhaust velocity
. TL = throttling level.

The acceleration vactor can be expressed in one
of two spacecraft centered coordinate systems.

One system is the cone and clock system and the
other is the In plane and Out'of plane or orbit

plane system, (Section 4,1, Reference 1), Ietting

[ ]
1

Cone Angle

Clock Angle

o
ol
n

[
B

- In plane aagle

!

Out of plane angle,



434 EP-2

The acceleration vectors for each system are

[ *
a_ = a cos (CL + CLt) sin (CN + CNt)

o,
Il
v

sin (CL “ CLt) sin (CN + GNt)

o, )
i
[i}]

cos FCN + CNt)
and

a =a cos (F+Tt) cos (5+.$ t)
4 = a cos (’6’+3"t) sin (% +5 t)

a'; = a sin (‘n‘-i-'i.f t)

where t 1is the trajectory time from the begin~
ning of the control phase., The acceleration is
then transformed from the spacecraft system to

the inertial system by the matrix A (Sze Section

4.1 of the Analytic Manual),

EP also computes the matrix of partial derivatives

_ 22
BT

where u is the vector of thrust controls in the
current segment, NTPHASE, The controls are

throttling level and the two pointing angles
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{cone/clock or infout of plane) which correspond

to THRUST (3, NTPHAS), THRUST (4, NTPHAS) and

THRUST (5, NTPHAS), respectively.,

For the cone/clock system,

a cos (CL + CL t) cos ((’.:N + CN £) ~a
a sin (CL + CL t) cos (CN + CN ) a

~a sin (CL + CL t) 0

and for the orbit plane system

4

-a ~a sin (?5'+3't) cos (6"—1-5 £)
a’  wa sin (B"-I-?;'t) sin (é-!-é T)

0 a cos (T-i—% t)

g is then transformed to the inertial reference

system by

g = Ag

When SIMSEP calls TRAJ, time-varying noise is

added to the thrust controls and the noised

controls are used to compute 2 and g,
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" 'f Input/Output:

Input/ Argument/ _
Variable Qutput Common Definition
T ‘ I C Trajectory time in seconds,
CHASS 1 c Current spacecraft mass.
EXHVEL I c Exhaust velocity (c),
' (Equivalenced to ENGINE(10).
Thruster efficiency (7)),
. : (Equivalenced to ENGINE(11),
NTPHAS I c Current thrust phase number,
WPEWER 0 c : Power available (P).
UREL I C Heliocentric position
vector.
URELM X N HE Position magnitude array,
s N@ISED I C Flag that ecauses EP to add
L noise to the controls,
THRUST I C Matrix that contains a set

of controls for each seg-
ment, (THRUST (i, NTPHAS))
where i is the desired
information for the NTPHAS
phase.

i = 1, thrust policy

i = 2, phase end time in
seconds

i = 3, thrust scale factor
i=4, Gy or % ; dependent

upon i =1

L
upon i = 1

i =15, C or ¥ ; dependent

*

C, or & ; dependent

e
it
(=)
-

N R . upon L = 1



Local Variables:

437 EP-5
Input/ Argument/ '
Variable Qutput Common Definition
i= 7; éL or if; dependent
upon i =1
X
GT c & * 3u
THRACC ¢ a
UTRUE Positicn vector relative
to the primary hody.
VIRUE Velocity vector relative

to the primary body.

Subroutines Called:

Calling Subroutines:

Common Blocks:

Variabie Definition
ACCEL a
ACONE Cy
ACLHCK CL
ATHN S
Agut K}
RYTMAT The transformation matrix A,
WOARK Used to store the matrix g’.
ITYPE Thrust policy for the NTPHAS segment =
THRQST (1, NTPHAS),
DELTAT Time from the beginning of the control

phase (t)

P@YER, DNPISE, UNLTV, UXV, MMAB, ZERGM
METIGEN

C¢NST, EPHEM, TRAJ1l, TRAJZ, WERK



Logic Flow:

438

ITYPE =
THRUST
(1, STPHAS)

DELTAT = T

DELTAT = T-THRUST (2, NTPHAS-1)

&

Compute

Thrust
Acceleration

Magni tude

Compute
CN + CN“DELTAT

CL + CLfDELTAl

Compute
5 + & *DELTAT

¥ + T *DELTAT

 N¢ISED =0

DN@ISE

Compute The
Control Noise

DN@ISE

Compute The
Control Noise

EP-&

&




Compute

al A, a

“IAUGDC (2)

=0

Compute
s,

g, 8

Compute
2 A, a

Compute
g, 8

EP-7



3.5.4 Subroutine:
Purpose:
Method:

440 . EPHEM-1

EPHEM (N¢, bJ, R, V)

To compute the heliocentric position and
velocity vectors of a given planet or body:
The orbital elements (a, e, i, {2 ,as, M) of
the desired body are computed from time vary-
ing expressions, for example, the semi-major

axis

2 3
a(t) =a, * ajty sty *agt,
where a, is the value at the ephem. ris epoch

1900, January 0,5, t. is the time from the

J

epoch, and ay, 8,, a4 are constant coefficients.
tj is measured in days for all elements except
mean anomaly of the planets where t, is measured
in units of 10"4 days, After the osculating
orbital elements are computed, they are trans-

formed into cartesian position and velocity

vectors.

A unique case occurs when EPHEM is used to
compute the pesition and velocity vectors of
the earth's moon. The ?osition (EE) and
velocity (HE) vectors of the earth are com-
puted and added to the position rI) and

velocit ) vectors of the moou relative
y



441 EPHEM-2

H\_Jf . to earth, The heliocentric position (r) and

velocity (V) are

3:‘:

g M
T o=yt
Taput/Output: .
Input/ Argument/
Variable Qutput Common Definition
NG I A Number of the planet for
' which r and v are desired.
DJ . X A Trajectory time in Julian
: Days from launch.
R ¢ A o
- : v ¢ A Yo
SMASS I c Gravitational constant of
the sumn,
PMASS 1. c Array of gravitational |
- constants for the planets |
and the moon.
CSAX I c Semi-major axis coanstants |
(@)
CESS I - C Eccentricity constants (e). %
CINC I c Inclination constants (i). ?
CQMEG . 1 c Longitude of the Ascending |
Node constants ({2 ),
COMEGT I c Longitude of Periapsis

constants (63).

: ,_‘ CMEAN I G Mean Anomaly constants (}).
S A



142 EPHEM-3

Input/ Argument/

Variable Output Common Definition
EMN I c Array of constants for the
moon.
1-4 Longitude of the Ascend-~
ing Node constants,
- . ‘ 5-8 Longitude of
Periapsis constants.
9-12 Mean Anomaly constants.
13 Inclination constants.
14  Eccentricity constants.
15 Semi-major axis con-
stants.
PL I c 3.14159,.... () .
DJ1900 I C 2415020,
Local Variables: .
Variable Definition
XPLAN Array used to store Iy and Voo
NP "Planet code, initially set equal to
Ng- N
il
P12 5
A 3.
E e,
X1 i.
GMEGA L
&
SUMEGA {1 -po= &«
XEAN M,
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EPHEM-4

Varizble Definition
GMU SMASS + PMASS(NP), for the planets.
PHMASS (3) + PMASS(1l), for the moon,
POLY3 Statement function that performs
! =
o‘i(t) a; +ty (b].L * oty
(ci + di tJ))
POLY1 Statement function that performs
of, =
l(t:) a; + b, t;
D Days from 1900.
DD D/10000.,
T D/36525.,

Subroutines Called:

Calling Subroutines:

Common Blocks:

CARM.3

SPLAR

CPNST, EPHEM



e

Logic Flow:

L4k

Compute
D, T, bb, NP

Set
NP = 3
For The
Earth

Compute
a, e, i, £l ,
v, M For The

NP Planet

v

CARTES

Compute -
., v

:

Store
r and v in
XPLAN

EPHEM-5
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Compute
a, e, isfl,
u, M For The
Moon

!

CARTES

Compute
B

!

Compute The
Heliocentric
Position of
The Moon
I, ¥

RETURN

EPHEM-6
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3,5.5 Subroutine: FIND
Entry Points: FIND1, FIND3
Purpose: (1) To compute the location in Blank Common arrays
that will be used by TRAJ and the number of equa-
tions to be integrated, (2) to copy integrated
parameters into mode accessible locations, and (3)
to initialize the T matrix,
Method: None
Remarks: A1l IHCXX variables indicate locations within
Blank Common
Input/Qutput:
Input/ Argument/
Variable Qutput Common Definition
1gCs i C Location in Blank Common
where TRAJ can start array
allocation.
INTEG 1 C Set = 1 Propagate State &
Transition Matrix
Set = 2 Propagate State only
Set = 3 Propagate State and
Covariance
TAUGDC I C Flag arrsy determining the
components of the Tramsition
Matrix or Covariance to be
propagated.
MEQ @ c Total number of equations
to be integrated.
MEQB @ c MEQ-8
MEQS ¢ c MEQS
1goR @ c Integration stepsize
LHCX 0] c Trajectory time in seconds
L@CPT ¢ C Trajectory print time
LPCET 0] c Trajectory event time
LYCPER @ c Trajectory time for print
LECT @ c Trajectory time stored for

interpolation



447 FIND=-2

Input/Qutput s
(Continued)
Input/ Argument/
Variable Output Common Definition
LYCR B C Position magnitude stored
for interpolation
LACYC ¢ c Dependent variasbles
L@ChY @ c Differential equations
LGCYT [} c Dependent variables for
‘ print and events
14CDT ¢ C Differential equations for
print and events
LGCYP @ c Temporary locations for
integration
LYCTE ] c Future modifications
L@CFI @ ¢ . F matrix, @= F@
LHCM L] c Mass
LECIM @ c Mass wvariation
LACTC 0] c Transition or Covariance matrix
Local Variables:
Variables Définition
ISTATE Array containing size of augmented dynamic parameters

Subroutines Called: C@PY, IDENT, MUNPAK, ZER@M

Czlling Subroutines: PATH

Common Blocks: (BLANK), DIMENS, TRAJ1, TRAJ2, W@RK
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FIND-3
Logic Flow:
initialization
- .
control phase FIND event
change
FIND1 define dimensions of
dynamic tramsition or
covariance matrix and %
locations of parameters Copy integrated
to be integrated parameters into mode
related locations
— Yes No -
{TAUGDC(2) = 0) (no_thrust o). (INTEG = 3
! J } Ro augmentation)v Ves
initialize F matrix (covariance
integratior)
4

T o
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3.5.6-A Subroutine: GRAVAR

Purpose: GRAVAR computes the variational matrices, with the

Method:

exception of the gravity gradient matrix ( Gll),

needed to formulate the matrix differential equations

which integrate into the augmented state transition

matrix.

The variational matrices are formulated as follows e

(Reference 1, p 122):

= __é__’;' _ Mo T 2 Hs T 2
Gl2 = k = aze—re [B“e"'e-'l:e I]-ﬁe'gl}_%ee -ee I]
G22 = =i:==-”e 3r rT-ZI
P P T 0| e e e
—e e
) I
1 = =—-j~=-
cM1l m a#S 3
B P
m12=d=%-—e=-‘-“e—
He Pe
dIe fo
M2l = s = =F = - =73
<3"“‘ls Te
die o
@22 = = = . =L
4 ou T3 f
e e H
where: ;
]

z 1is the s/c heliocentric position vector
I, is the heliocentric ephemeris planet position vector

is the gravitational constant of the ephemeris planet

ety S At v

it the gravitational comstant of the sun

> F oS

is the position vector of the s/c WRT the ephemeris plamet
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GRAVAR-2
Input/Output:
Input/ Argument/
Variable Qutput Conmmon Definition
ji)4 1 c Heliocentric position vectors
of all bodies in the integra-
tion
IAUGDC I C Array of flags used to augment
the state for ST or covariance
integration
TMASS I c Planetary gravitational con-
stants
SMASS 1 C Solar gravitational constant
UREL I C Position vector of s/c rela~
tive to all bodies considered
in the integration
UYREIM I C Magnitudes of UREL
Gl12 @ c k
@22 8 ¢ p
@111 ) c m
GM12 9 c d
@121 4] & s
@122 ] c q
IEP I c Ephemeris body identification

Local Varisables:

Variable

Definition

UPRM ( = WORK(10))

SMUK ( = WORK(4))

Subroutines Called:

Galling Subroutines:

Common Blocks:

Magnitude of position vector of the
ephemeris planet.

