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GENERAL DISCLAIMER

This document may have problems that one or more of the following disclaimer
statements refer to:

This document has been reproduced from the best copy furnished by the
sponsoring agency. It is being released in the interest of making
available as much information as possible.

This document may contain data which exceeds the sheet parameters. It
- was furnished in this cond:tion by the sponsoring agency and is the best
copy available.

This document may contain tone-on-tone or color graphs, charts and/or
pictures which have been reproduced in black and white.

The document is paginated as submitted by the original source.
Portions of this document are not fully legible due to the historical nature

of some of the material. However, it is the best reproduction available
from the original submission.
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PREFACE

The objective of this contract (NAS5-24067) is the development of
computer, software for the preflight mission analysis of missions to earth-
sun libration points. This software, designated STEAP-L, extends the capa-
bility of the Space Trajectories Error Analysis Programs (STEAP) developed
under contracts NAS1-9745, NAS5-11795, and WAS5-11873 and begins the inte-
gration of STEAP with the Goddard Trajectory Determination System (GIDS).

The software produced consists of two related proegrams, both of which
use the GTDS Cowell propagator for the computation of the trajectory and state
transition matrices. The first program, NOMNAL, is responsible for the gen-
‘eration of the nominal trajectory from launch at earth to insertion into halo
orbit about the desired libration point. NOMNAL uses a Newton-Raphson
iteration {(moving backward in time from the insertion maneuver) to perform
the targeting of both impulsive and finite burn insertions inteo halo orbit.

A user-controlled launch prefile allows the transfer to be tied to a realis-
tic launch and injection. NOMNAL stores the targeted trajectory and state
transition matrices on a file for later analysis by the second program
ERRAN, S

The program ERRAN performs generalized linear error analyses along
specific targeted trajectories. Knowledge and control covariances are pro-
pagated along the trajectory through a series of measurements and guidance
events in a totally integrated fashion. The knowledge covariance is pro-
.cessed through measurements using a Kalman-Schmidt recursive filter with
arbitrary solve-for/consider/ignore state augmentation. Probabilistic
midcourse corrections are computed using an exact analytic formulation.
ERRAN obtains the trajectory and state transition matrices from a file
generated by NOMNAL for program efficiency.

A major conclusion of this effort is that the complementary features
of the GTIDS and STEAP systems may be effectively combined te yield a signifi-
cantly improved system. Thus the Cowell file generator/reader capability of
the GIDS has been combined with the generalized covariance analysis of STEAP
to vield a more efficient, extended error analysis capability than either
system had previously. Other conclusions reflect the efficacy of the back-
ward targeting algorithm developed for the libration mission targeting and
the analytic formulation implemented for the midcourse correction sizing.

The general recommendations for future effort identified during this
study are two-fold. Because of the success of this preliminary integration
of the GIDS and STEAP systems it is recommended that this effort be continued
and enlarged. In the specific area of libration point mission analysis, it
is recommended that more detailed models (e.g., pulsing thrust insertion into
halo orbit) be developed and continued studies be made of critical problems -
(e.g. station-keeping error analysis) for these peculiar missions which.are
neither interplanetary, lunar, nor earth-orbiting.
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1. INTRODUCTION

This Programmer's Manual summarizes the structure and coding of the STEAP-L
programs NOMNAL and ERRAN and the subroutines they include. The discussions
are intended to provide the reader with sufficient information to effectively
modify or extend those programs. An accompanying volume, the Analytic and
User's Manual, summarizes the mathematical assumptions and analysis of the
programs and details the actual usage .(input and output requirements) of those
- programs. ’ ‘

This volume is divided into three major parts. This introductory chapter
discusses the general development of the STEAP library of programs, describes
the libration point missions toward which the current effort is directed, and
summarizes the capability of the two programs developed for this application,
NOMNAL and ERRAN. The second and third chapters summarize the overall
programming and storage of the NOMNAL and ERRAN programs respectively. The
fourth chapter forming the bulk ¢f this volume provides documentation of each
subroutine of STEAP-L in alphabetical order.

1.1 Development of STEAP
H

STEAP 'is an acronym for Space Trajectory Error Analysis Programs. Rather
than a single computer program, STEAP is a library of related programs for the
analysis of the navigation and guidance characteristics of space missions.

'These programs have been developed, modified, and extended over a number of
" years by the Martin Marietta Corporation (MMC) under the direction of NASA in
a variety of contracts. !

There are two primary unifying elements in the development of the STEAP
system. The first is in the underlying philosophy of STEAP. STEAP has always
been directed toward the performance of a totally-integrated analysis of the
navigation and guidance processes of space missions. Thus interaction is
continually forced between the tracking uncertainties and the maneuver
execution errors to determine the evolving uncertainties in the knowledge and
control of the spacecraft trajectory. The second element is in general program
structure. The STEAP software has continually been divided into three distinct
operational modes responsible for nominal trajectory targeting and generaticn
(NOMNAL), linear error analyses (ERRAN), and single-case or Monte Carlo
simulations (SIMUL). . The current effort does not address the third of these
types of programs. i

The mathematical foundation for the STEAP system was initially developed
under Contract NAS8-21120 for Marshall Space Flight Center. The first version
of STEAP {(Contract NAS1-8745) was constructed for general interplanetary
ballistic missions for Langley Research Center to support the Viking mission
analysis and design. Later development of STEAP was performed for Goddard
Space Flight Center (Contracts NAS5-11795 and NAS5-11873) where specific
extensions required for Planetary Explorer (later known as Pioneer Venus) and
general lunar missions were added in a version called STEAP-II. More recently,
programs for the navigation and guidance analysis of low thrust inter-planetary



and near-Earth missions have been developed for Langley Research Center (NASIL-
'11686) and Marshall Space Flight Center (Contract NAS8-29666). Throughout
this time, improvements in the analytical techniques and program structure
have been continually identified and incorporated into the STEAP series of
programs. (References 1-5).

Under the current contractual effort, versions of NOMNAL and ERRAN
appropriate for missions to Earth-Sun libration points have been developed
(termed STEAP-L). A very significant feature of this effort is .that the -
Coddard Trajectory Determination System (GTDS) Cowell propagator is being
integrated into the STEAP-L programs. The Cowell propagator permits the

.generation of a file containing trajectory and state transition matrix
(computed by integration of the variational equations) data during the NOMNAL
run. This data may then be efficiently retrieved in subsequent ERRAN runs,
thereby eliminating the costly integration cycle from ERRAN.

A number of new analytical features have been added to STEAP under this
contract. An unusual approach has been used in the targeting of the libration
point missions. Backward integration is used in computing the successive
trajectory iterates and targeting matrices required by the Newton Raphson
targeting algorithm. This backward targeting scheme efficiently produces a
‘targeted transfer trajectory that is consistent with realistic launch and
injection constraints. The approach is well-suited to cometary or lunar
missions as well. i

An exact computation of the probabilistic midcourse correction require-
ments using the recently published technique of Lee-Boain (Reference 6) has been
added to ERRAN. This replaces the previous model which employed the Hoffman-
Young approximation (Reference 7) and which could lead to significant errors
at the higher probability levels. This technique is applicable to lunar or
interplanetary trajectories as well as the libration point missions.

A third significant item developed during this effort has been the re-
formulation of the variable time-of-arrival (VTA) guidance policy for the
libration point mission application. The guidance policies available .in
previous versions of STEAP always assumed that the target state was referenced
to a gravitational body such as the moon or a planet. This restriction has
now been removed. ’

The characteristics of the libration point missions necessitating these
"extensions are described in the summary of the libration point missions given
in the next section. The capabilities of the resulting programs NOMNAL and
ERRAN are then detailed in the next two sections.

1.2 Libration Point Miséion Application
The STEAP-L programs developed under this contract are designed for use

primarily for the analysis of missions to the two Earth-Sun libration points
near the Earth. These are designated L; and Ly in Figure 1.1, which shows

schematically the location of all five classical Lagrangian or libration points.
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Figure 1.1 Earth-Sun Libration Figure 1.2 Details of Ll and L,
Points Libration Points

Figure 1.2 shows in more detail the location of points Ly and L, with respect
to the Earth, with the orbit ol the Moon, the classical or Laplacian sphere
of influence of the earth, and an enlarged version occasionally used in tar-
geting of swingby missions. The two spheres of influence are defined by

2/5
Rgor = Rgp(Mp/Mg)

_ 1/3
Rpoor = Rsp(Mp/Ms)

where Rgp is the Earth-Sun distance and My and Mg are the masses of the Earth
and Sun respectively. .

Efficient transfers freom circular Earth parking orbit to the L and L
points have been shown (Reference 8) to fall into at least two major families;
those with short (~25 to 50 day) transfer times and those with long (~100 to
135 day) transfer times. The fast transfers require from 341 to about 400
meters/second AV to insert inte orbit near the libration point, with the
minimum AV at about 36.4 days. The slow transfers require insertion AV of
from 272 to about 400 meters/second, with the minimum AV at about 116.8 days.
These optimum insertion values are based upon the Earth in a circular orbit
around the Sun and will vary slightly due to the ellipticity of the orbit of
the Earth. The influence of the moon will affect them also. Both of the
families discussed above assume a posigrade transfer orbit upon leaving the
Earth; corresponding families exist for retrograde departures, but these re-
quire higher insertion AV at the libration point. For long flight times at
least two other families of trajectories exist but have higher AV require-
ments. Even more families exist with longer £light times (~175 days) that

have lower AV requirements (~200 meters/second) (Reference 8).
S ‘ ‘
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The primary feature of the libration points is that they are equilibrium
points of the system; 1.e., if a spacecraft is placed exactly at a libration
point with no motion relative to the system, it will remain at that point
relative to the two-body configuration. The collinear points (Ll, Lo, L3)
are unstable while the equilateral triangle points (Ly, L5) are only quasi-
stable. Thus, some form of station-keeping is necessary to maintain the
spacecraft in that location. lHowever, the fuel required is still much less
than it would be at arbitrary points of the system. Thus, the Ly and Ly
points offer attractive stations for spacecraft for monitoring solar or solar/
earth phenomena (Refercnce 9). To facilitate communications, the spacecraft
would generally be placed in a "hale-orbit"” about the libration point so that
the sun would not obstruct the view of the spacecraft from earth. A typical
halo-orbit in the plane normal to the rotating earth-sun line is illustrated
in Figure 1.3. ‘

Z
r———-Z X 105
X-axis from Sun to Earth
Sun Z-axis Normal to Ecliptic
n : Y R ‘ .
I Y-axis Completes Right Hand

System

1f5
T

Figure 1.3 Typical Halo-Orbit as’ Viewed from Earth

The current effort is directed toward the study of the transfer and in-
sertion phases of the libration point mission; the station-keeping while in
the halo-orbit was not addressed in this effort. The two programs developed
for the analysis of libration point transfers include the nominal trajectory
and mancuver targeting program NOMNAL and the navigation and guidance error
analysis program ERRAN summarized in the next two sections.

1.3 Summary of NOMNAL E \

The computer program‘NOMNAL is responsible for the generation of a nomi-
nal trajectory from injection at earth to insertion inteo a halo orbit about
a libration point in the earth-sun system.

NOMJIAL uses a specialized version of the GIDS Cowell propagator for the
integration of the trajectory equalions, The dynamic model used in the re-
duced Cowell propagator includes the accelerations, on the spacecraft pro-
duced by a central body, up to two non-central bodies, and finite thrust
engines, The Cowell propagator generates state and control transition ma-
trices by integration of variational equations simultaneously with the equa-
tions of motion., These matrices are then used in the targeting of the 1li-
bration point missicns within NOMJAL and in the propagation of covariance

matrices and the error analysis of the finite burn ingertion maneuver in ERRAN, .
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NOMNAL has the capability to target transfer trajectories to libration
points using both impulsive and finite thrust insertion maneuvers. 1In either
case a backward targeting scheme is employed where conditions at the libra-
tion point are iteratively improved to yield trajectories which when propa-
gated backwards in time from the desired arrival point and time to the earth
satisfy desired target conditions. The three target conditions at the earth
are radius of closest approach, equatorial inclination at closest approach,

and time at closest approach. These three conditions are normally selected
to be consistent with the desired parking orblt radius, launch site latitude,
and desired trip timea

In impulsive targeting the three econtrols at the libration point are the
three components of velocity on the traasfer trajectory. In finite thrust
targeting the controls are the right ascension and declination of the thrust
direction and the duration of the burn; the thrust magnitude, engine specific
impulse, and initial spacecraft mass are held constant at the user-supplied
values. A Newton-Raphson algorithm is used to iteratively improve the con-
trol parameters to determine their required values.

The program includes three options for the determination of the 'zero
iterate values to begin the targeting process: table interrogation, conile
approximation, and user-specification. Tables defining targeted velocities
have been constructed for transfers to the Ly and Ly points with trip times
in the vicinity of either optimal transfer (tabulated 4Vs for trip times of
from 25 to 50 days and from 102 to 130 days at 1 day intervals). Inditial
values of velocity may then be interpolated from the data stored in these
tables. The second option computes the initial libration peoint velocity by
solving Lambert's theorem for the geocentric conic connecting the libration
point radius and the injection radius in the desired time, The third option
accepts a user-supplied zero iterate vector computed by the user outside the
program.

NOMNAL can adjust the injection time of the transfer to correspound to a
realistic launch profile specified by the user. It then adjusts the arrival
time by the same amount to hold the trip time at the user-desired value,
NOMNAL computes and records such information as the required launch azimuth,
coast time, and whether or not a coplanar injection maneuver is required.

1.4 Summary of ERRAN

The error analysis/gemeralized covariance analysis program ERRAN is a
preflight mission analysis tool that is used to determine how selected error
sources influence the orbit determination process for libration point missions.

In the error analysis mode, ERRAN provides three primary quantitative
results: (1) knowledge covariance matrices, which provide a measure of how
well the actual trajectory is known, (2) control covariance matrices, which

.when propagated forward to the target provide a measure of how well the
nominal target conditions will be satisfied by the actual trajectory, and
(3) statistical midcourse AVs, which provide a measure of the amount of fuel
required for a successful mission.
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In the generalized covariance analysis mode, ERRAN provides all of the
above information plus correspending "actual" statistical information, The
three results discussed in the previous paragraph are all computed on the
basis of statistical distributions assumed by the navigation filter to des-
cribe the significant error sources, In the generalized covariance analysis
mode, "actual' knowledge covariances, control covariances, and statistical
midcourse AVs are computed on the basis of ‘statistical distributicons that
actually describe both error sources acknowledged by the navigation filter
and the error sources ignored., The primary use of the generalized covariance
analysis program is to study the sensitivity of filter performance to off-
design conditions.

Up to 15 measurement parameters may be solved-for or considered by the
navigation filter employing a Kalman-Schmidt sequential formulation., Param-
eters not acknowledged in design of the filter may be treated as ignore pa-
rameters when ERRAN is run in the generalized covariance analysis mode,
Measurement biases include biases in the locations of the three earth-based
tracking stations, and biases in all measurements. Available measurement
types are range, Doppler, and a simple optical model, Measurement noise
for each measurement type is assumed to be constant,

The computational procedure in ERRAN is divided into basic cycle com-
putations and event computations. Basic cycle computations are concerned with
the propagation of covariances forward to a measurement time and processing
the measurement. Events refer to a set of specialized computations, not
directly concerned with measurement processing, that can be scheduled to occur
at arbitrary times along the trajectory. State transition matrices interpo-
lated from the file created by NOMNAL are used for all covariance matrix
propagation.

The four events available in ERRAN are eigenvector, predictiomn, guid-
ance, and final insertion into halo orbit, At an eigenvector event the
position and velocity partitions of the knowledge covariance matrix are
diagonalized to reveal geometric information about the size and orieatation
of the position and velocity navigation uncertainties. At a prediction event
the most recent covariance matrix is propagated forward to some critical tra-
jectory time to determine predicted navigation uncertainties in the absence
of further measurements. ’

The guidance event is the most complex event and yields much useful
information for preflight mission analysis. Several types of guidance events
are available in ERRAN. At a midecourse guidance event the user can choose
from either fixed or variable time of arrival guidance policies {FTA or VTA),
Execution error statistics are generated using an impulsive error model de-
fined by a proportionality error, a reselution error, and two pointing angle
errors. The execution errors of the insertion manesuver may be modeled as
either an impulsive maneuver {defined above)} or a finite thrust maneuver
(component errors modeled as two pointing errors and a thrust magnitude
uncertainty). The target condition covariance matrix both before and
after the maneuver is printed out for midcourse and insertion maneuvers.

1-6



2. NOKMNAaL PROGRaM STRUCTURE

2.1 NOMNAL PROGRAM DESCRIPTION .

THE STEAP-=L/NOMMNAL PROGRAM IS A DIGITAL COMPUTER PROGRAM
WRITTEN IM FORTRAN IV COMPATIBLE WITH THE IBM 360/370 SYSTEM.
- THE PROGRAY CONTAINS ABQOUT EZIGHTY SUBROUTINES OF WHICH ONE-HALF
ARE ASSOCIATED WITH THE COWELL PROPAGATOR,s ONE THIRD ARE GENERAL
UTILITY ROUTINESs AND THE REMAINDER ARE SPECIFIC ROUTINES FOR THE
LIBRATION POINT APPLICATION. THE PROGRAM ACCESSES FOUR DATA SETS
DURING OPERATION: THE STANDARD FORTRAN INPUT (SYSIN) AND THE
PRESENTATICN QUTPUT (SYSQUT=A) DATA SETSs THE DIRECT ACCESS
SOLAR/LUNAR/PLANETARY EPHEMERIS FILE USED BY THE GTDS
{DSN=GTDS,.SLPY1950, JANT]) AND THE SEQUENTIAL ORBIT FILE
ON WHICKH THE TRAJECTORY AND STATE TRANSITION MATRIX DATA
ARE STORED FOR LATER USF. THE PROGRAM {NON=GVERLAID)
REQUIRES 255K OR 245K BYTES STORAGE DEPENDING UPON
WHETHER THE ORBIT FILE IS GENERATED OR NOT,

2.2 NOMNAL SUBROUTINE HIERARCHY

FIGURE 2.1 ILLUSTRATES THE GENERAL PROGRAM STRUCTURE. THE
MAIN PROGRAM CALLS THREE EXECUTIVE ROUTINES FOR THE THREE MAJOR
ACTIVITIES OF THE PROGRAM., HPRELM IS RESPONSIBLE FOR PRELIMINARY
 DATA MANITPULATION AND THE GENERATION OF THE ZERO ITERATE SOLUTION,
HGIDNS IS RESPONSIBLE FOR THE TARGETING OF EITHER THE IMPULSIVE
OR FINITE BURN INSERTION TRAJECTORY. HTRJUTY PROPAGATES AND
STORES THE REQUIRED TRAJECTORIES AND STATE TRANSITION MATRICES
USING THE GTDS COWELL PROPAGATOR SPECIALIZED TO THIS APPLICATION.
CHAPTER 4 PROVIDES AN INDEX OF aALL ROUTINES USED IN NOMMNAL AND
GIVES INDIVIDUAL ROUTINE DOCUMENTATION INCLUDING DESCRIPTIONS
ANALYSES, AND FLOWCHARTS, |

2.3 NOMNAL COMMON VARIABLES

THE FOLLOWING TWO SUBSECTIONS PROVIDE DEFINITIONS OF THE
VARIABLES APPEARING IN COMMON BLOCKS IN THE NOMNAL PROGRAMS,
SUBSECTION 2.3¢1 LISTS THE COMMGN BLOCKS IN ALPHABETICAL ORDER AND
GIVES THE SIZE OF THE BLOCKS AND THE DEFINITIONS OF THE VARIABLES
APPEARING WITHIN EACH BLOCK., SUBSECTION 2.3.2 LISTS ALL THE
COMMON VARIABLES IN ALPHABETICAL ORDER AND DEFINES THE BLOCK TO
WHICH THEY BELONG AND THEIR DEFINITION.
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2.3.1 COMMON BLOCKS IN ALPHABETICAL ORDER

NAME (DIM) DISP - DEFINITION

BDATa (SIZE 10}

NBOD ] NUMBER OF GRAVITATING BODIES
NB (3) : 4 VECTOR OF BODIES (STEAP CONVENTION)

R

...... .ﬁw@Il!l:-ua-ﬂ‘qg-ﬂ-Q------—-n—'--)-ncn-ﬁn-ﬂ-’---’----------ﬂ--:Bﬁ:ﬁ—mlﬂ-ﬂﬂ‘----?-—--\

FLAGSY (SIZE 10)

18GDY 0 CENTRAL BODY NUMBER (GTDS CONVENTION)
INDX4 4 NOT USED

INDY4 \ 8 NOT USED

NEQ . - ¢ NUMBER OF VARIATIONAL EQUATIONS

FLAGS2 (SIZE E8)

. 1CENTB

0 CENTRAL BODY NUMBER (GTDS CONVENTION)
NTSF@S 4 TOTaL NUMBER OF SECTIONS
NSECTN 8 CURRENT SECTION NUMBER
INDSEC(10+3) c FLAGS FOR SECTION
IND(25) 84 . FLAGS FOR CURRENT SECTION

- 2 e D D D D TR D e i er DAl g e o g D KD D D g SR D A T S G g P TD D D AP AR W ED T g5 TR D A NS gp W A O e TR G D W TR T g S WP TR U SR D A AR e g O

FLAGS3 {SIZE 30)

NCNM - 0 NUMBER OF C(NosM) TO BE ESTIMATED

NSN™ ‘ 4 NUMBER OF S(NsM) TO BE ESTIMATED

NG 8 TOTAL NUMBRE OF POTENTIAL COEFFICIENTS 7O 8E
ESTIMATED , | .

NSTATE C NUMBER OF STATE UNKNOWNS )

KSTATE (6} 1o VECTOR OF LABEL NUMBERS FOR STATE UNKNOWNS

NCONDT 28 CONDITION NUMBER

MANDON 2¢ MANEUVER OCCURENCE FLAG

D - Oy XD ST R TR a5 O 0 D e 0 TR TP e R A e R B D €D G0 D D A s B U b e G e A e TR O SR e B O N D TR e e O e e TGN G O an e gy O

i

FLAGS4 (SIZE 8)

NCURS . 0 GTDS PARAMETER
NENTRY 4 GTDS PARAMETER o,

- DD S D K S WD D T D ey e o w0 22 R s e T e e W5 € D ey T D S P K D 0 TP T e Tk D 5 e W T A D D P O e D 0 7 W T D D e e e W



NAME {DIM} DISP DEFINITION

FLAGS S (SIZE &) -
NPS 0 GTDS PARAMETER

FLAGSS (SIZE &)

ICENY 0 NUMBER OF CENTRAL B0DY (GTDS CONVENTION)
ISUN 4 SUN CENTRAL BODY FLAG

FLAGST (SIZE 10)
NBOPY (3) 0 ARRAY OF GRAVITATING BODIES (GTDS CONVENTION)

NB C NUMRER OF BODIES

FLAGS9 (SIZE 4)
NSTR 0 MAX NUMBER OF ACCELERATION POINTS

e 0 e e e T g e e e S5 U AT R W D AT R WD IR KD D gy YR D R AR ap D D R N SR g T gy TP GD D S G u T D €D R e WD e s W AR €D 40 D R O D o NP D G D R D A g SR

FSUNLT (SIZE 8)

FSUNLT 0 OCCULTATION FLAG .

- v
DS DR G D e oo T D G D AP eD e D 0N O g e e Y D e D W e g A e e O D e T O e e A O T D e e O S O G S e sy e
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NAME (DIM) DISP " DEFINITION

ER RO PPN SN E RN Ty Dty TR E RS DO W L O R TS aD N D RS SF TP OF SO 6D A R e €D KD e D A KD P G W Oy W g O D N g, W T

GDATAl (STZE as8)

AL (&1} 0 STATE VECTOR OF S/C AT LIBRATION POINT
DL 30 JULTAN DATE OF S/C AT LIBRATION POINT
— XB(&) ' 8 STATE VECTOR OF S/C AT BURN INITIATION

7B 68 BURN TIME
KF (&) - 70 STATE VECTOR OF S/7C AT TCA
TDUR 40 FLIGHT TIME

BT OO S T O e aEm O O R T WSS N g D T I SO0 LD RS S0 TS O ST EF D A7 GRS e O O S G e CD ey g S D 3 g e O A A e D R D e e gy, e

GDATA2 (SIZE 2n0)
BSTHM(608) 0 STATE PARTIALS OVER BURN PMASE

\ ASTM(6:03) 120 BURN PARTIALS -
" S5TM(606) 180 STATE PARTIALS OVER COAST PHASE

L e e R R L L o el et s L L L T T LI Y X L Y Topympey

6DaTA3 (SIZE 18)

. ACCTH(3) 0  BURN PARTIALS AT BURN EVENT INITIATION
GDATA4 (SIZE 12
YOLP (3} 0 INERTIAL VELOCITY OF LIBRATION POINT

MO O CE T EISR TR oD DD D S S0P s ) e e S D e D S e K s O3 8 TP D G A D O M R P S g S G A T D A S A W gy e W
v

GFLAG (SIZE 183 '

IBURN 0 FLAG TO INDICATE FINITE BURN INTEGRATION
INCFLG 4 NOT USED

1ToL 8 FLAG YO INDICATE TARGETING CONVERGENCE"
ITMAX c MAXTHUM NUMBER OF TARGETING ITERATION
ITER ‘10 CURRENT TARGETING ITERATION

IBTYPE 14 . FLAG TO INMNDICATE TYPE OF BURN STRATEGY
GTaR (SIZE 40D)

DTaR({3} 0 TARGET VECTOR OF DESIRED VALUES

DTOL(3) 18 TARGEY VALUE TOLERANCE VECTOR

PERT (2} 30 PERTURBATION VECTOR

1

R OO SR R RS P ST R AR S DO P T TN e D e e D OO I O G O ST i £ o kS i D R S O O
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NAME (DIM) ~ DISP

HLDATA (SIZE 44)

ZBIAS(6) ' 0

RLIBR(2) 30
LIBR 40

IOFLAG (SIZE 338)

IDON - 0
IDISK 4
NCPR 8
NPOINT Coc
P - 10
TMPR 330

KNSTN2 (SIZE 28)

P1 0
PI2 8
RPD 10
SPD 18

XKMP AU o 2an

KNSTN3 (SIZE 108)

SMU(11) 0.
RSOI(11) : 58
RP(11) 80

LPROF (SIZE 8)

LAUNCH 1]
LNON 4

VECTOR ADDED TO LIBRATION STATE FOR TARGETING
EARTH STATE SCALING CONSTANTS REGQUIRED TO
GENERATE STATE VECTOR OF LIBRATION POINT
lIBPATION POINT OF INTEREST:

FLAG TO INDICATE ORBIT FILE IS BEING WRITTEN
ON THIS PASS

FLAG TO INDICATE IF AN ORBIT FILE IS TO BE
WRITTEN FOR THIS CASE

NOT USED

NUMBER OF. SPECIAL PRINT POINTS

VECTOR OF SPECIAL PRINT POINTS

NOMINAL PRINT INTERVAL

PI

THO P]

RADIANS PER DEGREE

SECONDS PER DAY

KILOMETERS PE ASTRONOMICAL UNIT

VECTOR OF GRAVITATIONAL CONSTANTS (STEAP
CONVENTION)

RADIUS OF SPHERE OF INFLUENCE (STEAP CONVENTION)
RADIUS OF PLANETS (STEAP CONVENTION)

R L X L o e e T L L L L T T T YL

FLAG TO INDICATE TARGET-LAUNCH COMPATIBILITY
FLAG TO INDICATE THAT LAUNCH PROFILE IS TO
BE GENERATED ON TMIS PaSS

—————— Y S D D o R R Sy TP TR G G GR WD Y D D WD N P T SR D g WD A D G D G WD TR R D g Ry W W
T
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NAME (DIM) DISP DEFINITION

- P TR R G WD A D TR R T ey i o 4D TP T TR A mp £ TP A R S Py P e T e gy R D e e D Py an S s 0 e e o S GO e e O e e D e e T

. LAGS10 (SIZE 8)
NGCOWL 0 NUMBER OF TIMES CSTEP WAS CALLED

ITERS 4 TOTAL NUMBER OF CORRECTOR ITERATIONS

LAGSI1 (SIZE 1¢)

N1 o NUMBER OF TERMS IN INTEGRATION FORMULAS FOR
POSTTION AND VELOQCITY l

N2 4 NUMBER OF TERMS IN INTEGRATION FORMULAS FOR

o ~ PARTIAS

MAXTT (S} 7 a MAXIMUM NUMBER OF ITERATIONS USED BY INTEGRATOR

LAGS12 (SIZE &}

K 0 CURRENT ACCELERATION POINT

LAGS13 (SIZE A}

NOFC (2) 0 NUMBER OF TIMES FROCES WERE REQUESTED

FLAGS14 (SIZE R)

" NOSTEP (2) 0 GTDS COUNTER

LAGS15 {SIZE &)

TIELEVN 0 ACCUMULATEDC ACCELERATICOM POINTS 70 BE uRITTEN
TO THE ORBIT FILE

o



NAME (DIM) ‘ DIse DEFINITION

- e oo e . D o0 e w3 O T ep @ e T T S0 S8 S o s 5 e e 3 s g e G e T e e s G e SR O ah m OR AR P A T e e A D A A BD AR D A T D AR S g W D

LDATA (SIZE &C)

’

Fi 0 NOT USED _
PSI} ' 8 FIRST INJECTION BURN ARC

PS12 10 SECOND INJECTION BURN ARC

TIML 18 DURATION OF 1ST INJECTION BURN

TIM2 20 DURATION OF 2ND INJECTION BURN

THELS 2B LONGITUDE OF LAUNCH SITE

PHILS 30 LATITUDE OF LAUNCH SITE

THEDOT kT:| ROTATION RATE OF LAUNCH PLANET

RPRAT 40 INVERSE OF PARKING ORBIT RATE

SIGMAL L Y.) DESTRED LAUNCH AZIMUTH

RETRO ) 50 FLAG TO INDICATE DIRECTION OF MOTION
KOAST SA NOT USED

- e o S D e D e e e TR T gy e S0 T D D e e e cng.e--------—-------eo—n---------—b-----—un---_--—

LINK1Y (SIZE 10}

H 0 SIGNED STEP SIZE (SEC) .
T a TIME UP TO wHICH INTEGRATION HAS PROGRESSED

LINKLZ (SIZE 18}

SECTIM 0 VECTOR OF TIME WITH SECTION

LINK14 (SIZE 8)

RH D . RADIUS MAGNITUDE

LINK19 (SIZE 50!}

TOoL (109 Y VECTOR OF TOLERANCES USED 8Y INTEGRATOR
LINKZ3 (SIZE 160)

ALPHA(I]) ] PREDICTOR COEFFICIENT FOR POSITION TERMS

ALPHAS (1) 58 CORRECTOR COEFFICIENT FOR POSITION
ALPHAB(11]) Bo PREDICTOR COEFFICIENT FOR POSITION PARTIAL TERMS
BETAB(11) 108 PREDICTOR COEFFICIENT FOR VELOCITY PARTLAL TERMS

S e D D TR S G D T T D D Dy o gy i P D O O g3 D D ol W T N A o, £ A S G O EE S A A S D i S Y G D s O R O O R R R D an O G D e e O o ek e o g o
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NAME (DIM) DISP DEFINITION

LINK?R

CETOL 0 TRUNCATION ERROR TOLERANCE

LINK29

XB(6e2) 0 ARRAY OF STATE VECTORS OF NON-CENTRAL BODIES

HRT CENTRAL BODY

- m RO CE OO E @ ORI ED T o € G D D ey W S T Gy €0 0 e 3 TR gy 5 €D D D OF AR 5 65 I D S0 U 0 A0 gm e S R A ap € O S D Ob ap an e aD Oh g  gy  S

LINK33 (SIZE &E0!}

-BCS5(11+10) 0 STARTER CORRECTOR COEFFICIENTS FOR POSITION
ACS(11-10) 370 STARTER CORRECTOR COEFFICLENTS FCR VELOCITY

----°,q==—=-=-‘=="h—--0’-====h=—‘-c-=ﬂ-_ﬁﬂ-ﬂ—ﬂ-‘—---nﬂhﬂ—-“ﬂeuc-‘-cﬂ‘--------n--—-l

LINK3S (SIZE BO)

SACS (11} 0 STARTER COEFFICIENTS FOR FIRST SUM
SBCst1l) ' 58 STARTER COEFFICIENTS FOR SECOND SUM

LINK36 (SIZE 210}

X1€11e3) 0 ARRAY OF STARTER POSITION VECTORS
AlDe}1e3) 108 ARRAY OF STARTER VELOCITY VECTORS

n-—a-==-aaae;—-ﬂﬂa---gwae‘nneaecacuqs“d-eﬂoonu—ane-ac-o-nae-—----———n-:—_---ﬁ---o-

LINK3T7 (SIZE 60)-

ACCB (3} 0 ACCELERAYION DUE TO CENTRAL BODY

ACNB (3] ie ACCELERATION DUE TO NON=-CENTRaL BODIES

ACTH(3) 30 ACCELERATION DUE TO THRUST _
ANCF {3) ‘ 48 ACCELERATION DUE TO THRUST AND NON-CENTRAL BODIES

OSSOSO OO RO Tl gaqanet 0o aomemg, o e S e 0 T S D g D T R TS A R D R R O D O s O SR W D O o e KB DD G NS T N D o AR D SR D e e g e O

LINK38 (SIZE 3F0)

SK1(3) 0 1ST SUM FOR EQUATICONS OF MOTION J
SX2(3}) -] 2ND SUM FOR EQUATIONS OF MOTION
S5V1(3,20) 30 15T SUM FOR VARIATIONAL EQUATIONS
SV21(30207 210 Z2ND SUM FOR VARIATIONAL FQUATJIONS

EomoceR RO RS TR oe oS S0 e LD e e D g, S e S € g e T D T W e R O D W D ey O A e D S0 W T gy D D AT o D A T D Y R O S S TB g i o O



NAME (DIM) DISP DEFINITION

-y D O N R ey gy WS D AR D G A e A DT D e Y WD P S e S T kol S an R A S R TS TS R s W R D R T TR D S U WD e O B T T SR D S T D TR g oy R Y

LINK3S (SIZE 10)

YMDIC 0 YEARy MONTHs DAY OF INITIAL CONDITIONS
HMSIC 8 HOURs MINUTEs SECONDS OF INITIAL CONDITIONS

LINK4O (SIZE 1F8)

XoLn(3) ‘ 0 PREVI0US POSITION AND VELOCITY
YOLD(3+20} _ 18 PREVIOUS POSITION aAND VELOCITY PARTIALS

LINK&]l (SIZE 30)

SPV(3) 0 INITIAL PREDICTED POSITION
SPC {3} 18 FINAL CORRECTED POSITION

- D N D D R R, T D o, gy e ST TS TR N e W D A e i R e e R s DS D S e D O e D e R TP T G e 5 D D D W D A D S D e S an T e AR D TR D Gy

LINK42 (SIZE BO)

BETACt11) ' 0 PREDICTGR COEFFICIENT FOR VELOCITY TERMS
BETaS(11) ' 58 CORRECTOR COEFFICIENT FOR VELOCITY TERMS

R D D RS S G G S TP G D WO D R ey gy o R T S S D G T T R A TP D e YR AR TP SR g M N S G R AR T P SR TR TR G an SR R D NS G G A WS SR D g T A TR A AR S A R e Y

LINK43 (SIZE 90)
ACCBC(3.3) ‘ CENTRAL BODY ACCELERATION FOR VARIATIONAL TERMS

ANCBV {3+3) NON-CENTRAL BOOY ACCELERATION FOR VARIATIONAL
TERMS

- A S AP D D D S e D D NP A g g D D W D T g O TP A A S T P g T D TGN G D W i A D G TR A P O S0 a4 A S S D o e e A e e e B e e gy

LINK&4 (SIZE 108)

RME2 0 RADIUS MAGNITUDE SQUARED
RM3 8 RADIUS MAGNITUDE CUBED
GMBM3 (3) 10 GRAVITATIONAL CONSTANT
BP (6.3} . 28 ARRAY OF POSITIONS OF NON=-CENTRAL BODIES WRT S/C
BPAM2 (3} B8 SQUARE OF DISTANCE BETWEEN NON-CENTRAL BODIES
: , AND S/C
BPM(3) DO DISTANCE BETWEEM NON=CENTRAL BODIES AND S/C
GHRPM3(3) EB GRAVITATIONAL CONSTANT
GHRM3 ' 100 GRAVITATIONAL CONSTANT

- O O e e e D e CF D 0 e o o T 0 0 R e b T s e S T G 5 O TP W W R e e A T O WP TR T G N R WD S e gy S T W D e e e gy e T



NAME (DIM) DIsP DEFINITION

- P WP S D D A R D 00 T g o W T S S N g £ R 4D o WP D R g S T € S0 D 0 A e e &S g D ey B3 4D T W R € D IR NI R e 0h e O D e e o e

MATRIX (SIZE 1CA}

A(3:3) 0 MATRIX TO CONVERT SELENOCENTRIC TO SELENOGRAPHIC

ADOT (303} : 48 NDERIVATIVE OF MATRIX 9A¢®

B(3:3) : Q0 MATRIX TO CONVERT EARTH INERTIAL TO FARTH BODY
FIXED

C(3+3) 08 MATRIX TO CONVERT MEAN 1950,0 TO TRUE OF DATE
'COORDINATES

GHA ' 120 GREENWICH HOUR ANGLE

DXQ(18)} 128 NOT USED

xP 188 X POLAR MOTION ANGLE

Yp 1co Y POLAR MGTION ANGLE

- ey O e T T D oy gy P R D D S T e g P TP A D LR TR S S R R R RS O D R e S e KD A D W ek e 4D SR G D e e D o e e S e e S en e e B

MECEQ (SIZE 48)

ECEQ{3¢3} 0 ‘ ECLIPTIC TO EARTH EQUATORIAL ROTATION MATRIX
. MEQEC (SIZE &8)
EQEC(303) ¢ EARTH EQUATORIAL TO ECLIPTIC ROTATION MATRIX

PRGNS EN T oo E T YR ECES e RO Dm0 S D e e e ST e O R D e an e D e 0D e O S D 0 e e o

MLINK {SIZE 8)

IPRE 0 FLAG TO INDICATE INITIAL RUN

KWIT 4 FLAG TO INDICATE TERMINATION OF CURRENT CASE
RLINK® (SIZE 60} :
TWCPI 0 2.0 # PI

GM(11) 8 GRAVITATIONAL CONSTANTS OF CENTRAL BODIES
' (GTDS NUMBERING CONVENTION).

--—---:aaao-umbﬂﬂaaeacaa=-=a-u-uuaccana-eq-na-o-ow PR D OSSR D G e TSI D W S gy s

MSGS (SIZ2E &)

'

HSGLVL 0 FLAG TO INDICATE PRINTING OF DEBUG DATA

- D D D D D 0D D TP D s cp e €3 D D T8 R C W e N € KD D g 4 On €D €D gm Gm e am o Demoscmoa L - OO e - - e g S

NEWLKL (STIZE 28)

BPP (3] 0 VECTOR FROM SUN TO SPACECRAFT
vap 18 MAGNITUDE -OF VECTOR BPP
. BRAD 20 SOLAR RADIATION CONSTANT



NAME (DIM) DISP DEFINITION

AR eS e CER S T ro oW FANMOD R DT AD 0D @m e 3o D0 eSS WS e DN e de e O D W @D D e a ey W P

NEWLKZ (SIZE 10)

SCAREA ¢ AREA OF SPACECRAFT
CSUBR 8 SPACECRAFT REFLECTIVITY CONSTANT

PRT (SIZE 88)

MONTH (12} ] HOLLERITH NAME OF MONTHS
PLANET(11) 30 HOLLERITH NAME OF PLANETS
RLINK& (SIZE 130)

PVINT &) 0 S/C INJTIAL STATE VECTOR

AEINT (6]} - 30 KEPLERIAN ELEMENTS
SPINT (&) 60 SPHERICAL ELEMENTS
OBLINTY(20) 90 AUXTLLARY ELEMENTS

RLINKS (SIZE sS2RO0)

/

(3 e S/C POSITION VECTOR

D3} 18 S/7C VELOCITY VECTOR

ADD (405 3) 30 ARRAY OF S/C ACCELERATION VECTORS
XY{3+20) - 3Fo S/C POSITION PARTIALS

XKVD(3+20) 800 S/C VELOCITY PARTIALS
XVDD(4093+20) 780  ARRAY OF S/C ACCELERATION PARTIALS

EDe R EMO O EEE VT oo oD R RO Do s el D e D S ey O D D ac o e Ch 0 o o Dk G D e o S G0 D b D O W e Sk A SR YD cn el o B W

RLINKG (SIZE 270!

PXt3s:3) .0 ACCELERATION PARTIALS wRT POSITION
PXD(3+3) 48 ACCELERATION PARTIALS WRT VELOCITY
ACCPAR(3:20) 20 ACCELERATION PARTIALS WRT PARAMETERS

- e A S O e o D T D ey ey T D D R e R e R S N0 A g ) WD S OD O Y € 6D s O On 0 G S T e e e n 6 G o G D o 6 A D e s D O g

SLPOPT (SIZE 38)

DJ. 0 EVAL INTERNAL

10aY1 8 DAY OF FIRST RECORD ON EPHEMERIS FILE

IYEAR " EVAL INTERNAL

1SPaN - 10 FYaL TNTERNAL

NBEPM (3} 16 RODIES FOR POLYNOMIAL COEFFICIENTS

NDEGRE (3) 20 DEGREE OF POLYNOMIALS .
NCFDAY 2¢C NUMRER OF DAYS PER CURVE FIT

ISLPSD 30 EVAL TNTERNAL

NRSLP 3¢ EVAL INTERNAL

O R N RGO S B T T e e e R P R S BN O E W@ E T T oM BB OE oS D RS T m e ey Y T D oo W
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NAME (DIM]

DISP

DEFINITION

oo e e e M S e O SN GE O E e eSS E S GG N eSO EEm S TS ST O BN oS TSSO E Do e

SLPREC (SIZE D7C!)

TSEC \

PPOLY(352002)
 YPOLY (352002}

APOLY (353010}
CPOLY (353:10)
PDELH (10}
InDay

- THRUST (SIZE 60}

THRMAG
XIsSP
SC%ASS
ALPHA
BETa4
TRURN
DMASS
CURMAS
COSA
COSR
SINg
SIne

TIMCOF (SIZE £18)

COEF (7206}
POCOF (4458)
JARG({T2)
T&RG {44)

NDAYS
NNDAYS

TIME IN SECONDS FROM START OF THIS YEAR 7O .
MIDPOINT OF THES RECORD TIME INTERVAL

POLYNOMI&L COEFFICIENTS FOR THE POSITION
COORDINATES OF THE TWO BODIES

POLYNOMIAL COEFFICEENTS FOR THE VELOCITY
COORDINATES OF THE TwD BODIES

POLYNOMIAL COEFFICIENTS FOR THE ¢R° MATRIX
POLYNOMIAL COEFFICIENTS FOR THE °Cts MATRIX
POLYMOMIAL COEFFICIENTS FOR DELTA H

BEGINNING DAY OF TKIS RECGRO >

THRUST MAGMITUDE

SPECIFIC TWMPULSE

S/C MASS .
RIGHT ASCENSION OF BURN VECTOR
DECLINATION OF RURN VECTOR
BURN DURATION ‘

MASS RATE

S/C MASS AT CURRENT INTEGRATION TIME
COSTNE OF tALPHAC

COSINE OF °BETAC

SINE OF QfALPHA®

SINF OF 9BETA?

TIME DIFFERENCE COEFFICIENTS

POLAR MQTION COEFFICIENTS

JULTIAN DATES FOR TIME DIFFERENCE COEFFICIENTS
JULTAN DATE IMTERVALS FOR PQOLAR MOTION
COEFFICIENTS

SIZr OF VECTOR JARG

SIZF OF VECTOR IARG

B AT O MBS Tl o m o T D D D WD 0 s O O e TN G G R N G G D T R D e DD g o D D D R R o D s S e D D D e e B D T o g W O

USUN (SIZE 18)

UNIT VECTOR FROM CENTRAL BODY TO SUN

S E Y RS P A RO TN ECeERATT O LSS0 TGS s 0 R T e .S
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NAME (DIM) DIsSP DEFINITION

ZDATa (SIZE ¢}

ATRY . 0 INITIAL GUESS FOR SOLUTION TO L AMBERTS PROBLEM
NFR 8 NUKBER OF FULL REVOLUTION ABOUT THE EARTH
PRIOR TO ENCOUNTER

2-14



.2.3.,2 COMMON YARIABLES IN ALPHABETICAL ORDER

VARTABLE(DIM) BLOCK DEFINITION
A(3:3) ‘ MATRIX MATRIX TO CONVERT SELENOCENTRIC TO SELENOGRAPHIC
ACCR (3} LINK37 ACCFLERATION DUE TQ CENTRAL BODY
ACNB(3) LINK37 ACCELFERATION DUE TQ NON=-CENTRA( BODIES
ACCBC{3:+3) LINK43 CEMTRAL BODY ACCELERATION FOR VARIATIONAL TERMS
ACCPAR(3:20) RLINKG ACCELFRATION PARTIALS wWRT PARAMETERS
ACCTH{3) GDATA3Z RURN PARTIALS AT BURN EVENT INITIATION
ACS(11-10) LINK33 STARTER CORRECTOR COEFFICIENTS FOR VELOCITY
ACTH(¢3)} . : LINK37 ACCELERATION NUE TO THRUST
ADOT(303) ‘ MATRIX OERIVATIVE OF MATRIX ¢A¢0
AEINT(6) . RLINKSG KEPLERYAN ELEMENTS
ALPHA THRUST SIGHT ASCENSION OF BURN YECTOR
ALPHA(11) LINK23 PREDICTOR COEFFICIENT FOR POSITVION TERMS
ALPHAS(L1) - LINK23 CORRECTOR COEFFICIENT FOR POSITICN
ALPHAB(11) LINK23 PREDICTOR COEFFICIENT FOR POSITION PARTVIAL TERHS
ANCBV(3,3) LINK43 NON-CENTRAL BODY ACCELERATION FOR VARIATICNAL
: : TERMS
ANCF (3} LINK37 ACCELERATION DUE TO THRUST AND NON-CENTRAL BODIES
APOLY(363510) SLPREC POLYNOMIalL COEFFICIENTS FOR THE vA? MATRIX
ASTM(603) GDATA2 RURN PARTIALS
ATRY ZDATA INITIAL GUESS FOR SOLUTION TO LAMBERTS PROBLEM
B(3:3) . MATRIX M™ATRIX TO CONVERT EARTH ENERTKAL TO EARTH BODY
FIXED.
. BCS(11s10) LINK33 STARTER CORRECTOR COEFFICIENTS FOR POSITION

BETA THRUST DNECLINATION OF BURN VECTOR
BETA(11) LINK%2 PREDICTOR COEFFICIENT FOR VELOCITY TERMS
BETARI(L1} LINKZ23 PREDICTOR COEFFICIENT FOR VELOCITY PARTIAL TERMS
BETAS({11) LINK42 CORRECTOR COEFFICIENT FOR VELOCITY TERMS

- BP{6953) LINK&64 ARRAY OF POSITIONS OF NON=CENTRAL AGDIES WRT S/C
BPM(3) LINK&4 DISTANCE BETWEEN NON-CENTRAL BODIES AND S/C
BPMZ (3} LINK4% SQUARE OF DTSTaNCE BETWEEN NON-CENTRAL BODIES

. AND S/C
BPP(3) NEYLKL VYECTOR FROM SUN TO SPACECRAFT
BRAD ‘ NEWLKY SOL&R RADIATION CONSTANT .
BSTM(6s6) GDATA2 STATE PARTIALS OVER BURN PHASE
C(3:3) MATRIX MATRIX TO CONVERT MEAN 1950.0 TO TRUE OF. DATE
' COORDINATES

CETOL LINKZ28 TRUNCATION ERAROR TOLERARCE
COEF (T2:8) TIMCOF TIME DIFFERENCE COEFFICIENTS
COSA THRUST COSINE OF °tALPHA®
cosg THRUST COSINE OF $BETa®
CPOLY{353510) SLPREC POLYNOMIAL COEFFICIENTS FOR THE °Ct MATRIX
CSUBR NEWLK2 SPACFCRAFT REFLECTIVITY CONSTANT
CURMAS : THRUSY S/C MASS AT CURRENT INTEGRATION TIME
DJ ‘SLPOPT FEVAL INTERNAL
oL - GDATAL JULIAN DATE OF S/C AT LIBRATION POINT .
DMASS THRUST MASS RATE ,

- DYaR(3) GTAR TARGET VECTOR OF DESIRED VALUES
DYoL (3) - BGTAR ©~ TARGFT VALUE TOLERANCE VECTOR

. DXQ (18} MATRIX WNOT USED

ECEQ(303) MECE® ECLIPTIC TO FARTH EQUATORIAL ROTATION MATRIX
EQEC(303) MEQEC FARTH EQUATORIAL TC ECLIPTIC ROTATION MATRIX
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VARIABLE (DIM)

FI
FSUNLT
GHA
GM{Ll1)

- GMBM3I (3)
GMBPM3{3)
GMRM3

H

HMSIC
IARG (44)

Isopy
IRTYPE
IBURN
ICENT
ICENTB
iDAaY
IDAY!
IDISK

IDON
IELEYN

INCFLG

IND (25)
INDSEC(1053)
INDX 6
INDY&
ISLP50
ISPAN

ISUN .
ITER

ITERS
TTMAN

1T0L

IVEAR
JARG(T2)

K

KOAST
KSTATE (&)
KWlY
LAUNCH
LIBR
LNON

MANDON
MEXIT(S)
MONTH(12)
MSGL VYL

BLOCK

LDATA

FSUNLT
MATRIX
RLINK9

LINKSS
LINKSS
LINK&&
LINK11
LINK39
TIiMcor

FLAGS!
GFLAG

GFLAG

FLAGSS
FLAGSZ
SLPREC
SLPOPT
IOFLAG

1OFL 4G
LAGS15

.GFLAG
FLAGS2
FLAGS2
FLAGSI
FLAGS!
SLPOPT
SLPOPY
FLAGS®
GFLAG
LAGS]O
GFLAG
GFLAG
SLPOPT
TIMCOF
LAGS12
LDATA
FLAGS3
ML INK
LPROF
HLDATA
LPROF

FLAGS3
LAGS1]
PRY
MSGS

DEFINITEION

NOT USED

OCCULTATION FLAG

GREENWICH HOUR ANGLE

GRAVITATIONAL CONSTANTS OF CENTRAL BODIES
(GTDS NUMBERING CONVENTION)

GRAVITATIONAL CONSTANT

GRAVITATIONAL CONSTANT

GRAVITATIONAL CONSTANT

SIGNED STEP SIZE (SEC)

HOURs MINUTE, SECONDS OF INITIAL CONDITIONS
JULTAN DATE INTERVALS FOR POLAR MOTION
COEFFICIENTS

CENTRAL 800Y NUMBER (GTDS CONVENTION)

FLAG TO INDICATE TYPE OF BURN STRATEGY

FLAG TO INDICATE FINITE BURN INTEGRATION
NUMBER OF CENTRAL RODY (GTDS CONVENTION)
CENTRAL BODY NUMBER (GTDS CONVENTION)
BEGINNING DAY OF THIS RECORD

DAY OF FIRST RECORD ON EPHEMERIS FILE

FLAG TO INDICATE IF AN ORBIT FILE IS TO BE
WRITTEN FOR THIS CASE

FLAG TO INDICATE ORBIT FILE IS BEING WRITTEN
ON THIS PASS _
ACCUMULATED ACCELERATION POINTS TO BE WRITTEN
TO THE ORBIT FILE

NOT USED

FLAGS FOR CURRENT SECTION

FLASS FOR SECTION |

NOT USED

NOT USED

EVAL TNTERNAL

EVAL INTERNAL

SUN-CENTRAL BODY FLAG

CURRENT TARGETING ITERATION

TOTAL NUMBER OF CORRECTOR ITERATIONS

MAXTMUM NUMBER OF TARGETING ITERATION

FLAG TO INDICATE TARGETING CONVERGENCE

EVAL INTERNAL

JULTAN DATES FOR TIME DIFFERENCE COEFFICIENTS
CURRENT ACCELERATION POINT

NOT USED |
VECTOR OF LABEL NUMBERS FOR STATE UNKNOWNS
FLAG TO INDICATE TERMINATION OF CURRENT CASE
FLAG TO INDICATE TARGET=LAUNCH COMPATIBILITY
LIBRATION POINT OF INTEREST

FLAG TO INDICATE THAT {AUNCH PROFILE IS TO
BE GENERATED ON THIS PASS

MANFUVER OCCURENCE FLAG

MAXTMUM NUMBER OF TTERATIONS USED BY INTEGRATOR
HOLLERITH N&ME OF MONTHS

FLAG TO INDICATE PRINTING OF DEBUG DATA
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VARTIABLE (DIM)

NB

NB(3)
NBEPM( 3)
NBSLP
NBOD
NBOPT (3}
NCFDAY
NCNM
NCONDT
NCPR
NCURS
MDAYS
NDEGRE (3)
NEMTRY
NEQ

NFR

NG

NNDAYS
NOCOML
NOFC(2}
NOSTEP (2)
NPOINT
NPS
NSECTN
NSNM
NSTATE
NSTR
NTSFES

Nl

N2
OBLINT(20)
PDELH({10}
PERT(2)
PHILS

PI

8 4
PLANET (11

POCOF (44 :08)
PPOLY (302002}

PSI1
PSI?
PYINT (6}
PKi13o3}
PXD(3:3)

BLOCK,

FLAGST
BOATA

SLPOPT
SLPOPT
BDATA

FLAGST
SLPORT
FLAGS3
FLAGS3
10FLAG
FLAGS®
TIMCOF
SLPOPT
FLAGSS
FLAGS}
ZDATA

FLAGS2

TIMCOF
LAGSILO
LAGSL3
LAGS14
IOFLAG
FLAGSS
FLAGS?2
FLAGS3
FLAGS3
FLAGS®
FLAGS2
LAGSLI

LAGS11

RLINKS
SLPREC
GTAR
LDATA
KNSTNZ
KNSTN2
PRT
TIMCOF
SLPREC

LDATA
LDATA
RLINKS
RLINK6
RLINKS

DEFINITION

NUMBER OF BODIES ,
VECTOR OF BODIES (STEAP COMVENTION)
BODIES FOR POLYNOMIAL COEFFICIENTS
EVAL INTERNAL

NUMRFR OF GRAVITATING BODIES
ARRAY OF GRAVITATING BODIES
MUMBER OF DAYS PER CURVE FIT
NUMRER OF C(NoM) TO BE ESTIMATED

CONPTITION NUMBER

NOT USED

GTDS PARAMETER

SIZF OF VECTOR JARG

DEGREE OF POLYNOMIALS

GTDS PARAMETER

NUMBER OF VARIATICMAL FQUATIONS A
NUMRER OF FULL REVOLUTION ABOUT THE EARTH
PRIOR TO ENCOUNTER

TOTaL NUMBRE OF POTENTIAL COEFFICIENTS TO BE
ESTIMATED

SIZFE OF VECTOR 14ARG

NUMBER OF TIMES CSTEP WAS CALLED

NUMBER OF TIMES FROCES WERE REQUESTED

GTDS COUNTER ‘

NUMBER OF SPFCIAL PRINT POINTS

GTDS PARAMETER

CURRENT SECTION NUMBER

NUMBER OF S(MsM) TO BE ESTIMATED

NUMBER OF STATE UNKNOWNS '

MAX NUMBER OF ACCELERATION POINTS

TOTalL NUMBER OF SECTVIONS

NUMRER OF TERMS IN INTEGRATION FORMULAS FOR
POSTTION AND VELOCITY

NUMBER OF TFRMS IN INTEGRATION FORMULAS FOR
PARTIAS

AUXILLARY ELEMENTS

POLYNOMIAL COEFFICIENTS FOR DELTA M
PERTURBATION VECTOR

L ATITUDE OF LAUNCH SITE

PI ‘

THO PI

HOLLERITH NAME OF PLANETS

POLAR MOTION COEFFICIENTS

POLYNOMIAL COEFFICIENTS FOR THE POSITION
COORDINATES OF THE TWO BODIES

FIRST INJECYVION BURN ARC

SECOND INJECTION BURN ARC

S/C INITIAL STaTE VYECTOR

ACCELERATION PARTIALS WRT POSITION
ACCELERATION PARTIALS WRT VELOCITY

=

{GTDS CONVENTION)
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VARIABLE (DIM) BLOCK DEFINITION

RETRO LDATA FLAG TO INDICATE DIRECTION OF MOTION
RLIBR(2)" HLDATA EARTH STATE SCALING CONSTANTS REQUIRED YO
GENERATE STATE VECTOR OF LIBRATION POINT
RM LINKI4 RADIUS MAGNITUDE
RM2 ‘ LINK&& RADIUS MAGNITUDNE SQUARFED
RM3 LINKe® RADIUS MAGNITUDE CUBED :
RP{11) KNSTNZ RADIUS OF PLANETS (STEAP CONVENTION)
RPD KNSTNZ RADIANS PER DEGREE
RPRAT LDATA INVERSE OF PARKING ORBIT RATE
RSOI(11) KNSTN2 RADIUS OF SPHERE OF INFLUENCE (STEAP CONVENTION)
SACS(11) LINK35 STARTER COEFFICIENTS FOR FIRST SUM
SRCS(11) LINK3S STARTER COEFFICIENTS FOR SECOND SUM
SCAREA NEWLK2 AREA OF SPACECRAFT
SCMASS THRUST S/C MASS
SECTIM LINKIZ2 VECTOR OF TIME WITH SECTION
SIGMAL LDATA DESIRED LAUNCH AZIMUTH
SINA : THRUST SINE OF vALPHA®
" SINB : THRUST SINE OF 'BETA®
SMU(11) KNSTN3 VECTOR OF GRAVITATIONAL CONSTANTS (STEAP
CONVENTION)
SPC(3) LINK&L FINAL CORRECTED POSITION
SPD KNSTNZ2 SECONDS PER DAY
SPINT(6) RLINKG SPHFRICAL ELEMENTS
SPV(3) LINK4! INITIAL PREDICTED POSITION
STM(6¢e6) GDATAZ2 STATE PARTIALS OVER COAST PHASE
SVY1({3,20) LINK3I8 15T SUM FOR VARIATIONAL EQUATIONS
SV2(3+20} LINX38 2ND SUM FOR VARIATIONAL EQUATIONS
SX1(3) LINK38 1ST SUM FOR EQUATIONS OF MOTION
SX21(3) LINK38 2ND SUM FOR EQUATIONS OF MOTION
T LINKL1 TIME UP TO WHICH INTEGRATION HAS PROGRESSED
T8 GDATAl BURN TIME '
TBURN THRUST BURN DURATION
TDUR GDATAl FLIGHT TIME _
THEDOT LDATA ROTATION RATE OF LAUNCH PLANET
THELS . LDATA LONGITUDE OF LAUNCH SITE
THRMAG THRUST THRUST MAGNITUDE
TIM1 . LDATA DURATION OF 1ST INJECTION BURN
TIM2 " LDATA DURATION OF 2ND INJECTTION BURN
THMPR IOFLA&R NOMINAL PRINT INTERVAL
. TSEC SLPREC TIME IN SECONDS FROM START OF THIS YEAR TO
- MIDPOINT OF THIS RECORD TIME INTERVAL
- ToL(10) LINK19 VECTOR OF TOLERANCES USED BY INTEGRATOR
TP 10FLAG VECTOR OF SPECTIAL PRINT POINTS
TWOPI RLINKS 2.0 # P}

2
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VARTABLE (DIM)

USUN

VRe

VOLP (3}

YPOLY (3:2002}

X{3)
XB({6}
AB(602)

KD (3
ADD(4003)
1F (6
XISP
XKMPAU -
XL16)

XxP

XOLD ()
AV (3.20)
AVYD(3020)

XVYDD (4003020

COXRLIIs
XIn{11l+3)
YMDIC
YOLD{3020)
Ye |
ZBIAS(6)

BLOCK

USUN
NEWLK1
GDATAS
SLPREC

RLINKS
GDATAL
LINK29

RLINKS
RL INKS
GDATA]
THRUST
KNSTNZ2
GDATAL
MATRIX
LiNK20
RL INKS
RL INKS
RLINKS
LINK36
LINK3S
LINK3Q
LINKSO
MATRIX
HLDATA

DEFINITION

UNIT VECTOR FROM CENTRAL BODY TG SUN
MAGNITUDF OF VECTOR 3PP

INERTTAL VELOCITY OF LIBRATICN PCINT
POLYNOMIAL COEFFICIENYS FOR TWE VELOCITY
COORDINATVES OF THE TWO BODIES

S5/C POSIVION YECTOR

STATE VYECTOR OF S/C AT BURN INITIATION
ARRAY OF STATE VYECTORS OF WNON-CENTRAL BODIES
WRY CENTRAL BODY

5/C VYELOCITY VECTOR

ARRAY OF S/C ACCELERATION VECTORS

.5TavE VECTGR OF S/C AT TCA

SPECIFIC IMPULSE

KILOMETERS PE ASTRONOMICAL UNIT

STATE VECTOR OF S/C AT LIBRATION POINT

X POLAR MOTION &NGLE

PREVIOUS POSITION AND VELOCITY

S/C POSITION PARTIALS

S/C VELOCITY PARTIALS

ARRAY OF S/C ACCELERATION PARTIALS

ARRAY OF STARTER POSITION VECTORS

ARRAY OF STARTER VYELOCITY VECTORS

YEARs MONTHo DaY OF INITIAL CONDITIONS :
PREVIOUS POSITION AND VELOCCITY PARTIALS

Y POLAR MOTION ANGLE

VECTOR aDDED TO LIBRATION STATE FOR TARGETING

B
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. "3, ERRAN PRQGRAM STRUCTURE

3.1 ERRAN PROGRAM DESCRIPTION

THE SYEAP-L/ERRAN PROGRAM IS A DIGITAL COMPUTER PROGRAM WRITTEN
IN FORTRAN Iv COMPATIBLE WITH THE IBM 360/370 SYSTEM. THE PROGRAM
CONTAINS ABOUT SIXTY SUBROUTINWES OF WHICH ABOUT a TENTH ARE ASSOCIATED
WITH THE CUWELL FILE READERs> ABOUT A SIXTH ARE GENERAL UTILITY ROUTINES,
ABOUT A THIRD ARE COMMON TO MEASUREMENT AND EVENT PROCESSINGs AND THE
REST ARE SPECIFIC TG MEASUREMENT PROCESSING UR TO PARTICULAR EVENT
PROCESSINGs THE PROGRAM ACCESSES FIVE DATA SETS DURING OPERATION:
THE STANDARD FORTRAN INPUT {SYSIN)o THE PRESENTATION OUTPUT (SYSOUT=A)
AND PUNCH OUTPUT (SYSOUT=B) DATA SETS, THE DIRECT ACCESS SOLAR/LUNAR/
PLANETARY EPHEMERIS FILE USED BY THE GTDS (DSN=GTDS.SLPL950.JANT1)
AND THE SEQUENTIAL ORBIT FILE ON WHICH THE TRAJECTORY AND STATE TRANSI-
TION MATRIX DATA ARE STORED. THE (OVERLAID) PROGRAM REQUIRES ABOUT
310K BYTES STORAGE. :

3.2 ERRAN SURROUTINE HIERARCHY

FIGURE 3.1 ILLUSTRATES THE GENERAL PROGKAM STRUCTURE. THE MAIN
PROGRAM CALLS TwWwO EXECUTIVE ROUTINES: DATAs FOR UATA INPUT AND INI=-
TTALIZATIONs AND ERRAMs FOR MEASUREMENT AND EVENT PROCESSING. . ERRAN

. CONTROLS MEASUREMENT PRUCESSING DIRECTLYs BUT CALLS SPECIFIC (OVERLAID)
SUBROUTINES TO PROCESS PARTICULAR EVENTS: ~ERRAN CALLS SETEVN FOR THE
EIGENVECTOR EVENTs WHOSE PROCESSING IS COMMON TO ALL EVENTS., ERRAN
THEN WILL CALL PRED IF PROCESSING A PREDICTION EVENTo OR WILL CALL GUIDM
IF PROCESSING A GUIDANCE EVENT OR A FINAL INSERTION EVENT.  ERRAN THEN
MAY CALL GENGID IF PROCESSING A GUIDANCE EVENT WITH GENERALIZED
COVARIANCE>o. CHAPTER 4 PROVIDES AN INDEX OF ALL SUBROUTINES USED IN
ERRAN AND GIVES INDIVIDUAL ROUTINE DOCUMENTATION INCLUDING DESCRIPTIONSS
ANALYSESs AND FLOWCHARTS, |

3,3 ERRAN COMMON VARIABLES ' | -

THE FOLLOWING TWO SUBSECTIONS PROVIDE DEFINITIONS OF THE VARIABLES
APPEARING IN COMMON BLOCKS IN THE ERRAN PROGRAMS., SUBSECTION 3,3.1
LISTS THE COMMON BLOCKS IN ALPHABETICAL ORDERs GIVES THE SIZE OF THE
BLOCKSs AND DEFINES THE VARIABLES APPEARING IN EACH BLOCK, SUBSECTION
30362 LISTS ALL THE COMMON VARIABLES IN ALPHASETICAL URDERs GIVES THE
BLOCK TO WHICH EACH BELONGS: AND DEFINES THE VARIABLES,

\
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3:,3.1 COMMON BLOCKS IN ALPHARBETICAL ORDER

PREVIOUS VERSIUNS OF STFaP REQUIRED THE FOLLOWING COMMON BLOCKS.
WHICK ARE NO LONGER NECFSSARY: CONST3(SIZE 40)s ENCKE(SIZE &)
PRELCM(STZE 3C4)s STMG(SIZE 4)» TRAJCD(SIZE 301y TRU(SIZE 1BO)
AND UPDATE(SIZE S4). .

~

NAME (D#) | DISP DEFINITION

- e P e O T Gn o W T e w0 S Y O T e P e e D S e E TR P e wa v Sn D Ay Ry WD R S S G an e W s e D T R S e SN wh T SR O wn W U AR KN e R

BLK (SIZE 95¢4)

T ; 0 TRAJECTORY TIME IN DAYS
PMASS(11]) 8 GRAVITATIONAL CONSTANTS (A, U.#8#3/DaYe#2)
COMEG (%429} 60 # NO LLONGER USED .

CINC (499} 180 # NO LONGER USED

COMEGT(4+9) 2A0 #o4 NO LLONGER USED

SHJIR (299) aco % NO LONGER USED -
CECC(4+9) 450 ¢ NO LONGER USED

CMEAN(4£:9) 570 # NO LONGER USED

MUPLANI(11), 690 GRAVITATIONAL CONSTANTS (KM((3/SECa®2)
CSAX(2+9) 6E8 NO {_ONGER USED

EMN(15)} 778 NO I.ONGER USED

RaDIUS(11) 7F 0. RANTI OF THE PLANETS {A,U,)

RMASS(11) 848 GRAVITATIONAL CONSTANTS (RELATIVE TO SUN}
SPHERE {11} 8AO0 SPHERFES OF INFLUENCE (A,U4)

XP(5) 8F8 STATE VECTOR OF PLANET

NO(11) 328 NO LONGER USFD

COM (SIZE 40} ‘
PI 0 MATHEMATICAL CONSTANT PI

RAD B NUMBER OF DEGREES PER RADIAN
ITRAT . 10 ¢ NO LONGER USED
CKOUNT 14 ® NO LONGER USED

INCMNT 18 * NO LONGER USED

INCPR 1c # NO LONGER USED

INC 20 soe NO LONGER USED

IPR ‘ 26 % NO LONGER USED

NBODYI 28 - # NO LONGER USED _
NBODY 2¢c % NO LONGER USED h
IPRT (4} 30 # NO LONGER USED



NAME (DIM) DISP DEFINITION .

P e ey v D T D o T D R S P R e T R D e T MR T NS e S P o A e e T D S 4D o ON TR M AR T Y G PR D MDA D D RS O e v T R D D D ag

CONST (S12t D¢)

OMERA 0 ROTATION RATE OF EARTH

tEPS 8 FARTH OBLIGQUITY

SAL(3) 10 STATION ALTITUNES (ABOVE RADIUS OF EARTH)
SLAT () 28 STATION LLATITUNES .

SLON (3} 40 STATION { ONGITURES '

ONCN (3] 58 DYNAMIC NOISE CONSTANTS

MNCHN(12) To MEASUREMENT NOISE CONSTANTS

NST ‘ 0o NUMBER OF STATIONS TO BE USED (MAXTIHUM 3)

—— D v T D e o 43 5 D e €5 T AT s i O R G R S D S e D s e s T v o T B D TN e D D D R D WD e tp €5 e D G O e T ED G D O A D e me gy, X S50

i

CONST2 (SIZE 58)

UsT (3 ‘ 0 X=DIRFCTION COSINE FOUR STARS
VST (3) 18 Y=DIRECTION COSINE FOR STARS
WST (3 3o Z-DIRECTION CNSINE FOR STARS
ForP 48 OFF-DIAGONAL ANNIHILATION VBLUE (POSITION)

FOV 50 OFF-NDIAGOMAL ANNTHILATION VALUE ({(VELOCITY)

DPNUM (STIZE 88)

ZERQ 0 'DOURLE=PRECISION VALUE OF ZERO (0.0}

ONE 8 DOURLE=PRECISION VALUE OF ONE (1.0)
THO 10 DOURLE~PRECISION VALUE OF T¥0 (2.0)
HALF 18 DOURLE=-PRECISION VALUE OF ™ALF (0.%)
THREFE 20 DOURLE-PRECISTION VALUE OF THREE (3,.0)
Eml 2R DOURLE-PRECISION VALUE OF 1.E-1

EM2 30 DOUBLE-PRECISION YALUE OF 1.E=2

EM3 ' 3R - DOURLF~PRECISION VALUE OF 1.,£-3

EM&e 40 DOURLE~-PRECISION VBLUE OF 1.E=4

EMS > 4A DOUALE~PRECISION VALUE OF 1.E=5

EMé . 50 DOURLE-PRECISION VALUE OF 1.E-86

EMT 548 DOUALE=PRECISION VALUE OF ! .E-T .
EM8 ‘ 60  DOURLF~PRECISION VALUE OF 1.E-8

EM9 68 DOURLE=~PRECISION VALUE OF 1,E-9 .
EPS0 70 NOURLE~-PRECISTON VALUE OF 1.,EeS0
THOPI 78 DOURLE=PRECISTON VALUE OF 2,%P]

E¥13 _ 80 DOUBLE-PRECISION VALUE OF 1.E-13
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NAME (DIM) -D1sP DEFINITION

o—===-==—-Q--s"ﬁ-g-ennannn_na-awa----------e--nnnn—gnnﬁc-agg---acﬂa---—ungqg---
.