Gravitational constant of ephemeris planet
VEQMAG
DPHI, PDOT

EPHEM, TRAJ1, TRAJ2, WORK



Logic Flow:
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Initialize
Constants

Calculate
Gi2, G22

Yes

{ TAUGDC(5) = h}
No
=

Calculate
aM11, GM21

TAUGDC(4) =

Calculate
amMl2, M22

Yes

i Y

RETURN
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Purpose:

Method:

Subroutine:

452 GRAVFG-1

GRAVFY (UA)
The subroutine GRAVFY has two primcipal purposes.
The first is the calculation of differentisl ac-
celerations acting on the s/¢ due to gravitatiomal
bodies being considered in the analysis. The second
purpose is the computation of the gravity gradient
matrix, G!1, which 1s used in the algorithm determin-
ing the step size for the trajectory integrator
(PATH). G1l is used also with the other variational
matrices, G12, G22, GM12, GM12, GM21, and GM22 (all
computed in GRAVAR) to formulate the matrix differen-
tial equations which integrate into the augmented
state transition matrix. In addition, GRAVF@ per-
forms many auxilliary calculations which determine
the relative geometrics among all planetary bodies
and the s/c. These geometricl quantities are stored
in common blocks accessible to other routines where
they may be used without further computational ex-
pense.
TRAJ uses Encke's formulation of the equations of
motion for propegating trajectories, (Section 4.1,
Reference 1). The differencial acceleration computed
by GRAVF¢ is
N
Sr = -ff*g[f(é()'z.ﬂ.a]" Z 'g*g .
C i

i=1

[2+scet - x]

where
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% (3 + 30 + &%)
1 + +c=:.)3/2

£(eX)

o = (Sr - 20 'S¢

2
r

70
| i

1
In
+

r ~ .
AY E, "L
2
= [3+3o{i+o<i
E(O,) =
1 reas 32
i = E- . . %z ’Ei
e1 ei T g& ]

reference conic position vector of the
spacecraft,

position yector of the spacecraft relative
to the ith body.

heliocentric position vector of the space-
craft.

s . - .Eh
heliocentric position vector of the i—
body,

number of bodies included in the integrztion
other than the sumn.

heliocentric position vector of the primary
Lody.

gravitational comstant.

P

e e A Ay et embod e
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GRAVF@-3

GRAVF¢ also computes the gravity gradient matrix,
Gli, which is used for state transition matrix

propagation and as a determinant in the integrator

step size logic. (Reference 1, p 122)

N
Gll = £ =(z fi)+ £

i= P
N L1} 1]
(5 2By, o2
T\l P ap
- - p

Hp [ T ]
+ 3 - 2 I
Py BR P T A

The subseript i refers to the ith perturbing
body and the subscript p refers to the primary

body. !? indicates body relative position vectors

while ## is the gravitational constant.
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GRAVF@-4
E&]ﬁ‘ Input/OQutput:
Input/ Argument/
Variable Output Common Definition
TA I A The first three elements
contain §r.
The second three elements
contain & f.
UENC I c I,
UENGCM I c r,
VENC I c
-a
UTRUE 0 C T
UTRUEM 0 C r
VTRUE 0 c b
’L J VIRUEM 0 c £
APERT 0 C Array that contains the per-
turbing acceleration vector
for each body included in the
integration, APERT (I, IFRI)
I = 1.3 contains the vector
sum of these perturbations.
SMASS 1 C Solar gravitational-constant.
PMASS I c Array of planetary gravita-
tional constants.
UREL ¢] C Array containing each f%.
URELM 0 c Array containing each ﬁ%.
. L]
VREL 0 c Array containing each Ei'
- VREIM 0 C Array containing each Fﬁ
T Up T c Array containing each «r,.
J ) 1
A Ve I c Array containiug each £..
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GRAVF@-5

% ) Input/ Argument/
e Variable Qutput Common Definition
NB I H Array containing planet codes
of each body in the integration.
APRTM 0 c r
_ “P
ATHT 0 C dr
Gl1 0 C f
MPLAN I C N+1
IPRI I c Flag used to locate information
concerming the primary body in
the UP, UREL, UREIM, VP, VREL,
and VREIM arrays.
Local Variables:
Variable Definition
!
J | ADEL (= WPRK(I), I = 1,3) ;f—-g [f( a)r + a;]
: i (o]

APERT {J, IPRI),
J=1,3

F(X)

Q@ (= WORK(21))

Subroutines Called: VECMAG

Calling Subroutines: MOTIGN

N

M .
’-Z 5—§[£+ £ (i) _t_'_i]

i-1

Statement function equivalent to

£(A) and £( ai)-'

Common Blocks: EPHEM, TRAJ1, TRAJ2, W¢RK



Logic Flow:

456-B

Compt.{te
r=1r ++ T
- =
r = + T

Lo z
i=1

Compute 7,

T4
+E( i)ri

P

=141

GRAVF({-5

Yes 44-

Compute fp’

T3 £ ( dzF
c

i = 1i+1

A

and differential acceleration

Xz

//,HWJE“,#

Ne I = MPLAN

e 2 S o o AR e e -
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3.5.7 Subroutrine; LOADFM (DS, DP, INDEX)

' Purposg: To compute the F matrix and thg‘matrix of deriv-
atives é = F) or P =FP + PF. +Q for
transition matrix or covariance, respectively.
(Sections 4.5 and 4.6, Reference 1).

Method: The non-zero coﬁponents of F are stored in appro-
priate sub~matrices, according to the degree the
state ig augmented.

Remarks: Case 1: State transition matrix,

Given the augmented state vector

where

r - spacecr?ft position vector,

I = spacecraft veloeity vector.
u = constant spacecraft controls.
X - position vector of the spacecrait

relative to the ephemeris body,

g™

velocity vector of the spacecraft

relative to the ephemeris body,
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k } The linearized equations of motion for the

augmented state are

$x = F $x
where
.oz
P =
o

0 0 a 0 0
F=10 0 0 0 I
0 0 0 p 0

where I is a 3x3 identity matrix

2 I
QL
2r
k = = q
oz,
d = 2L s

Ife,

and

o
1

o
o
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Qase 2: Covariance matrix.

Given the augmented state veetor

- L

3]

e

IH

[3¢]

M

,_
8+ ]
| .

<> =~ time varying thrust parameters,

I, - tracking station position vectors.

and
[0 1 o o o o o |
£ 0 £ n 0 0 0
0 0 0} 0 Q 0 0

F = 0 0 ¢ h 0 (¢ 0
0 0 ¢] G 0 o 0
0 0 0 0 0 0 0
o 0 0 0 0 0 0i

where I is a 3x3 identity matrix,

W
'H:

M
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N
I

n o= [sis]

and h is the matrix of process noise correlation

times

-1 T
—_— v} ——— 0
Ty

h _ 0 i ————— 0

Tz ’

0 0 ---- -l
. TG_J

The matrix Q is the process noise,

To 0 0 _ "0 0 0 0
0 0 0 0O 0 0 0
o 0 0 6 .o o0 0

. T
e={oc 0 o0 -2#hE[Sw8& ] o0 o0 o0

0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 4] 0 0 0 0 0 j

-»

The dimensions of §, §, P, B, F and Q are determined
by the highest degree of augmentation of the state
vector. The flag array that controls the augmen-

tation is the TAUGDC array.



Input/Output:
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LPADFM~5

Input/ Argument/
Variable Qutput Common Definition
INDEX 1 A = 1, Load the ¥ matrix
and compute P,
= 2, Load the T matyix
and compute §. .
= 3, Use current F, compute P
= &4, Use current F, compute §.
DS 1 A = P for Covariance propagation.
= § for Transition Matrix
propagation
DP 0] A = P for Covariance propaga-
tion, i for transition
matrix
F(I4CFI) I c Location in Blank Common to use
- for F matrix storage.
( _}f IAUGDS I c Array of flags where each element
) determines what is to be loaded
in the ¥ matrix,.
Gl1 I C £
GT I c g
G12 I C k
G22 I c P
GMLI2 BN c d
GH22 I G q
GMl1 I c m
GM21 T c s
GTAUL I c JUpper left 3x3 of h .
GTAU2 I c ‘Lower right 3x3 of h
QNPISE I c Q = process noise
MEQS I g Dimensions of 3 , .¥ , P, P,

EaN
froed
’ sa...,.ﬂ’

and F.



Subroutinesg Called:

Calling Subroutines:

Gommon Blocks:

Logic Flow:

Load GT,
GTAUL And
GTAUZ Into
 The F Matrix

Load GT
Into The
F Matrix

462

¥IMAB, MUNPAK, SCALE, SYMIRZ, ZER@M

DPHI, PDGT, TRAJ

(BLANK), TRAJL, TRAJ2, WGRK

Load Gl1
Into The
F Matrix

Load GT Into
The
F Matrix

< TAUGDC(3)=0

Load Gl2,
G22 In The
F Matrix

LOADIM~6
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Yes

Load GM 12
And GM 22
Into The
F Matrix

Yes

Load GM 1l
And GM 21
Into The
F Matrix

Compute

g ; | §€=F§ ¢
or
a\,/ j"ri’=1"P+P1~‘T+




3.5.8 Tunction Routine:
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L@ECATE (INDEX)

LYCATE~1

To locate fhe target body, ephemeris body,

Purpose:
launch body or ‘primary body in the NB array.
Method: None
Input/Output:
Input/ Argument/ :
Variable Qutput Common Definition
INDEX 1 A SET = 1 Locate target body
= 2 Locate ephemeris body
= 3 Locate launch body
- = 4 Locate primary body
KTP X G Number of the target body
NEP i H Number of the ephemeris body
4" _ NLP I c Number of the launch body
e NPRI 1 C Number of the primary body
. Local Varisbles: None
Subroutines Called: Hone
Calling Subroutines: PATH, GRAVFG
Common Blocks: TRAJ2

Logic Flow:

Locate NTP

"‘
[Epcate NPRL

RIS UNY TR




" 3.5.9 Subroutine:
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MPTIgN-1

M@TIPN (T, DS, DSD, M, N, L¢C)

Purpose: To compute the 8/C acceleraéions and to rectify
the reference conic.
HMethod: Encke's formﬁlation of the equations of motion.
Input/Qutput:
Input/ Argument:/
Variable Qutput Common Definition

T I A Trajectory time

D5 I A Dependent variable

DSD @ A Differential equations

M I A Number of rows in DS and DSD

N 1 A Number of columns in DS and DSD

Lgc I A Roiiting flag

EPGCH I c Julian Date of Launch

pui I c Conversion from seconds to days

EXHVEL I C Exhaust velocity

ATPT I c Differential acceleration plus

perturbing gravitational
accelerations

THRACC I G Thrust accelerations

RPACC X G Radiation Pressure acceleration
Local Variables: None - |

| Subroutines Called:

REFINE, S@LAR, $SCUL, GRAVF$, EP, RPRESS, ADD, C@FY

.Lalling Subroutipes: NUMIN, DPHI, PD@T

Common Bloecks:

CENST, TIME, TRAJL, TRAJ2, WYRK

TR T - B



- b= 2R WM A TR A e Rt AT e b T Apdym remTRem D pTEE R EER WO T amAame mve i eemte S e e e " o A . o

o 466 . MBTIGN~2

1 e sl v b bt i\ttt
v
. .
B

Logic Flow:

( wgroes ) " . "

kS

. Rectify the | oo erscﬁzx Yes
conie: ] '

Call REFINE

Compute the

states of the Yes

this the lst : .
the same as the

integration step? gravitating
bodies: previous time?
Call SOLAR
Compute the dif-~ . Compute the dif- Compate the
ferential accel~ - ferential accel- conic state
eration due to <% erations: 4%__and the state
oy cuvey | [of, e gavic
Call GRAVFY call EP & :
‘ Call RPRESS Call @SCUL
Call S@LAR
this a pri-~ HNo
mary body or ]
control phase
change?
Yes
o4
Compute the Compute the
accelerations due 3, | Sum of the
to thrust and P} differential
ratiation pressure: accelerations ;
Call EP ~ ' i
- Call RPRESS 1
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3,5,10-Subroutine: NEWT@N (XVALUE, YVALUE, X, Y, INDEX)

Purpose: To f£it a third Order Polynomial through &4 data
points for either interpolation or finding the
minimum of the polynomial.

Method: Newton's third Order Divided Difference Interpolation
Polynomial., (See Appendix 3, Reference 1)

Input/Output:
Input/ Argument/
Variable Qutput Common Definition
XVALUE 1 & Table of independent valués
YVALUE I A . Table of dependent values
X 1/0 A For interpolation, the value
. of X for which Y is desired.
(Input)
For a minimum, the wvalue of
X at the minimum. (Qutput)
Y : 1/0 A For interpolation, the 7
interpolated value of Y.
(Output)
For a minimum, the value of
Y at the minimum. (Qutput)
INDEX X A Set = 1, Find the minimum
. Set = 2, Interpolata
Local Variables:
Variable Definition
DBX The Divided Differences
A, B,C, D Coefficients of a 3rd Order Polynomial

Subroutines Called: None

Calling Subroutines: PATH

Common ﬁlocks: Hone
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xM],f Logic Flow:

468

7,

Compute the
Divided Dif-
ferences,

X1, Xz, ) o

Compute:
A, B,C&D

No 1s Yes

NEWT@N-2

7

X

_ -BrfB2-3a¢

© 3A

this interpolaz

<

Y= A*XO+BEXSH
CHE4D

&
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3.5.11 Subroutine: NUMIN (M, N, X, H, YC, YP, ¥, DERIV)

Fntry Points? SETUP, RUNG2, RUNGS
Purpose: To integrate an MxN matrix of first order

differential equations.