EVENT (SIZE 4Bé)

"TEV(50) 0 SCHEDULED TIMES OF EVENTS

TPT2(20} 190 TIMES PREDICTED TO. IN PREDICTION EVWENTS
SIGRES 230 VARTANCE OF RESOLUTION ERROR

SIGPRO 238 VARTANCE OF PROPORTIONALITY ERROR
SIGALP 240 VARTANCE OF FRROR IN POINTING ANGLE 1
SIGBET 248 VARTANCE OF ERROR IN POINTING ANGLE 2
HPT T 250 # NO LONGER USED

P7 258 #  NO LOMGER USED

TAUT 260 &+ NO LOMGER USED

AINCT 268 aee NO LONGER USED

ANODET 270 &  NO LONGER USED

PERPY 278 # NO LONGER USED

€cc? 280 ® NO LONGER USED

nve i3} 288 &  NO LONGER USED

"BRNTIM ' 240 DURATION (DAYS) OF FINAL INSERTION BURN
NEV ) . 2a8 NUMIER OF EVENTS SCHEDULED

IEYNT(S0)Y 2AC CODED EVENT TYPES CORRESPONDING TO REV TIMES
IHYP] 374 NO LONGER USED

IE1G . 378 NO I_ONGER USEN

1COT3(20% ) 37¢C CODES FOR GUIDANCE POLICIES

. NPE 3CC COUNT OF PREDICTION EVENTS

NGE 300 - COUNT OF GUIDANCE EVENTS

IPOL "3D4 NO LONGER USFD

I1POL 3DR NO LLONGER USED

ICOR3(20) 30cC NO LONGER USED

NEVY] 42C NUMBEK OF SCHEDULED EIGENVECTOR EVENTS
NEV? 430 NUMRER OF SCHEDULED PREDICTION EVENTS
NEV3 634 NUMRER OF SCHEDULED GUTIDANCE EVENTS
NEV4 438 NUMBER OF SCHEDULED INSERTION EVENTS
NGE 636 NO ¢.ONGER USED

NEVS ‘ 640 MO LONGER USED

NEVS Gty NC LONGER USED

NAE 448 NO LONGER USED

NAF&(20) 44¢C NO 1_ONGER USED

NEVT , 48¢C NO LONGER USED

[oe7 : 4AD NO LONGER USED

NEVE 4B 4 WO LONGER USED

NEVO 4AB8 NO | ONGER USED

NEV1O : - 4AC NG LONGER USED

NEVI1 . 480 NO LONGER USED

- ) D S S € D D TR e 2 e T D o ca w59 T ) W D A TE W en O A3 Y A o R W P D e S e R P TP em S0 K D M 0 e e D D G D e S e D e D NS Dk AR R ey R

FLAGS2 (SIZE ER)

ICENTR 0 CENTRAL ARODY NUMBER

. NTSEQS 4 TOTAL NUMBER OF SECTIONS
NSECTN 8 CURRENT SECTION NUMBER

' INDSEC(10s3) c SECTION FLAGS
IND (25 84 CURRENT SECTION FLAGS
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Y e S D € R Y OD R o TS SR U gy g e T N €6 R Gp 5 SR g Y TR OB ey, TR WP ST SR L R WP A TR TR SY W vk TR G T WD e e iy S S A e RN e gn P T % S R G P G T G Y e NS o, T

DEFINITION

POS/VEL COVARIANCE BEFORE MEASUREMENT (WLS)
SOLVE-FOR COVARIANCE BEFORE MEASUREMENT (WLS)
CORRELATION MATRIXs POS/VEL AND SOLVE-FORS
POS/VEL COVARTIANCE AFTER MEASURFEMENT (WLS)
SOLVE~-FOR COVARIANCE AFTER MEASUREMENT (WLS)
CORRELATION MATRIXs POS/VEL AND SOLVE~=FORS
STATE VECTOR AT TLAST

TIME WHEN MEASURFMENT {LAST PROCESSED

- D D R W D WA S D T Dy e g T T SR N a0 D S e B W T Ve e o e P e e e R e T e TR D ey an W D D T e e e O gl o W O T gn WD R o

IGNORE PARAMETER LLABLES

IGNORE PARAMETER AUGMENTATION VECTOR

NIMENSION OF IGNORE PARAMETER STATFE

=0, PERFORM NO GENERALIZED COVARIANCE ANALYSIS
=1y PERFORM GENERALIZED COVARIANCE ANALYSIS

S R G OGO CE TR E S T, E TS S e N e W RS S R e SRR T T b SR D el ey A L D A U P Y S R s T SR S D TRy e P MR G S A R D T D R NP R L WD o WP Y

ACTUAL MEANS OF EXECUTION ERROR PARAMETERS
VARTANCES OF EXECUTION ERROR PARAMETERS

NAME (DIM} DISP
GAINC (SIZE 1628)
PMIN(S:6) 1]
PSMIN(15,15) 120
CMIN(6¢15) 828
PPLU(&e5H} AF8
PSPLU(1G,15) cla
CPLULBs15) 1320
RSAVE (6) 15F0
TLAST 1620
BCA (SIZE EO0)

X1G(15) 0
TAUGH (24) 78
ND M4 08
1GEN oC
GENGD (SIZE 40)

FE(&) 0
EEE(4) 20
GENGD1 (SIZE 23ER)

GPG(646)
GCXXS5G{6215)
GLXUG(6:8)
GCXVG {6 15)
GCANG(6515)
GPSG(1l5+15)
GCXSUG (1548}
GCXSVGR(15.15)
GCXSWG(15¢15)

0
129
3F0
570
840
BloO

1218
1508
1CED

ACTUAL CONTROL SECOND MOMENT MATRICES

STATE

STATE/SOLVE=-FOR VECTOR

NO LONGER USED

STATE/MEASUREMENT CONSIDERS

STATE/1GNORE PARAMETERS

SOLVE=FOR VECTNR /
NO L ONGER USED

SOLVE-FOR/MEASUR;MENT CONSIDERS
SOLVE-FOR/IGNORE PARAMETERS
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NAME (DIM) DISP DEFINITION.

GENRL (SIZE S5708)

GP(6:96) 0 ACTUAL STATE 2WD MOMENT MATRIX
GCAAS(6,15) ‘120 ACTUAL 2ND MOMENT MATRIXs STATE/SOLVE=-FORS
GCXU(6:8) 3F0 NO tLONGER USED
GCXVY (6915) 570 ACTUAL 2ND MOMENT MATRIXs STATE/MEAS. CONS.
GPS{15+15) 840 ACTUAL 2ND MOMENT MATRIXs SOLVE=-FOR VECTOR
GCXSU(15¢8) Fan NO LONGER USED
GCKSV(15:15) 1308 ‘ACTUAL 2ND MOMENT MATRIXs SOLVE-FOR/MS. CN.
GCXSW(1515) 1810 ACTUAL 2ND MOMENT MATRIXs SOLVE-FOR/IGNORES
JPR(&o4) 211A ACTUAL 2ND MOMENTY MATRIXs MEASUREMENT RESIDUAL
TXE (6215} 2198 STM_ PARTITION ASSOCIATED WITH IGNORE PARAMETERS
AN(4+15) 2468 OBSFRVATION MATRIX PARTITION ASSOCIATED WITH
‘ ’ _‘ IGMORE PARAMETERS
GCUV (8015} 2648 NO LONGER USED
GCUW(8s15) 2A08 NO LONGER USED
GCVW (15415} 2Dcs ACTUAL 2ND MOMENT MATRIXs MEAS,CONS./IGNORES
GU (B4R} 34D0 NO LONGER USED
GV(15515) 3600 ACTUAL 2ND MOMENT MATRIXs MEAS, CONS. VECTOR
GW(15515) 3008 ACTUAL 2ND MOMENT MATRIXs IGNORE PARAMETERS
GDNCN (3} 44E0 ACTUAL DYNAMIC NOISE CONSTANTS :
GMNCN(15) 44F R ACTUAL MEASUPEMENT NOISE CONSTANTS
EXI(6) 4570 ACTUAL MEANS OF INITIAL STATE DEVIATIONS
EXST (15} 45A0 ACTUAL MFANS OF INITIAL SOLVE=FOR DEVIATIONS
gu(a; 4618 NO LONGER USED
EV(IS) 4658 ACTUAL MEANS OF INITIAL MEAS.COND. DEVIATIONS
EW(l5) 4600 ACTUAL MEANS OF INITIAL IGNORE DEVIATIONS
RPR(696) 4748 ACTUAL 2ND MOMENT MATRIXs DYNAMIC NOISE
RPR(&60%) 4868 ACTUAL 2ND MOMENT MATRIXs MEASUREMENT NOISE
GCXW(6:15) 48ES8 ACTUAL 2ND MOMENT MATRIX, STATE/IGNORES
EXT(e) ‘ 4BB8 ACTUAL MEANS, UPDATED EST. ERRORS» STATE
EXST(1S) 4RE8 ACTUAL MEANS. UPDATED EST. ERRORSs SOLVE=FURS
EXTP(6) 4C60 ACTUAL MFANSs PROPAGATED EST, ERRORSs STATE
EXSTP(15) 4C90 ACTUAL MEANSs PROPAGATED EST. ERRORSs SOLVE
GCXWP (64915} 4D08 ACTUAL 2ND MOMENT MATRIXe STATE/IGNORE
BEFORE PROCESSING & MEASUREMENT
GCASWP (15915} 4FDA ACTUAL 2ND MOMENT MATRIXs SOLVE-FOR/IGNORE
REFQORE PROCESSING A MEASUREMENT
EMRES(4) S6E0 ACTUAL MEANSes MEASUREMENT RESIDUALS
IGDNF 5700 ACTUAL DYNAMIC NOISE FLAG
I GMNF 5704  NO LONGER USED
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P

DEFINITION

CONTROL

CONTROL

CONTROL
CONTROL
CONTROL
CONTROL

CONTROL

COVARIANCE s
COVARIANCE s
COVARTIANCE
COVARJTANCE s
COYARTANCE -
COVARIANCE s NO
COVARTANCE s

STATE
STATE/SOLVE-FOR
NO LONGER USED
STATE/MEAS, CONS,
SOLVE-FQOR VFCTOR
LONGER USED

SOLVE-FOR/MEAS, CONS.

STATE VECTOR AT T6
TIMF OF LAST GUINDANCE EVENT

NO LONGER USED

STM FROM INITIAL TIME ON FILE 70 TG

- e 28 2 O AT e €2 0 e e T TR e g T S e 5 R D T A R S TR R T T D D ey P T e PR R P P D G N O R34S N R R TS e R R AR R D g T D S e D S D SO A e T

CURRENT ACCELERATION POINT

ACCUMULATED ACCELERATION POINTS TO BE WRITTEN

- D T D DT T W S Y o W an e S T D e T v D e T O i D e AP RS TP P A e e s T e ah TP e A R D e T on T T D o ST Y

SIGNED STEPSIZE

{SEC)

TIME UP TO WHMICH INTEGRATION MAS PROGRESSED .

—— ey e B 0 D - W0 e s T D s w0 E T 3 S 0 SR D g A D . D e R e e R e e e T SR S e e O A TR O e R S D e e e e e T TR

NAME (DIM) DISP
GUI (SIZF 1B¢8)

PG 66 0
CXXSG(Hs15) 120
CXUG(6+98) 3F0
CXVG(6915) 570
PSG(15+15) © 860
CXSUG(1558) F6a
CXSVR(154:15) 1308
XG{&6) 1410
TG 1A40
EM(246) 144R
PHIG{6:6) 1a48
LAGS12 (SIZE &)

K 0
LAGS1S (SIZE &)

IELYN 0
LINKY1 (SIZE 10)

H 0
T R
LINK3IA (SIZE 3F0)
SX1(3) 0
SX2(3) 18
SY1(3+20) 30
SY2(3,20) 2lo

15T SUM
2ND SUM
15T SUM
2ND SUM -

FOR
FOR
FOR

FOR

3-12

FQNS OF MOTION
FQNS OF ™OTION
VARIATIONAL EGNS
VARTATIONAL EQNS



NAME (DIM) ‘DISP

LINK39 (SIZE 10)

YMDIC 0
HMSIC a

MATRIX (SIZE 1C8)

8303} 0
ADOT {343} &8
B(3s3) 90
C(353) D8
GHA 120
0XQ(18) 128
P 188
YP | 1€0

MEAS (SIZE 2EE®R)

TMN(1000) 0
MCODE {1600 1F40
NMN .+« 2EE0

MCNTR - 2EE4

MEQEC (SIZE 48)

EQEC (33} 0

MISC (SIZE 8C)

ACC " 0
FacCP , 8
Facv 1o
Bla(ia) 18
IDNF 78
ICOOR TC
ITR - A0
IMNF 8¢
isP2 58

DEFINITION

= R O S S A s e S TR G o T S S D D o T D e Y TS A o A e G S R P S D D G D e R R S D o0 T R e e e S O T e g e

YEaR, MONTHs DAY IN CODE (INITIAL FILE TIME)
HOURe MINUTE: SECOND IN CODE (SAME TIME)

CONVERSIONs SELENOGCENTRIC TO SELENOGRAPKIC
DERIVATIVE OF A )
CONVERSIONs EARTH INERTIAL 7O FARTH BODY
FIXED

CONVERSIONs MEAN 1950 TO TRUE OF DATE
GREENWICH HOUR ANGLE

NCT USED

X POLAR MOTION ANGLE

Y POLAR MOTION ANGLE

- 0 o 0 e 8 D g S N S e KD e £ O D D A M e e 0 e O D P W W e P g AT e S 3 e e A G RS R S g P K N S G R S N S G e e D S S O e R e

SCHEDULED TIMES OF MEASUREMENTS

CORRESPONDING TYPES OF MEASUREMENTS SCHEDULED
NUMARER OF MEASUREMENTS SCHEDULED

NUMBER OF MEASUREMENT TO BE PROCESSED NEXT

- e D S = D O DT o o S T RR A ED K S K e e o e T i R e e s e O e e e e e e B Y e e e S e e D R D S e o e D e gy O

EQUATORIAL TO ECLIPTIC TRANSFORMATION MATRIX

mEmLTECOEERE T e D D 0 O ep e T T D m, R A R RO R T D S o D W D D RS A W e M Sy A R gy s T R KD A P D R e TS WP D g Op o WP

NOC LONGER USED

NO LONGER USED ' i
NO |ONGER USED

NO (ONGER USED '

FLAG FOR ASSUMED DYNAMIC NOISE

NO LONGER USED

NO LONGER USED

NO LONGER USED

NO LONGER USED
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NAME (DIM)

NAME (SIZE 26R)
EVYNM{11)

MNNAME (1203)
CHMPNM(30?

NOVENT (SIZE Ay

NEVENT
II

OVERPR (SIZE 10}

MMCODE
NR
TRTMZ

OVERZ (SIZE 198}

RI{H) -
RF{&)
ADA(306)
TINJ

TEVN

GA(3oé&)

iGP

NOGEN

PHISAV (SIZE R4A)

TOLD
PHIOLD(6:20)
PHINEW (6:20)

DISP DEFINITION
0 EVENT NAMES
58 MEASUREMENT NAMES
178 NO LONGER USED
0 NUMRER OF MEXT EVENT
4 NO LONGER USED
0 NEXT MEASUREMENT TYPE
4 NUMBER OF ROWS IN OBSERVATION MATRIX
8 TIMF OF NEXT MEASUREMENT OR EVENT
0 TEMPORARY STORAGE FOR STATE VECTOR.
30 TEMPORARY STORAGF FOR STATE VECTOR ‘
60 VARIATION MATRIX
Fn NO LONGER USED
Fa TIMF OF NEXT EVENT
100 GUINANCE MATRIX
190 GUIDANCE POLICY CODE
194 NO LONGER USED
0 Tl FOR PHIOLD
8 ST™ FROM INITIAL FILE TIME TO T1 ‘
3Cr STM FROM INITIAL FILE TIME TO T2 (NEw TIME)
TEMPQORARY STORAGE FOR STM .

FISAVE(£920)

788
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NAME (DIM) DISP DEFINITION

- e DD D S D P o T g e S DO G TR D e e ST e e 5 S D R D s TP TR UD S G W S R W R A S L T X T T N F ¥ Py ]

PRT {SIZE 58)

PLANET(1D) 0 NAMFS OF PLANETS

O D S D e e D T g O D TR T M R O e e D W e D W D SR e P D S R S W NP e TR M A Sk ED A e S D R G e e T D A G T D W A A S R A W gy T WS

PSAVE (SIZE 1a10)

PSAV (834) 0 STORAGE FOR COVARIANCES DURING PREDICTION
AND GUIDANCE EVENTS

- D S e xS T e s S N G S T D D e D S T D WD gy, AP NP W e S SR M D P D D S N D R G e S N R SR O TR R G A D TS A Y A DGR S A O W S D g e W W e

PUNK (SIZE 10}

IPUN 0 PUNCH FLAG TO CORREL

IPUNE 4 PUNCH FLAG FOR EIGENGECTOR EVENTS
IPUNP 8 PUNCH FLAG FOR PREDICTION EVENTS
IPUNG - C PUNCH FLAG FOR GUIDANCE EVENTS

. D D e M O S O gy ) D D T e D R e O D A ey A A D G e D ek W e B e D AP T W D e e i AR A A TR e D W e U AR TR Se wn S B R R e e e R

[

RLINK4 (SIZE 130}

PVINT(6) 0 PLANET STATE AT GIVEN TIME
AFINT(6) ‘ 30 NOT USED THIS PROGRAM
SPINT (6) 60 NGT USED THIS PROGRAM
OBLINT{14) 90 NOT USED THIS PROGRAM
DUMY (6} 100 NOT USED THIS PROGRAM
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NAME (DIM) DISP ' DEFINITION .

T D D D ke T N D D S SR e Y D S D oy - e e S G R e s T A W AR T R CN P o e WP D WD E T g mk S D WD OB b Y SN G s WD RS S om a4

KLINKS (STZE S2RD) o

Q(3) 0 S/C POSITION

QD (3) 18 S/C VELOCITY

20D0(40353) 30 ARRAY OF S/C ACCELERATION VECTORS
XV (3020} 3F0 S/C POSITION PARTIALS

RVYD(3e20) SDO0 S/7C VELOCITY PaRTTIALS

RLINKS (SIZE s0)

THOP I 0 DOUBLE PRECISION VALUE OF 2®PI
GM(11} 8

A S D D R T A e RS gy o g D TR R D IR AR T e W TR N e o e Rk On e O e e wlh e A o AR T OB g e O D D D e e R s A e P A R D i W R D e anam T

SCALE (SIZE B)

SKALFE 0 FACTOR USED TO SUBTRACT FRACTION OF KNOWLEDGE
COVARIANCE FROM CONTROL COVARIANCE IN GUIDM

SLPOPT (SIZE' 3A3)

0J 0 EVAL INTFRNAL

IDAY _ a DAY OF 1ST RFCORD ON EPHEMERIS FILE \
IYEAR C EVAL INTERNAL

1SPAN 10 FYAL INTFRNAL

NBEPM(3) 14 °~ BODIES FOR POLYNOMIAL CQEFFICIENTS

NDEGRE {3} 20 DEGREE OF POLYNOMIALS

NCFDAY ~ 2C  NO, OF DAYS PER CURVE FIT

1SLPS0 30 EVAL TINTERNAL

NBSLP 34 EVAL INTERNAL

- S R O e S s D e e o D I D W e G S O D WD S R e RO S R e R Y O e s S G o e R N S S SR e D e e e S WD e O S e e g = T

SLPREC (STZE D7C)

TSEC ‘ 0 SECONDS FROM START OF THIS YEAR TO MDPT OF
THIS RECORD TIME INTERVAL
PPOLY(3:2052) B POSTTION POLYNDMIAL COEFFICIENTS
VPOLY(3:2092) 3C8 VELNCITY POLYNOMIAL COEFFICIENTS
CAPOLY (353010 788 POLYNOMIAL COEFFICIENTS FOR MATRIX A
CPOLY (353510 AS8 POLYNOMIAL COFFFICIENTS FOR MATRIX C -
PRELH(1N) D2s POLYNOMIAL COEFFICIENTS FOR DELTA H .
IDAY D7R INITIAL D&Y OF THIS RECORD /

!
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NAME (DIM) DISP DEFINITION

- D D D D S G P T D oy O T T e i e D D D T D 0D 3 I O D D S0 S o W S0 e e ) e S e e D e R S o B D D e ) 7 TR G0 A ST i am W D Y e 6D O O3 AP D D R D D D B g g

STM (SIZE 4CD8)

" P{606) 0 COVARIANCE MATRIXo STATE VARIARLES
CXXS(6015) 120 COVARTANCE MATRIXs STATE/SOLVYE=FOR
CXU(&¢B) © 3F0 COVARIANCE MATRIXo NO LONGER USED
CXY {6015} 570 COVARIANCE MATRIXs STATE/MEAS, CONS,
PSI1Gs 15} . 840 CONVAPTANCE MATRIXs SOLVE-FOR PARAMETERS
CXSU(15¢8) Fsg COVARIANCE MATRIX. NO LONGER USED
CXSV (1515} 1308 COVARIANCE MATRIXs SOLVE-FOR/MEAS. CONS.
U0 (8+8) 1Al0  COVARIANCE MATRIXe. CONTROL VARIABLFS (BURN)
V0O(15515) iclo COVARIANCE MATRIXs MEASUREMENT CONSIDERS
PHI{6:6) 2318  STATE-TO-STATF TRANSITION MATRIX
TXXS(6s15) 2438 SOLVE-FOR~-TO=-STATE TRANSITION MATRIX
TXU(6:8) 2708 CONTROL~TO=-STATE TRANSITION MATRIX
B(6:6) 2888 NYNAMIC NOISF COVARIANCE MATRIX
R{bo&) 2948 MEASUREMENT NOTSE OBSERVATION MATRIX
AK{(694) 2A28 FILTER GAIN MATRIX, STATE PARTITION
S(1%04) 2AE8 FILTER GAIN MATRIXs SOLVE=FOR PARTITION
Hl4s6) "2CCR OBSERVATION MATRIX PARTITIONs STATE
AM{4515) 2DBB - OBSFRVATION MATRIX PARTIVIONs SOLVF=-FOR
GlesB) 2F68 OBSFRVATION MATRIX PARTITIONs NOT USED
AL (4915) 3068 OBSFRVATION MATRIX PARTITIDN. MFAS. CONS.

. HPHR 3248 STORAGE FOR MATRIX AJ WHILFE COMPUTING AK
PP(6:6) 3zca COV, MATRIXs STATEs JUST BEFORE MEAS,
CXXSP(6015) 33€8 COV, MAT,o STATE/SOLVEs BEFORE MEAS,
CXUP(6:8) 3688 COV, MAT,s NO LONGER USED
CXYP(6515) 3838 COV, MAT.s STATE/MFAS., CONS. BEFORE MEAS,
PSP(15:15) 3808 COV, MAT,o SOLVYE-FORs BEFORE MFAS.

 CXSUP{15,15} 4210 COV, MAT,y, NO LONGER USED .
CXSYP{15,15) 4500 COV, MAT,.,, SOLVE-FOR/MEAS, CONS. BEFORE MEAS.

D D D S D D D Dy p g W ST R D S O O €D gy €5 TR £ D ap Ob TR A OB g R e D - TS A D D R e €D SO N TR e R e £P O S0 D e A D e S D En G aB A o e gy e

STVEC (SIZE 183)

RI(6) 0 / STATE VECTOR AT TRTMI

XF (6} 30 STATE VECTOR AT TRTMZ

XB(6) 60 NO LONGER USED

NDIMI 20 DIMENSION OF SOLVE=FOR VECTOR
NDImM2 % =0

NDIM3 . 98  DIMENSION OF MEAS, CONS, VECTOR
LAUGIN{Z24) eC INPUT ARRAY OF AUGMENTA&TION CODES

MO NS BRSO T T OO o O eSS DG e D R S R e S W O e R S D e e D D GO D D S S ) e g e W0

TiM (SIZE 30)

. DATEJ : 0 JULTAN DATE (REFERENCED TO 1950) OF TRTMR
TRTM} 8 TIME IN DAYS (SINCE Z2ERQ) OF LAST
DELTH 10 TIME INTERVAL FOR PROPAGATION
FNTM 18 FINaAL TIME
UNIVT 20 UNIVERSAL TIME
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NAME (DIM)

VaRMAT (SIZE AC!
REXV(3)
RADA(306)

IFVMR]

VM (SIZE 1Ds)

ALNGTH
™
DELTP
RC (&)
oe
RST(3)
¥SI(3)
DST
RVYS(6)
VHU

B.
BDT
RDR
DELTH
TIMINT
RE (&)
RTP (A}
CAINC
RCA
TACA
8§$55(3)
NLP
NEP
NBGD
NA

NTP
INPR
IPRNB
ISFH
TNCHMT
TEPHEM
ICL
IPRINT
ICL2

10
18
48
50
68 .
80
88
Ba
con
e
Do
DA
E0
En
118
148
1590
158
160
178
17C
180
184
180
1B4
188
1B6
1Co
1C4
1ca
1CC
1Co

- T ] OF eh e T ey e T Y e e e DGR R O R WD ap S O WD e e R WP SR eD G WD K e em D e Y AR W T T e o e T wn T Sy a m  TE me  my S AE MR A Sy S AR S AR g R e

INPUT IMPULSIVE INSERTION DELTA=V VECTOR
INPUT VARTATION MATRIX

=0, RADA NOT INPUT

=1, RA0A INPUT

- e D D g n e D S R N R D D O OB e £ SR GO KT On D S am e e S e e B T D e A W e TR D e o A U e O A R A TR G RS,

UNITS/A.U. (VALUE SET FOR KM)
UNITS/DAY (VALUE SET FOR SEC)
NO LONGER USED
NO LONGER USED
NO { ONGER USED
NO LONGER USED
NQ [.ONGER USED
NO (LONGER USED
NO |.ONGEFR USED
NO L ONGER USED
NO LONGER USED
NO LONGER USED
NO [ ONGER USED
NO [ OMGER USED
NO LONGER USED
NG | ONGER USED
NO | ONGER USED
NO tOMGER USFD
NO LOMGER USED
NG LLONGER USED
NO |LONGER USFD

LAUNCH PLANET ID (EARTH)
EPHEMERIS PLANET 1D (EARTH)
NO LONGER USED

NO LONGER USED

TARGET PLANET 1D (EARTH)

NO 1LLONGER USED

PRORLEM NUMBER (INPUT)

NO LLONGER USED

NO LONGER USED

NO L ONGER USED

NO LONGER USED ‘
FACH IPRINT=TH MEASUREMENT IS ouUTPUT
NO L ONGER USED
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NAME (DIM} DISP DEFINITION

- e e e e T D T AR e D WD D AR D TR e b AR R WD ek WG TO W TR W T O D S e G e W

= G R S S e AR D T T e @ TR IR W e  wwD

XXXL (SIZE <224}

ASL (1) 0 SOLVE-FOR PARAMETER NAMES

rU(8) 78 NO {_ONGER USED ’

XV (15} B8 MEASUREMENT CONSIDER PARAMETER NAMES
XLAB(6) 130 STATE VECTOR COMPONENT NAMES '
ANM (24 ) 160 AUGMENTATION PARAMETER LABELS

KPRINT ~ 220 =0s PRINT ONLY PHI®P®#PHI(T)

=1y PRINT ALL COVARIANCE DATA
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30302

VARIABLE (DIM)

COMMON VAKRIABLES

BLOCK

IN ALPHABETICAL ORDER

DEFINITION

DS COR P o T o T 0 T R e e T R ey TR T R G N A R T W R D TR D R R W e S ED SR GD O S g O AT S O 6 ST O e S R S o g o W

A{3ed)
ACC
ADA(3eb6) -

ADOT (303)

AEINT (6) .
ALNCT

AK (6494)
AL{%4:15)
ALNGTH
AM{449195)
ANODE7
AN(L4015)

APOLY (353510}
B(3s3) .

B

8DR

RDT

Biatie}
BRNTI™
Ci{3:3)
CAINC
CECC{4+9)
CINC(4e9)
CHEAN(459)
CMEIN(&:15)
CMPNM(30)
COMEG (4 09)
COMEGT (491}
CPLU(AKs15)
CPOLY(3e3:10)
CSAX(2%9)
CXSU(15.8])

"CXSUG(15,8)

CAXSUP(15:15)
CASV(15515)
CASYG(1%513)
CXSYP {15415}
CRU{G:8)
CHUG(&8)
CrUP (6B}
CXV(AaslD)
CRVG(6515)
CAVP (6515)
CAXS(6:15)
CAXSG (/o1
CRASP(be15)

MATRIX
MISC
OVERZ
MATRIX
RLINKS
EVENT
STHM
STH

VM

ST™
EVENT
GENRL

SLPREC
MATRIX

V#

¥

Lo
MISC
EYENT
HMATRIX
VM
BLK
BLK
BLK
GAINC
NAME
BLX
BLK
GATINC
SLPREC
BLK
ST
GUI
ST
STM
GUI
STH
ST™
GUI
ST™
STH
GUT
STH
STH
GUIL
ST™

CONVERSIONs SELENOCEMTRIC TO SEI ENDGRAPHIC
NO LONGER USED '
VARTATION MATRIX

DERIVATIVE OF &

NOT USED THIS PROGRAM

NO LONGER USED

FILTER GAIN MATRIX, STATE PARTITION
OBSFRVATION MATRIX PARTITION, MFAS. CONS,
UNITS/A-Ue, (VALUE SET FOR M)
OBSFRVATION MATRIX PARTITION.
NO LONGER USED

ORSFRVATION MATRIX PARTITION ASSOCIATED WITH
IGNORE PARAMETERS

POLYNOMTAL COEFFICIENTS FOR MATREK Iy
CONVERSION, FARTH INERTIAL TO FARTH BODY
FILXED

NO { ONGER USED

NO LONGER USED

NO LONGER USED

NO |.ONGER USED ‘

DURATION (DAYS) OF FINAL INSERTION BURN
CONVERSIONs MEAN 1950 TO TRUE OF DaTE

MO LONGER USED

NO LONGER USED

NG LONGER USED

NC (.ONGER USED

CORRELATION MATRIX¢ POS/VEL AND SOLVE=FORS
NO 1.ONGER USED

NO LONGER USED

NO |LONGER USED

CORREFLATION MATRIXs POS/VEL AND SOLVE-FOKS
POLYNOMI&L COEFFICIENTS FOR MATRIX C

NO (LONGER USED

COVARIANCE MATRIXs NO LONGER USED

CONTROL COVARIANCEs MO LONGER USED

COV., MAT.s NO LONGER USED

COVARIANCE MATRIXs SOLVE-FOR/MEAS. CONS.
CONT&ROL COYARI[ANCEs SOLVE~FOR/MEAS, CONS.
COV, MAT,.,s SOLVE=FOR/MEAS, CONS. BEFORE MEAS,
COVARTANCE MATRIRs NO LONGER USED

CONTROL. COVARIANCEs NO LONGER USED

COV, MAT.o NO LONGER USED

COVARTANCE MATRIX, STATE/MEAS. CONS,

CONTROL COVARIANCEs: STATE/MEAS. CONS,

COVY, MAT.o STATE/MEAS. CONS., BEFORE MEAS,
COVARTANCE MATRIXT 5T 0 0

CONTROL COVARIANCEs STATE/SOLVE-FOR

COV, MAT,s STATE/SOLVYE, BEFORE MEAS,

SOLVE~FCR

v
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'YARTABLE (DIM)

DNCN(3)
DSI

DUMY (6)
DvVBa (3}
-DXQ@(18)
ECC7
EE(4%)
EEE(4)
EM(296)
ERMN{LS)
‘EMRES {41)
EM1

EMz

EM3

EMe

EMS

EME

EMT

EMA

EMO
EM13
EPS
EPSO
EQEC{(3+3)
FUtR)
EV{1S)
FVNMILI1)

. EWI1S)

EXI(6)
EXSI(15)
EXST(1%)
EXSTP(15)
EXT(h)
EXTP{6)
Face

FACY
FISAVE (6920}
FNTM

FOP

FOov
G(6:8)
GA(306)

VM

TIM

VM s
SLPOPT
CONST
M
RLINKS
EVENT
MATRIX
EVENT
GENGD
GENGD
GUI
BLK
GENRL
DPNUM
DRNUM
DRNUM
DPNUM
DPNUM
DPNUM
DPNUM
DPNUM
DPNUM
OPNUM
CONST
DPFNUM
MEQEC
GENRL
GENRL
NAME
GENRL
GEMNRL
GENRL
GENRL
GENRL
GENRL
GENRL
MISC
MISC
PHISAV
TIM
CONSTZ
CONST2
STH
OVERZ

' DOURLE-PRECISION VALUE OF

T EVENT NAWES

DEFINTITION

JULTAN DATE (REFERENCED TO 1950) OF TRTMB
NO LONGER USED

NO LONGER USED

TIME INTERVAL FOR PROPAGATION

NO LONGER USED

EVAL INTERNAL

DYNAMIC NOISE CONSTANTS

NO LONGER USED

NOT USED THIS PROGRAM

NO LONGER USED

NOT USED

NO LONGER USED

ACTUAL MEANS OF EXECUTION ERROR PARAMETERS
VARTANCES OF EXECUTION ERROR PARAMETERS
NO LONGER USED

NO LONGER USED

ACTUAL MEANSs MEASUREMENT RESIDUALS

1.E-1
DOUBLE-PRECISION VALUE OF lo.E=2
DOURLE=PRECISION VALUE OF 1.E-3
DOURLE=-PRECISION VALUE OF 1.E-¢
DOURLE-PRECISION VALUE OF 1,E=5
DOURLE~PRECISTON VALUE OF 1.E-6
DOUBLE=-PRECISION VALUE OF 1.E=7
DOUBLE-PRECISION VALUE OF 1.E-8
DOUBLE-PRECISION VALUE OF 1.E=9
DOURLE=PRECISION VALUE OF 1,E=13

FARTH OBLIQUITY

DOURLE=PRECISION VALUE OF 1,E¢50
EQUATORTAL TO ECLIPTIC TRANSFORMATION MATRIX
NO LONGER USED

ACTUAL MEANS OF INITIAL MEAS.COND. DEVIATIONS
ACTUAL MEANS OF INITIAL IGNORE. DEVIATIONS
ACTUAL MEANS OF INTTIAL STATE DEVIATIONS
ACTUAL MEANS OF INITIAL SOLVE-FOR DEVIATIONS
ACTUAL MEANS. UPDATED EST. ERRORSs SOLVE-FORS
ACTUAL MEANSs PROPAGATED EST. ERRORSs SOLVE
ACTUAL MEANSs UPDATED EST. ERRORSs STATE
ACTUAL MEANS, PROPAGATED EST. EKRORSs STATE
NO LONGER USFD

NO LONGER USED

TEMPORARY STQRAGE FOR STM

FINAL TIME ‘ |
OFF-D1AGONAL ANNIHILATION VALUF (POSITION)
OFF-DIAGONAL ANNTHILATION VALUE (VELOCITY)
OBSFRVATION MATRIX PARTITIONs NOT USED
GUINANCE MATRIX



VARIABLE (DIM)

DEFINITION

D D e e € T D o gy S D ES D R W S S D R R D g S A RO R e e T SR G AN GR M R G e R T mm S e R AE A S AR SR A A Gn e Ep e e e @ o g

GCASUG(15+8)
GCXSVG(15e15)
GCASHG(15415)
GCXUG{€+8)
GCXVG(6515)
GCXWG(6:15)
GCXXSG(6s15)
GPG(6eb)
GPSG(15-15)

GCUV (8+15)
GCUW (B9 15)
GCVW(15.15)
GCASUL15.8)
GCXSV(15015)
GCXSW(15915)
GCASWP (15515)

GCXU(6+98)

GCKV(6¢15)
GCX¥ (6a15)
GCXWP (6415)

GCXXS(64+15)
GDNCN(3) -
GHA

GM{11)
GMNCNI(15)
GP(606)
GPS(15¢19)
GU(8.8)
GV{15515)
GR(15+15)
H

H{&e6)
HALF

HMSIC

HPHR

RPT
I1AUGIN(2¢)
TAUGH (£4)
ICDA3(20)
ICDT3(22)
ICENTB

ICL

ICL?

ICOOR

IDAY

GENGD1
GENGD1
GENGD1
GENGD1
GENGD1
GENGD]
GENGD
GENGD1
GENGD

GENRL
GENRL
GENRL
GENRL
GENRL
GENRL
GENRL

GENRL
GENRL
GENRL
GENRL

GENRL
GENRL
MATRIX
Rt INK9
GENRL
GENRL
GENRL
GENRL
GENRL
GENRL
LINKI]
STM
DPNUM
LINK39
STM
EVENT
STVEC
GCA
EVENT
EVENT
FLAGS?Z
VM

VM
MISC
SLPOPT

ACTUAL CONYROL SECOND MUMENT MATRICES
NO LONGER USED

SOLVF=-FOR/MEASUREMENT CUNSIDERS
SOLVE-FOR/IGNORE PARAMZTERS

NO ONGER USFD

STATE/MEASUREMENT CUNSTDERS
STATE/IGNORE PARAMETERS
STATE/SOLVE~FOR VECTUR

STATE

SOLVE=FOR VECTOR

NO LONGER USED

NO L ONGER USED

ACTUAL 2ND MOMENT MATRIXs MEAS.CONS./IGNORES
NO LONGER USED

ACTUAL 2ND MOMENT MATRIXs SOLVF-FOR/MS, CN,
ACTUAL 2ND MOMENT MATRIX» SOLVE~FOR/IGNORES
ACTUUAL 2ND MOMENT MATRIKs SOLVE-FOR/IGNORE
BEFORE PRJOCESSING A MEASUREMENT

NO I_ONGER USED

ACTUAL 2ND MOMFNT MATRIXs STATF/MEAS. CONS,
ACTUAL 2ND MOMENT MATRIXs STATE/IGNORES
ACTUAL 2ND MOMENT MATRIXs STATE/IGHORE
BEFORE PROCESSING A MEASUREMENT

ACTUAL 2HD MOMENT MATRIRe STATE/SOLVE-FORS
ACTUAL DYNAMIC NOISE CDNSTANTS

GREFNWICH HOUR ANGLE

ACTUUAL MFASUREMENT N~ISE C=-NSTANTS
ACTUAL STATE 2ND M-MENT =+Twe(

ACTUAL 2ND MOMENT MATRIXs SOLVE=FOF VECTOR
NO LONGER USED \

ACTUAL 2ND MOMFNT MATRIXs MEAS. CONS, VECTOR
ACTUAL 2ND MOMENT MATRIXs I[GNORE PARAMETERS
SIGNED STEPSTZE (SEC)

‘OBSFRVATION MATRIX PARTITIONy STATF

DOURLE-PRECISTION VALUE OF HALF (0.5)
HOURs MINUTEs SECOND IN CODE (SAME TTME)
STORAGFE FOR MATRIX AJ WHILE COMPUTING AK

'NO L ONGFR UISED

INPUT ARRAY NF AUGMENTATION CONES
IGNNRFE PARAMETER AUGMENTATION VrCTOH
NG | ONGER USED

CODES FORr GUTDANCE POLICIES

CENTRAL RODY NUMREW

NO | ONGER USED

NO LONGER USED

NO LONGER USED

DAY 0OF 1ST RECORD ON EPHEMFHIS FILF
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VARIABLE(DIM)

iDaY

IDNF

IEIG
IELVYN
IEPHEM
IEVNT (501
IFVMRY

IGNNF
IGEN

1 GMNF
IGP
IHYP1
11
T1POL
IMNF
INC
INCMNT
INCMT
INCPR
IND(25)
INDSEC(10+3)
INPR
IPRINT
10P7
IPoOL
IPR
IPROB
IPRT (&)
IPUN
TPUNE
IPUNG
IPUNP
ISLP50
ISPAN
ISPH
[sP2
ITR
ITRAT
IYEAR
JPR{&494)
K

KOUNT
KPRIMNTY

MCNTR
MCODE (1000}
MMCODE

___cuun-----———-——h-—--.1.---—-—---——_-.---—--a--_—-—--—_---_-—

SLPREC
MISC
EVENT
LAGS1S
VM |
EVENT
VARMAT

GENRL
GCa

GENRL
OVERZ
EVENT
NOVENT
EVENT
MISC
COM
COM

¥M

COM
FLAGS?2
FLAGS?Z
VM

VM
EVENT
EVENT
COM

VM

COM
PUNK
PUNK
PUNK
PUNK

SLPOPT

SLPOPT
M
MISC
MISC
CoM
SLPOPY
GENRL
LAGS12
CoM
XXXL

-MEAS
MEAS
OVERPR

DEFINITION

INITIAL DAY OF THIS RECORD

FLAG FOR ASSUMED DYNAMIC NOISE

NO LONGER USED

ACCUMULATED ACCELERATION POINTS TO BE WRITTEN
NO LONGE® USED

CODFD EVENT TYPES CORRESPUNDING TO REV TIMES
=0 RADA NOT INPUT

=1o RADA INPUT

ACTUAL DYNAMIC NOISE FLAG
=0y PERFORM NO GENERALIZED COVARIANCE ANALYSIS
=1s PERFORM GENERALIZED COVARIANCE ANALYSIS
NO LONGER USED

GUIDANCE POLICY CnDE

NO LONGER USED

NO LONGER USED

NO L ONGER USED

NO _ONGER USED .

ND |.ONGER USED

NO. 1 ONGER USED

NO LONGER' USED

NO _ONGER USED

CURRENT SECTION FLAGS

SECTION FLAGS
NO LONGER USED
EACH IPRINT=-TH
NO LONGER USED
NG LONGER USED
NO L ONGER USED
PRORLFM NUMRER
NO _LONGER USED
PUNCH FLAG TQ CORREL

PUNCH FLAG FOR EIGENGECTOR EVENTS
PUNCH FLAG FOR GUIDANCE EVENTS
PUNCH FLAG FOR PREDICTIDON EVENTS
EVAL INTERNAL

EVAL INTERNAL

NO { ONGER USED

NO { ONGER USED

NO LONGER USED

NO ¢ ONGER USED

EVAL TNTERNAL

ACTUAL 2ND MOMENT MATRIX,
CURRENT ACCELERATION POINT
NC LONGER USED

=0, PRINT ONLY PHI®P#PHI(T)

=1e, PRINT ALL COVARIANCE DATA

NUMBER OF MEASUREMENT TO BE PROCESSED NEXT
CORRESPONDING TYPES OF MEASUREMENTS SCHEDULEO
NEXT MEASUREMENT TYPE

(

MEASUREMENT IS OQUTPUT

(INPUT)

MEASUREMENT RESTIDUAL
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VARTABLE (DIM)

MNCN(12)

MNNAME (125 3)

MUPLAN(11)
NAF.
NAF K (20)
NA

NROD
NBSLP
NCFDAY
NDEGRE (3)
NBEPM(3)
NRNDY
NRODY I
NDTM]
NDIM2
NDIM3
NDIM4
NEP -

NEV
NEVENT
NEV1
NEV2
NEV3
NEV&
NEVS
NEV6
NEVT
NEVA
NEV9
NEV10
NEV1]
NGE

NLP

NMN
NO(11)
NOGEN
NPE

NQE

NR _
NSECTN
NST

NTP
NTSEQS
ORLINT (14}
OMEGA
ONE
Pl6s6)
PDFLH(10)
PERPT

BLOCK

CONST
NAME
ALK
EVENT
EVENT
YM

VM
SLPOPT
SLPOPT
SLPOPT
SLPOPT
COM
COM
STVEC
STVEC
STVEC
GCA

VM
EVENT
NOVENT
EVENT
EVENT
EVENT
EVENT
EVENT
EVENT
EVENT
EVENT
EVENT
EVENT
EVENT
EVENT
VM
MEAS
BLK
OVERZ
EVENT
EVENT
OVFRPR
FLAGS?Z
CONST
VM
FLAGS?Z
RLINK 4
CONST
DPNUM
STM
SLPREC
EVENT

DEFINITION

MEASUREMENT NOISE CONSTANTS
MEASURFMENT NAMES

GRAVITATIONAL CONSTANTS (KM (I/SECH®2)
NO {ONGER USED _ '
NO LONGEP USED

NO LONGER USED

NO LONGER USED

EVAL INTERNAL

NO. OF DAYS PER CURVE FIT

DEGREE OF POLYNOMIALS

BODIES FOR POLYNOMIAL COEFFICIENTS

ND JLONGER USED

NO LONGER USED .- .

DIMFNSTION OF SOLVE=-FOR VECTOR

=0

DIMFNSION OF MEAS. CUNS, VECTOR
DIMFNSION OF [GNOWRE PARAMETER STATFE
EPHEMERIS PLANFET ID (EARTH)

NUMRER OF EVENTS SCHEDULEU

NUMBRER OF NFXT EVENT

NUMRER OF SCHEDULED EIGENVECTOR EVENTS
NUMRER OF SCHEDULED PREDICTION EVENTS
NUMRER OF SCHEDULED GUIDANCE EVENTS
NUMRER OF SCHEDULED INSERTION EVENTS
NO LONGER USED

NO LONGER WUSED

NO LONGER USED

NO LONGER USED

NO LONGER USED

NO LONGER USFD

NG LONGER USED

COUNT OF GUIDANCE EVENTS

LAUNCH PLANET 10 (EARTA)

NUMRER OF MEASUREMENTS SCREDULED

‘NO LONGER USED

NO LONGER USEN

COUNT OF PREDICTI=-N EVE=TU

NO LONGER USED

NUMRFR OF ROWS IN OBSERVATION MATRIX
CURRENT SECTION NUMHER

NUMRES OF STATIONS TU BE USED (MAXTMUM 3)
TARGET PLANET ID (FARTH)

TOTAL NUMBER OF SECTIONS

NOT USED THIS PROGRAM

ROTATION RATF OF FAKTH
DOURLE=PRECISION VALUE OF ONE ({1.0)
COVAKIANCE MATRIXe« STATE VARIARLES
POLYNOMIAL CQEFFICIENTS FOR DELTA m
NO LONGER USFEN
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VARTARLE (DIMY | BLOCK DEFINITION -

- e e W W wr G T g e A D S oy g e S S . e Y e e W MR, e e e e e -

HG(6ah) GUI CUONTROL CUOVARPTANCF. STaTE

PHTI (As6) STM™ STATF=T0=STATF THANSITION MATRIX

PHIG(Ae6B) GUI STm FrOM [nITIal, TIME NN FILE TO TG

PHINFW{Re2U0) PHIGSAY STM FoOM JNTITIAL FILE TIME TO T2 (NEwW TIME)

PHIOI D(APU) PHISAY STe FROM INTTIAL FILE TIME TO 71

PI1 con MATHEMATICAL CONSTANT 2]

PLAMFT(11) PRY MAMES OF PLANKFTS

PMASSI(11) HLK T GRAVITATIONAL CONSTANTS (AcUo#a3/0aY2%2)

FPMIN(GReh} GAINC POS/VYFL COVARIANCF BEFQHE MEASUHEMENT (wWI.S)

PP(6aR) ST COV, MaTRTxs STATEs JiUST BEFOKE MEAS,

PPLUBSE) GAINC POS/VEL COVARIANCFE AFTER MEASURFMENT (wWLS)

PPOLY(3:2097) SILPRFC  POSTTION PO YNOMTEL COFFFICIENTS

PS{15+15) STM CUMVARTIANCE MATRI X 20LVE-FOK PARAMETERS

PSAV (H3a) PSAVF STURAGBE F=H COVARIANCES DURING PREDICTI-N
AND GUINDANCE EVENTS

PSHI15%:16) GUI CONTROL COVARTANCE s SOLVE=FOK VECTOR »

PSMTN{]5415) GaING SOLVE=-FOR COVARIANCE REFORE MEASUREMENT (WLS)

PSP (15415%) STwM COv, mAaT s SOLVE=FORs BEFORE MEAS,

PSPL1I{]1S515) GAINC SOLVF=FQR COVAKRIAWEFE AFTER MEASUREWMENT (WLS)

PVINT{£) RUINKS& PLANET STATE AT GIVEN TIME

PT ' EVENT N L ONGFR USED

@3) RLINXS  S/AC POSITION ‘

DikeA) ST DYNAMTIC NOTSF COVaRIANCE MBTRIX

QD¢ RLINKS  S/7C VELOCITY

QPR{6oR? GENKL ACTHAL ZMD MOMFNT MATRIXe DYNAMIC NOISE

R{b4ok) STm MEASHREMENT NOISFE OBSERVATION MATRIX

RAD COom NUMHER (OF NEGRRFES PExr RaDIAN

RADA(Jok) C VARMAT  INPUT VASIATION MATRIX

RADTUS(11) R« RANTT OF THE PLANETS (A.Us)

RC(A) ) V NO | ONGER HSED

KC A : V14 MU | ONGER USED

RE (&) Ty ND | ONGER SFD

REXV(3) VARMAT  INPUT IMPUILSIVE INSEFTION DELTA=V VECTOR

KF (&) - OVERZ TEMPQRARY STORAGF FOF STATE VECTOR

R (K} . OVERZ TEMBQORARY STORAGF FOI? STATF VECTOR

RMASS (11} ALK GHAVITATIONAL CONSTANTS (SELATIVE TO SUN)

RPP (4¢4) GENRI.  ACTUAL ZnND MOMFNT MATHTLs MEASUREMENT NOISE

HSAVE (6) GAINC STATF VECTOR AT TrasT ,

RSI () 2 NO LONGER USED

KTP (&) Y NO O |LONGER USED

HVS (4} VM NU LONGFRQ 1JSFN

S(158,4) ST™ FILTFAR GAIM MAT<I%s SOLVE=FOR PARTITION

SaL(3) CONST STATION ALTITUNDES (AHOVE <ADIUS OF EAKRTH)

SIGAILRP EVENT = VARTANCE 0OF FRROR IN PDINTING ANGLE ]

SIGRET EVENT VARTANCE ()F FREOR TN POINTING ANGLE 2

SIGPRO EVENT VARTANCE UF PROPORTIUNALITY ERROR

SIGRES FVENT VARTANCE OF RFSOLUTION £RROW

Swa) F SCALF FACTOR USEN TO SURTKACT FRACTION OF KNOWLEDGE
COVARTANCE FROM CUNTROL COVARIANCE IN GUIDM

SLAT(3) CONST STATION | ATITUDES

SLONI(3) CONST * STATICN LONGLITUDES
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VARTABLF(DIM)

SMJR(7+9)
‘SPHERF (11).
SPINT(6)
85%(3)
SV1{3s20)
SVZ2(3.20)
SX1{3)
SXP(3)

T

1

TACA

Tau7
TEV(50)
TEVN

TG

THRFE
TIMINT
TINY
TLaST

T™
TMN(1000)
TOILN
TPT2(20)
TRTM]
TRTMD
TSEC

T

TWOPT
TWOPT
TXU(6s8)
TAW{6:15)
TXXS(6+15)
UNTVTY

ust el

UG (R«8}
Mo
VPOLY(3s7052)
VST{3)
VO(15-15)
VST (3)
WST(3)

XP (A)

AF (/)
XG{45)
X1(F)
X1G(15)
X_AR(6H)
XNM{24)
AR (8)

BLK
BLK
RLINKS
VM
LINR38
LInNKg3a
LINK3H
LInNK38
BLX
LINKL]
VM
EVENT
FVENT
OVFERZ
GUI
DPNUM
VM
OVERZ
GAINS
V™
MEAS
PRISAV
EVENT
TIm
OVERPR
SLPREC

DPNUM
DPNLIM
RLINKYG
ST
GENRL
STM™
TIM
CONST?
STM™

Vi

" SLPREC
CONST?
STM™

VM
CONST2
STVEC
STVEC
GUI
STVEC
LCa

XK XL
XAXL
BLK

DEFINITION

- R e o W W M D e T D T P e e e TR A TS TP e e e e T A w S D AR e o o W WP

NO LONGER JSER ‘ \
SPHFRES OF TINFLUFNCE (a.Ua)

NOT USED THIS PROLRAM

MO | ONGER UISED

YST SUM FOR VARIATIONAL EQNS

ZND SUM FOR VARIATIONAL EJNS

15T SUM FOR FQNS OF MOTTON

Z2ND SUM FOR FONS OF MOTION

TRANFCTORY TIME IN UAYS.

TIMF UP TO wHINH INTEGRATION HAS PPOGRFSSEU
NO LONGER USED

NO [ONGER USED

SCHEDULED TIMFES 0OF EVENTS

TIMF OF NEXT EVENT

TIME OF LAST GUIDANCE EVENT
DOURLE-PRECISION VALUE OF THREE
NO 1 ONGE=- USED

NG LONGER SED

TIME WHEN MEASUREMENT LaST PROCESSED

UNTTS/DAY (VALUE SET FOR SEC)

SCHEDULED TIMES OF MEASUHEMENTS

Tl FOR PHIOLD

TIMFS PREDICTEND TO IN PREDICTION EVENTS .

TIME [N DAYS (SINCFE ZER0O) OF LAST

TIMF OF NEXT MFASUREMENT OR EVENT

SECNHNDS FRUOM START UF THIS YEAR TO MDPT @F

THIS RECORD TIME INTEwVAL

DOUBLE=-PRECISION VALUFE OF Tw0 (72.0)
DOURLE=PRECISION VaLUE OF 2.%P1

DOURLE PRECISTION VALUE OF Z2.%P1
CONTRO[.-TO~STATFE TRANSITION MATRIX

STM PARTITION ASSOCIATED AITH IGNORE PARAMETERS
SOLVE-FQOR=TD=STATrE TRANSITION MATRIX
UNIVERSAL TIME

XK=DIRFCTTION COSINF FOR STARS
COVARIANCE MATRIXxs CONTROL VARTABLES
NO | ONGER USFD

VELNCTITY POLYNOMIAL CUFFFICIENTS
Y=DIRECTTION COSINF FORrR STARS
COVARTANCE MATRIXe MEASUREMENT CONSIDERS
NG 1 ONGER USED

Z=DIRECTION L£OSINMFE FOR STARS

MO L ONGER USED

STATE VECTDR AT Tw=TM/

STATFE VFCTHR aT TG

STATE VFCTOR AT TRTHI ,

IGNDOKE PARAMETEWR LAHLES

STATE VFCTOR COMPONENT NAMES
AUGBMFNTATION PARAMETER LAHELb

STATE VFFTIQ OF PLANET

(3.0)

(BURN)
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VARTAALF (1D IM)

X9

XS (1%)
XU({R)
AV(3is20)
AV(15y
AVND({3:20G)
YmMnic

YP
ZND(4093)
ZFRN

KLOCK

MATKT X
AHXKL
XX
RLINKS
XX XL
L INKS
LINK3O
MATRIX
RL INKS
DENJM

DEFINTITION

X POLAK MOTINN ANGLE

SOLVF~FOR PARAMETER NAMES

NO LONGER USED

S/C POSITION PARTIALS

MEASUREMENT CONSTDFR PARAMETER MNAMFS

S/C VELOGLTY PARTIALS

YEAD, MOMTHs DAY IN COOE (INITIAL FILE TIME)
Y POLAR MOTION ANGLE |

BHRAY OF S/C ACCELERATION VECTOWS
DOUARLE-PRECISION VALUE OF ZERD (040)
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4, INDIVIDUAL SUBROUTINE DOCUMENTATION

This chapter provides the detailed documentation of the subroutines
comprising the STEAP-L programs. The subroutine hierarchy for NOMINAL
and ERRAN are defined in Figures 2.1 and 3.1, An alphabetical listing
of all subroutines appearing in STEAP-L is given in Table 4.1 with a
description of the program(s) that use the subroutine. Subroutines
that are part of the Goddard Trajectory Determination System (GTDS)
and are unchanged are not documented in this report as existing doc-
umentation is available at GSFC, Table 4.2 lists the pu'rposes of the
documented subroutines (again In alphabetical order) for convenient

cross-reference,

The following pages then detail each subroutine in alphabetical
order, The level of documentation of the subroutines is based on their
complexity. Simple utility routines are described by defining their
purpose, call sequence, and input and output arguments. The documenta-
tion of more complicated routines defines local amd common variables

computed by the routines, mathematical analysis, and flowcharts.
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(3) Ivigaz
(9-N) Wnsx
(9-N) ¥0Om
(9-N) 900X

(5-N) 2J¥IIVA
(9-N) ZQa9OMI
(N) SdSNIIL
(N) x31Ird1
(2) WIVEL

() INIL
(9-N) J0OKWIL
(d) TWIL
(9-N) HISHL
(o-N) 4Id1

(9-N) NOOL
(3) Z9IKAS
(4) MIINXS
(5-N) SHNS
(4) 9aoAls

(3) ¥IWLS
(N) Ndavils
(d) A4vaLs
() TIIVLS
(N) 0Z001Ss

(4) IJTHS
(N) 113S
() NAHIIS
(3) adHOS
(3) IVWAVS

(N) Iuvisd
(d) WIsd
(4) €INT™d
-(N) WITTg
(d4) gdyd

(9-N) ¥v10d
(9-N) ASSYH4
(9-N) SSVWd

(aN) daoAd
(9-N) 413vd

(N) I9mgdo
(N) INITIO
(N) aNEgy¥o
(9-N) 111S90
(9-N) WI1s40

(3) WIN
(9-N) dVIMIAN
(9-N) I9VISK

(4) INIWOW
(1) ONEW

-

() NVIW
(AN) NIIVH
(N) d0071
(N) ILY9WVT

(4) 1900V(

(9-1AN) dINI
(N) OTIINI
(N) I19dzH
(N) ALCYIH
(N) WIdddH

(N) HONOVTH
(N) SNAISH
(1) wWarnos
(2) ains
(I) JRoodO

(I) INTYID
(I) WAVND
(N) SNVAI9

(7) vHD
(d) MoDIAD

(4) aIoNEd
(3) yivao
(F) INIVD

(o-N) ADY¥OI
(9-N) sad¥od

(QIINIWNO0d ION) HNILNOY SdAIO -
INILNOY NVHYE
INILNOY TYNWON -

(9-N) Xdvd
(9-4N) TVA"
(aN) xW1nz

(4) Nvaad
(IN) I9H43

(9-N) WATd
(1) AHOIH
(N) dQWodH
(N) oudza

(4) oNza

(7)) gxa
(1) 1visad
(N) ITNSAQ
(N) AIdsad

(1) ovwad

(N) @iI03Ad
(N) 4WoDAd

(N) AXnd
(N) IINnG
(N) 1D3nsa

(N) Id1HSsd
(N) qua

(N). 9NSKHa
(AIN) AdIVHA
(N) aavra

SANIIA0YINS dJ0 ONILSIT TVIILHAVHAIV 1'% JTdVL

B
-4
‘N SINIDHT

(5-N) 11nrCa
(9-IN) 1Ara
(9-4N) WILTHa
(4) d10dda

(N) Ioaad

(N) 1DdAvd
(N) ZADNVd
(N) aWONvda

(3) viva
(N) Asdvda

(5-N) dd1S8D
() 19viso
(N) TIIMOD
(4) IVWAOD
(3) TIWI00

(5-N) DASNOD
(9-N) IIVAD
(N) T1E9vD
(N) 10079
(N) AN¥nd

(N) Nang

(d) viva Moo1g
(5-N) v1vad o014

(3) ADIADLY
(N) HS0OV

4-2



NAME
ACOSH
ATCEGV
BLOCK DATA
ERRAN
BURN
BURNV
CALJUL\
CAREL

CHRREL
C@VMAT
COWELL

CSTART
DABSV

DANGMD
DANGV2

DATA

DAVECT
DDOT
DDOTB
DMADD
DMATPY
DMSUR

DRD

TABLE 4.2 PURPOSES

PURPOSE
To Compute the Hyperbolic Arc~Cosine

To Compute Eigenvalues and Elgenvectors of Actual Target
Condition and Moment Matrix

To Load Constants. into Common Locations used in Various
other Parts of the Program

To Compute the Current Accelerationidue to a Finite Burn
To Compute the Finite Burn Partials

Ta Compute Julian Déte from Calendar Date or Vice Versa
To Transform Cartesian Coordinates to Conic Elements

To Convert Covariance Matrix Partitions to Correlation Matrix
Partitions and Standard Deviations and Write them out

To Conveért Standard Deviation/Correlation input to Covariance
Form

To Control the Integration Logic after the Integrator
has been Initialized

To Read the Header Record on the Sequential Orbit File
To Calculate the Magnitude of a Vector
To Modularize an Angle on Two PI

Calculate a Directed Angle Between Two Vectors in 3 space

'To Read input Data, set Default Values, Initialize and Set

Internal Parameters and Print Initial Conditions
Vector Addition

Vector DOT Produet -

To Return the DOT (Innetr) Producf of Two 3-Vectors
Matrix Addition

Matrix Multiﬁlication

Matrix Subtraction

To Compute Latitude and Longitude of a Vector -
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NAME
DSHIFT
DSVECT
DUNIT
DUXV
DVCOMR

DVECRD

DVSDIV
DVSMLT
DVMAG
DVSTAT
DXB

DYN@

DZERO

ECOMP

EIGHY

EPHGT

ERRAN
EULMX
GAINl
GDATA
GENGID
GETCOW
GHA

GIDANS

PURPOSE
To Shift one Vector inte Another
Vector Subraction
To Unitize a Vector
To Form a Vector Cross Product
To Combine (add) Two Vectors, Each Multiplied by Scalars

To Compute a Unit Vector from its Right Ascention and
Declination

Vector Scalar Division

Vector Scalar Multiplication

Calculate the Magnitude of a 3-Vector

To Compute and Print Statistical Delta-V Parameters
Calculate the Cross Product of Two 3-Vectors

To Compute Assumed and Actual Dynamic Noise Covariance
Matrix

To Generate a Zero Vector

To Compute Differential Transformation Relating Target
Variables to State S ‘

To Control the Computation of Eigenvalues and Eigenvectors

To Retrieve from the Direct Access SLP File, the State Vector
of a Planet with Respect to the Sun at an Arbitrary Julian Date

To Control the Computational Flow of the Basic Cycle
ToICompute Transformagion Matrices

To Compute the Kalman Gain Matrices

To Initialize Generalized Covariance Quantities

To Generate Statistics Relating to Actual Guidance Events
To Generate -a State Vector at a Requested Time

To Compute the Greenwich-hour Angle and Universal Time
Dummy Link with Non-Halo Orbit Options

44




NAME

GNAVM

GPRINT
GQCAMP

GUID

GUIDM

HGIDNS

HLAUCH

HPRELM

HIRJTY
HZERIT
INITLC

JAC@BI

LAMBRT
LOOP
MATIN

MEAN

MEN@
MAIN

M@MENT

NTM

PURPOSE

To Propagate Covariances Between Measurements and Events
and to Update them at Measurements

To Print Actual Estimation Error Statistics
To Compute Actual Execution Error Statistics

To Compute the Variation, Guidance and Target Condition
(BEF@RE) Covariance Matrices

To Control the Execution of a Guidance Event

To Compute the Change Required to the Control Variables
for Targeting :

To Compute the Injection Time

To Initialize Constants and Default Values, Read Input
Data, and Calculate the Zero Iterate Guess

To Control the Trajectory Generation Phase
To Compute the Initial for Targeting when IZERO = 6 or 7
To Initialize Constants

To Calculate the Eigen-Values and-Vectors of a Real
Symmetric Matrix '

To Solve Lamberts ?roblem for Transfers less than Two PI
To Solve Lamberts Problem for Transfers Greater than Two PI
To Compute the Inverse of a Matrix

To Propagate and Update the Means of Actual State and
Parameter Deviations and Estimation Errors

To Compute Assumed and Actual Measurement Noise Covarilances
Entry Point to Program NOMNAL

Toe Convert Covarilance Matrix Partitions to Correlation
Matrix Partitions, Calculate Eigen-Values and -Vectors and

to Print

To Read the Trajectory File and Manipulate State
Transition Matrices
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NAME
ORBINT
ORBEND
@RBWRT
PECEQ
PRELIM
PRED
PRINT3

PSIM

PSTART
SAVMAT
SCHED
SETEVN
SHIFT
SL0020
SET1

STAPRL

STEAPE

STMPR

STVCPR

SYMTRK

SYMTRZ

TIME

TINE

PURPOSE
To Initialize the Sequential Orbit File with Partials
To Write a 'Final' Record to the Sequential Orbit File
To Write Records to the Sequential Orbit File
To Compﬁte the Ecliptic to Equatorial Transformation Matrix
Dummy Link with Non-Halo Orbit Options
To Make Prediction Event Calculations
To Print Measurement Information

To Calculate‘the State Transition Matrix from T2 to T3
using the Tl to T2 and Tl to T3 State Transition Matrices

To Initialize the State Partial Matrix

To Store a Vector P in a Vector Pl

To Order the Measureﬁent Schedule

To Control All Event Calculations

To Shift a Double Precision Array to‘Another Location
To Minimize F(X)

To Initlalize the Flags for use by Integration Routines
To Compute Station Location "Partials

To Control the Error Analysis Mode of‘STEAP

To Print the State Transition Matrices

To Print the State Vector in Several Coordinate Systems

To Symmetrize a Square Matrix

To Fill the Upper-Right Triangle of a Symmetric Square
Matrix whose Lower-Left Triangle was input

To Convert a Time in Seconds to Days, Hours, Minutes and
Seconds

To Compute the Julian Date Relative to 1900 from the Calendar - .
Date or Vice Versa

b6



NAME PURPOSE

TRAKM To Compute the Augmented Observation Matrix Partitions
TRNSPS " To Form the Transpose of a Matrix

TRJITRY Dummy Link‘with Non«Halo Orbit Options

ZERMAT To Zero a Matrix
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4

FUNCTION ACOSH

PURPOSE:

TQ COMPUTE THE HYPERBOLIC ARC-COSINE

CALLING SEQUENCE: RES=ACOSH({X)

ARGUMENTS :

'

X 1 VALUE OF HYPERBOLIC COSINE
ACOSH O HYPERBOLIC ARC-COSINE OF X

SURROUTINES REQUIRED:

NONE

SURROUT INE ATCEGY

PURROSE B

ACOSH=-A

TO COMPUTE EIGENVALUES AMD EIGENVECTORS OF ACTUAL TARGET

CONDITION 2ND MOMENT HMATREX

CALLING SEQUENCE® CALL ATCEGVI(III,ATCyEDT,FOV)

ARGUMENTS?® III I NUMBER OF ROWS IN ATC MATRIX

ATC I ACTUAL TARGET CONDITIGN MATRIX

EOT I ACTUAL TARGET STATE DEVIATION MEANS

Fo¥ I FINAL OFF-DIAGONAL ANNIHILATION TERM FOR JACOBI

SUBROUTINES SUPPQRTEDY GENGID

SUBROUTINES REQUIRED? EIGHY

COMMON USEDS

LOCAL SYMBOLSS® DUKL QUTPUT MATRIX FOR JAaCOBI

EGVL  EIGENVALUES

PEIG INTERMEDIATE ARRAY'

R OW INTERMEGIATE VECTOR
s ATC COVARIANGCE ARRAY(3,3)
SOUM ATC COVARIANCE ARRAY(2,2)
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BLOCK DATA - ERRAN

PURPOSE: TU L OAD CONSTANTS [NTO COMMON LOCATIONS USED IN VARIOUS
OTHER PARTS OF THE PROGRAM,

CALLING SEWUENCE! NONE
ARGUMENT:  NONF

SUBROUTINES SUPPURTED: HALF THE SURROUTINES USE THE CONSTANTS
STORED BY THIS BLOCK DaTa

SURROUTINES REQUIRED: NONE

COMMON LOAUED: ALAB XNM £ VNM MNNAME  OMEGA Pl

RAD RMASS RADTUS MUPLAN. PMASS PLANET
T™ SIGHFS SIGPRO SIGALP SIGBET MNCN
NLP NEP NTP ALNGTH  TwWOP| DNCH
IGAIN IGEN EML13 EPSO IDNF IPROB
1IFVMRI  ZERO ONE TWé0 " HALF THREE

f EMl FM2 EM3 EM& EMG EMS
EM6 Erm7 EMB FMo SAL SLAT
SLON
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BLKDAT-1

The subprogram BLOCK DATA loads constants into common blocks used by the sub-
routines in the ERRAN program.

The arrays loaded are:

XLAB Hollerith names of the state-vector components

XNM Hollerith names of the augmentation parameters

EVNM Hollerith names cf the event types

MNNAME Hollerith names of the measurement types

OMEGA Mean sidereal rate (radians per day)

PI T (conversion factor)

RAD Degrees per radian (conversion factor)

RMASS Mass ratics of the planets (mass of the sun = 1.0)
RADIUS Planet radii in A.U.

MUPLAN Gravitational constant times planet mass (km3/sec2)
PMASS Gravitational constant times planet mass (A.U.3/day2)
PLANET Hollerith name of the planet

™ Number of seconds per day (conversion factor)

SIGRES

SIGPRO Execution error means of resolution, proportionality,
SIGALP and aiming angles a, B

SIGBET

MNCN Noise constants for measurement types

Egg Planet number for launch, ephemeris, and target planets
NTP (nominally 4, for. Earth) :
ALNGTH Number of km per A.U. (conversion factor)

TWOPT. 27 (conversion factor)

DNCN Dynamic noise constants (acceleration squared)

IGAIN Flag to choose Kallman-Schmidt filter (=1, nominal)
IGEN Flag to use (=1) or not use (=0) generalized covariance
capabilities (nominally 0) -

EM13 10-13 (comstant)

EP50 1050 {constant, "infinity")

IDNF Flag to use dynamic noise constants

IPROB Problem number

IFVMRI Flag set if variation matrix (n) read in (nominally 0)
ZERO

ONE

TWO Double precision constants 0., 1., 2., .5, 3.

HALF ,

' THREE ' -
EM1 - EM9 Double precision constants (10_1, 10'2, ey 10'9)
SAL
SLAT Station location constants (altitudes in kilometers above
SLON mean radius of Earth, latitudes and longitudes in degrees)
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BURN-A

SUBROUTINE BURN
PURPOSE: TO COMPUTE THE CURRENT ACCELERATION DUE TO A FINITE BURN

CALLING SEQUENCES CALL BURN({ACTH)

ARGUMENTS: -
ACTH 0 ACCERATION VECTOR

LOCAL SYMBOLS:

DM3

GRAV GRAVITATIONAL ACCELERATION

XMASS INITIAL SPACE CRAFT MASS
SUBROUTINES REQUIRED:

NONE
COMMON USED: .

H TBURN

T ALPHA

SCMASS BETA
THRMAG RPD
Xisp

COMMON COMPUTED:
DMASS cosB
CURMAS SINB
CosaA
SINA
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SUBRQUTINE BURNYV
PURPQSE: TO COMPUTE THE FINITE BURN PARTIALS
CALLING SEWUENCE: CALL BURNYV

ARGUMENTS:
NONE

LOCAL SYMBOLS:
NUNE

SUBROUTINES REQUIRED:
NONE

COMMON USED:
THRMAG SINB
SINA COSB
Cosa CURMAS
COMMON COMPUTED:

ACCPAR
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CALJUL-A

SUBROUTINE CALJUL
PURPOSE: TO COMPUTE JULIAN DATE FROM CALENDAR DATE OR VICE VERSA

CALLING SEQUENCE: CALL CALJUL(DJ91YsMOs EDsIHIMI+Ss ICODE)

ARGUMENTS ;
0J JULTAN DATE
1Y CALENDAR YEAR
MO MONTH OF YEAR
10 DAY OF MONTH
IH HOUR OF DAY
M1 MINUTE OF HOUR
S SECONDS OF MINUTE

ICODE 1 OPTION FLAG
0=CONVERT FROM CALENDAK DATE TO JULIAN DATE
1=CONVERT FROM JULIAN DATE TQO CALENDAR DATE

SUBROUTINES REQUIRED:
NONE
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CAREL-A

SUBROUTINE  GAREL

PURPOSES  TRANSFORW CARTESEAN COORDIMATES TO CONIC ELEMEMTS
CALLING SEQUENCES OALL CRREL(GM,RyYoTFPoA,EeW oI, RN, TAoPP QA HHD
ARGUMENTS  GH I GRAVIVATIONAL COMSTAMT OF THE CENTRAL BODY

R(3D i POSITION VECTOR RELATIVE TO CENTRAL 8OOV

¥(3) I VELOCITY VECTOR RELATIVE 7O CENTRAL BODY

TFP 0 TIRE OF FLIGHT FROM PERIAPSIS ON THE CONIC

A 0 SEMI-HAJOR AXIS OF THE CONEC

€ 0 ECCEWTRICITY OF THE GONIC

K 0 ARGUNENT OF PERIAPSIS OF THE CONIC

X1 0 INGLINATION OF THE EONIC TG THE REFERENCE
FRANE -

X6 0 LOWGITUDE OF THE ASC(NDING NODE OF THE
coMIC | |

TA 8 INSTANTAMEOUS TRUE ANONALY GF THE CONIC

PP(3) O UNIT VECTOR TONARD PEREAPSIS O CONIC

QGI3) 0 UKIT VECTOR MORWAL TO PP IN ORBITAL PLANE

Wk 3D 0 UNEIY VECTOR MORMAL 70 CRBITAL PLANE

SUBROQUTINES REQUIREDE NONE

LOCAL SYMNBOLSS AUXF ECCENTRIC ANONALY (HYPERBOLIC CASE!?