Method: 4th Order Runge-Kutta formula (RUNG4) and 2nd Order (RUNG2)
Input/Output:
Argument/
Variable I/0 Common Definition
M I A Number of rows
N I A Number of columns
( w'b X 1/¢ A Independent variable
- " I A Integration step-size
Yo 1/¢ A Matrix of dependent variables
YP o] A Temporary storage matrix 3
F ] A 4 - Temporary storage ;
satrices %
DERIV I A Name of the subroutine ;

containing the

differential equations.

et e

i
5
i
¥
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;\ﬂ:b

Local Variables:

Variable Definition

ALPHA Array of 4 integration coanstants
(0, % %, )or (0, 1, 0, O)
BETA Array of 4 integration constants
(0, %, %, 1) or (0, 1, 0, O)
CHI Array of 4 integration constants
(1/6, 2/6, 2/6, 1/8) or (%, %, 0, 0)

L@C Output flag to DERIV

Subroutines Called: DERIV {(defined by argument, e.g., DPHI, M@TIGN, PD@T)

Calling Subroutine: PATH

Common Blocks: None




logic Flow:

SETUP J

471

L@Cc=1
SET:
ALPHA(I)

BETA(I)

CHI (1)

CALL DERIV
TO INITIALIZE
THE DERIVATIVES

SET:  LgC=1

EVALUATE THE

pr DERIVATIVES AT

X, X+sH AND AT

X+H

v

COMPUTE THE
YC AT X4H

'

UPDATE THE
DERIVATIVES FOR

THE NEXT PASS _

NUMIN-3
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3.5.12 Subroutine:

Entry Point:

Purgose:_

Remarks:

472 PATH-1

PATH:

FLIGHT

PATH initializes all trajectory routines, while
FLIGHT controls trajectory propagation,

Based upon input flags, PATH determines how
FLIGHT will function és well as all the other

trajectory routines. FLIGHT tests for and

" executes trajectory rectification, primary body

changes, thrust control changes, trajectory
termination conditions, trajectory print and

trajectory events.

The most significant feature of PATH is the use

of blank common as a working area for the Fourth
Order Runge-Kutta numerical integration routine

(Appendix 2, Reference 1), applied to a matrix

of first order differential equations.

=

Vg =Yt (F F2 0 Fy 20Ty HEY
_where
¥ o= F'(}.ck, 70
By
F2=F'§xk+§—, PR el Efl)



il LECEEREUTRRE S

B B L

473 PATH-2

. hk hk
= ! — —_—
F3« ¥ (xk + 5 Yk + 3 F2>
F, =

' -
4 F ka + hk s Yk + hk F3)

The values of ¥ and T are stored in g blank

common array (DSC) and their order depends

upon whether some or no events are processed

within the normal integration step (hk)'
Case 1: If no events occur between Xk and
Xk+1 = Xﬁfhk’ then a normal integration step
will be taken, The values of Yk and Fl

(Xk, Yk) are used for the Runge-Kutta inte-

gration and at the completion of the step the

DSC array appears as
DSC = ¥, 5 Fy (X R, T ),

Fao Fgo Fpo s o Ty

where the first two entfies (Y and F1) are at
the updated Kk+1 point, the next three entries
contain values of F in §§g hk interval, there
&re two unused storage arrays, and Eha last
entry is a running value of Y (which becomes

Yk*l at the end of the step)., The next
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integration step (h, ,.) can now be taken and

kt+1
starts with Yk+1’ Fl.

Case 2: If an event or print har been spetified
by either the calling mode or TRAJ itself, and
it occurs between Xk and Xk+1’ then a2 short
integration .step (*h) is taken to the event.

The resultant blank common storage at the event

(Xk + %h) is then

DSC = Yk’ Fl, =Y *Flka + Ahk, =Y ),

k1’ k+l

where asterisks é*) refer to values for the
event integration step, The first two entries
are stored values of Y and F at Xk’ to preserve
values such that a normal iategration step can
be taken after the event has been processei,

The next six entries are used for the event
integration step. If no more events occur
before Xk + hk’ then normal integration resumes
with the stored values Yk and Fl’ and the results
aré shown in Case 1. If more events ovccur before
Xﬁ%hk, then the process of Case 2 is repeated

using *Yk+1 and *Fl until all events have been

processed. Since TRAJ can integrate the
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transition matrix or covariamnce in addition to
the state deviation from the:reference conic,

an additional array is needed., This array is
used to storé the partial deviatives contained
in the F matrix (Appendix 4, Reference 1). Th
locations for the F matrix begin after the last
word of ék (or *Yk). The amount of blank common
used by TRAJ varies with the number of equations

to be integrated. TFor the state only case,

Sk
&y
m

.ém

bs -~

where $r and &y are deviations from the conic
state, m is the spacecraft mass and &m is the
mass variation. When the transition matrix (@)

or the covariance (P) are to be integrated

J

or
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S
Lo
T For state only integration, Y is an 8 x 1 matrix.
When the transition matrix or covariance is to
be integrated, the dimension of Y varies with @
and P. The dimensioﬁs of § and P are those for
the highest degree of augmentation. The sub-
routine FIND determines the number of equations
to be integrated, the dimensions of ﬁ or P and
' the number of 16cations in blank common needed
. | for numerical integration,
Other information stored in blank common are:
Xk - Current trajectory integration
(‘ . ] time (t);
h - Integéation stepsizé; )
tP - Integration event time;
£, - Next mode event time; )
tPR - Wext mode print time; )
ti - Four stored times used for interpo-
lationg
r; - Four stored position magnitudes
corresponding to the ti's, also
: used for interpolationg
Input/Output:
T , Input/ Argument/ _
o Variable Cutput Common Definition
=a . INTEG 1 G Flag that determines the

equations to be integrated.

e e L



Variable

Input/
Qutput

477

Argument/
Common

PATH-6

‘Definition

JPRINT

MPLAN

s

ISTEP

KTRAJ

MEVENT

‘C

= ¥, State and transition
matrix;

= 2, State;

= 3, State and covariance,

et hem et i b e e 4 e e

Flag that determines when
to print.

= 1, Every IPRINT integra-
tion step;

0, Ho print;

1, Every XPRINT days;

=-2, At trajectory event.

nn
i

Total number of bodies to
be counsidered in the NB
array. '

First location the inregra-
tion routine can use for
storage.

Flag that determines trajec-
tory termination.

1 - Final trajectory time §
{TDUR) ; T
2 ~ Radius of Closest
Approach to the target
body;
3 - Sphere of influence of
the target body;
4 - Stopping radius relative
to the target body.

klag used to test for con-
trol phase change.

Z0 - Not in use;

>0 - Test for comtrol
phase changes;

={} ~ Do not test for control
phase changes;

0 ~ Do not test for eventss
1 - Test for events.
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. PATH-7
R
N J:}
R
Input/ _ Argument/ .
Variable Qutput Common Definmition
NPHASE I Cc 0 - Primary Bodyv Changes.
1 - No Primary Body Changes.
IFFLAG 1/0 C 1 - No Thrust Phase Change
has ocecurred.
2 ~ Thrust Phase Change has
ocecurred,
JPFLAG I/0 c 1 -~ No Primary Budy Phase
) Change has occurred.
. 2 - Primary Body Phase
Change has occurred,
IRECT 0 G 0 - Rectification due to
primary body or control
phase change,
1 - Trajectory rectification.
ISTEP 4] .G Number of integration step.
/ ‘J ; NB 1 c Array containing the bodies
L to be cosidered in the inte-
gration,
NBgD - I c Total number of non-zero
entries in the NB array.
NPRIL t) C Number of the primary body.
IPRI 0 c Location of NPRI in the NB
array. ‘
NTPHAS 1/0 c Number of the ccurrent con-
trol phase.
NEP I Y Number of the ephemeris
body.
IEP 0 G Location of KEP in the NB
array.
DRMAX I H Maximum deviation from the
: ) reference conic before
. - rectification,
(ly . s
B STATED I G Initial state vector.
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Input/ Argument/ _
Variable Cutput Common Definition
UTRUE 1/0 C Poaition vector relative
to the primary body.
VTRUE I/0 c Velocity vector relative
t.o the primary body.
ACGC I C Trajectory Accuracy level.
FRCA I c Percentage of the semi-
major axis of target body
to begin closest approach
detection.
SCMVAR I G Initial mass variation.
SCMASS I c Initial S/C mass.
THRUST I H End of the current control
{2, NTPHAS) phase,
VTRUEM I H Magnitude of VIRUE,
UTRUEM I c HMagnitude of UTRUE,
XPRINT I ¢ Time increment of Print
(seconds).
Gll I G The gravity gradient,
TDUR 1 G Trajectory stopping time
in seconds.,
TEVNT I H Event, time in seconds,
ICP 0 G Total integration time.
TREF I H Initial Trajeckory Starting
time in seconds,
TSTHP 0 c Time that a stopping criteria
has been reached in days.
NREGT I c Number of Rectifications,
. ALPHA I ' Inverse of semi-major Axis.
BIG 1 G 1070
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o
R Input/ - Argument/ )
Variable Qutput Common Definition
GTAUL I c Thrust noise correlation
times.
GTAU2 I c Thrust noise correlation
times.
RTP I c Number of the target body. -
ITP I c Lpcation of target body in
the NB array.
. QNAISE I c Process noise matrix.
RSTHP I c The stopping radius rela-
tive to the target body.
S?HERE I c Array containing all the
sphere’s of influence.
TSPL 0 c Time at the sphere of
o~ | influence of thn target
(7 body.
™ I H 86400 seconds,
TRCA g G Time at the closest approach
to the target body.
UREL I Y Relative position vectors
of the spacecraft.
VREIL: I H Relative velocity wvectors
of the spacecraft.
DSC /0 c The blank common array where
the following flags (LUCH to
L@CX) are used to locate data.
L.YcH I c Integration step-size (h).
L.gcM I c Spacecraft mass (*m).
- LgCFI T c F matrix (F).
Ly LYCER I c Trajectory integration print
I'4 H . »
prans time CtPR?'
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481 PATH-10

(7=
S Input/ Argument/
Variable Qutput Common ‘Definition
LYCPT 1 H Tréjectory print time (tp).
LPCDM I - C Mass variation (Sm).
LECDT I c Differential equations for
events and print (*Fi).
LPCDY I ‘ -G Differential equations for
the reference (Fi).
' L$CET T c Event integration time (t ).
: LACF@ I c Location of the input
: covariance,
L¢CR I c Location of the stored
position magnitudes (ri).
‘J; } LgCT 1 C Location of the stored
o position trajectory times
LECTC T c ' Location of the output
transition matrix or
covariance (¥P or *§).
L.OGYC I H Integrated equations for
the reference (Yk+l)'
1gcYp I c Integrated equations
working array (Yk).
LgCYT I c Integrated equations for
events and print C#Yk+ ).
L@CK I ¢ Trajectory time (Xk).
MEQ I : c Total number of equations
_to be integrated.
. MEQS I c MEQ-8.
{ o
Cop MEQS I ¢ JHEGE"

[RPHEENEREPON. S
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482 PATH-11
Input/ _Argument/ )
Variable Cutput Common Definition
KUT@EF @ c _ This flag indicates to the
mode calling TRAJ why the
trajectory was terminated.
Other than termination on
final time and an event,
the other terminations,
. closest approach, sphere
. of influence and stopping
) radius are not always satis-
fied. Therefors this multi-
valued flag gives a different
value for the actual stopping
condition., The following
table shows the relationship
between KUTUFF and ISTE@P.
Requesied ISTGE Actual KUTPEF,
Final Time 1 .F&nal Time 1
Closest Approach 2 Final Time 2
Sphere of Influence 3 Final Time 3
Stopping Radius 4 Final Time 4
Closest Approach 2 Closest Approach 5
Sphere of Influence 3 Closest Approach &
Sphere of Influence 3 Sphere of Influence 7
Stopping Radius - b Stopping Radius . 8
Event Time NA. Event Time .9
Local Variables:
Variable‘ Definition
HEVNT - .Eveut integration step~-size, _
HERNT . - -Print inteé}ation stes-size- ) e
IRSTP Indicates termination for determining

KUT@FF. -

pr g
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The following variables are used in assigned GF T@ statements and are
in the TRAJ]l common block. When these statements are used in FLIGHT,
there are implicit tests made. The majority of the tests are made in
PATH, TITRAJ, TPHASO, IFPHASI, IPHAS2, JPHAS1, JPHAS2, JPHAS3, JTEST,
KST@P, LYCAL, MSTHP, NSTPP, IEVNT1, IEVNT2, IEVNT3, INTEG2, INTEG3,
IFHASE, TIPRT, IEVENT,

Subroutines Called: C@gFY, DFHI, FIND, FIND1l, FIND3, IDENT, L@CAIE,

MHTIGN, NEWTEN, PDYT, PRINTT, RUNG2, RUNG&,
SETUP, UD@TV, VECMAG, ZERGM

Calling Subroutines: TRAJ

Common Blocks: (BLANK), CgNST, EPHEM, TIME, TRAJ1, TRAJZ,
WERK
Logic Flow: The functional flow of PATH and FLIGHT is given

on the next two pages, followed by a more

detailed logic flow.



Summary
Logic Flow:

Initialize All Trajectory
Parameters And Routiues

!

Initialize The Logic
Flow in FLIGHT With
Assigned GY TP Statements

v

Initialize The Equations
To Be Integrated

U[“

Rectify The Orbit

¢

Test For A Primary
Body Change

v

Test For Rectification

l

k4

Compute The
Integration Stepsize

v

Tast For A Control
Phase Change

!

Test For Trajectory
Termination

R

PATH-13



Iy

485 PATH-14

=]

Test Far Trajectory Print

)

Test For Trajectory

Event Times

I

Integrate The Equations

I

Exit If A Termination Criteria
Was Detected, Otherwise Recycle
Back To Primary Body Change lest




Detailed
Logic Flow:

486

FIND

Compute The
Necessary
Blank Common
Locations

!