) AVA WEAK ANOMALY (ELLIPTIC CASE}
COSEA COSENE OF THE ECCENTRIC ANMOMALY €ELLIPTIC
GASE? .
GEVA COSINE OF THE TRUE ARORALY
c NAGNITUDE OF THE ANGULAR HOERENTUR
DIV INTERMEDIATE VAREABLE IN CALCULATION OF

ECCENTRIC ANOMALY
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E&

RAD
R0
RM

SINEA

SINHF
STA

TANG

¥

CAREL~A

ECCENTRIC ANOMALY (ELLIPTIC CASE)
SEMI-LATUS RECTUN OF THE GONIG |
DEGREES TO RADIANS CONVERSION CONSTANT
TIME DERIVATIVE OF RADIUS

MAGNITUDE OF CARTESIAN POSITION VECTOR

SINE OF THE ECCENTRIC ANOMALY {ELLIPTIC
CASE) :

HYPERBOLIC SINE OF AUXF
SINE OF THE TRUE ANOMALY

INTERMEDIATE VARIABLE USED YO CALCULATE
SINKF

MAGNIVYUDE OF THE CARTESIAN VELOCITY VECTOR

INTERMEDIATE VECTOR USED TO CALCULATE
PP; QC VECTORS
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CAREL-1

CAREL Analysis

"CAREL converts the cartesian state (position and velocity) of a masaless
point referenced to a gravitational body to the equivalent conic elements
about that body.

v

Let the cartesian state be denoted T, and let the gravitational con-

gtant of the centrzl body be u .
The angular momentum constant ¢ is
¢ =  |'E X E?] (1)

A
The unit normal W to the orbital plane is

A -t b
W o= r %V : (2)
. c ‘ .
The semilatus rectum p Is
02 .
P = el (3)
The semi-major axis a 1is
a = L 4
— | (4)
2 -

Thus & >0 f£or elliptical motion, a< 0 for hyperbolic motion. The
eccentricity e .is i

-

(5)

o
L}
[
]

& o

Thus e <1 for elliptical motion, e > 1 for hyperbelic motion. The
inclination of the orbit {1 1is computed from

A

coe 1 = W, ! . | {6)

The longitude of the ascending node {§ is defined by

o>
»

ten @ = - :

£
g
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CAREL-2

The true anomaly f at the given state is computed from

cos f = RZL gin £ = L , (8)
er -~ de

‘Now define an auxiliary vector % by

PR S R S (9)
c [+
Then, ? , the unit vector to periapsis, and a , the in-plane normal
tc P , are defined by
2 A ‘ A
P = TYcos f - =z sin f (10)
a = Tsinf + Z cos £ (11)
where T =X The arpument of periapsis w is then computed from
r
o)
P
tan w = <% (12)
, 6’

F4

The conic time from periapsis ¢t is computed from different formulae
depending upon the sign of the sBmi- -ma jor axis For a >0 (elliptical

motion)
~ ‘
t =\ 5~ (E-e sin E)

P
e + cos { gin E = Vi - e2 gin f

13
1 4+ e cos 1 +‘e cog f (13)

cos E =

For a <0 (hyperbollc motion} the time from perlapsis is

V ( e sinh H - H)
8. fe-1 i
tanh > ey tan > (14)

Reference: DBattin, R. H., Astronautical Guidance, McGraw-Hill Book Co.,
Hew York, 1964, '
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SQBROUTINE CORREL

CORREL-A

PURPOSE? GCONVERT COVARIANCE MATRIX PARTITIONS TC CORRELAVION
HATRIX PARTIVIONS AND STANDARD DEVIATIONS AND WRITVE

THEY OUT

CALLING SEQUENCEE CALL CORREL{(PP,CXXSP,PSP,CXUP,UD,CXVP,VD,CXSUP,

ARGUMENT ¢ PP

- CXXSP

PSP
CXUP

U]
CxXve
va
Cxsup

CXSVYP

SUBROUTINES SUPPORTEDS

LOCAL SYHBOLSE: 0Oum

IEND

ROW

sap

2z

COmMMON USEDD IbtIN
KL AB

I

CASVYP}
PUSEY;ONfVELOCITV COVARIANCE HATRIX

CORRELATION BETHEEN SOLVE-FOR PRR&METERS‘
AND POSIVION/VELOCIYY STAVE

SOLY¥E-FOR PARAMEVER COVARIANCE ®AVRIX

CORRELATION BEVWEEN POSITION/VELOCLITY SYAVE
ANG DYNAMIC CONSIDER PARAHEVERS

DYRAMIC CONSIDER PARAMETER COVARIANCE
HATRI X

- CGRRELATION BETHEEN POSIVIORN/VELOCITY STATE

AND MEASUREMENY CONSIDER PARAWETERS

HEASUREMENY CONSIDER PARAMETER COVARIANCE
MaTRIX

CORRELATION DBETHEEN SOLYE~-FOR PARAMETERS
AND DYNAMIC CONSIDER PARAKETERS

CORRELATION BETHEEN SOLVE-FOR PARAMETERS
AND MEASUREMENT COMSIDER PARAWETERS
PRINTZ SETEVH GUIDN  PRED
INYERSE OF SQUARE ROGT OF OIAGONAL
ELEMENTS IN OVYNAHMIC AND HEASUREMENT
CONSLDER COVARIANCE PARTIVIONS

COUMTER INDICATING VOTAL NUMBER OF
AUGMENTED STATE YARIABLES

INTERWEDIZTE COMPUTATION AND OUTPUY VECTOR
THVERSE OF THE SQUARE ROOT OF DEAGONAL
ELEMENTS IN WEWICLE AND SOLYE-FOR
COVARIANCE PARTITIONS

SYAKDARD DEVIATION

XKPRINY NDIML WNOIMZ  NDIN3  ONE
XSL XU XY ‘
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COVMAT=A

SUBROUTINE COVMAT

PURPOSE: TO CONVERT THE STANDARD DEVIATIONS AND CORRELATION INPUT
TO COVARIANCES IN A SQUARE MATRIX

CALLING SEWUENCE: CALL COVMAT(PsNRsNACTUL)
ARGUMENTS: P ARRAY TO BE CONVERTED
NR NUMBER OF ROWS USED ,
NACTUL ACTUAL DIMENSION OF MATRIX

LOCAL SYMBOLS: K1 INDEX
JP  INDEX

SUBROUTINES REAQUIRED: NONE

COMMON USED: NONE i -
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COWELL-A

SUBROUTINE COWELL !

PURPOSE: TO CONTROL THE INTEGRATION LOGIC AFTER THE INTEGRATOR
HAS BEENW INITIALIZED

CALLING SEQUENCE: CALL COWELL{TTO-XTONVTG)

ARGUMENTS:
T70 I TIME (SEC) FROM EPOCH AT WHICH TRAJECTORY
DATA IS REQUIRE
XTo 0 6 ELEMENT STATE VECTOR AT TIME TTO
V70 0 6 BY 20 ELEMENT MATRIX OF STATE PARTIALS

LOCAL SYMBOLS! | !
TINTEG TIME THAT HAS BEEN INTEGRATED TO

STIME TIME AT INTERPOLATION
STREGT TIME ASSOCTIATED WITH LAST ACCELERATION VECTOR
14 FLAG FOR INTP TO INDICATE POSITION AND VELOCITY
, ARE REQUIRED
ISy FLAG FROM TESTH TO INDICATE IF STEP SIZE HAS
CHANGED ,
1ERR FLAG FROM CSTEP TO INDICATE THAT INTEGRATION

STEP HAS FAILED
SUBROUTINES REQUIRED:

CSTEP
TESTH
INTP
COMMON USEDR:
T AYOD SVi
K IDON sve
H IELEVN o | .
XpD SK1 '
NEQ@ SX2
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COWELL-1

COWELL FLOWCHART

Termination?

Understep?

Requested time within section

Has integration progressed this far

110

Increment time & acceleration index
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COWELL-2

Print
error

message
i g

o CALL
Interpolate acceleration arrays for state and state

partials at requested time ‘ . INTP

4-22



1

Increment point counter

IELEVN =

IELEVN
+1

Have eleven points accumulated?

. IELEVN

NO

=11
?

Write last 11 acceleration points to
orbit file '

CALL

CRBWRT

Check if step size should change

CALL

TESTH'

Has stepsize decreased?

4-23
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Acceleration arrays still have space?

Shift 20 old points out of acceleration arrays

Reset acceleration index

Skip writing an orbit file?

by

4-24

COWELL-4

CALL
CSTEP




. | . | " CSTART=-a

SUBROUTINE CSTART (ORBINT ENTRY POINT)

PURPQSE: TO READ THE HEADER RECORD ON THE SEQUENTIAL ORBIT FILE

CALLING SEQUENCE: <CALL CSTART(NSECIERR)

ARGUMENTS:
NSEC I DESIRED TRAJECTORY SECTION NUMBER
IERR 0 ERROR FLAG
=1 NORMAL RETURN
=2 EOF DETECTED
=3 REQUESTED SECTION OUT OF RANGE
=4 REQUESTED TIME OUT OF RANGE

LOCAL SYMBOLS:

IFRN LOGICAL FILE NUMBER
COMMON COMPUTED: :
‘ YMDIC NSTATE xDD , NSECTN
HMSIC KSTATE SX1 NEQ
AEINT 1PART Sxe2
SPINT GM XVDD i
PVINT T SV}
. OBL INT H . 8y2 .

FUNCTION DABSV
PURPOSE: TO CALCULATE THE MAGNITUDE OF A VECTOR
CALLING SEQUENCE: RES=DABSV (AsN)
ARGUMENTS ¢
A I INPUT VECTOR
N I LENGTH OF VECTOR A
DABSY O MAGNITUDE OF VECTOR A

SUBROUTINES REQUIRED:
NONE

”
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DATA=-A

SURROUTINF DATA
. §

PURPOSE: TO SET NECESSARY INITIAL VALUES AND DEFAULT VALUES FOR
NAMFLIST VARTARLES,s TO READ INPUT DATAs TO TRANSLATE THESE
INTO USEASBLE INTERNAL VALUESs TO COMPUTE DIMENSIONS OF
STaTF TRANSITION AND COVARKIANCE MATHIX PARTITIONS.TO ORDER
MEASUREMENT AND EVENT SCHEDULFES, ANU TO PRINT THE INITIAL
CONDITIONS.

CALLING SEJUENCE: CALL DATA
ARGUMENTS:  NONF N

SUHRNUTINES SUPPOKTED: STEAP-F #MAIN PROGHRAM OF ERROR-ANALYSIS MODEc<

SUBROUTINE®S PEQUIREU: COVMAT CSTART GHA GDATA PECEQ
SHIFT STVCPR STYMTRZ TINE ZERMAT
LOCAL SYMROULS: ar  ARRAY USED T0QO NDRDER MEASUREMENTS aNP EVENTS
AMIN MINIMUM VALUFE FOUND IN 2P
D TEMPORARY STORAGE FOR PRINTOUT
uD TEMPORARY STORAGE FOR PRINTOQUT
{JUM DUMMY VAKTAASLF
pDUM] DUMMY VARTABLE

ECEW ROTATINN MATRIX, éCLIPTIc TO EQUATORTAL
FNDT  JULTAN DATE OF FINAL TIME
T ICHT COUNTFF USED IN SCHEDULING

DAY DAY OF THE MONTH OF FINAL TIME

IERPR  FLAG TO PRINT NAMFLIST %IF SET«

[ERK FLAG FOR FILE~READER ENITIALIZATION SUCCESS

IFCNRT  FLAG SET IF CONTKOL COVARIANCE INPUT

IFGCOV  FLAG SET IF CONTROL COVARIANCES INPUT IN
FORM OF STAND&RD DEVIATIONS AND
CORKRELATIONS

IFPCOV  FLAG 'SET IF KNOWLEDGE COVARTANCES INPUT IN

FOR® 0OF STANDARD DEVIATIONS AND
© CORRELATIONS
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DATA-B

IFVMRT FLAG SET [F VARIATION MATRIX @RADA< INPUT

IHx HOUR OF Day OF FInaL TIME

\ IMIN MINUTE OF WOUR OF FINAL TIME
1m0 MONTH OF YEAR OF FINAL TIME
IYR YEAR OF FINAL TIME
1ROW INDEX USED IN SCHEDULING
LDAY nay ok MOWTH OF INITIAL TIME ON FILE
LHR HOUR OF DAY OF INITIAL TIME ON FILE
LMIN MINUTF OF HOUR OF INITIAL TIME ON FILE
LMO MONTH OF YE&R OF INITIAL TIME ON FILE
LYR YEAR OF INITIAL TIME ON FILE
MEAS TABLF OF MEASUREMENT TYPFS REWJUESTEN

NDIMS  NUMBER OF COLUMNS OF AUGMENTED COVARIANCE
NENT NUMBFR OF CARDS IN MEASUREMENT SCHEDULE INPUT

SCHED ARRAY OF MEASUREMENT SCHEDULE TIMES

SECI SECONDS OF MINUTE OF FINaL TIME
| SECL SECHONDS OF MINUTE OF INITIAL TIME ON FILE
COMMON COMPUTEN/USED: NATEJY  FNTM 1EVNT  MCODE  NDIMI
NDIMZ  NDIM3  NDIM&  NEV NMN
PVINT  TEV TMN . TRTMR  TRTMI
X16G XS1 XU XV
COMMON COMPUTFN: CPLU CXSU CXSUG  CXSV CXSVG  CxU
CXUG CXV CRVG CXXS CXXSG6  EPRS
EwEC 1AUG 1AUGW  IAUGDC 1AUGMC P
FG PHT PHIG PPLU PS PSG
FSPLU T VI Vo X4 K1
COMMON USFU! DFLTM  [8UGIN IGEN NEV1 NEVZ NEV3 NEV4
ONIVT  Sal SLAT SLON
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DANGMD=-a .

FUNCTION DANGMD
PURPOSE: TO MODULARIZE AN ANGLE ON TWO PI
CALLING SEQUENCE: RES=DaNGMD{ANG)

ARGUMENTS:

ANG I THE ANGLE (RAD) TO BE MODULARIZED
DANGMD O (ANG) MOD TWO PI

SUBRCUTINES REQUIRED:
NONE

OB COeRERT R T T o n o DD DN DD G e D o P T D s e P T O e on O A T e e e G D e G D AR O e e e D e wp gy e W e

FUNCTION DANGVZ

PURPQOSE: CALCULATE A DIRECTED ANGLE BETWEEN TwO VECTORS‘IN 3 SPACE
CALLING SEWUENCE: RES=DANGV2(A+BeREF)

ARGUMENTS:
A I FIRST VECTOR
B I SECOND VECTOR

REF © 1 REFERENCE AXIS VECTOR

DANGVZ O THE' ANGLE FORMED BY ROTATING VECTOR A INTO
VECTOR B CLOCKWISE» LOOKING IN THE DIRECTION
OF THE VECTOR REF

SURROUTINES REQUIRED:
Duxy
DABSVY
bDDor

_ SUBROUTINE DAVECT
PURPOSE: VECTOR ADDITION
CALLING SEQUENCE: CALL DAVECT(AsByNsC)

ARGUMENTS:

FIRST VECTOR

SECOND VECTOR '
LENGTH OF VECTORS A AND B
O VEC{A) + VEC(B)

OZ2ZE P
[

SUBROUTINES REQUIRED:
NONE

.
- TS a0 o e D oy w0 T OD e e e p S 3 D A MR R S X W D gy S WS RO R S A R D R D e KD e S i B Y e e e S e A S o e D S e G o B G D A S Gl o G T W

! #
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000T=-A

FUNCTION DDOT
- " PURPOSE: VECTOR DOT PRODUCT

CALLING SEQUENCE: RES=DDOT(A:BsN)

ARGUMENTS:
A I FIRST VECTOR
8 1 SECOND VECTOR _
N 1 LENGTH OF VECTORS A AND B

oDoT 0 VEC(A) DOT VEC({B)

SUBROUTINES REQUIRED:
NONEF.

FUNCTION DDOTH
PURPOSE: TC RETURN THE DOV (INNER) PRODUCT OF TwWQO 3-VECTORS
-CALLING SEWQUENCE: ADOTB = DDOTB(A+B}

ARGUMENTS: A FIRST VECTOR
B SECOND VECTOR

SUBRQUTINES REQUIRED: NONE S

SUBROUTINE DMADD
PURPGOSE: MATRIX ADDITION
CALLING SEQUENCE: CALL OMADD({A+BsCoeIsJ)

ARGUMENTS :

FIRST MATRIX
SECOND MATRIX ‘
RESULT MATRIX = (A) ¢ (B)
NUMBER OF ROWS IN MATRIX
NUMBER OF COLUMNS IN MATRIX

\

C= OO
=D e

SUBROUTINES REQUIRED:
NONE
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> : DMADD "'
SUBROUTINFE DMADD
PURPQOSE: MATRIX ADDITION

CALLING SEQUENCE: CALL DMADD(AsBoColsud)

. ARGUMENTS:

FIRST MATRIX

SECOND ATRIX

RESULT MATRIX = (a) ¢ (8)
NUMBER OF ROWS IN MATRIX
NUMBER OF COLUMNS IN MATRIX

G=0Ox>»
e O = e

SUBROUTINES REQUIRED: -
NONE

SUBROQUTINE DupaTRY
PURPOSE: MATRIX MULTIPLICATION
CALLING SEQUENCE: CALL DMATPY(A5B+CoNeMsIP)

ARGUMENTS !
FIRST MATRIX _ : .
SECOND MATRIX '
RESULT MATRIX = (A) # (B)
NUMBER OF ROWS IN A
NUMBER OF COLUMNS IN As NUMBER OF ROWS IN B
NUMBER OF COLUMNS IN B

=T Z0O00 >
QHHOMM

p

SUBROUTINES REQUIRED:
NONE

- P R T D P D O O e 5 TP R g R T O R D R D T SR D O O T G o, I 5 T I gy G £ O SR AR ST T A 2 O @ S5 S A T A e R e ) S ED G S5 D W OB e e D ae g,

SUBROUTINE DMSUB (DMADD ENTRY POINT)
PURPOSE: MATRIX SUSTRACTION
‘CALLING SEQUENCE: CALL DMSUB(AsBoCelsJ)

BRGUMENTS:

FIRST MATRIX

SECOND MATRIX

RESULT MATRIX = (a) - (B}
NUMBER OF ROWS IN MATRIX
NUMBRER OF COLUMNS IN MATRIX

C=O0m>
= =t () bt b

SUBROUTINES REQUIRED:
NONE

-----—oa-una-n‘ﬂEcespnnnmgoaa--laa-mcnu-----oa-n---=-nu——e:—-nauc-ua-a—-naaaau-asquﬂ

’ .
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SUBROUTINE DRD
PURPOSE: TO COMPUTE LATITUDE AND LONGITUDE OF A VECTOR

CALLING SEQUENCE: CALL DRD (SsRADECL)

ARGUMENTS:
s I INPUT VECTOR :
RA 0 RIGHT ASCENSION OR LONGITUDE OF S VECTOR
DECL O DECINATION OR LATITUDE OF S VECTOR ‘

SUBRQUTINES REQUIRED:
NONE

RO O rCT N e, T LR P T OCE O E SRS T A S P DD IR T T S A SO D SR D S IO g €D S T G 6D G W T O e o, .

SUBROUTINE DSHIFT
_PURPQSE: TO SKIFT ONE VECTOR INTO ANOTHER

CALLING SEQUENCE: CALL DSHIFT {(AsN+B)
! I
ARGUMENTS ¢
A I ADDRESS OF FIRST DOUBLE WORD 7O BE SHIFTED
N I NUMRER OF DOUBLE WORDS 70 BE SHIFTED
. ‘ e 0 ADDRESS OF FIRST DOUBLE WORD IN RECEIVING VECTOR

SUBROUTINES REQUIRED:
NONE

LA R ol T P Rl W P Rl L L D L P W P N N T Y P P T R Y R L P ey

SUBROUTINE DSVECT (DAVECT ENTRY POINT)
PURPOSE: VECTOR SUBTRACTION
CALLING SEQUENCE: CALL DSVECT{AsBsNsC)

ARGUMENTS:

I FIRSYT VECTOR

I SECOWD VECTOR

I LENGTH OF VECTORS A AND B,
0 VECta}) - VEC(B)

OZ0

SUBRQUTINES REQUIRED:
NONE

CEE T RS S o EER O R e N OO N PO NE O EET e OGO E D G E D OE R RO P O PR R CC O TR AN D e @D
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DUNIT

SUBROUTINE DUNIT
PURPOSE: TOQO UNITIZE A VECTOR

CALLING SEQUENCE: CALL DUNIT (AeNoB)
ARGUMENTS: :
’ A - I INPUT VECTOR “
N I LENGTH OF VECTOR

B 0O UNIT VECTOR IN THE DIRECTION OF A

SUBROUTINES REQUIRED:
* . Dagsv

L R L R Ty g bl L P ey R e Ll et L L L T T T Y ¥ ey )

SUBROUTINE DUXV F

PURPOSE: TC FORM A VECTOR CROSS PRODUCT

CALLING SEQUENCE: CALL UXV(AsBsC)

ARGUMENTS:
A I FIRST VECTOR
B I SECOND VECTOR '
C 0 RESULTY VECTOR = (A) CROSS (8B)
SUBROUTINES REQUIRED: . _ .
‘ NONE

SURROUTINE DvcomB8
PURPOSE: TO COMBINE (ADD) Tw0 VECTORSs EACH MULTIPLIED BY SCALARS

CALLING SEQUENCE: CALL DVCOMR(A+SAsBsSBHC)

ARGUMENTS
A I FIRST VECTOR )
Sa I SCALAR WHICH IS APPLIED TO VECTOR A
B I SECOND VECTOR
S8 I SCALAR WHICH IS APPLIED TO VECTOR B
c 0

RESULT VFCTOR = SA®{A) + SB*(B)

SUBROUTINES REQUIRED:
NONE

DRSO R, oS PSS SRS oD Ot OOETaE T S DS ST oS-
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. \ ‘ DVECHD=A

SUBROUT INE DVECRD

PURPOSE: TO COMPUTE & UNIT VECTOR FROM ITS RIGHT ASCENSION AND
CECLINATION

CALLING SEGWUENCE: CALL DVECRD(RA»DECL»S)

ARGUMENTS:
HA I RIGHT ASCENSION OR LONGITUDE (RAD)
QECL I DECLINATION OR LATITUDE (KAD)

S 0 OUTPUT VECOTR

SUBROUTINES REQUIRED: NONE

D T D D D R D D P T gk o £ T SO A T s €0 0 MR A P P NP e WP 4T P R g OF T am e R Em T D TS NS SR G m G S N E D G R e e e e e D T g, e

FUNCTION DVYMAG |
PURPOSE: CALCULATE THE MAGNITUDE OF A 3-VECTOR
CALLING SEWUENCE: AMAG = DVMAG(A)

ARGUMENTS: A VECTOR |

. © SUBROUTINES REQUIRED: NONE

SUBROUTINE DVSDIV (SAVECT ENTRY POINT)
PURPQSE: VYECTOR SCALAR DIVISION

CALLING SEUWUENCE: CALL DVSDIV{AsSAsNC)

ARGUMENTS:
A 1 INPUT VECTOR
Sa I SCALAR BY WHICH VECTOR A IS DIVIDED J
N I LENGTH OF VECTOR &
C 0 VEC(A) / Sa

SUBROUTINES REQUIRED: NONE

SUBROUTINE DvSMLT (SAVECT ENTRY POINT)
PURPQOSE: VYECTOR SCALAR MULTIPLICATION

CALLING SEQUENCE: CALL DVYSMLT(A+SAsNyC)

ARGUMENTS:
A 1 INPUT VECTOR
Sa I SCALAR BY WHICH VECTOR A IS MULTIPLIED
N I LENGTH OF VECTCR A
. c O SA * VEC(A} .

SUBROUTINES REQUIRED: NONE

PO O O e TS T N e TR O T At O aa @i e 5o S e O i e e W A T e oo s T O e
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- DYSTAT=A
’
SUBROUTINE DVSTAT
PURPOSE: COMPUTE AND PRINT STATISTICAL PARAMETERS OF & TRIM MANEUVER

CALLING SEQUENCE: CAEL DVSTAT(SsEsVsTsTRoRHO s SMX)

ARGUMENTS: S INPUT MATRIXo GAMMARP®#GAMMA {TRANSPQSE)'
' E ARRAY OF EIGENVALUES OF S
v ARRAY OF EIGENYECTORS CORRESPONDING TO E

7 ANNIHILATION LIMIT (IFCE(I)LT.TIECI)=ZERQ)
TR TRACE OF S

RHO MEAN VALUE OF DELTA=-V

SMX  MAXIMUM FEIGENVALUE 1IN £

LOCAL SYMBOLS: D TABLE OF PERCENTILE LEVELS AND DELTA-~V MAGNITUDES
- DV ARRAY OF CONSTANTS USED 7O COMPUTE MAGNITUDES

IK ¢

IKl #=« INDICES USEN IN LAGRANGIAN 6~POINY INTER-
IL ® POLATION

ILl =

K2 RaT10, SMD/SMX

L2 RATIO. SMN/SMX

SD STANDARD DEVIATION OF DELTA-V VALUES
SHD MIDDLE EIGENVALUE IN E

SMN MINIMUM EIGENVALUE IN &

STR SQUARE ROOT OF TR

l-34




DVSTAT-1

DVSTAT Analysis

The Lee-Boain analytic sclution for V statistics involves a hypergometric
function, and is described Iin detail in Reference 6. .For this subroutine,
a table DV has been generated from their solution which is used to cal-
culate the mean and standard deviation and values for the 90, 99, 99.9

and 99.99 percentile levels in'a much less time. The subroutine JAC@BI
obtains the eigen values and eigenvectors of the input S matrix. The

ratios of the middle and smallest eigenvalues to the largest eigenvalue,

2
k™ and 12 respectively, are determined and used in a Lagrangian b-point

interpolation from table DV. The six points are located as follows

L] P6
P3 ~P4 P5
8 lkl, Rz.\
P "By
2 2
10k 10£°]
where P1 = GIO ], [16Z >, [X] = greatest iInteger less than or
equal to X

and the other points are at appropriate .1 intervals.

Define

[mk2 +1] - 10k

nof% +11- 10f?

[

p

q
Use Lagrangian 6 point interpolation:
2 £2
£(k™, £7) = pq. £(py) + q(q-2p+1)- £(p3) / 2

+ p(p~2q+1)- £(pg) / 2
+(14pq-p-q2)« £(py)

tp(p-1)- f(pg) / 2
+q(q-1)" £(p;) /2

This necessitates data points at .1 intervals over the range Oé=k%él.1,
2
og <k,
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DVSTAT-2

Points outside this range, even though théy might figure in the inter-
polation theoretically, are unnecessary because either p or q or both
become 1, and the corresponding terms drop out,

After values have been so generated for p, Av g’ AV 99° Av 990, Av 9999
the values are multiplied by the square root of the trace, which is

normalized to one in generating the data points. TEe standard deviation
is calculated from the classic formula, o= (tr-#7) =2,
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DYNO-A

SUBRUUTTNE  NYNO

PUPROSES COMPUTE ASSUMED ANU ACTUAL DYNAMIC NOISE COVARIANCE
MATRIX IN THE ERROR ANALY3IS PROGRAM

CALLING SEQUENCREZ CALL DYNO(ICODE)

ARGUMENT S ICOUE I =0 ASSUMED
=1 ACTUAL

SHAROUT INES SUPPORTEDY ERRANN SETEVN GUIDM PRED

LOCAL SYMBOLSE 02 SQUARE OF ¢(DELTM*TH)
COMMON COMPUTEDS Q oPg |
COMKON USEDS DELTM  ONCN IDNF ™

IGONF GOMCN

DYN Analysis

Subroutlnce UYNY cvaluates the assumed dynamic covariance matrix Q
over the time interval t = ter1 - S 1f LCoDE = 0. [f LCEDE = 1

the actual dynamic nolee covariance matrix Q' 1s evaluated over the

same Interval. In either case the dynamic nolse covarlance matrix
is assumed to have the form

Q = diag (% K; Ac", & K, At", % K4 At%, K, 42, K, 4:2, K3 4t?)

where dynamic noise constants K, K,, and K3 have units of km? /8" .
To compute the actual dynamic noilse covariance matrix Q', we simply

replace K;, X;, and K3 with the actual dynamic noise constants
K[, K}, and K}, respectively.
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DXB-A

SURROUTINF DxB
PURPOSE: CALCULATE THE CROSS PRODUCT OF TWO 3-VECTORS
CALLING SEWUENCE: CALL DXB(RAsBB:VECPR)
ARGUMENTS: A FIRST INPUT VECTOR
RR SECOND INPUT VECTOR
VECPR VECTOR PRODUCT

SUBROUTINES REQUIRED: NONE

- T R T G WD T e o W R A D B S e T el D S R G D S R e e e D s W R D D ek e ED € S O e S O OB e O D D G WD D e gy e S

SUBROUTINE DZERO ' | ,
PURPOSE: TO GENERATE A ZERO VECTOR
CALLING SEGUENCE: CALL DZERO(AsN)
ARGUMENTS :
A I ADDRESS OF FIRST DOUBLE WORD TO BE ZEROED
N N NUMBER OF DOURLE wWORDS TO BE ZEROED
SUBROUTINES REQUIRED: o
NONE

-
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' |  ECOMP-A

SUBROUTINE ECOMP

PURPQSE: TO COMPUTE CIFFERENTIAL TRANSFO#MATIOM RELATING TARGET
VARIABLES TO STATE ‘

CALLING SEQUENCE: CALL ECOMP (XXsAA:BB)

ARGUMENTS
XX I CURRENT STATE VECTOR
AA - O PARTIALS OF TARGETS WITH RESPECT TO POSITION
8B G PARTIALS OF TARGETS WITH RESPECT TO VELOCITY
LOCAL SYMBOLS:
XPERT TEMPORARY PERTURBATION VALUE
TFe TIME FROM PERIGEE
El SEMI=MAJOR AXIS
E2 ECCENTRICITY
ATHN 3 VECTOR OF TARGETS CORRESPONDING TO NEGATIVE
PERTURBATION MADE TO XX | |
ATP 3 VECTOR OF TARGETS CORRESPONDING TO POSITIVE

PERTURBATION MADE TO XX

SUBROUTINES REQUIRED:
CAREL

COMMON. USED:
PERT
™
SMUt4)
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EIGHY-A

SUBROUTINE EIGHY

PURPOSES T0 CONTROL THE COMPUTATION OF EIGENVALUES, EIGENVECTORS,
AND HYPERELLIPSOIDS,

CALLING SEQUENCES CALL EIGHY(VEIGFOXHARG,IFMT)
ARGUMENT 8 VEIG I HATRIYX VO BE DIAGONALIZED
FOX I FINAL OFF-DIAGONAL ANNIHILATION VALUE

HARG I HMATRIX FOR WHICH THE HYPERELLIPSQID IS 70
BE COMPUTED

IFMT I FORMAY FLAG
=4, PRINT POSITION EIGENVALUE TITLE
=2y PRINT VELOCITY EIGENVALUE TITLE
=3y PRINT EIGEN?ALUE TITLE
SUBROUTINES SUPPORTEDS ATCEGY MOMENT PRED ' GENGID GUIDM

SUBROUTINES REGQUIREDS JACCBI

LGCAL SYMBOLS: EGVCT EIGENVECTOR MATRIX
EGVL  EIGENVALUE MATRIX
ouUT SQUARE ROOTS OF EIGENVALUES

‘ ENTER )

Call JACPBI to compute
eigenvalues and eigenvectors
of the input matrix.

EIGHY Plow Chart

Write out eigenvalues,
their squatre roots, and
eigenvectors.

{::hMRE?URN
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EPHGT

SUBROUTINE EPKGT

PURPOSE: TO RETRIEVE FROM THE DIRECT ACCESS SLP FILEs THE STATE
VECTOR OF A PLANET WITH RESPECT TO THE SUN AT AN ARBITRARY
JULIAN DATE

CALLING SEQUENCE: CALL EPHGT(IP+DJsRsV)

ARGUMENTS S :
ip I PLANET NUMBER (1=SUNs 2=MERCURY, ETC)
oJ I JULIAN DATE
R 0 RADIUS YECTOR FROM SUN TO PLANET IP
L4 0 VELOCITY VECTOR OF PLANET IP WITH RESPECT TO THE SUN

LOCAL SYMBOLS:
IPGSFC VECTOR CORRELATING NOMNAL PLANET NUMBERING SYSTEM

WITH GTDS PLANET NUMBERING CONVENTION
ARRAY TEMPORARY TRANSMISSION ARRAY BETWEEN EPHGT AND
SUBROUTINE EVAL »
TARRAY TEMPORARY TRANSMISSION ARRAY BETWEEN EPHGT AND
SUBROUTINE EVAL

COMMON USED:
YHDIC
HMSIC
IND (L&)
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EPHGT-1

EPHGT Analysis

Subroutine EPHGT is used by ERRAN and NOMNAL to retrieve heliocentric-
ecliptic planetary state vectors from the solar/lunar/planetary direct
access ephemeris file, This is accomplished by saving and resetting the
year, month, day and hours, minute, - seconds variaples (for initial con-
ditions) and a dummy gravitating bodies vector with the sun as the
central body and the planet ot interest as the only non-central body

is then generated. Subroutine EVAL is then called to generate these
vectors,
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ERRAN-A

PROGRAM ERRAN

PURPQSES TO CONTROL THE COMPUTATIGNAL FLOW THROUGH THME BASIC
CYCLE (MEASUREMENT PROCESSING) AND ALL EVENTS IN THE
EFROR ANALYSIS MODE.

SUBROQUTINES SUPPORTEDS ERRON '

SUBROUTINES REDUIRED? SCHED NTM PSIM - DYNO TRAKM
MENO ONAYM PRINT3I SETEVN GUIDM
MEAN GPRINT FRED CENGID

LOCAL SYMBOLSE

ICodt EVENT COOE

IPRN MEASUREMENT CCUNTER FOR PRINTING

NEVENT EVENT COUNTER

TRTM2 TIME OF THE MEASUREMENT
COMMON COMPUTEDB/USEGS  ICODE  MCNTR  RI TEVN TRT ML
XF XI
GOMMON GCOMPUTEDS DELTM
COMMON USEDS$ FNTM  TEVNT IPRINT ISTHGC  NEV
' NMN NR NTHC RF TEV
KPRINT
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ERRAN-1

ERRAN Analysis

Subrcoutine ERRAN controls the computational flow thrcugh the basic

cycle (measurement processing) and all events in the error analysis/
generalized covariance analysis program.

In the basic cycle the first task of ERRAN is to_control the gen-
eraticn of the targeted nominal spacecraft state xk+1 at time

- . '
Cepp? given the state X, at time t, . Then calling PSIM, DYN@,

TRAKM, and MEN®, successively, ERRAN controls the computation of
all matrix {nformation required by subroutine GNAVM to compute the
actual and assumed knowledge covarlance matrix partitions at time

t:+1 immediately following the measurement.

At an event, ERRAN simply calls the proper event subroutine or
overlay where all required computations are performed.
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. | ERRAN-2 |

ERRAN Flow Chart

ENTER

print counter IPRN, event time
TEVN, and transition matrix PHINEW

220 ‘ Agni
- Define state Xk at time t

¢

Call SCHED to obtain the time
tk+1 of the measurement and

Initialize event counter NEVENT, }

k

the measurement code

!

Define time interval At = tk+1 - tk

. ’ : < Does an event occur before teeq? Yes o ,
No i ’

Call NTM to compute state X

¥

Increment measurement counter MCNTR r

‘

Call PSIM to compute state
transition matrix partitions
. over [tk, tk+1l

‘

Call DYN® to compute assumed Qk+1 "

1

Call TRAKM to compute the observation
. matrix partitions at tk#l

ktl

i, -
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Call MEN® to compute assumed R

N3

k+1

Call GNAVM to compute assumed covariance
. - +
matrix partitions at tk+1 and tk+1

4

Increment print counter IPRK

g T

No

T ea N
<i Is it time to pr\nt?#/,_

Yes,i

Call PRINT3 to write out all
assumeq_basic‘cyc1e data

b=

4 )

v

< IGEN = 07

No ¢&

Call DYND to cbmpute actual Qe1.k

g

Call MEN® to compute actual R/

k+l

Call GNAVM to compute actual
2nd-moment matrix partitions

- +
at kal and tk+1

Call MEAN to compute actual
estimation -error means at

- +
tk+1 and tk+1

L=-46
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101

o

ERRAN-4

\, Yes PRINT rite
QS it time to pr‘int?)—b ggl]agtua] bggig '

296

g

Reset time and state
in preparation for
next basic cycle.

-

Have all measurements
been processed?

;& Yes

A

‘EYES

No
Have all events been N\No o N
executed? ‘

[s current time later
than or equal to final
time, tg?

*NO

Call SETEVN to do an
eigenvector event
at the final time

{ RETURN
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ERRAN-5

Set event code ICODE

and time tj

v

Is ICODE > 47 N
<: . ;_4/( Yes

dyNo

Call SETEVN for
computations and
printout common
to all events

£=2

= 3.4

Call PRED for
prediction event
computations

Call GUIDM for
guidance event or
final insertion
event computations

v

<' ICODE = 42 >—D< RETURN )
Yes
AF;NO\““:

< IGEN = 17 >—>
- Yes

Call GENGID
for actual
guidance event
computations

NEVENT = NEVENT + 1

-

4-48



SUBROUTINE EULMX

PURPOSE! TO COMPUTE THE KATRIX REQUIRED TO DEFINE TRANSFORMATIONS
‘ FROXN ONE COORDINAYE SVSTEM TO ANOTHER.