Set IEP, IPPLAG,
IPRI, IREET,
ISTEP, ITP,
JPFLAG, KUT@FF,
NRECT, RCA

I

Set The Times
DSC (LgCX),
DSC (LGCET),
DES (LECFR)

b

Copy STATEO

Into UTURE

And VIRUE.
Set ITRAJ = 100

PATH-15
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Assign Statement
Numbers To Print
Every XPRIKT

Days
IPRT = 735
LPRINT = 885
IPLACE = 950
JTEST = 740

PATH-16

Assign Statement
Numbers To By
Pass Print
IPRT = 800

Assign Statement
Numbers To Print
Every TPRINT
Integration Step

IPRT = 710
LPRINT = 885
IPLACE = 950
JTEST = 800

Print Every Event

LPRINT = 730
IPIACE = 950
JTEST = 885

Assign Statement

Humbers To By Pass
The Test For Control

Phase Changes
TPHASE = 600

T

Assign Statement
Humbers To By Pass
he Test For Events

IEVENT = 900

Changes
IPHASI = 500

Assign Statement
Humbers To Test
For Control Phase

Assign Statement
Numbers To Test
For Ewvents
IEVERT = 810
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1

“'\ I STﬁP.

s i s 4 ar B ST _)

PATH-17

2

=

3

Assign Statement

Numbers To Test

For Final Time
KST@P = 650

Assign Statement
Numbers To Test
For Closest
Approach And
Final Time
KSTPP = 610
MSTHP = 650

o

Assign Statement
Numbers To Test
For Sphere Of
Influence,
Closest Approach,
And Final Time
KST@P = 630

MST@P = 650

Assign Statement
Numbers To Test

For The Stopping
Radius And Final

Time
KSTPP = 640
MSTOP = #30

Assign Statement
Numbers To
Integrate The

Assign Statement
Numbers To
Integrate The

Assign Statement .
Numbers To
Integrate The

) State And State Only State And
Transition Matrix Covariance

No

Assipn Statement
Mumbers To Test For
Primary Body Changes

Asgign Statement

Numbers To Bypass Test
Primary Body Changes

18CAL = 200 — -~ LgCAL = 300
TIEST = 200 - ITEST = 300
g .
o ‘L1
B -

e
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PATH-18

Initialize All
Equations
Pertaining To =X

Transition Matrix
Integration

Initialize The
Encke
Differential
Equations

{

Initialize The
Spacecraft Mass
And Mass
Variation

Initialize All
Equations
Pertaining To
Covariance
Integrztion

0
G¢ TY ITRAJ 81

100
A

Compute The
Initial CP
Time

!

110 § ~ SETUP

| Rectify The.
[ 4 : " Orbit
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Test For &

‘ 200 .| New Primary
6 i Body

PATH~19

&

New
Primary
Body

'Yes

Execute The

Primary Body
Change

LYCAL = 300

e

L@CAL = 400

&

Compute The
.———b & Intergation
Stepsize H

parabolic

Change The
Integration
Stepsize

Print
"Motion Is
Parabolie"

I

-

i S L e




¥
<:i' 600
IPHASE

520

Test For And

PATH-20

Execute
Control Phase
Changes
<«
10 |+ Ll D
N A4
12 fe—=30 RETPP N\ 640
v
611 | 630

r £ (FRCA)
#  (Semi~Major
Axis)

IRSTP = 4
1s
r Beyond
Closest
Approach?,
X Al
NEWTEN NEWT@GN NEWTEN
Interpolate Interpolate Interpolate
Eea tso1 tsTp
Y \L A4
h=¢t --tcA h=t 'tSOI- h=1 ~torp
- IRSTP = 3 IRSTP = 4 IRSTPE = &
@4 X LOCAL = 900 " -] 18cAL = %00 LOCAL = 900
ITEST = 940 | ITEST = 940 ITEST = 940

i b e i .&-.-.-.«.ms
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. ' PATH-21

Store 1, t
For
Interpolation

h = tdur 't
ITEST = 940
IRSTP = 0

‘ \ 800
IPRT
C >
?20$
740

PRINTT
I 13 f——— Trajectory
Print

'

1s Je—280 JTEST >
~\

i

al

800]

< 1EVENT 200
-7 810&
Test For Trajectory
Events, Exit If At An
;JH£L4> Event Or Propagate To
14 The Event And Then Exit.
Otherwise Continue.
: RUNGE I -
15"'Egg'-“——ﬁk'Integrate The ) - . -
. Equations T e -
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( ITEST >—2£°——b®
300

940 | N

Store The

LPCYC Results
i 17 f4—3P] in LECYT For

Access By The
Calling Mode

7

< TPLACE

960

960 . |KUTSOFF=IRSTP+ISTOP
———P1TSTEP=DSC (LBCX) /TH

250

PATH-22

JTEST = 960
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3.5.13 Subroutine: PDYT (T, DS, DP, M, N, L{C)

Purpose: To compute the time derivative of the state
' covariance (P)
. T

Method: P =FP +PF +0Q

Input/Qutput:

Taput/ Argument/

Variable  COutput Common Definition

T I A Trajectory time

DS 1 A Independent variables

DP @ A Differential equations

M 1 A Number of rows in DS and DP

N I A Number of cclumns in D5 and DP
LgC I A Routing flag ‘
INTEG 1 c Set = 1 Propagate the state

and Transition Matrix

Set = 2 Propagate the state
Set = 3 Propagate the state
and state covariance

TAUGDC I c Flag indiceting the augmentation
of the STM and covariance matrix

IRECT I c Tndex used to check whether the
current call to PRYIT is for
rectification purposes only
{i.e. IRECT = 1) :

Local Variables

Variable Definition

IAUGS | Index used to check whether the
¥ matrix needs to be augmenied

Calling.Subroutiqes: NOMIN

R oani

o

(S

Subroutines Called:

Common Blocks:

M@TIGN, LYADFM, GRAVAR

TRAJ2



Logic Flow:

495

‘ PDUT ’

v

METION

Provagate the state to time T
and evaluate partial derivatives
for the F matrix

4

A
{IRECT = 0/‘ Yes

TL___\
{ TG = 2}—22s

¥

Yes /

GRAVAR

Compute the augmented
elements of F

s

L@ADEM

Load the F matrix
and compute p

RETURN
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3.5.14

Purpose:

Method:

B el mm——————— o

456

Function: PEWER (R, TT)

PYWER computes the power available to. the

thrusters of the low thrust spacecraft for

solar electric and nuclear propuision,

The power 1is computed from the féllowing

expression.
S T
o]l 2 5/2 3 5
T x r T

ks

P
max,

* exp {—PL(t-tDL)] - PHK

- P .
if P 7 Pmax or r&r

min,

Lo exp["PLv(t"tnL)] T P,

solar
electric

solar
electric

nuclear

- Power available (at 1 AU for solar,
at energization for nuclear)

the S/C

- Power decay coustant

- Time from epoch

- _Time delay .

-=

- Housekeeping power

{Empirical) Constants defining solar
array characteristics

Heliocentric position magnitude of




Input/Output:

B U Y SR

497 PHHER-2
Pmax - Maximum allowable solar electric
povier )

r . = Heliocentric distance for which P

min

is less than P

max

Input Argument/
Variable Qutput Common_ Definition
R I A Helioceniric distance in
AgU. (r)
TT I A Trajectory time in seconds
(t)
PPWERC I C P, {Pquivalenced to
ENGINE (1))
PHK 1 c Pl {Equivalenced to
) ENGINE (2))
PMAX X C "?max (Equivalenced to
ENGIRE (3))
Al I c Ai (Equivalenced to
- ENGINE (4))
A2 I C Az ~ (Equivalenced to
. ENGINE (5))
43 I H AS .(Equivalenced to
EHGINE(6))
AL 1 ¢ A 4 (Equivalenced to
ENGINE (7))
A5 I c AS (Equivalenced to
ENGINE (8))
BMIN I c T oin (Bquivalenced to
AR ENGINE(9))
PLPSS I c P (Equivalenced to
. ENGINE (12))
DL I G ti)L (Equivalenced to

ENGINE (13))
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PEWER~3

Tnput/. Argument/
Variable Output Common Definition
TENRGY I i ¢ Flag that determines the
- type of power
G - nuclear power
1 - solar electric power
PEWER @ F& Power available to the
: thrusters.
fiocal Variables: B
Variable Definition
1
SR —
A A A A A
1 2 3 4 5
— + == + + =
SCALE Y A S ¥ - A
T T b r r
Subroutines Czlled: Hone
Calling Subroutineg: EP

Common Blocks:

*Function Value Output

CYNST, TRAJ1, TRAJ2

T e -

—



Logic Flow:

Yes . is The

Energy >
Nuclear?

Compute:
SR, SCALE
Set:

P = P ¥ SCALE

\-

Set:

=P
max

N

Compute:
P=P %

X axp!’—?L(t-tDL)J

PPWER~4
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500 PRINTT~1

3.5.15 Subroutine: PRINIT (IT, MASS)

Purposes ' To print trajectory and spacecraft related infor-
mation, i
Input/Qutput:
Input/ Argument/
Variable Output: Common Defipition
NTPHAS 1 c Rumber of. the current
thrust phase.
NPRL I c Number of the current
primary body.
REP I C Humber of the ephemeris
body.
NTP I GC ' Humber of the target body.
PLANET 1 c Array containing the names
‘ of the planets,
MASS 1 A Current spacecraft mass.
WEPWER I c Current power available to
the spacecraft for thrust.
TT I ) A Trajectory time in days.
TDUR I C Trajectory termination
. tiire in seconds.
EPYCH 1 c Trajectory initial time
- . (Julian days).
™ I tH 86400, seconds,
APRIM I ' c - Acceleration vector due

to the gravity of the
primary body.

THRACC T G Acceleration vectof due

.- r’_r.._; .

-l .
Sttt

to thrust.
RPACC T C Accelevation vector due

RE

“to radiation pressure.

nd -
-t . .

-
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Input/ Argument/ )
Variable Qutput Common Definition

IPFLAG I C Flag'that indicates control
phase change.

JEFLAG ¥ G Array containing only the
names of the planets
included in the integration,

APERT I H Matrix containing the accel~
eration vectors due to the
gravity of the non-primary
bodies,.

UREL I c Matrix of spacecraft posi-
tion vectors relative to
the bodies considered in
the integration,

UREIM 1 c Array containing magnitudes
of the position vectoxs,

-VREL I C Matrix of spacecraft veloc-
ity vectors reldtivz to the
bodies considered in the
integration,

VRELM I C Array containing magnitudes
of the velocity vectors.

MPLAN T H Total number of bodies
included in the integratiom.

THRUST I Y Array containing the thrust

control, To locate informa-
tion for the current control
vhase NIPHAS is used as

follows: THRUST (i, NTPHAS)

where i is the desired infor-

mation,
Local Variables:
Variable Definition
WPRK Temporary storage array.
PHASE Arvay that contains headings for control

and primary body changes,

NP




502 PRINIT-3

Subroutines Called: None .

Calling Subroutines: PATH, MEASPR

Common Blocks: C@NST, EPHEM, TIME, TRAJL, TRAJ2

‘ PRINTT ’ -

4

Logic Flow:

Sum Up The
Perturbing
Accelerations
(APERT)

Compute?
Julian Date
Magnitudes of
APRIM, APERT,
THRACC, RPACC

!

Print:
PHASE,
NTPHAS,
PLANET, TT,
MASS,
WPOWER

4

Reset The B -
Primary Body
Change Flag:

JPFLAG
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M

Yes

Convert The
Control
Parameters
for Print:
Reset IPFLAG

¢

Print: The

Controls of
the

' NTPHAS

Print: The
Relative State

Vectors UREL,
URELM, VREL,
VRELM

¢

Print: The
Acceleration
Vectors APRIM,
APERT, THRACC,
BPACC

PRINTT-4
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3.5.16

Purpose:

Method:

504 RPRESS~1

Subroutines RPRESS (CMASS)
RPRESS computes the effective acceleration
acting on a spacecra%t due to radiétion pres-
sure.

The effective acceleration is computed from

the foliowing expression,

{

(1.024 x 10%) c.a

2
mr

,;Lm
i+

r - heliocentric position vector of the space-
craft.

m - spacecraft mass.

C A - coefficient of reflectivity multiplied
by the effective area of the scolar array,

In the event that r£€ r . , where r_._ 1is the
min min

distance at which the solar electric power is

a maximum, the effective cross sectional area

of the solar array is changed by tilting (or

folding) them, Therefore, the effective accel-

eration is reduced,

where ¢ is the off-sum tilt amngle.

Input/Output:

Input/ Argument/ - - -

Variable Output Common = Definition

CMASS I A Current spacecrafé mass,

1

1]

-
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505 RPRESS-2
Input/ Argument/ _
Variable Output Common Definition

CRA I C CfA iEquivalenced to
ENGINE (15)).

CTILT I C cos %L (Equivalenced to
ENGINE (16)).

RMIN 1 c r_._ {(Equivalenced to
min

' ENGINE (9)).

UREIM (L) I c Heliocentric position of
the spacecraft,

DREL(I, 1} I c Heliocentric position
vector of the spacecraft.