CALLING SEQUENCEY CALL EULHX(ALPsNN;BET ;MM,GAMyLL,P)

ARGUMENTS  ALP 1 FIRST ROTATION ANGLE (RADIANS)
] I FIRSY AXIS OF ROTATION

BET I SECOND ROTATION ANGLE (RADIANS)
MM - I  SECOND AXIS OF ROTATION

GAM 1 THIRD ROTATION ANGLE (RADIANS)
LL I THIRD AXIS OF ROTATION

-P(3,3) 0 TRANSFORMATION MATRIX

. SUBROUTINES REQUIREDS MONE
LOCAL SYMBOLS: & INTERMEDIATE ROTATION MATRIX
P ALPHA  TEMPORARY LOCATION FOR EACH OF THE
ROTATION ANGLES? ALP, BET, AND GAM
D INTERMEDIATE PRODUCT MATRIX
F TRANSFORMATION MATRIX FOR ANGLE ALP
6 TRAMSFORMATION MATRIX FOR ANGLE BET
H TRANSFORMATION MATRIX FOR ANGLE GAM K
N . COUNTER SHOWING NUMBER OF COORDINATE AXES

FOR WHICH CALCULATIONS REMAIN

o NAXYES TEMPORARY LOCAYION FOR EACH OF THE AXES
OF ROVATION® NNgMM, AND LL
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GAIN1-A

SUARQUTINE CATNT
PURPOSES 1O CCOMPUTE THE KALMAN GAIM METRICES

CALLING SEQUENCE® CALL GAINY (NR,AJsBKH,SH,IEND?

ARGUMENTSE NR I NUMBER OF ROWS IN THE OBSERVATION MATRIX
Al I MEASUREMENTY RESIDUAL COVARIANCE ANGC ITS
INVERSE
A KH - I INTERMEOTATE ARRAY
SH I INTERMEOLATE ARRAY
I ENG I NR-1

'SUBROUTINES SUPPORTED! GNAVM
SUBROUTINES REQUIRED® MATIN

LOCAL SYMBOLSSE OUM INTERMEDIATE VECTOR

XJ INTERMEDIATE ARRAY
S UM INTERMEDIATE VARIABLE
COMMON COMPUTEDS AK S
COMMON USED?S ONE HALF - ZERO




GAIN1-1

GAIN]1 Analysis

Subroutine GAIN]l computes. the Kalman-Schmidt filter gain matrices

Kk+l and Sk+1 that are used in subroutines GNAVM and NAVM to update

estimation error covariance matrices after a measurement has been
processed,

The measurement resldual covarlance matrix Jk?i and the auxiliary

matrices Ak+l and B are gssumed to be available (from GNAVM or

k+1
NAVM) when GAIN] is called. Subroutine GAIN]1 then evaluates the
following equations to determine the filter gain matrices:

-1 . |
K1 " At 1 1)
s =B . g} (2)

k+1 k+l "k+l
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SUBROUTINE

PURPOSESt TO INITIALIZE GENERALIZED COVARIANCE

CALLING SEQUENCES

CALL GDATA

SUBROUTINES SUPPORTED! DATA

COMMON COMPUTED/USED?

COMMON USED®

EU

EVS
EXT
GCXSUG
GCXU
GCXWG
GP

GV
VARK

CXSU
ONCN
NDIM3
SIGBET
N

EV
EW
GCUV

GCXSV

GCXUG ™
GCXXS
GPG

GHW

"VARS

CXSY
IONF
NOIM&4
SIGPRO
ZERO

4=52

EVA
EXI
GCUH
GCXSVG
GC XV

GCXXSG .

GPS
IDNF

cXu
MNCN

P
SIGRES

GDATA-A

QUANTITIES

EVSB EVK
EXSI EXST
GCVW GC XSV
GCXSH GC XSHG
GEXVG GC XW
GONCN GMNCN
GPSH Gu
VARA VARB
Cxv CXXxs
NOIML NDIMZ
) SIGALP
TG [431]




GENGID-A

SUBROUT INE GENGIO

PURPQOSES 7O GENERATE THE ENSEMBLE STATISTICS OF THt ACTUAL
COMMANUED VELOCITY CORRECYIUNy, THE ACTUAL EXECUTION
ERRUR AND THE ACTUAL TARGET MISS

CALLING SEQUENCESt CALL GENGID

SUBROUTINES SUPPORTEDE ERRAN

SUBROUT INES REQUIREDT SAVHMAT DYNO GNAVM  MEAN MOMENT
; E LGHY GQCOMP ATCEGV JACOBI DVSTAT

LOCAL SYMBOLSS AMAX  INTERMED IATE VARIABLE
ATC ACTUAL TARGET CONDITION 2ND MOMENT MATRIX
8 INTERMEDIATE VARIABLE
BBBB  BLANK LABEL ARRAY
¢ INTERMED IATE VARIABLE
DELTM TIME DIFFERENCE
EBOVS MAGNITUDE OF ACTUAL STATISTICAL OELTA-V

EOVN MEAN OF ACTUAL COMMANDED VELOCIYY
CORRECTION

EGM  MAGNITUDE OF EIGENVECTOR CORRESPONDING TO
MAXIHUM EIGENVALUE

EGVCT EIGENVEGTOR ARRAY

EGVL  EIGENVALUE VEGTOR

ELAB  LABEL

EXIS  STORAGE FOR EXI

EXSIS STORAGE FOR EXSI

EXTS  STORAGE FOR EXT

EXV ACTUAL STATISTICAL DELTA-V

GAP  ACTUAL VELOGITY CORRECTION 2ND MOMENT
MATRIX

GPSAVE STORAGE FOR GP
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6T

IFLAG

Iz
MAP

PE IG
ROW
SUM
VEIG
ZL B
2V

22
COMMGN CONPUTED/USEDS

COMMON USEDS3

GENGID~B

TIME OF ACTUAL GUIDANCE EVENY

=1 BEFORE GUIDANCE EVENT
=2 AFTER GUIDANCE EVENT

INDEX DEPENDING ON GUIDANCE EVENT TYPE
INDEX OF MAXIMUM EIGENVALUE
INTERMEDIATE ARRAY

ACTUAL EXECUTION ERROR ZND MOMENT MATRIX
INTERMED IATE VECTOR

INTERMED IATE ARRAY

INTERMEDIATE VARIABLE

ACTUAL COMMANDED VELOCITY CORRECTION
INTERMED IATE VECTOR

L ABEL | |

ACTUAL EXECUTION ERROR MEANS

INTERMEO IATE VARIABLE

oUMNYG EXI EXMEAN EXSI EXY

GCXSUG GCXSYG GCXSKG GCXUG GCXVG '
GCXMWG GCHXSCG GP GPG GPSG

XLAB ‘

ADA DvuP EE EEE EU
EY Ew EXSY FopP FOy
" GA GCXSU GCXSV GGXSH GCXu

GCXY = GCXH GCXXS GPS GuU
GY GH. I1GP IGUID 11
NDINg NDInM2 NRIKS NDIM&G PI
QPR RPR TEYN 76 T INJ
KIG XS Xy Xy
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GENGID-1

GENGID Analysis

Subroutine GENGID controls the execution of generalized}guidance
events. Generalized guidance has been extended to all guildance
options defined for subroutine GUILM except for final insertion.

Unlike GQUIDM, which computes target dispersions and fuel budgets
based on filter-generated statistics, subroutine GENGID computes
target dispereions and fuel budgets based on actual statistics.
In other words, the generalized covarlance technique as applied
to the guldance process is programmed in GENGID. The required
equations are summarized below.

Before the guidance event at time t, can be executad, it is neces-

3

sary to propagate the actual control mean and contrcl 2nd-moment
matrix partitions forward to t, from the previous guidance event

] .
at time tj—l' The control mean propagates according to
1
R = ox _+e %X +8_u+8_ g (1)
3 i-1 XX '8 . Xu o Xw o
8 o
where @; ] , 8 , and 8 are state transition matrix partitions
%X Xy xw S

1. ]
over the interval tj-l’ tj , and x ";s’ u , and w denote actual

positien/veloclity and solve-for, dynamic-consider, and ignore param-
eter deviation means. The notation ( )~ indicates actual values

as opposed to the unprimed assumed values, while ( )~ and ( )F
indicate values immediately before and efter the execution of the
guidance event, respectively. The actudl control position/veloclity
2nd-moment matrix is defined by

oL .
P, =B EJ xJ]' 2
]

The remeining control 2nd-moment matrix partitions are defined
similarly. The propagation equations appearing in sutroutine
GNAVM are used to propagate the control 2nd-moment matrix parti-

tions over the interval [tj—l’ tj:l.
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The actual target state deviation ¢é:] 1s related to the actual

3
dtate deviatlion xj at time t) according to
dv; = n, x; ‘ (3)
EERE at |
where nj ig the variation matrix for the appropriate midcourse

guidance policy. The mean of 61 is given by

lleel @

The statistical target disperaions are represented by the actual
target condition 2nd-moment matrix Wi, which is defined as

T
W, =E |&617 6¢77]. 5
y I:j_Tj] (5)
Substitution of equation (3) into equation {5) yields
; . . T
Wo = P . 6
370 ey ©

Equations (4) and (6) are evaluated immediately before and after
the guidance correction to determine how much the target errors
have actually been reduced by the velocity correction at tj.

The actual commanded velocity correction 2nd-moment matrix is de-
fined by -

S; = E 'AV AV ’ 7)
3T E : (
where the actual commanded velocity correction is givan by
A=, xlI=T, (x4 X (8)
= X . = .
] 39 I\ j :

The guidance matrix I', corresponds to the appropriate linear mid-

3

course guldsnce policy. The equation used to evaluate Sj is given
by

S* @ T (P‘ -8B ) r (9)
c k.
3 3 3 3 3 ,
where s 1is a scalar input by the analyst, generélly 0. £s £1., and

4-56



GENGID-3

1

where all E [%’ ;’%] terms have been neglected in the derivation
9). |

of equation

The mean of the actual commanded velocity cbrrectjon is obtained
by applying the expectation operator to equation (B):

g fave | = dE [xo| + E %L, 10)
] s e L] = 5] ‘
Since this equation gives no useful information for fuel-sizing ‘

studies, the Hoffman-Young formula will be used to evaluate
E E}V’T]

]
E ’Iﬂa‘| = f%ﬁ (1 + E_LE_:_El) (11)
o a2 \[5.4
where
A= trace S%

Be= Al AZ + Al 13 T AZ A3,

-

3
8. If this mean is vanishingly small, the Lee-Boain analysis is used

and Ai, Ai, and A. are the eigenvalues of the 2nd-moment matrix
to obtain the statistical parameters, including the effective AV.
Otherwise the actual effective or statistical AV is defined as

"E AG‘ "= E AG’ cal 12
B R ol R a
where o denotes a unit vector in the most likely direction of

3
the velocity correction. The most likely direction is arsumed
to be aligned with the eigenvector assoclated with the maximum
eigenvalue of 55.

|
can be computed (by calling subroutine GQC@MP). Thase are the
actual execution error meau E [60\/’] 4and 2nd-moment maxtrix

n h|
, Qj defined as

With "E l}v-‘] " available, the actual execution errvor statistics

?55 @ E[GAVJ‘ uvj"r]. (13)
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It remains to summarize the equatlons which are used to update

ell actual.control and knowledge means and 2nd-moment matrix par-
titions lmmedlately following the execution of a guldance event.
The actual estimation error means and 2nd-moment matrlx partitlons

‘are updated using the following equations:

el e o]

i
E §s R E
j ]

+
3 i
‘E l—pAV‘j e
!
PR
b 3

" where A = [0 | I]T.
the following{equations:

The actual

- - ‘.--' - T . R . . N -
P/ —Pk‘+AaJA A EEAVJ E | %

(14)

j(15)

;

(16}

(17)

deviation means are updated using

-
’wf

- E |x
[j-
q'+’—

- E xs
J-

(18)

(19)

The entire set of actual contrcl 2nd-moment matrix partitions is
updated by equating them to the corresponding actual knowledge

. +
Znd-moment matrlix partitions at tj.
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. ‘ GENG ID;S

GENGID Flow Charxt

Set IFLAG = 1

Set DELTM equal to the current
guidance event time t; minus the
previous guidance event time tj-l'

Ffropagate gll actual contrel means
and control Znd moment matrix
partitions from tj-l forward to t,

. using the propagation equations

in GNAVM

5888

Write out actual control means,
standard deviations, correlation
matrix partitions, eigenvalues,
and eigenvectors. )

.

h
IFLAG»# 1 \ YES
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Compute actual target dispersions
! /
E [Stj _}.and Wj immediately

before executing the desired
midcourse guidance event. Write
out, along with eigenvalues

and eigenvectors.

Compute acutal velogity connection
2nd moment matrix S.. Write out,
along with eigenvalies and
eigenvectors,

Compute

A
E,[Csvjf}

GENGID-6
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Use Hoffman-Young
empirical equs. to
obtain statistical
parameters and size of
actual statistical AV

Call DVSTAT for statistical
parameters and size of actual
statistical AV.

v

Compute "E [_&73] "

as in egn. 12

v

Call GQCPMP to compute
, ~
e{bavi ] and Qj

v

Save ij, E[:XEJ,
/- ot
E{xsj], and £ | X;

v

Print actual control and knowledge
means; standard deviations and
correlation matrix partitions
immediately after the guidance

eyent.

Update all actual contrel Znd
¥ moment matrix partitions

v

IFLAG = 2
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Compute actual target dispersicns
+/ +
E‘;Btj ] and Wj immediately after

executing the desired midcourse
guidance event. Write out, along
with eigenvalues and eigenvectors.

All actual statistics have been
updated immediately following .the
execution of the guidance event.

P
=D
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SUBROUTINE GETCO®W (ORBINT ENTRY POINT)

PURPOSE: TO GENERATE A STATE VECTOR AT A REQUESTED TIME BY
INTERPOLATING DATA ON THE SEQUENTIAL ORBIT FILE

CALLING SEUUENCE: CALL GETCOW(NSECsTREQeIERReXoSTM)

ARGUMENTS
NSEC I NUMBER OF DESIRED TRAJECTORY SECTION
TREQ REQUEST TIME OF DATA ({SEC)
[ERR 0 ERROR FLAG
=1 NORMAL RETURN
=2 EOF DETECTED
=3 REQUESTED SECTION OUT OF RANGE
=4 REQUESTED TIME OUT OF KANGE

-

X 0 STATE VECTOR
STM 0 STATE PARTIALS
LOCAL SYMBULS:
IFRN LOGICAL FILE NUMBER
SUBROUTINES REQUIRED:
INTP
COMMON USED/COMPUTED:
NEG
COMMON COMPUTED:
T XVDD
H sv1
ADD sv2
SX1 NSECTN
SX2
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GHA-A

SUBROUTINE GMA

PURPOSES 7O COWPUTE THE GﬁEENHZGH HOUR AMGLE AND THE UNIVERSAL
YIAE (IN DAYS) WMICH IS USED IN THE TRACKING HODULE TO

ORIENT THE TRACKING STATIONS ON A SPERICAL ROTATING
EARTH, ’

CALLING SEGUEMCES CALL GHA
ARGUHMENTS? RONE

SUBROUTINES SUPPORTEDS DATALS DATAL

LOCAL SVH&OLSa.'U . NUMBER OF DAYS IN TSTAR
EQWEG  EARTH ROTATION RATE
GH - GREENMICH HOUR ANGLE
0 INTERNEDIATE VARIABLE
REFJD  JULIAN DATE OF JAN. 0, 1950
TFRAC  FRACTION OF DAY IN TSTAR

VEYAR ‘JULZ&N QATYE, EPOCK JAN., 0, 1950, OF
~ IKITIAL TRAJECTORY TIME '

' COWMOW COWPUTED? URIYY
COMNON USEDS DAYES EML3
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GHA Anglysie

Subroutine GHA computes the Greanwich hourdaggle in degrees and days at
some epoch T* referenced to 1950 Jauuary 170 Epoch T* is computed from

T* - JoDoo + 2“15020.0 - J'D-REF
whare
J.D. = Julian date at launch time t referenced to 1900
0 ﬁ o
January 0712,
J.D.‘REF = Reference Jullan date 2433282.5
d_ h d..h
= 1950 January 1 0 referenced to January 012" of
the year 4713 B.C.
' d..h d.,h
and 2415020,0 = 1900 January 0 12~ referenced to January 0 12

of the year 4713 B.C.

Tgeg T# ig the Julien date at launch time t, referenced to 1950 January
1907, ‘

The Greenwich hour angle corresponding to T* is given by ’

GHA(T*) = 100,0755426 + 0.985647346d + 2.9015 x 10713 a® 4wt
where 0 % GHA(T*) < 360°
and d = integer part of T*, t = fractional part of T¥%,
&nd @ = Earth's rotation.rate is degrees/day.

The Greenwich hour angle im days is given by %5&.
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GHA Flow Chaxt

Define Egrth's rotatiom rate in ‘ ‘ .
degreas/day &nd referenca Julisen
dets,

y

. o Compute T* and the integer and
fractional parts of T,

v

Compute the Greenwich hour angle
GH at time T*, :

GH = GH - 360-

Computae Greenwlich hour angle
in days,.

4-66



GIDANS=-4

SUBROUTINE GIDANS (PRELIM ENTRY POINT)
PURPOSE: DUMMY LINK WITH NON HALO ORBIT OPTIONS

CALLING SEWUENCE: CALL GIDANS
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SUARNUT INE

PURPOSE ®

CALLING SE

ARGUMENTS ¢

GNAVHM

GNAVM-A

70 PROPAGATE ASSUMED COVARIENCE MATRIX PARTITIOMNS P,
CXXSeCXUsCHVyPS,;CXSU,CXSV,0R ACTUAL SECONC MOMENT MATRIX
PARTITIONS GP,GCXXS,GCXJUs GOXV,GOXHy GPS4GCXSUy GEXSV-y
GCXSK FROM THE TIME OF THE LAST MEASURCMENT 0OR EVENT TN
THE PRESENT TIME AND TO UPOATE THESE MATRIX PARTITIONS
IF & MEASUREMENT IS 10 23 PROCESSED

QUENCE S

NR

IFLAG1

ICODE
U

va

6 CXH

GCXSW

C XXS

CXu
Cxy
PS

CxSu

CaLL

GNAVM(NR, IFLAGL,ICO0E U0, V0 ,GCXH,GCXSH,
p,CXKSyCXU'CXV,PS 1CXSU,CXSV,Q,R)

NUMBER OF ROWS IN THE OBSERVATION MATRIX

=1 FOR ASSUMELC COVARIANCE PROCESSING
=2 FOR ACTUAL SECOND MOMENT PROGESSING

=0 FOR UPDATE
=1 FOR PROFAGATION

ACTUAL OR ASSUMEJ DYNAMIC CONSIDER
PARAMETER 2ND MOMENT MATRIX

ACTUAL OR B&SSUMED MEASURFEMENT CONSIDER
PARAMETER 2ND MOMENT MATRIX

ACTUAL POSITICN-VELOCITY STATE 7/, IGNORE
PARAMETER 2ND MOMENT MATRIX

ACTUAL SOLVE~FOR PARAMETER , IGNORE
PARAMETER 2ND MOMENT MATRIX

BCTUAL OR ASSUMED POSITION=-VELOCITY 2MND
MOMENT MATRIX
2ND MOMENT MATRIX

ASSUMED OR ACTUAL POSITION=-VZILOCLTY STATE
/ SOLVE-FOR PARAMETER 2N) MOMENT MATRIX

ASSUMED OR ACTUAL POSITTON-VELOCITY STATE
/ DYNAMIC SONSIDER PARAMETER 2NLU MOMENT
MATRIX :

ASSUMED OR AGCTUAL POSITION-VELOGIFY SITATE
/ MEASUREMENT CONSIDER PARAMETER 2ND
MOMENT MATRIX

ASSUMED OKR ACTUAL SOLVE-FOR PARAMETER
COVARIANCE OR 2ND MOMENT MATRIX

ASSUMED CR ACTUAL SOLVE=-FOR PARAMETER
/ DYNAMIC TONSINDFR PARAMEIE R N #OMENT
MATRIX :
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CXSY I ASSUMED OR ACTUAL SOLVE-FOR PARAMETER
/ MEASUREMENT CONSIUER PARAMETER 2ND
MOMENTY MATRIX

1 I ASSUMED OR ACYUAL DYNAMIC NOISE 28D MOMENT
: MATRIX
R I ASSUMED Ow ACTUAL MEASUREHMENT NOISE

ZND MOMENT MATRIX
SUBROUTINES SUPPORTEDS ERRANN SETEVN GUIDM PRED GENGID PROBE

SUBROUTINES REQUIREDS GAIN1 GAINZ

LOCAL SYMBOLSET AXHW INTERMEDIATE ARRAY
0s INTERMEDIATE ARRAY
E£S INTERMEDIATE PARRAY
FS. INTERMEDIATE ARRAY
IEND NR=-1

Ay

NOIM4S NDIML VALUE STORAGE

N1 NDIMi=t
SUM INTERMEDIATE VARIABLE
Sw INTERMEDIATE ARRAY
COMMON COMPUTED/USEDt  AK AL AM AN CXSUP
CXSVP  CXuP CxvP CXXSP G
GCUV GCUW GCVH GCXSHP  GCXWP
HPHR IGAIN GW Ho HALF
JPR ZERO PP PSP s
COMMON USEDE NDIMi  NDIM2  NDIM3  NOIM&  PHI
‘ TXU Txw TXXS
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GNAVM Analysis

Subroutine GNAVM propagates and updates (&t a weasurement) both
assumed (or filter) covarlance matrix pertitions and actual 2nd
moment matrix partitions. The equations programmed in GNAVM are
independent of the filter algorithm employed to generate gain
matrices.

The covarisnce and 2nd moment matrix partitions manipulated by
GNAVM are defined as follows:

P o E(% %] . p = E[x s{:]
. 8 8 8
C = E[ic iT] ¢, = E[% o]
XX 8 X U 8
a8 [ ]
s ore ST T, T
Cxu El% §) Cx v E[xs v ] (L
= 37 "T = ~ T
C E{% V0] stw E(% ¥ ]
c_ = Elxd]

The following matrix partitions are used in GNAVM, but are not
changed in GNAWM: '

uv

C_. = E[v®7) (2)

)
a
=
@
<y
—

=
8
=
")
£
—t
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f

13

In these definitions %, ig. i, ¥, and ¥ represent, respectively,

the estimation errors in position/velocity state, egolve-for param-
eters, dynemic consider parameters, measurement consider parameters,
and ignore parameters. Ignore parameters, of course, are not de-
fined when assumed (or fiiter) covariance matrix partitiona are
being propagated or updated. Furthermore, the assumed Cuv has been
set to Zero, )

The equations used to propagate covariances or 2nd moment matrices
from time t, to t, ., are summarized:

- 4+ '
- o=fepm +0 T 49 T o+ T Yol
k+1 k xX XX Xu xuk X Xw
B sk k
J ' ' . f
+ o+ el 4G el +Q, (9
KAy g Xherl ™ el W
k+1
- . ot + o ot . T 4T (4
xxs s C XX Sk Xu xsu xw T w
k+1 k k k
c,, - ocI + cF o+ U+ czw (5)
uk+l- uk xxs xsuk xu o
c_ = ocT 40 ¢t v+ ¢ +8 &F (6)
XV XV. XX XV Xu uv Xw vw
. k+1 k 8 8 0 o
- 4 i
c = 0C + 0 c + +0 W (D
XW XX X W Xu uw xw O
k+1 k 8 8 k
- + '
P =P ‘ {(8)
kel %k
- + 3
Cx u stu (9)
k+1
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c -=C (10)

- +
XV xsv °
% k+1 k
- : +
: Cx w Cx W ' (11)
LS TS | 5 x

In these equations ( ) indicates immediately prior to processing
a8 measurement; ( )+. immédiately after. The state transition ma-
trices over the interval [tk, tk+1] are indicateé by ¢, Bxxs' Bxu,
end wa. The dynamic noilse covariance or 2nd moment matrix is de-

noted by Qk+l'

Before covariance (or 2nd moment) matrix partitions cam be updated
at a meagurement, the measurement residual covarilance {or 2nd moment)
matrix, defined by

. |
Tetr ” E[%k+1 ek+1:] (12)

must be computed. The required equations are summarized

Jewr T HA ) Y MB L, 0Dy Y LE L FNR L, Y R (13)
- T - T .- T - T - T
=P .H +¢C M +°C G +C L+ C N (14)
et ® Fir XAy X Vel X1
k+1
B, . =P M 4+ T HY + ¢ ¢t + ¢ Ty Nr (15
k+1 Kl xxB X u X Vv Xw
k+1 k+1 8 K+l k+1
Dpyp = ¢TI glacT ML +uGh + ¢ N +c LT - (16)
i +1 xuk+l xsu ¢] uwo uv,
k+1
-T T, T T - T T -T T
'Ek-a— L= va H® + cx v M+ Cw N + VOL + Cuv G (17)
k+l S 1+l ° °
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F =W N + 6T B4+ T Mt ¢ T T4 T et (18)
k+1 Q xwk+1 xsw vw uw

In chese equations H, M, G, L, and N represent observation matrix
partitions, and Rk+1 represents the measurement nolse covarilance

(ér'an moment) matrix.

Gain matrices Kk+1 and Sk+1 are also required before covariance

{or Znd moment) matrix partitions can be updated. These are not
computed in GNAVM but are obtained by calling either subroutine
GAIN1l or GAIN2, depending on which recursive estimation algorithm
1s desired. ’

With Jk+1’ Kk+1' and Sk+1 avallable, the following equations are

used in the updating process:

+ - T T , T

Pt = Prrr " K & 7 Ay YR T K (19)

+ - T T T
Cxxa Cxxg " K B - AS L K Tk S (20)

K+l k1
+ - T '
¢ =c - D (21)
el ™1 1 )
+ -—
c e C - ¢ (22)
V1 ka+1 Kk+1 )
+ - T
c =¢_  -K_._F (23)
el M el

+ - T T T -
p <P -s .8 _psY  +s g s (24

P N S B T 15 B " By W5

+ - T |
stu C%u " Sgsy D (25)
K+l K+l
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+ - T

cva - cxsv -8, B (26)
k+1 k+1

+ - T _

stw “ Cx w - sk+1 ¥ * o (27)‘
k+1 8 k+1

It should be noted that propagation equations (3) through (1l1) are

-also used to propagate both assumed control covariance and actual
2nd moment matrix partitions over the time interval separating two
succegsive guldance events. The update equations, of course, are
not used in this situation.
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GNAVM-6

( ENTER ‘

Are assumed or actual Actual
‘covariances to be propagated?
Assumed +
Set ND4 to zero Set ND4 = NDIM4

(11).

Propagate all covariance matrix
partitions forward from t, to

"tE+1 using equations (3) through

Summarize PE+1.

_if

Yes

Is ti+q @ measurement time?

Evaluate equations (13)

through (18} to compute

measurement residual co-
variance matrix Jk+1

Equate covariance matrix par-

titions at‘tk+1 to the cor-

responding partitions at tE+1-

RETURN )

GNAVM Flow Chart
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<:. NR = 17 -:>ﬁﬁr_l, Symmetrize Jps1

Yes

Store Jk+1.1n HPHR
and in JPR"

o

v

*Actual

Assumed? Actual? e
< ssume ctual /Assumed l

Update all covariance
matrix partitions at
ty4q using egns (19)-

Call GAIN1 to

compute the filter
14 gain matrices

(27)
v

Symmetrize
k+1 K+l

[ RETURN - )
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SURROUTINE GPRINT

PURPOSE® 7O PRINT ACTUAL ESTIMATION ERROR SVATIS!ICS

CALLING SEQUENCE

1T calLb

ARGUMENTS?E IFLAG

TIMM
SUBRQUT INES sSuyPP
SUBRQUTINES REQU

LOCAL SYMBOLS?®

COMMON USED!®

ORTED?
IRED?
[}

8

DUM
EXSTSV
EXTSV
ROM

2z

GPRINT(IFLAG, TIMM)

=3

.GUIDANGCE EVENT
=10 PRINT ACTUAL ESTIMATION ERROR:

STATISYICS

PRINT ACTUAL STATISTICS a7 a

=2 PRINT ACTUAL ESTIMATION ERRCR
STATISTICS AT A PREDICTION EVENY

TIME TO BE PRINTED

PRED

MOMENT

ERIANN

SETEVN

HOLLERITH WORD =-AFTER-

HOLLERITH WORD -BEFORE-

INTERMEDIATE VECTOR

TEMPORARY STORAGE FOR EXST

TEMPORARY STORAGE FOR EXT?

INTERMEDIATE VECTOR

INTERMEDIATE VARIABLE

CXSupP

" EMRES

EXSI
GCXSYV
GC XK
Gy
NDIM2
PSP
X3L

CXSVP
€y,
EXST
GCXSH
GCXWP
GV

NDIM3

RPR
Xu

4-77

Cxup CXVP
Ev : EW

EXSTP EXTP
GCXSHP GCxu

GCXXS 6P
GHW JPR
NDIM&G NR

TRTM2 XIG
XV

CXXSP
EXI
GCXSU
GC XV
GPS
NDIM1
PP

XL A8
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GQCOMP-A

SUNROUT INE G4 ONP | -
PURPOSE! TO COMPUTE ACTUAL EXECUTION ERROR STATISYICS
GALLING SEQUENCES GALL GQCOMPVV,EELEEE,EV,Q)
ARGUMENTSS VY I ACTUAL COMMANDED VELOCITY GORRECTION
FE T MEANS OF AGTUAL EXECUTION ERRORS
EEE 1 2ND MOKENTS OF ACTUAL EXECUTION ERRORS
EV 0 EXPECTED VALUE OF ACTUAL EXECUTION ERROR
Q 0 ACTUAL EXECUTION ERROR 2NO MOMENT MATRIX
SURROUT INES SUPPORTEDS GENGID
LOCAL SYMBOLS$ FACTR  INTERMEDIATE VARIABLE
RHOP  MAGNITUDE OF W VECTOR

RHOPZ RHOp®*2

Vi v(1)1%e2
vz V(2)%2
V3 ETEIET
™ Vityv2ey3
X1 INTERMEDIATE VARIABLE
X MUP INTERMEDIATE VARIAAGLE
ZETA  INTERMEDIATE VARIABLE
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s\

GQCPMP Analysis

Subroutine GQCYMP coumputes the actual executlon error mean and
2nd moment matrix for use in the generalized covarilance analysis
- of a guidance event. The actual execution error 5AV! is assumed

to have the form j‘
) av!
sav! = k' AV 4+ 8" —- 4 gav' (L
i - 3 }AG'I pointing
: ]
where k' denotes ‘the actual proportionality error; s', the actual
resolution error; SAV' » the actual pointing error; and
pointing

AQS, the actual commanded velocity correction.

The means of the three ecliptic components of 6AV3 are given as:

p'aV! Ea' + AV AV S’
x =z

=1
sAv'Y = (o 8 _ V' + Yy
E[68V] ] (k + p.) 8% m (2)
(: ;v) N oV FB' - pavy &
E[6AV'] = k' + =] V' +
(82, ] ) ety = ®)
- —v A b | )
E[68V]]) = (k' + %T) AV~ ut BB (4)
where p' = [aV'{, u' = [Aﬁ;z + 60;2]%, and Sa' and 6B' are the

actual pointing angle errors, and both E( ) and () indicate mean
values, ‘

The actual execution error 2nd moment matrix is defined by
Q! = E{6aV! apy'T : |
Q [ 1 6avj ] | (5)
the elements Q;k of matrix QS are given as:
- . 1 Ay —— - VU
7 - v V'2+ v 2 °2 ¥ LY 2 12 1 [
Q11 E' & X IEE(} AVY Sa Gq AVx AVZ 64’ &8

.

. 2av"
200 AVY AU AVt T SE') o2 (060' Ta® + av' oay' FF'> (5)
x N z u y X A
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" Ly l - Y 1ot ooV b T r T
Qp, = & Av;z + 7 (AO;J 50;1 ap' sg' + p'z,AV;z Su' bu' -

20" AV) ‘Av; 'm‘/; 5o’ 'E') + —ZATYX g' (AO; V) 88" - o' AV 's‘u') (6)
‘53 = 7' AQ;Z + u'2 87 8R7 - 2A0; u' ¢ &g’ - %))
Qlp = Q5 = &' oV Aﬁ; + %; ZAV; AV; AO; i’ - p'(AV;Z - AV;Z)EE' +
E%Zv ~p'? 69; AV; Sa' ba' + o! AG; (AQ;Z - 5&;2) Ta' 3B+

AV' AT av'2 BT 88"
X y 'z ,

(8)

A
' = A' = £? AU AY? ' z AUy Tt J' AUt Tl 0 t Tat
Qiy = QY = &' &V, 8V + g [ u.(p AV Sa' + AV V) 58 ) u' a0y 58 }

'_ AT Za' 8B' - AV' AV' BB &R' . -
p'aVS da' 8B - 4V) AV] 887 6B _ (9)
Av!

8 = 0' = £V AU AV 4 ! 2 Ut {}l AR ST I el ) BN BT o
Qi = Q3 = & Y BV, + ¢ [ n (AV& sV, &8 '8V, Sa ) W Avy § ]

+ p'm'?; 8! &8' - M}; Ai’; 58" S8BT (10)
where
2 — — s’ &' i1
Ew=k'k'+o_|k'5'+_5—ﬂ-z-' ( )
and
) ru ‘
g! =F+p—q (12)

r
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SUBROUTINE GUID

PURPOSE: COMPUTE THE GUIDANCE MATRIXs THE VARIATION MATKIX, AND THE
TARGET CONDITION (JUST BEFORE) COVARIANCE MATRIX AT A
MIDCOURSE GUIDANCE EVENT

CALLING SEQUENCE: CALL GUID(HF,IGP,TExN.GA.AoAy

ARGUMENTS: RF STATE AT TIME OF EVENT
. IGP GUIDANCE POLICY (=1 FOR FTAs =2 FOR VTA)
TEVN  TIME OF EVENT ‘
GA GUIDANCE MATRIX
ADA VARIATION MATRIX

SURROUTINE SUPPORYED: GUIDM

SUBROUTINES REQUIRED: CSTART EIGHY  MATIN  NTM PSIM SHIFT
| STMPR  ZERMAT o

.LOCAL SyMBOLS: ALF ARRAY OF HOLLFRITH CONSTANTS FOR PRINT
DUML INTERMEDIATE 2X2 MATRIX
EGVL VECTOR OF EIGENVALUES :
IERR ERROR FLAG RETURNED BY FILE READER
PHI3 INTERMEDIATE 3X3 WMATRIX
ROT ROTATION MATRIX FOR VTA COMPUTATIONS
ROW TEMPORARY STORAGE VECTOR
sSapP TEMPORARY STORAGE VECTOR
YPM INTERMEDIATE VALUE
2P INTERMEDIATE VALUE
ITHM INTERMEDIATE VALUE

COMMON COMPUTED/USED: DELTM - PHI TRTML

COMMON USED: FISAVE FISAVE
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GUID Analysis

Subroutine GUID is called at a midcourse guidance event at tj in the

error analysis mode to compute three primary quantities for the selected
midcourse guidance policy. These three quantities are the variation
matrix nj’ the target condition covariance matrix prior to the velocity

correction W}) and the guildance matric I}- Two midcourse guidance

policies are avallable: fixed-time-of-arrival (FTA), and variable=-time-
of-arrival (VTA). Both are lirear impulsive guidance policies having
form )

Av, = T, 8X,

where‘dvj is the commanded velocity correction, and SXj is the estimate
of the spacecraft position/velocity deviation from the targeted n§minal.
The relevant equations for each guidance policy will be summarized below.
The variation matrix qj for FTA guldance relates deviations iIn space-
craft state at tj to position deviations at the final time trs and

is given by

7, ='[¢ . E ¢2]

. |
where [Gl i ¢2] is the upper half of the state transition matrix
|
<b(tF, tj). The guidance matrix for FTA guidance is given by
|

; -1
r} = [-ﬁz ¢ : - ]

The variation matrix for VTA guidance relates deviations in state at
tj to deviations from the nominal normal to the Impulsive insertion vel-

ocity vector, Consequehtly, the state deviatlions at the nominal target
time, tF,,are rotated to a coordinate system whose z-axis is along the

input delta-V, REXV, and only the upper 2 x 6 partition of the rotated
QXtF, tj) matrix becomes 7)

where
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Next the guidance matrix is qbtainedfby

T, T.-1 ' T, __T.-1
I;TA = [-B (BB") A: -B (BB") B}

T -1
-B~ (BBT) nvm

Whichever guidance policy is used to obtain EG and f}, the target

condition covariance matrix is computed as

Where Pc- is the control covariance matrix lmmediately prior to the
! .
J
to the guidance event,

-

Finally, saved values are restored and the trajectory file is re-

initialized for use by the file reader when called from other sub-
routines.
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GUID Flowchart

Y
Call NTM and PSIM to
obtain state transition

matrix @(tf, tj).

Call STMPR to print the Set ADA equal to the
state transition matrix. _ RADA input

Set ADA equal to the Obtain the rotation matrix
upper 3 x 6 of @(tf, t.). ROPT = (¥, V', 2T

]
Set ADA equal to the upper
2 x & partitition of

/ [le g RQQ}
-l - e ae |

LRQ:} ‘1 R@&j

Print and Punch ADA
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Compute and print WE,
its std. dev.'s and
correlations

i
Partition 7)1- = [ Al B]
]

2 [ Tes-8T) 11 -8T(5-8T)-Ls
ISR IR SR )

- Print

Y

Restore initial values
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SUBROUTINE  GUIOM

PURPOSE COMTROL EXECUTION OF A GUIDANGE EVENT IN THE ERROR
AMRLYSIS PROGRAH

CALLING SEQUENCES CALL GUIDM

SUBRCOUYINES SUPPORVTED? ERRAKNN

SUBROUTINES RFQUIRED: COFRREL NYNO GUID EIGHY JACOBI GNAVM

NYSTATY NT™ PSIM STMPR CSTART SAVMAT

LOCAL SYWBOLS: ADA VARIATION MATRIX ) ’
AMA X INTERMEDIATE VARIABLE USED TO FIND MAXIHUM

EIGENVALUE OF VELOCITY CORRECTION
COVARIANCE MATRIX (S MATRIX)

CXSUL STORAGE FOR CXSU KNOWLEDGE COVARIANCE

CHXSVi STCRAGE FOR CXSV KNOWLEDGE CdVﬂRIANCE

cxXui STORAGE FOR CXU KNOWLEDGE COVARIANCE '

Cxvi STORAGE FOR CXV KNOWLEDGE CO;M.!IANCE‘ .
CXXSi STORAGE FOR CXXS KNOWLEDGE COVARIANCE

DUML INTERNEDIATE VARIABLE

DUH VECTOR SuM OF UPDATE AND STYATISTICAL
YELOCIYY CORRECTIONS

EGH MAXIKUM EIGENVALUE OF S WATRIX

ECY¥CT ARRAY OF EJGENVECTORS

EGVL ARRAY OF EIGENVALUES
EXED ZXECUTION ERROR COVARLANGE MATRIX
| EXY EXPECTED VALUE OF VELOGCITV CORRECTION
Gh GUIDANGE HATRIX
G AP INTERHEDTATE ARRAY EQUAL VO GA TINES P

ICODE  IMTERKAL COMTROL FLAG
YCODE? INTERNAL CONTROL FLAG .

e BIDCRURSE GUIDANCE POLICY CODE
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ISPHG
KAP

ouY

P2
Pl
RF
RHO

ROY

SaP
TRS

VEIG

COMMON COMPUTED/USEDS

COMMON COMPUTEDS

COMMON USED: FOP
Q
uo

TEMPORARY STORAGE FOR ISPH

INDEX OF HAXIMUM EIGENVALUE OF S

SPACEGRAFT VELOCITY RELATIVE YO

GUIDM-B

TARGET

PLANET IN PLANETO-CENTRIC EQUATORIAL
COGRDINATES

STORAGE FOR P CONTROL COVARIANCE

STORAGE FOR P KNOWLEDGE COVARIANCE

NOMINAL TRAJECTORY STATE
HAGNIYUDE OF STAVISTICAL DELTA-V

INTERMEDIATE VECTOR

IMTERMEDIATE VECTOR

TRAGE Of S MATRIX

INTERMEDIATE ARRAY

CXSUG
CXu
ISPH
P :

BELTHM
Fov

SKALE
Yo

CXSu CXSVG

CXVE CXV
NGE PG
16 X6
TRTNL  XI

I1CbT3 NDIM]
S5IGALP SIGBET

XF

ZERO

 4-87
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MATRIX 70 BE DIAGOWALIZED

Cxsv
CXXSG
PSG

NDIME
SIGPRO

CXus

- CXXS

PS

NDEIM3
SIGRES
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GUIDM Analysis

Subroutine GUIDM is the executive guidance subroutine in the error analysis
program. In addition to controlling the computational flow for all types of
guidance events, GUIDM also performs many of the required guidance computations
itself. .

Before considering each type of guidance event, the treatment of a general
guidance event will be discussed. Let t. be the time at which the guidance
event occurs. Before any guidance event can be executed, the targeted

nominal state X , knowledge covariance Py , and control covariance P. must all

be available, where ( )~ indicates values immediately before the even% The
first two quantities are available prior to entering GUIDM. However, GUIDM
controls the propagation of the control covariance over the interval’[fj_l, tj],
where tj-l denotes the time of the previous guidance event.

The next step in the treatment of a general guidance event is concerned with
the computation of the effective velocity correction and the execution error
covariance. In the error analysis program, only a statistical velocity
correction can be computed. The effective velocity correction AV: is then
used to compute the execution error covariance matrix ‘6-. A summary of the
execution error model and the equations used to compute de can be found in
the subroutine GQCPMP analysis section.

The last step is concerned with the updating of required quantities prior to
returning to the basic cycle. An assumption underlying the modeled guidance
process 1s that the targeted nominal remains unchanged at a guidance event.

The knowledge covariance is updated using the equation

+ - o8 o
P, =P +i- -0~ -
% o T, |

if an impulsive thrust model is assumed.

In the impulsive case, the control covariance is updated simply by setting .
+ + '
P = P .
c s
] KJ

This equation is a direct consequence of the assumption that the targeted
nominal state is always updated at a guidance event.

Each specific type of guidance event involves the computation of other
quantities not discussed above. These will be covered in the following ,

dlscu351on of specific guldance events,
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1. Midcourse Guidance

Linear midcourse guidance policies have form

where the .subscript N indicates that this is the velocity correction required
to null out deviations from the nominal target state. This notation is used
to differentiate between this type of velocity correction and velocity
corrections required to achieve final insertion. Linear midcourse guidance
policies are discussed in mote detail in the subroutine GUID analysis section,

Subroutine GUIDM calls GUID to compute the guidance matrix, ['., and the
terget condition covariance immediately prior to the guidance évent, W:, and
then uses [, to compute the velocity correction covariance Sj, which 1s

defined as:

'§. = E AV Av, T ,
. ]
and is given by the equation
s,= r, (® - sp_ ) F.
J S Kj : J

where s is a (real) scalar, input by the analyst; generally, 0. € s € 1.

This equation assumes that an optimal estimation algorithm is employed in the
navigation process, since the derivation of this equation requires the
orthogonality of the estimate and the estimation error.

In the error analysi§ program ZSVN. is never available since no estimates & Xj

are ever generated. Only the ensemble statistics of d8X; are_available which
means only a statistical or effective velocity correction "E lSVN_] " can be

computed. In the STEAP error analysis program, this effective ve{ocity

correction is assumed to have form: P
HE v r = o. _g-l.
| N ] i el

The magnitude Pj is given by the Lee-Boain analytic solution_as described in
the analysis of subroutine DUSTAT.
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The direction of the effective velocity correction is assumed to coincide with
the eigenvector corresponding to the maximum eigenvalue of §.. This eigenvector
is denoted by « .. ]
]
+
After the updated control covariance P, has been computed, the target

condition covariance matrix W? following the guidance correction is computed
using the equation:

where variation matrix mj has been previcusly computed in subroutine GUID.

RN

2. Final Insertion

A final insertion event describes an insertion (into halo orbit) which may be
accomplished by an impuslive or by a finite burn. If the burn is iImpulsive,
the expected correction has been input as REXV. This vector is used to _
compute the executive error matrix, Qp, just as ZSVN_ is used to compute Qj.

If the burn is finite, GUIDM calls NTIM and PS5IM to cgmpute the state to state
transition matrix, <b(tF, tB), and the control to final state transition
matrix 6 (tp, tB), where the control parameters are the pointing angles ¢ andf
and the thrust magnitude T. Both the contrel and the knowledge covariances
are propagated by & (tp, tg)

e = ®tm tp) Bl B, )
Py = + lT
KF & (tgp, tg) PKB CI'J(tF, tg)

The execution error matrix for the finite burn is the 6 x 6 matrix

~ T

Qp = © (tg, tg) Uy 8 (t,, tg)
where U6 is the diagonal matrix whose diagonal elements are Jaz, 73 2, and
oT ; U, is input to the program. 1In either, the impulsive or the finite case,

both the knowledge and the control covariances are updated by adding the
execution errors. These results are printed, and the end of the final
insertion event is the end of the ERRAN run.
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SAVE KNOWLEDGE COVARI-
ANCES PAUGj AND i

+
RETRIEVE PAUGj

‘

CALL NTM AND PSIM TO
OBTAIN THE STM

@(ti, ty - 1)

CALL STMPR TO PRINT
ey, £y - 1)

I

CALL GNAVM TO OBTAIN
THE CONTROL COVARIANCES

Peame;

\ 4

PRINT THE PCAUG PARTITIONS

AND THE FIGENVALUES AND EICEN
VECTORS OF POSITION AND

VELOCITY
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CALL GUID TO OBTAIN AND PRINT
7, 0 AN WyT

v

S = (PC - SPK)
WHERE 0, & s & .1

v

CALL DUSTAT TC OBTAIN ¢ , & , AND
PERCENTILE VALUES FROM THE S

MATRIX
v ;

SET EXV EQUAL TO A VECTOR
PROPORTICNAL TO THE EIGENVECTOR OF
THE LARGEST EIGENVALUE OF S5, WITH

MAGNITUDE ¢

PRINT EXV, SET 3 = EXV%EXVT

v

COMPUTE THE EXECUTION ERROR
COVARIANCE MATRIX; PRINT ITS

' STANDARD DEVIATIONS AND

CORRELATION MATRIX

ADD
TO P

NEXT

POSI

EXECUTION ERRORS N

T,
aug, SAVE FOR
GUIDANCE EVENT. @
PRINT ITS PARTITIONS, N

TION AND VELOCITY

EIGEN VALUES & VECTORS
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S

EE
CALCULATE W3'= NPy i

PRINT IT AND ITS
EIGENVALUES AND

“YECTORS JL

RESTORE INITIAL
CONDITIONS

SET EXV = REXV

{input)

GUIDM-6

| CALL NIM TO GET &(t, , ty )

y

" CALL.GNAVM TO PROPAGATE P. AND PK

v

COMPUTE EXECUTION ERRORS Q = U687
PRINT THE STD DEVS & CORRELATIoﬁ

MATRIX
v

ADD @ TO P, AND P, EACH

]

PRINT PARTITIONS AND PR
|} EICEN-VALUES & -VECTORS| of RETURN
FOR BOTH Pp & Py '




HGIDNS-A
SUBROUTINE HGIDNS
PURPOSE: TO COMPUTE THE CHANGE REQUIRED TO THE CONTROL VARIABLES
FOR TARGETING
CALLING SEQUENCE: CALL HGIDNS
ARGUMENTS:
NONE
LOCAL SYMBOULS:
TFp TIME FROM PERTAPSIS (SECS!
El SEMI-MAJOR AXIS (KM)
E2 ECCENTRICITY
B4 ARGUMENT OF PERIAPSIS (DEG)
OF COMPUTED INJECTION TIME (DAYS) _
AETA SENSITIVITY PARTIALS OF TARGETS WRT POSITION CHANGES
BETA SENSITIVITY PARTIALS OF TARGETS WRT VELOCITY CHANGES
ETal TARGETING MATRIX GAMMA
STMR PARTION OF STATE TRANSITION MATKIX OF POSITION
'CHANGES WRT VELOCITY CHANGES
STMp  PARTION OF STATE TRANSITION MATRIX OF VELOCITY
CHANGES WRT VELOCITY CHANGES
TEMX] SENSITIVITY MATRIX
PXy PARTIALS OF STATE WRT FINITE BURN CONTROLS
© AT THE END OF THE BURN
Tay PARTIALS OF STATE WRT FINITE BURN CONTROLS
AT TARGET TIME
ATAR ACTUAL TARGET VECTQR ON CURRENT NOMINAL TRAJECTORY
AER | TARGET ERROR VECTOR (DESIRED=ACTUAL)
DELTAvV CONTROL UPDATE VECTOR
AfFEQ INJECTION STATE VECTOR IN EARTH EWUATORIAL-
‘ ' GEOCENTRIC COORDINATES
TCHANG ACCUMULATED TOTAL CHANGE IN CONTROL VECTOR
COMMON USED:
oL STM DTOL SPD
XB ACCTH PERT SMU (&)
T8 IBURN L IBR H
XF 1TMAX PI ECEQ
ASTM DTAR RPD
COMMON COMPUTED:.
XL ALPHAD
1ToL BETAQ
ITER TBURN
KWIT
y ' 4-94
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(" sTart

HGIDNS FLOW CHART

j

Zerc out accumulated change

first time through TCHANG = 0

Compute actual target from ATAR =
nominal ‘trajectory

A 4
AER =

Compute target error DTAR -
ATAR

Print
related
data

Error greater than tolerance Set
Convergence
flag

ITO%
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Terminate case if maximum
iterations are exceeded

[ RETURN

Is this a finite burn case

A =
. LV = LPHA
Generate update control variables BETA =
TBURN =
Print
related
data
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SUBROUTINE HLAUCH -

PURPOSE: TO COMPUTE THE INJECTION TIME

s

CALLING SEQUENCE: CaLL HLAUNCH{X:DJ)

ARGUMENTS <
A I INJECTION STATE VECTOR. IN ECLIPTIC-GEOQOCENTRIC
COORDINATES (Xe Ys 2 (KM} AND XDOT. YDOTs ZDOT
(KM/SEC))

DJ I/0 INPUT AS DESIRED INJECTIUN JULIAN DATEs OUTPUT
AS ACTUAL [INJECTION JULIAN DATE

LOCAL SYMBOLS:

REFJD JULTIAN DATE JAN 1s 195040
DL A EARTH EQUATORIAL DECLINATION OF ANGULAR MOMENTUM
VECTOR (RAD)

SDL& SIN OF *pLA*

PHILSR LATITUDE OF LAUNCH SITE (RAD)

SIGR LAUNCH AZIMUTH RADIANS

$S16 SINE OF 1SIGR?

SPHI SINE OF *PHILSR®

CPHI COSINE OF *PHILSR?

CSIG COSINE O 'SIGR?®

D DAYS FROM REFJD TO INJECTION DAY

GHA GREENWICH HOUR ANGLE (DEG!

CTHE COSINE OF *THE®

STHE SINE OF vTHE?

THE RIGHT ASCENSION AT LAUNCH (RAD)

TL LAUNCH TIME ON DAY OF LAUNCH (DAYS)

FL TRUE ANOMALY OF LAUNCH SITE (RAD)

rsSig ANGLE BETWEEN LAUNCH AND INJECTION (RAD)

TC COAST TIME (SEC) '

T8 . TIME BETWEEN LAUNCH AND INJECTION (DAYS)

516 LAUNCH AZIMUTH (DEG)

TI INJECTION TIME OF DAY (DAYS) .

XEQ INJECTION STATE VECTOR IN EQUATORIAL-GEOCENTRIC

COORDINATES (Xe Yo Z (KM) AND XDOT, YDOTs ZDOT

‘ (KM/SEC))

ELEMS 6 VECTOR OF ORBITAL ELEMENTS (SEMI-MAJOR AXIS

(KM) s ECCENTRICITYs INCLINATION(DEG)s LONGITUDE
OF ASCENDING NODE(DEG)s ARGUMENT OF PERIAPSIS
{DEG)» TRUE ANOMALY(DEG)) '

HHAT 3 ELEMENT ANGULAR MOMENTUM VECTOR IN EQUATOHIAL-
: GEOCENTRIC COQRDINATES
ZAXIS PSEUDO POLE YECTOR (0cs Cer la)
SUBROUTINES REQUIRED: ‘ |
DMaTPY CaLJuL
DUXv DUNIT
OVECRD DANGV2
CAREL
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SUBROUTINE HLAUCK (CONTINUED)

COMMON USEUD:

Fl THELS ECEQ

PSI1l PHILS Pl

PSi2 -~ . THEDOT TWOPI

TimMl RPRAT RPD ’

Timp SIGMAL "'SPD ' ‘
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HLAUCH Analysis
HLAUNCH computes the injection time from the injection state and the
launch profile parameters input by the user.

The injection state is first rotated from the ecliptic coordinate system,
which was input, to the earth equatorial system.

‘ReA = QEceq Rec - (1)
VcA = $Fceq Vec

The unit normal to the launch/orbit plame is then calculated in earth

equatorial coordinates as
CA X VCA
|RCA X ch

The inclination of the orbit plane i (= arc cos Wz) should equal the
desired input value. The orbit plane inclination must equal or exceed
the latitude of the launch site _ to permit a coplanar parking orbit

(2)

) L
and transfer orbit as indicated in Figure 19. 1In the case that
sin 1 sin L the launch azimuth is defined by
cos 1.
sin = — : 3)
zL _cos qu

and the solution with Oé-u 490 degress is selected. In this case

the parking orbit nominal is identical to that of the transfer plane
given by (2).

Launch Site
Trace

Transfer Plane and
Parking Orbirt

varking Orbi:

Figure 1 Transfer Plane/Parking Orbit Geometry
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If lsin i} < !sin‘ﬁLl, the parking orbit and the transfer orbit -

cannot be coplanar (Figure 16), 1In this case the parking orbit is de-
fined to be in the plane have a launch azimuth of EL = 90 deg.,

containing the closest approach radius vector RCA’ and nearest the

transfer plane, (Note the alternate parking orbit plane in Figure 1lb
which also satisfies the first two of these requirements). The unit
normal to the parking orbit plane is given by

. RCAxV \(4)
B x V i
p IRCA p . .

where Vp is the velocity vector at the injection point in the parking
orbit, Vp is given by

V (£)= -cos sin § cos £ =sin sin g .
P P aP P P OP p .

-sin g sin 4 cos £ +cos g sinZ
P p P P P

éos §d cosZ
P

where (@p, dp) are the equatorial right ascension and declination of the

periapsis position R

A’ For the specific parking orbit plane having
Ei = 90 deg, including RCA’ and nearest the transfer plane 5 must
satisfy cos ¢L ‘
sin &= —m—— (6)

cos
P 0 p

A‘sn(cos{,‘ = sgn V . V@ .
. S§ p) g cA .

\

where 0< EP < 1B0 deg and where the equation (5) is used.

Thus the unit normal to the parking orbit plane may be computed by
either (2) or (4) and the launch azimuth is either given by (2.47) or
ZL = 90 deg. In either case the remaining calculations proceed as follows.

the right ascession at launch @L is defined by. : .
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cos , ®L )
WZ - ]- (7)

W - W
ysinch sin ‘ZL X cos X L

.8in GDI‘ 3

|

The launch date input by the user is recalculated as the integer day

(Oh ut) closest _to the inital date input by the user. The Greenwich
hour angle at 0 ut of the launch date 1is then

GHA = 100°, 07554260 + 0°, 9856473460 T, (8)

2°.9015 x 10”3 Tj

The launch time on the day of launch is

_ «ﬁi =Gt - GHA) mod 2m
L~ W

t

where w is the rotation rate of the launch planet and L is the

longitude of the launch site, both beiné read Iin as input.

The unit vector toward the launch position is the
R, = (cosd:l cos ®L" cos @L sin@LI, sianLI) (.10)

The true anomaly of the launch site fL is calculated as:

cos fL = RL . RCA |
- (11)
] sin fL = R.L . VCA
The angle between launch and injection is
) (12)
The coast time tC maﬁ now be computed
£ = [¢B-(¢& + ¢2) ] kd (13)
where 1‘and 5 are the angle of © the first and second burns and

k® is the inverse parking orbit cmast rate, all of which are input,.
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The time between launch and injection is therefore

o=t +t,+t (14)

i

where t, and t, are the input time durations of the first

2

and second burn

The injection time is then

t. =t +t (15).
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 HPRELM=2
SUBROUTINE HPRELM
PURPOSE: TO INITIALIZE CONSTANT SAND DEFAULT VALUES READ INPUT
DATBs AND CALCULATE THE ZERO ITERATE GUESS.
CALLING SEQUENCE: CALL HPRELM
ARGUMENTS '
NONE
LOCAL SYMBOLS:
BT IME DURAION OF FINITE BURN (DAYS)
I81AS INPUT FLAG INDICATING THAT A BIAS VECTOR
IS TO BE ADDED TO THE LIBRATION STATE PRIOR
TO TARGETING
1ZERO "INPUT FLAG INDICATION THE SOURCE OF THE
INITIAL CONDITIONS
XINT INJECTION STATE VECTOR TO BE INTEGRATE IF
TTMAX=0 :
DTAR ARRAY OF TARGET VALUES
ZDAT INITIAL GUESS OF SPACECRAFT VELOCITY AT LIBRATION
POINTs IF 1ZERO=5
RE RADIUS VECTOR FROM THE SUN TO THE EARTH
SUBROUTINES REQUIRED:
DZERO TRNSPS
CALJUL DSHIFT
PECEG EPHGT

DVSMLY DAVECT
DVECROD HZERIT

COMMON COMPUTED:

ALPHA Fl ITMAX NB PERT
ATRY IBTYPE . LAUNCH NBOD PHILS
BETa IDISK LIBR NFR Psil
DToL IPRE MSGLVL NPOINT PsSIZ2
RL1IBR TOUR TIM] XISP ITOL
RPRAT THEDOT TIMg ZBIAS KWiT
5CMASS THELS TMPR IDON RETRO
SIGMAL THRMAG TP ITER LNON )
IBURN ECEQ

TBURN xF

T8 voLP

DL AL
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IPRE = 1 &

set default

values

read

namelist

set
initial
values on

flags

I

set
initial
values on
parameters

HPRELM-1




Initial velocity of $/C at libration point
comes from input

Initial velocity comes from tables or
Lamberts solution
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y

CALL
HZERIT

Print
initial

conditions

RETURN

M




HTRJUTY=A .

SURROUTINFE HTRJUTY
PURPOSE: TO CONTROL THE TRAJECTORY GENERATION PHASE

CALLING SEQUENCE: CALL HTRUTY

ARGUMENTS ¢
NONF
LOCAL SYMBOLS:
DJ JULAIN DATE OF INJECTION
TBIAS BIAS DATE ADDED TO PRINT QUT TIME
TCOAST COASY TIME ‘
SH SIGN OF INTEGRATION STEP
770 PRINT TIME (DAYS)
TaCT PRINT TIME OF NEXT SPECIAL PRINT POINT (DAYS)
TTOPRE PRINT TIME OF PREVIOUS PRINT POINT (DAYS)
ST SIGN OF PRINT POINT
TTP DAYS FROM INJECTION
DJP JULIAN DATE OF PRINT POINT
RMAG MAGNITUDE OF RADIUS VECTOR (KM}
VMAG MAGNITUDE OF VELOCITY VECTOR (KM/SEC)
RA ' RIGHT ASCENSION (DEG) ,
DEC DECLINATION (DEG) .
DELV ' MAGNITUDE OF IMPULSIVE BUKN DELTA ¥V VECTOR .
KSWB FLAG TO INDICATE INITIATION OF FINITE BURN
1IRONG NUMBER OF ERRQRS ENCOUNTERED DURING TRAJECTOR
"PRINT PHASE
KPOINT CURRENT SPECIAL PRINT POINT NUMBER
ISTOP FLAG TO INDICATE ARRIVAL OF STOPPING CONDITIONS
KSup FLAG TO INDICATE THAT CURRENT PRINT POINT IS
A SPECIAL PRINT POINT
X STATE VECTOR
SUBROUTINES REQUIRED: .
HLAUCH EPHGY DVSMLT DAVECT  SET1
PSTART MSTART ORBINT COWELL DSHIFT
CaL JUL EVAL DSVECT DABSY DRD
DMETPY ORBEND BURN
COMMON USED:
NBOD . THMPR THRMAG
NB PI x1sP . ,
IARRAY  RPD SCMASS .
IToL $PD
ITER . H
CDTAR LAUNCH
IDISK ECEO
NPOINT MSGL VL
TP PLANET
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SUBROUTINE HTRUTY (CONTINUED)

COMMON COMPUTED/USED:

XL
DL
X8
T8
XF
TOUR

COMMON COMPUTED:
BSTH
ASTM
STM™
ACCTH

VOLP
IBURN
IDON
LNON

KeIT
ALPHA
BETA
TBURN
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HTRJTRY FLOWCHART

Compute
BURN TIME
IN DAYS

Check if targeting has converged

Check if finite burn is being targeted from
impulsive burn

= 1 $§ IBURN

Should run target based on actual launch
profile

Check if actual launch profile has been
generated
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CALL HLAUCH

. UPDATE
Generate actual launch profile | TRAJECTORY

JATA

ITAL = 0
0

Reset convergence flag & iteration counter ITER

‘ CALL HLAUCH &
Generate projected launch profile INITIALIZE

FLAG

. CALL SETI
Initislize integrator for COAST phase of CALL PSTART
trajectory . CALL MSTART
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HTRJITY-3

Check if orbit file .is being

: CALL ORBINT
written ;

INITIALIZE - ‘
PRINT FLAGS M¢—————

CALCULATE
: NEXT NOMINAL
- FPRINT POINT , !

Skip special print logic if
first point
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Check if there are special print points

Has last special print been used

Is specisl print beyond nominal print point

Is special point beyond last point

. 44111

KPOINT

N\ > NPOINT

TRACT ™

> TTOPRE s

KPOINT
KPOINT

-1

HTRJITY-4




Set specisl print flag, set current print
point to special print point,decrement
index for NOMNAL point

Set previous .print point to current print
point

Check to see if current print point is
within section

Reset print point to terminal value & set
termination flag

Check if current print peint is outside
integration range

/
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HTRJTY-5

KSWP=KPOINT
TTO = TACT
I=1-1

I

TTOPRE =
TTO

YES

ISTOP=/
ITO = TDUR -
TBIAS




Are we in the burn phase

Is this an impulsive burn
case

Is current print -peint
within coast phase

Integrate to burn
initiation

Reset flags

TTO=TOOAST
CALL COWELL

CALL
COWELL

'

KSWP
KPOINT
KPOINT~1

it
L)

i -
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HTRJITY-6

Integrate to
print peoint



Must finite burns be initiated

Write remaining acceleration
vectors if necessary

Ry

CALCULATE

& PRINT
TRAJECTORY
DATA

HTRJITY-7

CALL
ORBEND

SET FINITE
BURN FLAGS

‘

RESTART THE
INTEGRATOR
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HTRJITY-8

Is there more data to be generated

i

CALL

Write remaining acceleration vectors
ORBEND

if necessary

Set case termination flag KWIT = 1 » E——
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Have 10 bad print point
accumulated

HTRJTY-9

PRINT
ERROR
MESSAGE

v

PRINT
ERROR
MESSAGE

KWIT=1

Set burn flag

Determine finite burn
parameters from impulsive

burn data
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Is this an impulsive burn

Initialize integrator

Integrate burn phase of trajectery

Turn burn flag off & restart integrator

Integrate coast phase of trajectory

4-117°

CALL SETI,

PSTART,
MSTART

l

CALL
COWELL

IBURN =
CALL SET1
PSTART
MSTART

0

CALL
COWELL

HTRJITY-10



Initialize integrator

Integrate trajectory for impulsive
burn case

Print debug data if necessary

CALL SET1,

PSTART
MSTART

CALL
COWELL

HIRJITY-11

PRINT

'4-118



HZERIT=-4

SUBROUTINE HZERIT -

PURPOSE: TO COMPUTE THE INITIAL FOR TARGETING WHEN IZERQ = 6 OR 7
CALLING SEQUENCE: CALL HZERIT(IZEROsREsDIsRLeTULRsVL)
ARGUMENTS: ‘
12Er0 1 INITIAL CONDITION FLAG
RE I INJECTION RADIUS VECTOR (KM)
D1 2 JULTAN DATE OF INJECTION
RL I RADIUS VECTOR TO LIBRATIUN POINT (KM)
TOUR I FLIGHT TIME (DAYS)
VL 0 VELOCITY VECTOK AT LIBRATION POINT
' LOCAL SYMBOLS: :
ALP ANGLE BETWEEN RL AND VL (RAD}
VLM MAGNITUDE OF VL
TH TRANSFER ANGLE (RAD)
SMA SEMI-MAJOR AXIS OF TRANSFER ORBIT
E ECCENTRICITY OF TRANSFER ORBIT
P SEMI-LATUD RECTUM OF TRANSFER ORBIT
NTAB NUMBER OF LOOKUP TABLES
KTAB VALID LOOKUP TABLE
NP _ NUMBER OF POINTS IN LOOKUP TABLE MINUS ONE-
ZAXIS PSEUDO=POLE VECTOR ,

FTaB LOOKUP TABLES
"FLIM LOOKUP TABLE LIMITS
NLIM NUMBER OF POINTS IN LOOKUP TABLES

'SUBROUTINES REQUIRED:

DUXV LAMBRT
OANGMD LoOP
DVCOoMB DANGV2

COMMON USED:
Pl RETRO SMU
‘RPD ~ ATRY

SPD NFR
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HZERIT-1

HZERIT FLOWCHART

START

Are initial conditions generated from
Lamberts solution

Find correct table for this flight time NTAB =
f (IDWR)

Does flight time lie within any table NTAB 1o ﬂ

>0

?

- ALP, VLM =

Interpolate table for velocity
magnitude and rotation angle f (NTAB)

VL =

Compute initial pguess of libration point
velocity £ (ALP, VLM) .

| RETURN
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Compute transfer angle

Check for transfer greater
than one full revolution

Compute velocity at libration
point from Lamberts sclution

THETA =
f (RETRO,

R1, Rp)

NFR
>0

YES

CALL

LAMBERT

CALL

LOOP

HZERIT-2
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INITLC-A

SUBROUTINE INITLC
PURPOSE: TO INITIALIZE CONSTANTS

ARGUMENTS
NONE

LOCAL SYMBULS:

PLN - CHARACTER STRING OF .PLANET NAMES
SUBROUTINES REAUIRED
' DSHIFT
COMMON COMPUTED:
PI Smu
TwOP T RSOI
RPN RP
SPO MONTH
AKMP AU PLANFET
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SUBROUTINE JACOBL

JACOBI-A

PURPOSE: TRAKSFORKATION OF A4 REAL SVYHMETRIC MATRIX 7O DIAGOMAL
- FORM BY A SUCCESSION OF PLANE ROTATIONS 7O ANNIHILAVE
THE OFF-DLAGONAL ELEMENTS AND SUBSEGUENT COMPUTATION
OF THE EIGENVALUES AND EIGENVECTORS OF THAT MATRIX

CALLING SEQUEMCES CALL JACOBI(A,W2,VyNpsFOD)

ARGUWENTS & I
W2 0

y 0

M z

FoC 1

SUBROUTIMES IUPPORTEDS

LOCAL SYM@OLSS ATLP
ATeEP
BIPJP
AJPIP
cs
DEL
IREDO
kR
» KRP1
| ML
- RAD
S%
789
T4
VIEP
COMMON USEDS

HATRIX TO BE OCIAGOWNALIZED (WILL BE
DESTROYED)

VECTOR OF EIGENVALUES (LENGTH NI
MATRIX OF EYGENVECTORS (N BY N DIMNENSION)
DIMENSION OF SQUARE MATRIX A

FINAL owr#ozacoua; ANNIHTLATION VALUE

EIGHY GUISIN GUEISS PRESIW SETEVN
GUIDM GUID. PRED

INTERMEDIATE VARIAGLE
INTERMEDIATE VARIABLE=-A(IPIP}
INTERMEDIATE VARIABLE=A(IPJP)
INTERMEDIATE VARIABLE=A4(JPJP)
INTERMEDIATE VARIABLE
DIFFERENCE IN ELENENTS OF A
COUNTER |
OIMENSION OF A

KR + 1 ‘ “
M= 4

INTERMEDIATE WARIABLE
INTERMEDIATE VARIABLE
INTERNEDIATE VARIABLE

LARGEST OFF-DIAGOMAL ELEMENT

INTERMEDIATE VARIABLE

ONE THO ZERQ
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JACOBRI- |

JACOBI Analysies

The Jacabi wethod subjects a real, symmetric matrix A to & sequence of

trantformations bhascd oo a rototion matrix:
cos @ ~ging
i K K
OK =
sin @ cos ¢
K K

where all other elements of the rotation mutrix are identlical with the
unit matrix. After o multiplications A is transformed into:

' =
A Op ---n O, A0 .0

If wx 1s chosen at each step to make a palr of off-diagonal elements

zero, then A' will approach diagonal form with the eigeuvalues on the

diagonal. The columns of 01 0-2...0N correspond to the eigenvectors of A,

The angle of rotation P 1is chosen in the following way. 1f the
four entries of DK are ian (i,1), (i,j), (j,1) 2nd (j,j) then the corres-

S
! A O are

pounding elements of 01-- 1

b, = a_. coszg + 2a, , sin P cos @ + a 51n2¢
1j ii

bij = bji = (ajj - aii) sin @ cos § + aij(coszg - sinl@)

= 2 ) - ! + 2
b . a4 sij @ 2aij sin @ cos @ ajj cos“y
If 0 is ghosen so that taun 20 = Zaij/(aii - ajj) then‘

= =
bij bji
Each multiplication creates a new pair of zeros but will introduce ‘a non-
zero coutribution to positions zeroced out_on previous steps. However,
successive matrices of the form 02' 01' A 01 02 will approach the
requircd diagonal form.

Reference: Scheid, Frances: Theory and Problems of Numerical

Analysis, McGraw-Hill Book Coumpany, Inc., New York,
1968.

4-124



JACORI Flow Churt

i

(oD

Set {nitfal V matrix to unlty.
Set W2(1) = A(L)

| gy

— - YES
< Is A a lx1 m;:;r:;:>>____
NO

off-diagonal elcments of matrix A

Set T1 = ABS(A(2Z)). Scan upper

by rows to find greatest ¢lement in
absolute value. Set Tl equal to
this element.

JACORI-?

RETURN )

Set IREDO = U. Scan upper off-
diagonal elements of matrix A hy rows
until a value greater than TI (s
found. Pivot on this element.

Compute rotation angle #.
Set IREDO = |

)

Compute eflgenvectors und ;

diagonalize matrix A,

< mno.n>'

NO

YES
< T! .LE. F@D? >———-—;
\ NO ,

TL = T1 * 0,001
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RETURN




LAMBRT =2

SUBROUTINE LAMBRT
PURPOSE: TO SOLVE LAMBERTS PROBLEM FOR TRANSFERS LESS THAN TwO PI

CALLING SECGUENCE: CALL LABRT(R1sR2+sTSsTHETA+XMUsVY1re¥2sA0EsP)

ARGUMENTS , |

R1 I POSITION VECTOR AT DEPARTURE POINT

R2 I POSITION VECTOR AT ARRIVAL POINT

TS I TRANSFER TIME

THETA I TRANSFER ANGLE (RAD)

XMy I GRAVITATIONAL CONSTANT OF CENTRAL BODY

V1 O VELOCITY VECTOR AT DEPARTURE POINT

v2 0 VELOCITY VECTOR AT ARRIVAL PDINT

A 0 SEMI-MAJOR AXIS OF TRANSFER ORBIT

E 0 ECCENTRICITY OF TRANSFER URBIT

P 0 SEMI=LATUS RECTUM -OF TRANSFER ORBIT
LOCAL SYMBOLS: .

R1M MAGNITUDE OF R1

R2M MAGNITUDE OF R2

UR1 UNIT VECTOR IN DIRECTION OF Rl

UR2 UNIT VECTOR IN DIRECTION OF R2

c R2 = RI1

uc UNIT VECTOR IN DIRECTION OF C

CcM MAGNITUDE OF C

TPARA PARABOLIC TIME OF FLIGHT

SUBROUTINES REQUIRED:
Dagsv . DANGMD
ACOSH DVCOMB
. DSvVECT :
DVsD1IV '

COMMON USED:
PI

TWoP1
RPD

COMMON COMPUTED:
KWIT

' 4-126




LAMBRT-1

LAMBRT Analysis

LAMBRT solves Lambert's problem for transfer angles less than 360°.

Given: 1) Initial and final position vectors
®, end R,)
2) The time of flight (tf)
3) The transfer angles (6)

The initial and final velocity vectors (V; and ﬂé), for a two-body counic
trajectory connecting these points are found.

The problem is solved using the following steps:
.Q =Bz = E
s =( R + R + C }/2.0.