RPACC @ C a
2.

iocal Variables:
Vaxriable Definition
RPA ja |
=r
SubrOutines Cailed: None

Calline Subroutine:  M@TIGN

Common_Blocks: C@NST, TRAJL




3,.5.,17 Subroutine:

506

SPLAR (IDATE)

SPLAR-1

To compute the position and velocity of the planets.

Purpose:

Method: HNone

Input/Qutput: _

» Input Argument/
Variables OQutput Common Definition

) NB I c Array of bodies for which the
position and velocity are to
be computed.

JDATE I A Julian Date at which the
position and velocity are to
be computed

Up ] C Array of position vectors

VP i C Array of velocity vectors

{
&
Yo Local Variables: None
Subroutines Called: EPHEM
Calling Subroutine: M@TIGN
Common Blocks: TRAJL, TRAJ2

Logic Flow:

Compute the
position and
velocity of
the planets:

Call EPHEM

Y
( RETURN )
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3.6 Utilitv Routines

A number of subroutines and function routings are used in each
mode that are (1) standard to many scientific coﬁputar programs, or
(2) common to more than one MAPSEP mode. These utility routines are
described in this Section, The first group (3.6.1) contain relatively
minor and straightforward routines that perform matrix manipulation
and vector operations, The second group (3.6.2 through 3,6,11)
describe more complex utility routines, all of which apply standard
mathematical techniques to compute specific parameters required by
MAPSEP.

3.6.,1 Minor Subroutines

The following utility routines are straightforward in usage and
internal computation. Their description consists of name (and any
entry points), input and output arguments, and function., No common
blocks are contained in these routines and all are subroutines excégt

UDPTV and VECMAG which are function routines.



t
Q'\

Subroutine

(Entry Points)

ADD

CHPY (LCHFY)

CAPYT

EIGENV

IDENT

INVSQH

JOBTLE

MATGUT

MMAB (AMAB)

508

Arguments
!C)

A, B
M, N

A, B, M, N

CT, C, M, N

A, N, FgD,
W2, Vv

A, N, XB,
RTEST, IX,
IY

None

A, NRGW,
NC@L, LABEL

» G M,

H

A, B
L, N

Function

ADD performs the matrix opera-
tion [C] MxN [a] M izl MxN
matrices.

CGPY copies a real matrix A
into matrix B, where A and B
are MxN.

ICGPY assumes A and B are integer
matrices,

Copies the transpose of the matrix
CT into matrix C, where CT is NxM
and C is MxN.

EIGENV computes the eigenvalues

and eigenvectors of a N X N matrix A,
using Jocobi's method of successive
rotations. F@D is the tolerance for
the off diagonal elements of A.

The eigenvalues and eigenvectors

are returned in the vector arrays

W2 and V, respectively.

Creates an NxN identity matrix C.

INVSQM inverts an NxXN matrix A
by the Gauss=-Jordan elimination
method. The results are returnad
in A, TNVSQM requires four Nxl
vectors, XB, RTEST, IX and IY,
for temporary storage (to keep
core requirements to a minimum),

JYPBTLE is .used by GIDSEP to eject
a page and to print out the job
title, a row of asterisks and the
trajectory time.

MAT@UT prints a matrix A, NREWxNCOL,
with a 6 character Hollerith label,
LABEL.

MMAB performs the matrix operation
167 s Dadger® [Bl e

AMAB performs the matrix operation
Lol = Lol + Plape® Bl
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Subroutine )
{Entry Points) Arpuments Function
.].-MABAT A, B, C, MMABAT performs the matrix
(AMABAT) M, L, ¥ operation [C}, .. = fA], . *
= T .
[B]LxL [A]MKL (Note: N
is not used),
AMABAT performs the matrix
operation [C]I-ixl-i = [c]bixl-i +
% % T
[A] Mx1, [ B ]LKL [A] MxL,
MMABT (AMABT) A, B, G, MMABT perforr_l]xs the {ﬁ&i:rlx
¥, L, N operation [C =]A 1 *
[B] P MxN Mx
ML
AMABT performs the matrix
‘operation [C] {C]Mxﬂ +
%
[A]HxL [B]NxL
MMATB (AMATB) A, B, C, MMATB performs the matr:r.x
M, L, N  operation [C]MxN = [A]bei %
AMATB performs the matrix
ope;a tion [c]beN [c]l-ixbl
*
13 * DBl
MMATBA (AMATBA) A, B, C, MMATBA performs the matrix
M, L, N operation [C]bhd-i [A]L Y
[1IacL [AIL:-:M Note: N
is not used.
AMATBA performs the matnx
operation [C] [C]
' [A]LXM * [B]LXL * [A]
MMATBT (AMATBT) A, B, G, ' MMATBT performs the ma £rix
M, L, N ope;at:r_on [C}MxN = [A]I.Q{M
[B] g

AMATBT performs the matrix
operation [C]Mx’i = [cll-ixﬂ

[AE, * I8ly,.
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Subroutine
(Entry Points)

NEGHMAT

SCALE

SDVAR (VARSD)

SUBT

510

Arguments
A, C, M, N

FACT¢R, A,
M, N, B

COVIN,
CEVGUT, N

Function

NEGHMAT negates a matrix such
that ICI}@N = - [A]M_

SCALE multiplies a matrix A by
a scalar FACI¢R and returns the
result in a_matrix B, [B}H N =
FACTSR * [A}MRN.

SDVAR takes an NxN matrix
CPVIN of standard. deviations
and rorrelaticen coefficients,
and operates on the lower

" triangle of COVIN to create a

full covarirnce matrix C@V@UT.
VARSD takes an NxN covariance
matrix CYVIDN and operates an
the upper triangle to create
a matrix CGVOUT, where only
the upper triangle contains
the correlationgeoefficients,
the diagnal the standard devi-
ztion and the lower tviangle
remains unchanged.

SUB subtracts matrix B from
matrix A and returns the results
as matrix C. The dimensions of
A, B, and C are MxN.

SUBT subtracts matrix BT from
matrix A and returns the results
as matrix C. The dimensions of
A and C are MxN, B is NxM,
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Subroutine
{Entry Points)

SYMTRZ
{SYMLE, SYMUP)

UDgTv

UNITV

XV

VECHMAG

ZERGM

511

Arguments
PSYM, N

A, MRGW,
MCPL

Function

SYMTRZ takes an HzN matrix
PSYM and makes it symmetric by
ayeraging each corresponding
off~diagonal pair.

SWLE takes an NxN matrix PSYM
and makes the upper triangle
equal to the lower triangle.
SYMUP takes an NxN matrix and
makes the lower triangle equal
to the upper triangle.

UDYTV performs the vector
operation U « ¥V, for three
dimensional vectors.

UNITV take a three dimensional

vector U and makes it a unit

vector UV.

UZV performs the vector opera-
tion UxV = W, for three dimen-
sional vectors.

VECMAG computes the magnitude.

of a2 three dimensional wvector,

ZERGM creates a MROW x MC@L
null matrix A,
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J
S

3.6.2 Subroutips: BPLANE (R, V, T0, NTE)

Purpose: To compute osculating B-plane parameters
(Section 4,2 of Reference 1) relative to a
specified body from a cartesian state vector,
Also, BPLANE computes a number of other osculat-
ing parameters, e.g., radius of closest approach
(r ).

Method: Given the spacecraft planeocentric ecliptic posi-
tion and velocity vectors, r and v respectively,
at time t relative to a target body, compute the
B-plane parameters, B ° T, B « R, and the asso-
ciated conic elements., In order that all B-plane
parameters are computed, the target relative
osculating conic¢ should be a hyperbola with its
radius of closest (rca) approach inside the sphere
of influence (SOT) of the target body, Assuming
that closest approach is within the sphere of
influence (rSOI}' Then using cthe orbital elements
(a, e, i, {L ,ed, M), calculated from the conic

formulas of Section 3.6.%4
Toa T a(l - e)

2 1
Vo =[pEE- D
CA P Tea 2



513 BPLANE~-2

= L
Vip T )
p o= aft -e?y

where vhp is the hyperbolic excess velocity.
The R,S,T coordinate system for the B-plane

parameters is defined as

a ¥
§ = =

v
F Y Fad M
T = S %x k
A ’x »,
R = S = T

&
where k is a2 unit vector in the direction of
the Z axis in planetocentric ecliptic coordi-

nates. The magnitude of the B vector is

.Il?'_l = Jp lal

and the vnit veccor in the direction of B is

3 = 5 x (=x Ly

therefore the B-élane parameters are

3¢ T = (b -7
Be R = quby -8
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Two other important parameters to know are the
time of closest approach and the time at the

sphere of influence, The time at closest

approach (tGA) is

=

where M is the value of the mean anomaly at t
znd n is the mean motion. The time at the
sphere of influence (tSOI) is computed from

the following equations

-1 . L
coshF = - (i a)

-

sinkF = sign (£ - v) ‘/(coshFl)z -1

T
-1 . sor
COShFSOI z (1 5 )]

2

sinh¥ = sign (r * v) '(c;oshFSOI) ~1

501

- i . s
t =t + - [(s:thFSOI .sinhF} e

S0L

+E - Fsoz)]

For the case where closest approach is outside

of the sphere of influence, the sphere of

b 3 .
~ -

ot L

i ke £ P S n

ARl e el b g e o o
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BPLANE=4

influence is assumed to be closest approach.

All caleculations are the same except

When closest approach is outside the sphere

of influence, the B-plane parameters are

undefined; but closest approach parameters can

be defined from the

followving equations,

= - B :
ccsE = (1 -3 :
L.y |
e*"sinkE = =
{;:“g
.. SinB
tank cosE
M = E - e sinE
= M
tCA = t a
Input/Qutput:
Input/ Argument/
Variable Qutput Common Definition
R I A * Position vector relative
to the target body.
v 1 A Velocity vector relative
to the target body,
TO 1 A Time associated with R and
V.
BDT 0 c BT,

e e’ Chebére et Ak L e ety 13
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R S

BPLANE~5
Input/ Argument/
Variable Cutpub -Common Definition
BDR 0 c B R,
TSET 0 c Time at the sphere of influ-
ence, tggre
NTP T A Number of the target body, ;
This flag is used to locate :
the SOI size and mass of ;
the target body in the SPHERE |
and PHMASE arrays. ;
VHP 0 C Hyperbolic excess veleccity, :
hp
PI 1 c 3.14159...,
PMASS I c Array containing the masses |
of the planets., ?
SPHERE I c Array containing the sphere f
sizes of the planets,
|
VCA 0 c Velocity at closest approach,
RCA 0 c Radius of closest approach,
TCA 0 c Time of closest approach,
A o c Semi-ma jor axis of the oscu~
lating comnic.
E 0 c Eccentricity of the osculating
conic,
XINC 0 c Inclination of the osculating
conic,
SMEGA 0 C Longitude of the ascending
node,
SEPMEGA 0 c Argument- of periapsis,
XEAN 0 C Mean anomaly.
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B Input/ Argument/ )
Variable Output Common - Definition
TA ' 0 c True anomaly,
BIG I Y 1030.
Local Variables:
Variable Definition
GMU Mass of the target body.
RS 801 size of the target body,
. XN : Inverse of the mean motion, n
sV §
)
_ BV : : B
i1 B 1B
e}{ . 7 -
oo THAG HER
o
RVX, RVY, RVZ Components of R
M
. THETA Angle between B and the T axis,
C@SHF1 _ cosh F
nrt
C@sH2 cosh FSO]‘.
SINFL sinh F
SINF2 sinh FsDI
Fl F
¥2 Fso1
DT ' Time from the sphere to .
) CE cos B
2 - SE sin E
JRE -t
ECC E

pey1 : Mean anomaly, M



A J

Subroutineé Called:

Calling Subroutines:

Common Blocks:

el

PR, N NN |

518

" C@NIC

TCHMP, TREK

C@NICS, C@NST, EPHEM, TARG

R



logic Flow:?

519

Compute:
i
Teas VCA, n

:

C@NIC

Compute the
Orbital Elements
of the Osculating
Conic
(a,e,i, 2 ,00,M)

' Is '
the Orbit

BPLANE-8

Computes
. tCA
Set:

tSOI=BIG

2

Closest Approac
Inside the SOI?




Purpose!

Hethod:

Input/Qutput?

Variable
A
E

X1

=N
-,

PI
X

* Local Variables:

Variable
ITT
WITT

i FP

520 . CARTES-1

- -

3.6.3 Subroutine: CARTES (A, E, XI, &, W, XM, GMU, R, V)

To compuie  the cartesian state vector corres-
ponding to a set of orbital elements at a given.
time., Time is implicit in the Mean Anomaly XM.

Conic Formulae for Elliptiec and Hyperbolic

Motion.
Argumént/
1/0 Common Definition
i A Semi-major Axis {(a)
I A Eccentricity (e)
T A Inclination (i)
L A Longitude of the Ascending
Vode ()
1 A Argument of Periapsis (w)
I A Gravitational Constant {(u)
0 A Position Vector (x)
0 A Yelocity Vector (v)
L . c 3.14159 ceviiiinanns
1 A Mean Anomaly (M)
Definition

Tteration counter for Kepler's ‘Equation
Maximum iterations for Kepler's Equation

Derivative of.Kepler'é Eguaéicn (f’(ﬁn))

- ‘
Ll TR

-



Variable’
ECC

FH

SQE

TA

RM
SINHE
CPSHE
SINHEC
C@SHEC
P

TH
COSTH
SINTH
‘cgsg
SING
Cpsy
CPsT
SINI
VA

V8

ve

521 ' CARTES-2

Definition
Eccentric Anomaly (xn)

Kepler's Equation (f(xn')

!1+E '
|1-E]

True Anomaly

Magnitude of the Position Vector
XM/E
\ 2
I+SINHE
Hyperbolic Sine of ECC
-Hyperbolic Cosine of ECC

Semi-latus Rectum

- Argment of Latitude

Cosine of TH
Sine of TH
Cosine of ¢
Sine of ¢
Cos?ne of W
Cosine of XI
Sine of XX
GmE

SINTH + E % SINW

CYSTH + E * CAHSW
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Remarks:
Given: . The orbital elements a, e, i, 2, w and:the
- gravitational constant p.
Find: The position r and the velocity v.

First we must find the eccentric anomaly E for
the elliptical case and H for the hyperbolic
in terms of M, tﬁe mean anocmaly. }or the
elliptical case
M=E-esin E
and for the hyperbolic case |
M= e'sinh H ~ H
Since both equatidns are transcendentazal we must
— solve them interatively. The method used to
solve these equations is Newton's Method of

the form

£fix
x =x - —E—El—
-+l n f’(xn)

Therefore, for the elliptical case the expression is.

E ~as+sinE -M
n n

En+I = En - l-e'cosEn

and for the hyperbolic case the expression is

. g-sinh H -H -M
H, . =H - L
a+1 n e-cosh Hn—l -

Depending on the kind of orbit defined by the orbital elements,

'; the appropriate equation is iterated upon until T -
J . - -

- —

s L Jee e 070 T

S
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ar

F{x) -10
'f'(x) £ 10

for a finite number of iteratiomns.

CARTES-4

Now that we have E or Hwe can find r and ¥

from the following equations:

Elliptical

£y flte). .o (E
tan (2) “(1-e) tan (2)
. r=a (l-e+cosE)
p=a (l-e?

e

cosfl-cosh - sinfl-sinf-cos i

IH
i
]

sinQR+cosf + cosfissinbecos i

sinB.sin 1

s

I«

— {cos8 + e+cosw)-sin i

cosf(sin6 + e+sinw) + sinf+cos i {cos® + e-cosw)

sinR(sind + e-sinw) - cosf-cos i (cos® + escosw)

Hyperbolic

£, _ fetl B
tan (-i'} = (E"'l). tanh (2)

r =,a {(l-e-cosh H)

1l

p=a (ez—l)

where @ = 0w + £

-
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Subroutines Called: None

Calling Program: EPHEM

Common Block: CPNST

logic Flow:

Compute:
SIKHE, COSHE,
ECC

CARTES-5

Compute: SONPUte:
SINHEC, CPSHEC N
FN
Print: The
Orbit is
Parabolic
| Compute: “—i>(::)4‘““—““‘;”_ Compute:
FP

FP
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Ccmputeﬁ
ECC, ITT

O, B

Compute:
SQE

Compute:
TANHE, TA,
RM

Compute:

TA
L

CARTES-6

Compute:
TA, RM
Compute:
P <

Compute:
TA, COSTH,
SINTH, COSO
SINO, COsW

SINW, COSI, SINI

v

Compute:
VA, VB, VC,
R, V




3-6.4 Subroutine:

‘Purpose:

Hethod:

Remarks:

Given:

Find:

526 CoNIC-1

CANIC (R, V, GMU, A, E, XINC, SMEGA, SEMEGA,
XMEAN, THETA)

To computé the orbit elements given a state
vector and the corresponding time.

Conic Formulae for Elliptic and Hyperbolic

motion. T -

The position vector r, the velocity vector v
and the gravitational constant u.
The orbital elements a, e, i, 2 w and ¥

and also B

h=r=xy
¥ = b/h

r =xr*v
v it —

T eeaes . a
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]
-t Now
1
a = —
o
e = |le]
!
i = cos W)
Q= t:an—1 (w /=)
X ¥
w=tan™ (o /q )
. z' *z
8 = tan (sind/cosd)
coskE = 1 - r+a
T, e
sinE =
n
for the elliptical case for the hyperbolic caseé
= E = tan ' (sinE/cosE) siphH - sinE/e *
M=2E - e-sinkE coshH = cosE/fe
H = ln{sinh H - cosh H)
M= e'sinh H - H
Input/Output:
Argument/
Variable 1/0 Common - Definition
R I A Position Vector (r)
v I A Velocity Vector (v)
IO 1 A Time Corresponding to r afd ¥
GMU I A Gravitational Constant (1)
A o A Semi-Major Axis (2}
f‘ E O A Eccentricity (e)
P
3 XINC 0 A Inclination of the orbit

plane (i)

e s i



=y
N
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. C@NIC-3
. - . - Argument/ ' -
Variable i/0 Common . - Definition
OMEGA 0 - A Longitude of the Ascénding
Node (f) ~ -
SOMEGA 0 A Argument of the Peria;q;sis (w)
XMEAN 0 . A Mean Ancmaly
PL I c 3.14159.....
Tocal Variables:
Variable Definition
H Magnitude of the Angular Momentum
Vector (h) A
HyY Angular Momentum Vector (h)
wv Unit Ve.ctor in the direction of (w)
R Magnitude of 5
A58 Magnitude of v
RDV ‘ . v
EV e
sa 1
a
P - . Semi-Latus Rectum
PV ele
Qv , h x (efe)
THETA Argument of latitude
STH , ' Sine of THETA -
CIH . Cosine of THETA
EC(-) . . Eeccentric Anomaly B L - ST
\ * CE " . Sine of ECC S

-



523 CENIC-4
Variable | Definition
SE ‘ Cosine of ECC
FGC Hyperbolic Anomaly
CHF | Hypérbolic Sine of FCC
SHF Hyperbolic Cosine of FCC

Subroutines Called: UXV, VECMAG, UNITV, UDGTV

Calling Subroutines: BPLAMNE, PR$P, EPHERR, @D, PGM, DATAT, FEGS

Common Blocks: CONICS, CONST

Logic Flow:
C@NIC
I

[ Compute:

HV, H, W, RH
VM, RDV,EV, E,
PV, AA, A, P

!

Compute:

XINC, @MEGA,
QV, SEMEGA,
STH, CTH, THETA,

CE, SE
Cgmpute:‘ £
SHF, CHF,
FCC, HKMEAN

Compute:

ECC, XMEAN

o it bk, a3t b i e g ke e A = 4 Sepie
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3.6.5 Subroutine: ECOMP (XX, VV, TSTYP, NTARG, NTP, LISTAR, ETA)
Purpose: To compute the transformation matrix which transforms

state vector deviations into targat variable

deviations at the target time; namely

—
i

B(Tl, Tps seees T)

O, ¥, 2, X, ¥, Z2) | (mx6)

where m is the number of target variables,

Method: Small changes to the trajectory state vector at
the targeg,time permit this transformation matyix to
be computed by numerical differercing. Central
difference partial derivatives are used.

Remarks: Currently, the state vector deviations used to
generate the numerical partials are 10 km for
position and 10 m/sec for velocity. For some
applications, in particular for missions to the
inner plarets (Mercury and Venus), these values
may have to be reduced.

Input/Qutput:

Input/ Argument /

¢
Variable Output Common Befinition
h.4:4 I A State vector position
components,
vV I A State vector velocity

components,
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Input/ Argument/
Variable Qutput Common _Definition
TSTHP I A Epoch of state vector
evaluation; generally the target
time,
LISTAR I A List of target variable codes
to be passed to TCEMP.
NTARG I A Number of target variables.
NTP I A Target planet number,
ETA o A 1 - matrix of partial
derivatives.
Local Variables:
Variable Definitioun
{ J | DEL State vector perturbatiouns,
XTi Backward step target variables.
- XT2 Forward step target variables,

Subroutines Called:  TC@MP

Calling Subroutines: LGUID, NGUID, GUIDE, NLGUID, REFTRJ, STMTAR

Common Blocks: WHRK

Logic Flow: .



*s : Logic Flow: ' - '
o Zzogae klow
' < EC@MP ) _ ECHMP-3
l DO I = '
2

VV = VvV -DEL

XX = XX -DEL -

TC@MP

Compute Backward Step
Targets: XT1

WV + 2 * DEL

g

X=X +2 % DEL

4
4
TCEHP

Compute Forward Step
Targets: XT2

, - " XX = XX ~DEL - e
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Compute the Jth Column
in
N : ETA (I,7)

ECPMP-4



o

3.6.6 Subroutine:

Entry Points:

Purpose:

Method:

Remarks:

Input/Qutpus:

534 ENC@N-1

ENCEN (T)
REFINE, GSCUL

To prog~gate the reference conic from rectificatien
tn time t,

Conic equations for elliptical and hyperbolic orbits.
See MAPSEP Analytic Manual (Reference 1),
Appendix 1 (Section 9.1).

Common block ENCAN contains local variables (denoted
by asterisk) to save these values when GODSEP (using
the PDOT option) temporarily replaces the TRAJ over-
lay with the MEAS overlay. Thus, CPMMEN/ENCEN/ is
required only for a very specific application,

Input/ Argument/
Variable Qutput Common Definition

T Trajectory time in seconds

TSTHP I ' c The sign ¢f TST@P determines
whether the propagation ix
backwards (-) or forwards (+).

¢

NPRI I c A flag that is used to locate
the mass of the primary bady
in the VPMASS array.

PMASS I C Array containing the masses
of all the bodies.

ALPHA ] C Inverse semi-major axis (i?.

UTRUE I C Position vecteor at rectifica-
tion (ro).'

VTIRUE I C Velocity vector at rectifi-
cation (V).

o

UENC @ C Osculating conic position
vector at time t.

UENCM ¢ c Magnitude of UENC.

VENC ¢ C Osculating conic velocity
vector at time t.

LENCH

¢ C Magnitude of VENC.
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Local Variables:
Variable Definition
* TZERG Time of rectification (to).
GMU Mags of the reference body,
% UZERY Position vector at e (gn).
* VZER@ Veloecity vector at t . (io).
CZER® 1 + e cos E_ for the elliptical case.
1 + e cesh Ho for the hyperbolic casc.
UVALPHA 1 - e cos Eo for the elliptical case.
e cosh H0 - 1 for the hyperbolic case.
* UBETA Abgolute value of UALPHA,
BETA Absolute value of ALPHA,
* Al Mean angular motion (n).
% A2 e sin E0 for the elliptical ecase.
e sin HD for the hyperbolic case,
% A3 e cos Eo for the elliptical case,
e cosh Ho for the hyperboeliec case,
c1 e exp | Ho]for the hyperbolic case,
c2 e exp [ -H ]for the hyperbolic case.
* DELE E -Eo for the elliptical case,
* X exp [H -H T -1 for the hyperbolic
case.
H The angular momentum vector C?b X ﬁh).
ARG1 =

1- ';; [1 - cos(E -Eo)] for the

eliiptical case,

* actually contained in CPHMMIN/ENCEN/

e e e e e e e



I

536 ENCAN-3

Definition

Variable

ARG2

ARG3

ARGH

Subrgutines Called:

Calling Subroutines:

Commen Blocks:

a
1 - " [ cosh (H -HO) -1] for the
hyperbolic case.

- [ sin(E —Eo) -e¢ (sin E = sanD)]

for the elliptical case,

1 . . . .

tl% (sinh H -sinh Ho) -s5inh (h -Hoﬂ
for the hyperbolic case,

Y4 a

- é%:; sin (E -ED} for the elliptical
case.

%ﬁ;- sinh (H -Ho) for the hyperbolic

o
case,

1 _a; [1 - cos (B -EO)]for the

elliptical case.

-~ a
1 - [ cosh (H ~H°) ~l] for the

hyperbolic case,

VECMAG, UXV, UDGTV

M@TIGN
ENC@N, EPHEM, TIME, TRAJI, TRAJ2



Logic Flow:

o )—

Initialize The
Reference
Conic Orbit

il

Compute:
X, Y, Eo’
L n
a

ENCEN~4

Compute:
e sin E
o

e cos E
0

¢

Compute:
e sinh Ho

e cosh H
o)

RETURN

é"“(

i
1
!
i

Find the Conic
Position and
Velocity
Vectors at
Time t,




L ‘

No

Iterate On
Keplers
Equation for
The Hyperbolic
Case

il

Compute:
Xy f(xk),

The Number
Of Iterations
Reached 157

ENCON-5

Iterate On
Keplers .
Equation for
The Elliptical
Case

Il

Compute:
xk, -.f (xk) 2
f' (xk)

X

The Number
QOf Irerations
Reached 157

No |

\ed
Write: Compute: Write:

' Reached Maximum ARG1, ARG2 Reached Maximum
Number Of ARG3, ARG4 Number Of
Iterations . iterations

TST@P:0
=
7
Set: . -
ARG3 = -ARG3 rcé?:‘)“"“s% 5 )
ARG4 = -ARG2 = r’ ; ?
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N 3.6.7  Subroutine: GENINV (A, M, N, B)

Purpose: To compute an inverse B for any m x n matrix A,
Remarks: There are three cases for which GENINV will
compute an ianverse,
Case 1: m 4 n
-1
g = AdaaT]
Qase 2: m = n '
B = A%
Case : m ? n
-1
, B =[ata] AT
S
The matrices A and B can share the same location
only if m = n.
Input/Qutput:
Input/ Argument/
Variable Qutput - Common *  Definition
A I A The matrix to be inverted.
M I _ A Number of rows in A (Columns
in B).
N Mumber of columns in A
: (Rows in B).
B I A Invarse of A.
Local Variables:
VYariable Pefinition
=5 WORK Array used for temporary calculations,
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GENINV-2
ol ‘ - o L . B
o l ) » -
Variable : Definition
MIN . .Number of needed locations for tempo-
rary calculations,
1¢C Number of needed locations for the

inverse.

Subroutines Called: C¢PY, MMABT, MMATB, INVSQM

Calling Subroutines: GUIDE, LGUID, NLGUID

Common Blocks: WORK

Logic Flow:

( GENINV )
f
_ Compute:
MIN
LGC
coPY
WORK = A
MMABT
WORK = AAT
] - -
‘;3 . ‘ - ) hd P awtpem. 4
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GENINV-3

. MMATB
WORK = A"A
INVSQM
Compute The
Inverse of
WORK
coryY
B = WORK
{ .
£
MMATB
B = AT % WERK
MMABT
B = WGRK % AT




542

- MPAK-1
'LQJ;J.G.B Subroutine: MPAK (A, M, N, ASUB, MSUB, NSUB)
; Purpose: MPAK is used to (1) copy subblocks of mat;;ﬁ A inio a

matrix ASUB, (2) copy the diagonal elements of matrix A
i . into ASUB which can be a vector (or row matrix) or
(3) "pack" the matrix A. M and N are the dimensions

of A, and MSUB and NSUB are the dimensions of ASUB.

T

Method: An mxp matrix is stored internally in the computer by

columns., Take the 3 x 3 matrix

§ e11 eja €13
® E = 821 922 823
i L 831 ®32  ®33

In the computer, E is stored as

. Column 1 eyq.

€21

Column 2 eqq

Column 3 813
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MPAK uses this information to perform one.of the three

following cases, (1) to copy sub blocks of E, (2) to

copy the diagonal elements of E, and {3) to pack E.

Gase 1: Given 8 3 x 3 matrix

copy the sub block

F =

into the 2 x 2 matrix F.

€11

€a1

€11

€32

In order to accomplish this,

MPAX must know the first element of the sub block to

be copied. TFor this problem, it is egy.

The FORTRAN

call to MPAK must transmit this information. Such a

call would be

CALL MPAK (E(2,1), 3, 3, F, 2, 2)

Case 2: Given a 2 x 2 matrix

411

491

412

499

copy the diagonal terms a;; and a,, into the 2 x 1 row

vector B. The call to MPAK is

CALL MPAK (A, 3, 2, B, 1, 2)



N
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The dimension of A is given as 3 x 2. Internally in

the cémputer, A is- thought of as being stored

Column 1 a11
291
212
Columa 2 a9,

This particular call makes MPAK c.opy the elements apg

and 899 into B.

Case 3: Given the 3.x 3 matrix
a c o
A= b d o
o o o

pack it so that

a d o
A= b o o
c ] o)

- "

Pack as used here, means to order the nonzero elements

of A into consecutive locations internally, If

a c e o . .
b d £ 0
A=
- o o o] o -° - -
| o o o o | .
:Q

-’




o
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o —— — ——

MPAK-4

‘than packing A would result in

a e ¢ o
b £ (o} o
c Q o o
d o o o |

The appropriate call to MPAK would be

CALL MPAK (A, 3, 3, 4, 2, 2)

for the first example (3

x 3 A), and for the second example:

CALL MPAK (4, &, 4, A, 3, 3)
Input/Qutput:
Input/ Argument/
Variable Output Common Definition
& I A The matrix to be operated on
8 I A The number of rows of A
1§ I A The number of columns of A
_.ASUB 0 A The .reSultaut matrix
HSUB I A The number of rows of ASUB
HSUB I A The.number of columns of ABUB
Ilnt:a-l: Vari..ables: Hone
Subroutines Called: None

Calling Subr uutir;es :

Common ﬁlocks :

SIZE, SDAT, (GODSEP, et al)

None
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A i * ~
-
a

3.6.9 §g§égg§igg: MUNPAK (ASUB, MSUB, NSUB, A, M, N)

Purpose: MUNPAK is used to copy a matrix ASUB into a
large matrix A, to cop; a row matrix ASUB onto
the diagonal of A or to "unpack" the matrix
ASUB.

Method: MUNPAK, like MPAK takes advantage of the way a
matrix is stored interéally in a computer,
MUNPAR performs the reverse function of MPAK:
(1) copy a matrix into a larger matrix, (2)
copy a row matrix onto the diagonal of a matrix

or (3) unpack the matrix.

~Case 1: Copy a 2x2 matrix

_ 11 12
. X -
491 892
into a 3x3 matrix B so that
-ty = TJo 0 0 ]
. 0 a3 319
0 251 299

This is accamplished by specifying where the

| = -

I | . first element of A is to be located im B, The. -
g“ﬁ ----- 2 FORTEAN call to MUNPAK is - T ' :



i
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CALL MUNPAX (A, 2, 2, B (2, 2),.3, 3)

Case 2: Copy the 1x2 row matrix

b= [ay ey ]

into the 2x2 matrix B, 1In the call to MUNPAK,
the dimensions of B are given as a 3x2. The

net result is

The call to MUNPAK is

CALL MUNPAK (A, 1, 2, B, 3, 2).

Case 3: Given the 3x3 matrix

a d 0
A = b 0 0
c 0 0
Munpack® it so that
. a e a
A = b d o
0 0 0
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£ -
‘niLﬁ _ ' ‘ The‘pall to MUNPAK to accomplish this operation

1S

CALL MUNPAK (A, 2, 2, &, 3, 3).

Tnput/Qutput:
Input/ Argument/
Variable Output Common Definition
v ASUB I A The matrix to be operated
on.
MSUB I A . The number of rows of ASUB,
N3UB 1 A The number of columns of
: ASUB.
A 0 A The resultant matrix.
H 1 A The number of rows of A.
o N I A The number of columns of A,
@%J_
Local Variables: Hone
Subroutines Called: Hone

Calling Subroutines: SIZE, SDAT, (GYDSEP, et al)

Common Blocks: Hone

.

e R kA rg e e Lt et e
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3.6.10 Function:  RNUM (SIGMA, IRAN)
Purpose: To sample a uniform distribution and generate
random samples on a Gaussian distribution,
Method: Two random samples from a uniform distribution
are made to form a random sample on 2 zero-mean,
Gaussian distribution which has a unit standard
deviation. The random variable om the Caussian
distribution is scaled according to the input
standard deviation, SIGMA, TFor IRAN equal to
zZero, & one-sigma, forced Monte Carlo sample is
computed and returned.
J Input /Cutput:
{ i
{ ;J Input/ Argument /
= Variable Qutput Common Definition
SIGMA I ' A Standard deviation of the
‘ random variable being
sampled,

IRAN I A Flag to indicate whether
or not a forced Monte Carlo
sample is to be returned.

RNUM 0 A Resultant random variable.

Local Variables:
Variable Definition
: nl First random sample from a uniform
- distribution,
173 Second random sample from a uniform
distribution.
Subroutines Called: RANF




~ ’£Calling;5ubroutines:

550

Common Blocks:

Logic Flow:

CENST

RNUOM = SIGMA

Yoes

CSAMP, EXGUID, EPHSMP, ERRSMP, DNGISE

RANF

Compute Two Random Numbers
Dl and D2

|

RNIM =

. i ¢
Cos(2w Dl) * J-2 LOG .(D2) * SIGMA

10(

RETURN

RNUM-2
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3.6.11 Subroutine: TCEMP (XX, VV, TST@P, NTP, NTARG, LESTAR, RTARG,

IPASS)
Entry: TCEMP1L
Method: The BPLANE utility routine is called to compute
osculating values of target variables correspond-
ing to a given state vector. Individual target
values are loaded into a target vector according
to the target codes in the LISTAR array.
Input/Qutput:
Input/ Argument
Variable Qutput Common Defirition
XX 1 A State vector position components
vV I A State vector velocity components
TST@P 1 A Epcch corresponding to the state
vegtor; generally the target time.
NTP I A Number of the target planet.
NTARG I A Number of target variablesi
LISTAR i A List of target variable codes.
XTARG 0 A Target vector,
IPASS I A Flég to contrel logic tramsfer,
VHP I c Hyperbolic excess velocity.
RCA I c Radius of closest approach.
BDT I c T~coordinate in the B-planpe.
BDR I c R-coordinate in the B-~plane.
TS@I I C Conically interpolated time of
arrival at the sphere of
influence.



Subroutine Called:

Calling Subroutines:

BPLANE, VECMAG

Common Blocks:

Logic Flow:

CYNST, TARGET

See Listing

7 552 TCHMP-1
N
N Input/ Argument
Variable Qutput Common Definition
TCA I c Conically interpolated time
~f arrival at the radius of
closest approach.
A I C Semi-major axis evaluated on
an osculating conic,
E I c Eccentricity evaluated on an
osculating conic.
AIC I c Inclination evaluated on an
osculating conic. ’
gHEGA I C Argument of the ascending
node evaluated on an oscu-
lating conic.
SPMEGA 1 c Argument of periapsis evalu-
ated on am osculating conic.
i AMEAN I C Mean anomaly evaluated on an
) osculating conic.
TA I c True anomaly evaluated on an
osculating conic
Local Variables: None

EC@MP, NLGUID, REFTRJ, SIMSEP, STMTAR, TREK



Page 353 has been deleted.
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554 THCGMP-1

Y6017 Buhruulinu: THCHME (AIN, MIN, NPRIN, RALG, LI, 166, THALT,
IMAN, X@UT, M@UT, THETA, PHI)

Purpose: To complete the @u and § matrices which are
used for trajectory targeting over a specified
trajectory arc.

Method: THCPMP computes and stores certain partitions
of the augmented state transition matrix into
the éa u and EE matrices as outlined in Appendix

7 of the Analytic Manual.

Remarks: This routine is used by T@PSEP and SIMSEP for
evaluating @ 4 and . T@PSEP also has an
altarnate set of'logic which uses a nurerical
differencing algorithin for cthe same purpose.

SIMSEP uses THCPMP exclusively.

Input/Output:

Input/ Argument/

Variable Qutput Common Definition

XIN I A Initial state vector.

MIN I A Initial $/C mass.

NPRIN I A Primary body code to which
XiN is referenced.

NATC I A Number of active thrust
controls.

1JU I A Array of active thrust

control codes.

TGO I A Initial trajectory time.
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THCHHMP-2

Input/ Argument/ .
Variable Cutput Common Definition

THALT I A Final trajectory time.

IMAN I A Guidance maneuver number,

X@UT 0 A Qutput state vector.

M@UT 0 A Qutput $/C mass.

THETA 0 A OQutput contrel to state
transition matrix, & u

PHI o A Qutput state to state
transition matrix, § .

THRUST I c Array of thrust controls.

BLANK I C Blank common storage of
trajectory variables, i.e,
the augmented state transi-
tion matrix,.

TEVNT I c Trajectory event time.

MEVENT I c Trajectovy event test flag.

LBCTC 1 c Location in blank common of
the first element in the
augmented state transition
matrix.

TAUGDC I C Flag used to augment the
transition matrix for inte-
gration.

TREF I c Initial trajectory time
transmitted to TRAJ in sec-
onds.

TDUR I C Final trajectory time trans-
mitted to TRAJ in seconds.

INTEG I C Flag to indicate to TRAJ
that the augmentad state
transition matrix is to be
integrated,

ICALL I c TRAJ initialigatico £lag,
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Local Variables:

556 THCHMP-3

Variable Definition
NPHI Dimension of the augmented state transition
matrix.
JJo Logic control flag.
JJL
JJ2
PHIZ1 } Temporary storage for the ﬁ matrices output
PHI32 from TRAJ.
A
THET21 Temporary storage for the & matrices output
THET32 from TRAJ. v

Subroutines Called:

Calling Subroutines:

Common Blocks:

C@PY, ICYPY, IDENT, IZER@gM, MMAB, MPAK, TRAJ,
ZER@M.

STMTAR, REFTRJ, NLGUID.

CPNST, TIME, TRAJ1, TRAJ2, W@RK, (BLANK).
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Logic Flow:

557

THC@MP

Initialize TRAJ control variables
(IAUGDC, TDUR, TREF, INTEG, MEVENT, etc)
for integrating the augmented state
transition matrix.

-

Compute next TEVNT from the list of
active thrust contrel indices, IJH.

TRAJ

Propagate the trajectory to next eveat
and compute the augmented state transi-
tion matrix.

Store partitions of the augmented state
transition matrix, BLANK, into PHI32,
THET32.

THCEMP-4
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Load columns of PHI32 and THET32 into
PHI and THETA for the thrust controls
active.

Is
this the

last active Yes

thrust
control

Are
there

more controls
in this thrust
phase

Yes

THCGMP -5




559 REFSEP~1

3.7 Subroutine:  REFSEP

Purpose:

Remarks:

Subroutines Called:

Calling Subroutines:

Logih Flow:

To monitor the subroutine f£low in the REFSEP mode
of MAPSEP,.

A complete view of the REFSEP hierarchy is revealed
in Section 2.3, page 12-B of this manual.

DATREF, TRAK

MAPSEP

See macrologic listing
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3.7.1 Subroutine: DATREF

Purpose: To initialize REFSEP parameters and the trajectory propagator.

Remarks: Proper initialization of the scheduler requires two consecutive
calls to subroutine SCHED. Also, TRAJ is called only to in-

ialize parameters not to propagate the trajectory.

’ Input /Output:
(u ) Input/ Argument/
Variable Output Common Definition
GAINCR 0 c GODSEP variables which are de-
faulted in DATREF {o avoid in~
IGATN 0 C correct computations in sub-
) routine SCHED. HNone of these
NCNTE 0 C variables is relevanf: to execu-
tion of REFSEP.
HUNTG 0 C
NCNTP 0 N
NCHNTT 0 C
NEIGEN 0 c
‘NGUIR 0 C
NPRED ' 0 c
NTHRST 0 C
TICALL 0 H Flag used to initialize TRAJ.
SF T ’ i :
@i E INTEG 0 C Flag indicating the equations to
R

be integrated in TRAJ.
KARDS i c Number of print schedule cards.
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Input/  Argument/
Variable Qutput Common Definition

TARET,

n

"

Hollerith namea of all possible
target parameters.

MEVENT 0 c Flag used to set event deteéction
- logic in TRAJ.
MNEXT 0 c Next scheduled print code.
NSCHED 0 c Number of print schedule cards.
% GURR ¢] C Current trajectory time.
TEND I c Trajectory end time,
TFINAT, (¥ C Trajectory end time,
™ I C Time conversion coastant {days to
seconds).
; TMNEXT 0 c Time of next print code execution.
= TREF 0 c Initial trajectory time.
TSTART I c Initial trajectory time.
LocglﬁVariébles: None
Subroutines Called: SCHED, TRAJ
Calling Subroutine: REFSEP

Common 3locks:

Logic Flow:

CPNST, EDIT, L$G.C, MEASI, PRINTH, SCHEDI, SCHEDR, TIME,

TRAJ1, TRAJ2, TRKDAT, WORK

See listing.
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\

3,7.2 Subroutine: DETAIL (IT)

Purpose: To print trajectory information at the times designated on
the formatted schedule cards.

Remarks: The blocks of trajectory information to be printed are cued
by the print code which is stored in the variable IT, A
discussion of the print code may be found in the User's
Manual, Section 2.5, page 52-B,

Input/Qutput:
Input/ Argument/

Variable Qutput Common Definition

APERT I c Gra@itational acceleration vectors
due to the perturbing bodies.

ATYT I c Total differential acceleration
vector.

B ) c Magnitude of the B=vector.

BDR I c B+R

BDT 1 c BT

B@DY I c Hollerith label of the planets in-
cluded in the integratiom.

BV I c Unitary B-vector.

CA I C Closest approach radius computed
in BPLANE,

EGC 1 C Eccentricity.

ER@CH I c Launch epoch

¥1 I . G Hyperbolic anomaly

IPRI - 1 c Flag used to locate information

: about the primary body.
ISTEP I c Number of integration steps taken.
IT I A Print code.
s ITP I c Flag used to locate information

about the target body. .



563 - DETATIL-2

Gl Input/  Argument/
o Variable Output Common _Defipnition
LGCH A C Blank common location of the step
' size,
LgCH I C Blank common loecation cf the 8/C
mass.,
1geyr I C Blan"™ common iocation of the
temporary integrated solution.
MPLAN I c Number of bodies included in the
' integration,
~NPRI I c Planet code of the primary body.
NRECT I c Number of rectifications executed
during the trajectory integration.
NTP I c Target planet code,
NTPHAS I c Number of the current control phase.
7 GMEGA I c Longitude of the ascending node.
1]
(aJ PV 1 c Unitary peripoint vector,
Qv i C Unitary peri-veloeity vector,
RAD I c Angular conversion constant
(radians to degrees).
SMA I Y Semi-major axis.
SUMEGA I C Argument of periapsis.
sV I c Unitary hyperbolic excess velocity
vector.
TA I c True anomaly,
TATM I c Angle between B-vector and T-axis,
TCA 1 C Time of closest approach computed
: in BPLANE.
TGURR I C Current event (ime,

-3 TEVNT I c Current trajectory time.
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564 DETATIL-3
Input/  Argument/

Variable Qutput Common Definition

THRACGC- I c Acceleration vector dus to thrust.

T I c Time conversion constant (days to
seconds) .

TSI I C Time of SOI crossing as computed
in BPLANE.

VENC I C Reference conic position vector.

L3)4 I C Position vectors of all bodies
included in the integration.

UREL I c Position vectors of §/C relative
to all bodies comnsidered in the
integration.

UTRUE 1 c S/C positicn vector relative to
primary body.

VCA I c Velocity at closest approach as
computed in BPLANE,

VENC I C Reference conic velocity vector.

VH? I C Magnitudue of hyperbolic excess
velocity.

VP I Y Velocity vectors of all bodies con-
sidered in the integration.

VREL I c Velocity vectors of §$/C relative
to all bodies considered in the
integration. :

VTRUE I C §/C velocity vector relative to
the primary body.

WV 1 C Unitary momentum vector.

FING I c Ecliptic inclination,

1 c Mean anomaly.

JTMEAN



Local Variables:

Variable

565 ' DETATIL-4

Definition

ATHTH

BVEC
DJ

IB¢GD
KRAK

LBED

PV
PVV

TA

UaM

uv

VA
VH

VEM

Subroutines Called:

Calling Subroutine:

fommon Blocks:

Magnitude of total differential acceleration
vector.

B-vector.,
Julian date of current trajectory time.
Primary body code for BPLANE calculations.

Intermediate print code.

Location of IB@D in the NB array (i.e.
IB@GD = NB (LBGD)).

Peri~point vector.
Peri-velocity vector,

Delta-position vector and delta-velocity
vector,

Magnitude of delta-position vector.

Heliocentric position magnitudes of bodies ;
considered in the integration.

Unitary position vector of the §/C relative
to the primary body.

Unitary velocity vector of the S/C relative
te the primary body.

Magnitude of the delta-velocity vector,
Hyperbolic excess velocity vector.

Heliocentric velocity magnitude of bodies
considered in the integration.

BPLANE, C¢PY, PRINTT, TSCHED, UD@TIV, UNITV, VECHAG

REFSEP

(BLANK), CUNICS, C@NST, EDIT, SCHEDR TARGET, TIME,
TRAJ1, TRAJZ, WERK

e i e A s
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Logic Flow:

566

‘ DETAIL }

P

Identify first
- digit of print
code (KRAK)

h
N <
KRAK

0

DETAIL-5

>

>0

h'd

PRINTT

Print standard
trajectory data

|

Print additional
trajectory data
according to the
KRAK code

Print trajectory
time

Identify second
digit of print
code (KRAK)

v
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DETAIL-6

M >0

BPLANE

Compute osculating
conic data
relative to IBGD

Print osculating
conic data

Yes

Yes

h's

Compute and print
relevant unit
vectors

-

4

Q}]

de kvt by s

A P e
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@

T

Identify third
digit of print
code (KRAK)

KRAK

>0

DETAIL-7

/

<0

¥

Identify fourth
digit of print
code {¥RAK)

L

TSCHED

Compute and print
tracking information

RETURN

Print target
relative data

KRAK
IBGD

-1
NTP

not
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3.7.3 Subroutine:

Purpose:

Remarks?

Input/Qutput:

569 TRAK=1

TRAX

To contrel the point to point (event time to event
time) integration of the trajectory propagator.

The event times which are input into the trajectory
propagator are obtained from the scheduling subroutine
SCHED. After TRAJ performs the integratiom to the
desired event time, subroutine DETATL is called to
print detailed trajectory information.

Input/ ., Argument/

Variable Output Conmon Definition

BDR 0 c B-R

BDT 0 c B.T

CA 0 c Closest approach radius as wzomputed
in BPLANE

ECC o c Eccentricity

ISTEP I C Desired trajectory termination flag

ITP I C Target body index (i.e. NTP=NB(ITP))

KUT@FF 0 C Actual trajectory termingtion flag

LABRTL I C Hollerith labels for terminal condi-
ticas

L@CM I c Biank common location of S/C mass

NPRI /9 c Primary body code

NTP I { Target body code

PMEGA 0 C Longitude of ascending node

RAD I Cc Angular conversion constant (radians
to degrees)

RCA 0 _ c Radius of closest approach computed
in TRAJ

SMA 0 G Semi-major axis



TRAK-2

Input/ Argument/

Variable Output Common Definition

SHREGA 0 c Argument of periapsis

TA 0 c True Anomaly

TCA 0 C Time of closest approach com-
puted in BPLANE

TCURR 0 c Current event time

TEVNT 0 c Next event time

™ I c Time conversion constant (days
to seconds)

TRCA 0 C Time of closest approach com-
puted in TRATJ

TST 0 C Time of SPI crossing computed
in BPLANE

TS0I 0 c Time of SPI crossing computed
in TRAT

TSTART I c Trajectory start time

TSTEP 0 C Trajectory stop time

UREL 0 G Position vectors of S/C relative
to all bodies comsidered in the
integrat.ion

TRELM 0 c Magnitudes of UREL vectors

VCA 0 c Velocity at closest approach

VHP 0 c Hyperbolic excess velocity

VREL 0 c Velocity vector of §/C relative to
all bodies considered in the in-
tegration

VRELM o c Magnitudes of VREL wvectors

XIcA 0 c Inclination of orbit relative to
target body

XINC 0 C Inclination

TMEAN 0 c Mean anomaly



Local Variables:

571 TRAK-3

Variable Definition

DELT Time between events

ISTUPN Hollerith labels of requested stopping
conditions

JEVNT Print code

K@FF Hollerith labels of actual stopping
conditions

MISS Flag indicating whether the target body

Subroutines Called:

Calling Subroutine:

Common Blocks:

igs the primary body at the trajectory
end time

BPLANE, DETAIL, SCHED, TRAJ
REFSE?P

(Blank), C@NST, EDIT, EPHEM, PRINTH, SCHEDI,
SCHEDR, TARGET, TIME, TRAJ1, TRAJ2, W@RK




RS f:-

Logic Flow:
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( TRAK )

©,

Identify next
scheduled print
time (TEVNT)

f

\ Yes

DELT = 0
S

No

b 4

TRAJ

Integrate to
scheduled print
time

Ao

No

@‘;

DETAIL

Print trajectory
data according to
the print code

TRAK-4
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BPLANE

Compute osculating
conic data at
the terminal time

Print termination
data

¥

( RETURN )

TRAK-5
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3.7.4 Subroutine:

Purpose?
Method:

Input/Qutput:

574  TSCHED-1

‘LSCHED
To compute and print S5/C tracking information

S/C rise and set times are computed for a selection
of tracking stations. The primary assumption, which
has been made to simplify the computations, is that
the §/C moves very slowly across the celestial sphere.
Thus, the rise and set times are poor approximations
for near-Earth orbital missions.

Input/ Argument/

Variable Qutput Common | Pefinition

ECEQ I C Equatorial to ecliptic trans-
formation matrix

ELVMIN I c Minimum elevation angle

GHIER@ I c Greenwich hour angle at launch

1¢BS 1 c Index of astronomical observatory
in STALGC

ITP I G Index of target planet in NB

MPLAN I H Numbar of bodies considered in
the integration

NB I C Vector identifying bodies con-
sidered in the integration

NSTA I C Number of S/C tracking stations

NTP I H Target .planet code

PMEGAG I c Earth rotation rate

PI I C T

RAD I c Angular conversion constant
(radians to degrees)

STALGC I c Station location coordinates

TCURR I c Current eveni time



575 | | TSCHED-2

Toput/ Argument/
Variable Qutput Conmmon Definition
™ ’ 1 C Time conversion constant (days

to seconds)

up I c Heliocentric positions of bodies
considered in the integration

UREL I c Position vectors of S/C rela-
tive to bodies considered in
the integration

URELM I C Magnitudes of UREL vectors

VP 1 c Heliocentric welocities of
bodies cousidered in the in-
tegration

VREL I c Velocity vectors of S/C relative

: ' to badies considered in the in-
tegration

{ VRELM I c Magnitudes of VREL vectors

Local Variabies:

Variable Defipition

AZWMUTH Azimuth of S/C relative to the tracking
station

DEC Declination of 8/

EIEV Elevation of S/C

GECSTA Geocentric ecliptic station coordinates

GEQSTA Geocentric equatorial statipn coordinates

GHA Greenwich hour angle

GHZERG Greenwich hour angle at 1aun§h

LAMDA Right ascension minus Greenwich hour
angle ’

RANGE ' S/C range from Earth
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576 TSCHED-3
|
Variable Definition
RHO , S8/C range vector ,
RISE 8/C rise time at each station
RRATE S/C range rate from Earth
RTA Right ascension
RVIANG Range-velocity included angle
SESANG Sun-Earth-8/C angle
SET 8/C set time at each station
SINELV sin (ELV)
SLAT Station latitude
STATE S/C equatorial state
™ Time comversion constant {days to seconds)
THEPL 2 x 7
UPM Magnitude of planet pusition vectors

Subroutines Called:

Calling Subroutine:!

Common Blocks:

Logic Flow:

CYEQEC, MMATB, SUB, UD@TV, UNITV, UXV, VEQMAG
DETATL

CONST, EDIT, SCHEDR, TIME, TRAJ1, TRAJ2, TRKDAT,
WERK

See listing
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