1 2

T 32 g - ¢ )Y
p 3 1

t

where g, = sign ( »2 . 92)

and 0<e < 2=

For t, >t , the conic is an ellipse and the following transcendental
equation mst be solved for A

Ju ty = ( s ) (A- sinA ) - g (B - sin B)
l-cos A 1
whefe:
s (1l -cosB) =1¢( - ¢ ) (L -cos A )
and
0£ X < 27
0 <A T A
0 B S A

kb =gravitational constant of central body

The semi major axis of the ellipse may now be calculated as:

a=s8 / (1L - cos A )
. Also calculate: g, = sign ( r? .- Az)

For ts < tp’ the 'conic is an hyperbola, and r must be solved for in the

transcendental equation:
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LAMBRT-2

\Jﬁ te =( s )3/2 {sinh r-r) - 81 (sinh 8 - 3§ )
cosh r-1
where:
s (cosh & - 1) = (s - C Y {(cosh-r - 1)
and
0¢85 & T Tw

The semi major axis of the transfer hyperbola is
a=s/(l - cosh r)
and set &5 = +1

For both elliptical and hyperbolic transfer orbits the initial and final
velocities are now calculated from the following equations:

A=g o1 - 1
s - C 2a

<
n
I}

Mltl
)

=

+
=]

S~

<
el
1
mi‘:,
P
N
1
o}
N

For the derivation of these equations, the reader is referred to Astronautical
Guidance by R. H. Batten.
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LOOP=4A

SUBROUTINE LoOOP
PURPOSE: " TO SOLVE LAMBFRTS PROBLEM FOR TRANSFERS GREATER THAN TwO PI

CALLING SEQUENCE: CALL LOOP(RIsRZ2sTSyTHETAIXMUSATRYINFRIV1sV2rAsEsP)

ARGUMENTS: .
R1 1 POSITION VECTOR AT DEPARTUHE POINT
NFR I NUMBER OF FULL KEVOLUTIONS HEFORE ENCOUNTER
NFR I NUMHER OF FULL WEVOLUTIONS BEFORE ENCOUNTER
RTRY I INITIAL GUESS .
LOCAL SYMBOLS:
RM] MAGNTTUDE OF R1
RMP MAGNITUDE OF R2
CH MAGNITUDE OF C
c R2 - Rl

CTH1 COSINE OF TRUE ANOMALY AT POSITION 1
CTH? COSINE OF TRUE ANOMALY AT POSITION 2
STHI1 SINE OF TRUE ANQMALY AT POSITION: 1
STHe SINE OF TRUE ANOMALY AT POSITION 2
THSC) TRUE ANUMALY AT POSITION 1

THSC2° TRUE ANOMALY AT POSITION 2

VM2 MAGNITUDE OF Vvl
VM] MAGNITUDE OF V2
SUBROUTINES REQUIRED:
OSVECT OaABSYV sLo0020
DUNIT DUXV DVSMLT
CvcowmB DANDMD
COMMON USED:
PI
RPD
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LOoP-1

LOOP Analysis

_LOOP solves Lambert's problem for transfer angles greater than 3607,
Given: 1) Initial and final positien vectors
R, and 52

2) The time of‘flight (tg)
3)" The transfer angle (8y)

The initial and final velocity vectors (¥, and V,) for a two-body elliptical
conic comnecting these points are found. = '

The problem is solved using the following step.

C-R - R | .

2

s=( R + R, + ¢ /2.0

Q = 4( Rl + R2 ) cos (8/2)
8

where 9 = (GN) med 27

The following sets of equations must be solved for X by interating

3‘{ﬁ te_ |
v A s (m T+ A - h)

|

R
= (1 + KE)?

~ < ™
l

=y (z-Qx)
xz-QE

= tan~l (f/g)
=m ® + A

o o» 0o Hh N
1]

The orb;tal'elements are then

% S

a =
2
y
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For the deriv

Technical Note D-5368 (A Unified Form of Lambert's Theorem, by E. R. Lancaster

and R. C., Bla

(2,
c R1
2 2
R ( R r,)
1
(1 - - y o+ lp d .
=)

LOOP-2

ation of the previous equations, the reader is refered to NASA

nchard).

The initial and final velocities are now calculated using the method:

\‘ P = a (1 - e2)
cos Nl = (P - R1 Y/ (e Rl )
cos N2 = (P - R, )/ (e R, )
sin N, = (cos Nl cos 9 - cos Nz)/sin 8]
N2 = (N1 + 8) mod 2 5
cos I = aP c
1 ¢ )
R1 (2a R1 h)
L
sin Tl = e * gin N1 / {1+ 2e cos'N1 + e2)2
2 2 1
L S - 7))
1
1
aP. 3
cos I, =¢( )
2 T, {(2a - RZ)
1
sin Tz = e + sin N2/(1 + 2e cos N2 + 62)2
2 2 1
v2t o= (o7 S
2
A
W =g (R xR, )/ |(51"R2>|
where g =+ 1.0 o0& e
and g, = - 1.0 r %927
n
U1 = ﬁ? X ’a&
N P
U2 = W x R2
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o

V1l (sin T

<3
|

<3
Il

V2 (sin T
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ROUTINE MaAIN
PURPQOSE: ENTRY POINT TO PROGRAM NOMNAL

LOCAaL SYMBOLS:
CPTION CHARACTER STRING READ FROM INPUT

HALO CHARACTER STRING 'HALO®

SUBROUTINES REQUIRED:
INITLC
HPRELM
HTRJTY
PRELIM
HGIDNS
TRUTRY
GIDANS

COMMON USED:
KWiT

COMMON COMPUTED!
1PRE
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MAIN FLOWCHART

Check if halo orbit mission

IPRE = 0
CALL
INITLC

Read

‘option

4-134.

MAIN-1

CALL
PRELIM




Non-halo orbit trajectory generation

Case termination?

Non-halo orbit trajectory

Cast termination?

4-135

CALL
TRITRY

KWIT

YES

CALL
GIDANS

MATN-2




MAIN-3

Initialize data for halo orbit mission CALL

HPRELM

Case termination?

L
| CALL
Generate halo orbit trajectory : HTRJTY

1

Case termination?

CALL

" Target halo orbit trajectory HGIDNS,

Case termination?
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SURROUT INE MATIN

PURPOSE: TO COMPUTE THE INVERSE OF A MATRIX.

CALLING SEQUENCE S

ARGUMENTS  A(N,N) I

RINSNY O

N

.

SUBRQUTINES REQUIRED!

LOCAL SYMBOLS?S

AL

ALBAR

DETR

S IX

KR

MIXI

MIXJ

MIXL

XOFF

CALL MATINC(A,R,N)

NONE

A(LL)Y +« S (INTERMEDIATE VARIABLE)

INTERMEDIATE
INTERMEDIATE
INTERMEDIATE
INTERMEDIATE
INTERMEDIATE
DIMENSION OF

INTERMEDIATE

INTERMEDIATE

INTERMEDIATE
INTERMEDTATE
INTERMEDIATE

INTERMEDIATE

4-137

MATRIX TO BE INVERTED
RESULTANT INVERSE OF MATRIX A

OIMENSION OF A AND R

VARIABLE
VECTOR
VECTOR
VECTOR
VECTOR

A

VARIABLE

VARID'ABLE

VARIABLE
VARIABLE
VARIABLE

VARIABLE

MAT IN-A



MEAN-A

SUBROUT INE ME AN

PURPCGSEt TO PROPAGATE AND UPDATE MEANS OF ACTUAL STATE AND

. PARAMETCR DEVIATIONS AND ACTUAL STATE AND PARAMETER
ESTIMATION ERRORS

CALLING SEQUENCE® CALL HEﬂN(EXTPgEXSfP,IFLAG,IFLAGi,NR)

ARGUMENTSY EXTP I STATE OEVIATIONS OR ESTIMATION ERRORS

EXSTP I SOLVE-FOR PARAMETER DEVIATLONS OR
ESTIMATION ERRORS
' {

IFLAG [ =1 FOR UPDATE
=2 FOR PROPAGATION

r

IFLAGY I =1 FOR DEVIATION MEANS
"=2 FOR ESTIMATION ERROR MEANS

NR I NUMBER OF ROWS IN THE OBSERVATION MATRIX
SUBROUT INES SUPPORTED! ERRANN SETEVN PROBE GENGID PRED
LOCAL SYMBOLS ¢ IGO0 INTERNALL+ SET FLAG

~ suM - INTERMEDIATE STORAGE

ZERO VALUE 0.0

COMMON COMPUTED/USED? DUNE €U EV . £ EXIFP
EXSIP
COMMON USEDS Ak AL AM AN G
~ H NDIML NOIM2  NDIM3  NODIMG
PHI S ™Y T XH TXXS
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@ | - O MEAN-1

MEAN Analysis

Subroutine MEAN propagates and updates actual estimation error
means over the time interval [tk. tk+1] geparating twc successive

measurements or events. The equations programmed in MEAN are in-
dependent of the filter algorithm employed to generate gain ma-
trices. Gein matrices are assumed to have been computed during a
prior call to esubroutine GNAVM. The propagation equations pro-
grammed in MEAN are also used to propagate actual deviation means
over the time interval separating two successive guidance events.
The update equations, of course, are not used in this situation.

The actual estimation errors for position/velocity state, solve-for

parameters, dynamic consider parameters, measurement consider param-
eters, and ignore parameters are defined, respectively, by the

following:
el T Berr T R - (1)
. XS R X . (2)
, k+1 k+1 k+1
Berr 7 Qerr T Yke1 T T Y (3
\ Yierr ® Y1 T Ve T 7 Vo | - (4
el " Pl T Vel T T Y (%)

where (°) indicates estimated values, and x, Xgs U s Vo, and v,

are the actual deviatioas from nominal.

Only the means of % and is are paopagated and updated since the

means of u, v, and w are constant. The propagation equations are
summarized :

- o+ + - -
E[xk+l] = tb-E[ka + exxs-l-:[xsk]- eq}m u - exw v (6)

- + .
E|X% = E|X (7
[kaH] [xsk } .

. : vhere %, 0 s 8 , and @ are state transition mat¢rices over
X xu xw .

B
[tk’ tk+1]'
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MEAN-2

Before the means of x and x, can be updated at a measurament, the

mean of the measurement residual ke DUSE first be computed using
‘ Y

E&’kj—l] m - H E[ik_i_l} ~ M. E[isk+1}+ Guo + L‘vo + Nwo (8)

where H, M, G, L, and N are observation matrix partitions.

The update equations are summarlzed as:

E[i:+l] - E[i;+1 AL WS E[Ek;;] | )

E[i:+1] - E[i;kﬂ] * Sy E[€k+]] (10

where Kk+1 and Sk+l are the fllter gain matrices.

To propagate actual deviation means requires that x and x_ be
replaced by &% and is' respectively, in equations (6) and (7), and
that the minus signs in equations (6) be replaced with plus signs.
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MEAN-3

MEAN Flow Chart

+

168 = 0

Estimation L
Deviations

Errors . . .
Estimation Errors or Deviations?
Set EU = -EU
- EW = -EW

Propagate means forward " l
from t to tk+1 using
equations (6) and (7)

J’ 1GY = I1Gp + 1

Is t ., a meas t time? No ‘l ‘
k+1 measuremen me ! 1
1Gp = 7

Yesl .
2
Compute mean of Equate mean at tk+1
measurement residual -
using equation (8) to mean at tk+1 - RETURN

J L : Deviations

Update estimation error Estimation Errors
means using eguations or Deviations?

(9) and (10)

RETURN

Estimation
Errors




MENG-A

SUBROUT INE MENO :

PURPOSES COMPUTE ASSUMED ANﬁ ACTUAL MEASUREMENT NOISE COVARIANCE
MATRICES IN THE ENRROR ANALYSIS PROGRAM

CALLING SEQUENCEl CALL MENO{MMCODE ,ICCOE?

ARGUMENTS  ICNDC I INTERNAL CODE USED TO DISTINGUISH BETMEEN
o THE THD AL TERNATIVES LISTED ABOVE

MMCONDE I MEASUREMENT MODEL CODE
SUAROUTINES SUPPORTEDE ERRANN
COMMON COMPUTED: R - RPR

COMMON USED? IMNF MNCN I GMNF GMNCN
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MENP-1

MENQ Analysis

"The linearized observation equation employed by the navigation
process 1is given by

A A
GYk Hk GX_k + nk

where dYk is the measurement deviation from the nominal measure-
ment, Hi'is the augmented observation matrix, Gx: is the augmented
state deviation from the nominal augmented state, and My is the
assumed measurement nolse.

The function of subroytine MEN$ im to compute the assumed measure-
‘'ment noise covariance matrix

.

R‘k E[nk nk]
if ICPDE = 0. The constant measurement nolse varlances associated
with all availlable meassurement typeg are stored in the vector MNCN.

Subroutine MEN® selects the appropriate element frem this vector
to censtruct Rk' ’

If ICODE # 0 the actuyal measurement noise covariance matrix

1 = ] IT
R E{Hr”k ]
where ni is the actual measurement noise, is computed instead. In

this case subroutine MEN@® selects the appropriate actual measure-
ment nolse variances from the vector GMNCN to construct R'.

The accompanying flow chart indicates the computatisnal flow for
computing Rk. An identical procedure is used to compute Rﬁ.
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MENC FPlow Chart

Only constant noise No 18 measurement
available &t present. noise constant?

3

1

< ENTER >

Zero out Rk metrix.

!

y

urements.

Compute the Rk matrix for

3 star-planet anglc meas-

RETURN

MENO-2

10,11,12,13 %_®

1,2,3,4,5,6,7,8

NO YES
MMCPDE even? ‘

Compite the Rk matrix

for & range-rate meas-
urement from the

appropriate atation.

Compute the Rk mAtrix

for a range and range-
tate measurement from
the appropriate station,.

10

11,12, lle

Compute tha Rk matyix

for the appropriate
star-plane angle meas-
urement.

Compute the Rk matrix

for an apparent planet
diameter measurement.
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MOMENT-A

‘

SUBROUTTINL = MOMEMNT

PUPPO?E! TO GONVERT AN ARBITRARY NON-SQUARE 2ND MOMENT MATRIX TO
-THE ASSOCIATED CORRELATION MATRIX PARTITION AND PRINTY IT
ALSO COMPUTE AND PRINT FIGENVQLUES, EXGENVECTORS ,AND
HYPERELLIPSOIDS C ‘

CALLING SEQUENCES CALL MOMENT(NL1sN2,EXYT ,EX4EY 4CORW,CORW1,ABLyI1,
I12,IFLAG,IF2)

ARGUMENTSS N1 " I NUMBER OF ROWS IN 2ND MOMENT MATRIX
N2 I NUMBER OF COLS IN 2ND MOMENT MATRIX
EXYT I N1 BY N2 2ND MOMENT MATRIX OF X AND Y
EX I Ni VECTOR MEAN OF X
€Y I N2 VECTOR MEAN OF ¥
CORM I 2ND MOMENT MATRIX CORRESPONDING TCO VECTOR
X OF DIMENSION N1
. " CORW1 I 2ND MOMENT MATRIX CORRESPONDING TO VECTOR
Y OF DIMENSION N2
A BL I VECTOR OF ROW LABELS CORRESPONDING TO
CORM1 .
I1 I ROW INDEX MAXIMUM
12 . I COL INDEX MAXIMUM.
IFLAG- - I =0 DO NOT COMPUTE EIGENVECTORS, ETC.
1F2 1 =0 DO NOT COMPUTE STD. DEV. B

SUBROUTINES SUPPORTED?! GPRINT GENGID

SUBROUTINES REQUIREDS EIGHY

LOCAL SymMaoLSt ouT - INTERMEDIATE ARRAY
PEILG INTERMEDIATE VECTOR
ROW INTERMEDIATE VECTOR
sapP INTERMEDIATE VECTOR
. SQPL  INTERMEDIATE VECTOR
VEIG INTERMEDIATE VECTOR
COMMON USED! FOP FOV
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MOMENT -1

M@MENT Analysis

Subroutine M@MINT transforms an arbitrary 2nd moment matrix E[xyT]
into a correlation matrix and, if x = y, into a vector of standard
deviatlons, The transformation conslasta of two steps:

1) Transform E[xyT] into the covariance matrix
' T T
ccov (x,y) = E[xy ] - E[x] * E[y );

2)  Transform cov (x,y) into the correlation matrix having
correlation coefficients

L gy
where

Oij = E[xi yj]

o = E[xi]%

Y - E[yilh

Subroutine MPMENT writes out the correlation matrix and, 1f they
exist, the standard deviations. Subroutine M@MENT can also compute
-and write out the eigenvalues, eigenvectors, and hyperellipsoid

“of cov (x,y) if x = y.
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NTM=A

SUBROUTINE NTM

PURPOSE: TO SHIFT THE LAST STATE TRANSITION MATRIX OBTAINED FROM THE
FILE INTO PHIOLD+ TO CALL THE FILE READER AND OBTAIN
THE NEW STATE VECTOR AND STATE TRANSITION MATRIXs PHINEWSs
(I.Eas TO SET UP COMMON BLOCK PHISAV FOR USE BY SUB-
RQUTINE PSIM)e OR TO FLAG THE ERRCR ENCOUNTERED WHILE
TRYING TO REAN THE FILE. :

CALLING SEQUENCE: CALL NTM(RF+PHIeKSECT)
ARGUMENTS: RF STATE VECTOR OBTAINED FROM FILE
PHI STATE TRANSITION MATRIX
KSECT INDEX OF SECTION OF FILE TO BE READ
=1 FOR COAST SECTION
=2 FOR FINITE BURN SECTION

LoCaL SYMBOLS: IERR ERROR FLAG RETURNED B8Y FILE READER
TSEC TIME IN SFCONDS PAST THAE INITIAL TIME ON THE FILE

SUBROUTINES REQUIRED: GETCOW
COMMON COMPUTED: PHINEW TOLD

COMMON USEU:! TRTM] TRTMB DELTM PHIOLD TM
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ORBEND=-A .

SUBROUTINE ORBEND (CRBINT ENTRY POINT)
PURPOSE: TO WRITE A °SFINAL®* RECORD TO THE SEQUENTIAL ORBIT FILE

CALLING SEQUENCE: CALL ORBEND

ARGUMENTS:

NONE

v

LOCAL SYMBOLS:

IFRN LOGICAL FILE NUMBER
COMMON USED:

T S$X1 NSECTN

H XVDD

.XDD - sVl

SX1 sv2- -

COMMON COMPUTED:
TELEVN
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SUBROUTINE ORAINT |
PURPOSE: TO INITIALIZE THE SEQUENTIAL ORBIT FILE WITH PARTIALS

CALLING SEWUENCE: CALL ORBINY

ARGUMENTS :

NONE ,
LOCAL SYMBOLS:

IFRN LOGICAL FILE NUMBER
COMMON USED: '

YMDIC NSTATE H sSv2

HMSIC KSTATE XDD

AEINT IPART Sx1

SPINT GM Sxe2’

PVINT NSECTN XvoD

OBL INT T Svl
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ORBINT-1

ORBINT Analysis

Subroutine ORBINT contains five entry points: ORBINT, ORBWRT, ORBEND,
CSTART and GETC@W. The purpose of these entry points is to trans-

mit and retrieve information on a sequential orbit that contains partials,
Entry point orbint writes a 104810 byte logical header record followed

by a 105610 byte second logical header record. This routine is called

only once at the start of trajectory generation, After the header re-
cords have been written the ORBWRT logic block is executed. This block

writes a 665710 logical data record containing the latest 1l acceleration

vectors, first and second cowell runs, current integration time, step size
and section number. This loglc block is repeatedly used during trajectory
integration by a call through entry point ORBWRT, After the’ trajectory
has been completely integrated a call to entry point ORBEND will write

a data record of any remaining acceleration vectors and set an end-of-
file mark. ’ ‘ .

Entry points ‘CSTART and GETCOW are used to retrieve information from the
sequential trajectory data file written by ORBINT/ORBWRT/ORBEND, An
initial call to entry point CSTART prior to trajectory generation will
read the two headon records and the first data record. Each successive
call to entry point CETCOW will read successive data records (if required)
and call subroutine INTP to interpolate the trajectory data for the
requested time period.
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ORBWRT-4A

SUBRGUTINE ORBWRT (ORBINT ENTRY POINT)
PURPOSE: TO WRITE RECORDS TO THE SEQUENTIAL ORBIT FILE

CALLING SEQUENCE:! CALL ORBWRT

ARGUMENTS:
» NONE

LOCAL - SYMBOLS:

IFRN LOGICAL FILE NUMBER
COMMON USED: l ‘

T SX2 NSECTN

H XVDD

XDD svl

Sxy sve

COMMCN COMPUTED:
IELEVN
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PECEQ-A

'SUHROUTINE  PLCER

PURPOSE? TN COMPUTE THE MATRIX DEFINING THE TRANSFORMATION FROM
PLANET CENTERED ECLIPTIC COCRGINATES TU PLANET CENTERED
EQUATORIAL COORDINATES AS A FUNCTION OF THE PARTICULAR
PLANET BND TIME.

CALLING SEQUENCES CA&LL PECEQ (NP,DyECEQ}

APGUMEN Y NP 1 CODE OF PLANET
D I JULIAN DATE, EPOCHK 1900, OF REFERENCE TIME

ECEQ{3,3} 0 COORDINATE TRANSFORMATION MATRIX FROM

PLANETOCENTRIC ECLIPTIC TO PLANETOCENTRIC
EQUATORIAL COCRDINATES

SUBROUTINES REQUTIRED? EUL MX ORB

LOCAL SYMBOLS?®

AHCGC COORDINATE TRANSFORMATION MATRIX FROM
GEOCENTRIC ECLIPTIC TO GEOCENTRIC
EQUATORIAL COORDINATES FOR EARTH - FROM
ECLIPTIC TO ORBITAL PLANE COORDINATES FOR
MOON

CSDECL COSINE OF DECL -

CSEOBL COSINE OF EQBL

CSINM  COSINE OF INM

CSNOM  COSINE OF NOOEM

CSRASC COSINE OF RASC

DECL DECLINATION OF vnaczv PLANET POLE

DGTR CONVERSION FACTOR FROH DEGREES TO RACIANS

£0 JULIAN DATE 4 EPOCH 4713 B.Ce
CE0BL OBLIQUITY OF ECLIPTIC
ItiM INDEX
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PECEQ-B

NODECM INDEX

NORM ~UNIT VECTOR NORMAL TQO TARGET PLANET
ORBITAL PLANE

£ HAR | CROSS PRODUCT OF POLE AND NORK

PMAG MAGNI TUDE OF PBAR

eoLLE UNIT VECTOR ALIGNED WITH TARGET PLANET

POLAR AXIS

POLMAG MAGNITUDE OF POLE

QAARP  CROSS PRCCUCT OF POLE AND PBAR

QMAG MAGNITUTE 0OF GQBARP

RASC  RIGHT ASCENSION OF TARGET PLANET POLE
SNDECL SINE OF DEGL

SNEOBL SINE OF EQOL |

 SNINM  SINE OF INCLINATION INM

SNNOM  SINE OF NODE NOM

SNRASC SINE OF RASC

TPRIM BESSELIAN DATE

X1 INTERMEOIATE VALUE
x1Q INTERMEDIATE VALUE
XL  INTERMEDIATE VALUE

%10 INTERMEDIATE VWAL UE
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PECEQ-1 ' .

PECEQ Analysis

Subroutine PECEQ computes the coordinate transformation maxtrix
A from planetocentrlc ecliptic to planetocentrlc equztorial co-
ordinates for an arbitrary planet.

e derlvatlon of A for a planet other than the earth or moon
will be summarlzed. Matrix A is defined by

N .

a=(xivlz)f ()
where X, Y, and Z are unlt vectors aligned with the planetocentric
equatorial coordinate axes and referenced to the planetocentric
ecliptic coordinate system, Unit vector Z is aligned with the
planet pole. Unit vector X lies along the intersectionn of the
of the planet equatorial and orbital planes and points at the
planet vernal equinox. Unit vector Y completes the orthogonal
triad and is given by

Y =2 x X.. (2)
It remains to obtain expressions for X and Z. Ler N denote the

unit vector normal to the planet orbital plane, and let P denote
the unlt vector aligned with the planet pole. Then

x -

Z =P . (3}
and
! P x N
X=—/.
|p x N (4)

Py

The unit vector N, referred to the ecliptic coordinate system, is
given by
sin 1 sin Q
N=|-sin 1 cos @ - (5)
coeg 1

where 1 and ? are the inclination and longitude of the ascending
node, respectively, of the planet orbital plane. The unit vector
P, referred to the ecliptic system 1s given by
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!

co8 = ¢cos 6

¢

P=lcos « s8in u cos &6 + 8in ¢ sin 6 (6)

- gin ¢ ﬂiﬁ « cod &6 + cos ¢ Bin &

where u and & are the right ascension and declination, respec-
tively, of the planet pole relative to the geocentric equatorial
coordinate system, and ¢ 1s the obliquity of the ecliptic. Ex~
pressions for «» and 6 for each planet were obtained from JPL TR
32-1306, Constants and Related Information for Astrodynamtc Cal-
culations, 1968, by Melbourne, et al, i

For the earth and the moon, the transforma;ion matrix A is writ-
ten as the produce of two transformation matrices

PECEQ-2

A=A, A. _ N
For the earth AZ is the identity matrix and Al is given by
1 o 0 _
Al = 10 cos € -sin e{. (8)
0 sine cos €
The following figure defines the transformations Al and AZ'
using the definitions given.
CXYZ Ecliptic coordinate axes
XOYOZ0 Orbltal plane coordinate axes
XQYQZQ Moon's equatorial coordinate axes
i Inclination of moon's orbital plane to ecliptic
plane v
£ Right ascension of moon's arbital plane to
ecliptic plane
8 Inclination of moon's equatorial to orbital
plane
& Right ascension of moon's equatorial teo orbital
Plane
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PHERD @

The transformation Al from ecliptic to orbital plane coordinates

is performed by rotating about the z-axis through an angle - and
then about the resulting x-axis through an angle i. Eymbolically,

Al = (2 about 3, 1 about 1). (9

The transformation A, from orbital plane to equatorial coordinates
can be written similarly as ‘ ‘

A, = (6 about -3, § about -1). " (10)
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¥

PECEQ Flow Chart

{ ENTER )
4

£al1 2RB to compute the
grbital elements of the
planst

Compute the ob]iquity of
the ecliptic e

- -

Yes

- ¥
—<:4?1anet = earthgg))
No

Compute sine and cosine of
inciination i and node g

- of planet.
|

and declination & of the

Compute the right ascension a

planet pole.
|

Compute the coordinate
‘transformation matrix A.

RETURN

Compute transformation
matrix Al' Set

A

2

= I.
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SURRAUTINE PREN

PURPAOSE: COUNTROL CALCULATIONS FOR A& PREDICTION FVENT IN ERRAN

CALL ING SEWUENC

SURRODUTINES rEN

LOCAL SYMaOLs:

E: CaLL PRED

UIRED:

DUM?
DuM3
HUM
EGVCT
FGYL
EXSTS

EAST

COMMON COMPUTEN

COMMON USED:

¢

I1CO0E
IPR
PEIG
PSAVE
RF

RI
TPT

VEIG =

/USED:

£

NDTm)
L

CNHKREL
ME AN

CSTaART
MNTM

BYNO
DSIM

ARFAY OF ETIGENVECTORS

aRbAY OF ETIGENVALUFS

INTE=MENDTATE ARRAY
ARAAY OF EIGEMVECTOSRS
ARRAY OF ETGENVALUJFS.
TFAPJIRARY STORAGE 'FOR
TFMPORARY STORPAGE FOR
INTERNAL CONTROL FLAG
TEHMPORARY STORAGE FOR
INTERMEDIATE ARRAY
TEMPORARY STORAGE FOR
STATE VECTOR AT TPT

STATE VECTDR AT TIME OF EVENT

TIME PREDICTFD TO

MATRIX Tu BE NTAGONALIZED

CASU CXSsV Cxl)
GCRSw GCXW IPKINT
TeTM]) X1

EXST EXT FOR

N [M2 T NDTM3 NTMC
VO . XF
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EIGHY GNAVM GPRINT
SAVMAT SHIFT STMPR

EXST

EXT

IPRINT

KNOWLEDGE COVAHIANCES‘
Cxv CXXS DELTM
NEE P PS
FCOV GP ISTMC
ONE Q TPTZ



PRED-1

PRED Analysis

Subroutine PRED executes a prediction event in the error analysis
program ERRAN, At a prediction event, the knowledge covariance par-
titions, and the estimated position/velocity deviations from the most
recent nominal trajectory are propagated forward to tp, the time to

which the prediction is to be made. The knowledge covariance partitions
are propagated using the prediction equations found in the GNAVM
Analysis section. The estimate is propagated using the equation

X =o¢(t , t X +0 (t , t) 86X
> (p )6J Xxs(p J)dsj

where ¢ and Oex 2T the state transition matrix partitions over the

s
time interval t., t |.
) ] P

The position and velocity partitions of the propagated knowledge co-
variance matrix are diagonalized at time tp and the eigenvalues, and

elgenvectors are computed.
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PRED FLOW CHART

C . \ENTER )
v

Increment prediction event counter and
obtain time to to which prediction is to

be made.

Save all knowledge covariance matrix

partitions at tj.

Call NTM to compute the nominal
trajectory at time tp- Call PSIM to
compute the state transition matrix
partitions over the time interval

K-tJ" tpj

v

Call DYN@ to compute the dynamic noise
covariance matrix for the interval

t., t ] ‘
[ 17 P
Write out the state transition matrix
partitions and eigenvalues.

T

Call GNAVM to propagate knowledge
covariance partitions forward to time L.
Write out the knowledge correlation
matrix partitions and standard deviations

at time t_.
P

PRED-2




Restore knowledge covariance matrix
partitions at tjA

Save actual knowledge covariance matrix

partitions at tj'

v

Call DYNO to compute the actual dynamic
noise over [tj, tp]

v

Call GNAVM to propagate actual knowledge
covariance partitions forward to t_ . Print
them and their standard deviations.

7

Restore actual knowledge covariances at £y

v

Reinitialize file and file reader for use aﬂ

=6,
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PRELIM=A

SUBROUTINE PRELIHM
PURPOSE: DUMMY LINK WITH NON HALO ORBIT.OPTIONS_

CALLING SEQUENCE: CALL PRELIM
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PRINT3-A

SUBROUTINE PRINT3

PURPOSE: PRINT PERTINENT INFORMATION AT SPECIFIED MEASUREMENTS

- CALLING SEQUENCE: CALL PRINT35MMCODE sNRY

ARGUMENTS: MMCODE CODE FOR TYPE OF MEASUREMENT
NR NUMBER OF ROWS IN OBSERVATION MATRIX

SUBROUTINES REQUIRED: CORREL STMPR STVCPR

LocalL SYMBULS:‘ D1l HOLLERITH: CONSTANT
D2 HOLLFRITH CONSTANT
1A STATION NUMBRER.
IB STAR NUMBER
I0NE =]
ITHREE =3
ITWO =2 i
M INTERNAL MEASUREMENT CODE
TRTM? TIME OF MEASUREMENT
COMMON USED: AK AL AM AN DELTM H MCNTR
@ ‘R S TRTML xI1G6 XLAR XSL
XU Xy
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PSIM=-A

SUBROUTINE PSIM
PURPOSE:" TO INVERT A 6Xx6 STATE TRANSITION MATRIX (USING ITS SYMPLECTIC
CRARACTER) FROM T1 TO T2, AND MULTIPLY A STATE TRANSITION
MATRIX FROM T1 TO T3 BY THAT INVERSEs AND THEREBY OBTAIN
THE STATE TRANSITION MATRIX (STM) FROM T2 TO T3.
CALLING SEQUENCE: CALL PSIM(P31,P21,P32)
ARGUMENTS: P31 STM FROM T1 TO T3
P21 STM FROM Tl TO T2
P32 STM FROM T2 TO T3
SUBROUTINES REQUIRED: NONE

COMMON USED: NONE
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PSTART-2a

SUBROUTINE PSTART
PURPOSE: TO INITIALIZE THE STATE PARTIAL MATRIX
CALLING SEQUENCE: CALL PSTART

ARGUMENTS!
. NONE

LOCAL SYMBOULS: :
AB MEAN RADIUS OF CENTRAL B0DY

COMMON USED:
IND (1) [BURN
ICENT IND(16)
X
X0
GM

SUBROUTINES REQUIRED:
ELEM
POLAR
PARTE

COMMON COMPUTED:
ELEMG NEQ
ORBEL Xy
SPHcoQ AVD
PVINT PXPD
AETINT
SPINT
OBLINT
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SAVMAT=A
SUBROUTINE SAVMAT
PURPOSE: TO STORE THE 834 VALUES OF ARRAY P IN ARRAY Pl
CALLING SEQUENCE: CALL SAVMAT(PsPl)

ARGUMENTS: P ARRAY TO BE SAVED -
Pl STORAGE ARRAY
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SCHED-A

SUBROUTINE SCHED

PURPOSEt TO DETERMINE WHAT TYPE  OF MEASUREMENT IS TO BE TAKEN
NEXT AND AT WHAT TIME IT WILL OCCUR.

CALLING SEQUENCES CALL SCHED(T1,T72,MMCOOE)
~ ARGUMENT® MMCOBE O MEASUREMENT MOGEL CODE
T I PRESENT TRAJECTORY TIME

T2 0 TRAJEGCTORY TIME AT WHICH THE NEXT
MEASUREMENT OCCURS

SUBROUTINES SUPPORTED? - ERRAN

LOCAL SYMBOLSE M INDEX

COMMON USEO?® MCNTR MCDODE NMN TMN
MCNTRP NMNP TMN1 MCODE1  TMN2
Mcope?2

SCHED Flow Chart
! +
{ MONTR = NMN e

loop on M to find TMN(M)]
greater or equal to Tl X

4

T2 - TMN(M)
MMC@DE - MC@DE(M)

RETURN ]

4-167




SURROUTINF SFTEVN

PURPOSE: CUNTROL

CALLING SEWUFNCE:

ARGUMENTS:

SUHROUT INFS

B

COMPUTATIONS COMMUN TO ALL EVENTS IN ERRAM

CALL SETEVN{RIZTEVNSNCODLE)

R STATE OF TRTM1
TEvN  TIME OF EVENT
NCANE  TYPE OF EVENT

RFEAUIRED:

LOCAL SYMRULS: EGVCT

EGVL
EATIY
QuT
FEIG
RF
VEIG

COMMON COMPUTEN/USED:

COMMNDN USED:

CASU
TERT
ALAR
GCAXS
RPR

CORREL  DYNO FIGRY  GNAVM  GERINT
MTM PSIM STMPR STVCPR

ARNAY OF ETGENVECTORS
CORRESFONDING ARRAY OF EJGENVALUES
INTERMEDIATE VARTABLE

SQUART ROQTS OF ZIGENVALUES
INTER“EQTATE ARRAY .

STATE VECTO® AT EVENT TIsME

MATRIX T KF NTAGONALIZED

DELTH TETM] xF

XCSV ACU XCv . CXXS FOP
TSTHE Py P e} uo
[EN Gu GV GCxwW GCXSW
GCAU OLXY GPS HCRSU GCXSV
“xT EXST
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SETEVN-1

SETEVN Analysis

Before executing any gyéﬁt in the error analysis/generalized co-
variance analysis program subroutine SETEVN is called to perform
a series of computations that are common to all events. Subroutine
SETEVN computes the targeted nominal trajectory-at tj and propagates

the assumed and actual knowledge covariance partitions at t

k-1
" the time of Lhe previous event or measurement -- forward to time

tj using the propagation equations found in subroutine GNAVM. The
actual estimation error means are also propagated forward to t

3

using the propagation equations fcund-in subroutine MEAN,

For any event other than a prediction event, subroutine SETEVN also
computes eigenvalues, eigenvectors : . of the
position and velocity partitions of the assumed and actual know-
ledge covariance at t,. ‘
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SETEVN Flow Chart

Set t=t, - . Call
NTM to comp&te tﬁe targeted
nominal at ty. Write out

Propagate assumed knowledge

covariance matrix partitions
forward to tj. Write out

v

<: Is event a prediction event?

v

SETEVN-2

YES

Compute and write out assumed
eigenvalues, eigenvectors, and

hyperelllp&@ldﬂ :

- NO < IGEN # 0? >q_.

v

Propagate actual knowledge means
and Znd-moment matrix partitions
forward to t.. Write out

3

<:: Is event a prediction event?

“E3 RETURN

No;

. Compute and write out actual
eigenvalues, eigenvectors, and

hyperellipsoids

%

) NO
< Is event an eigenvector event? 44:>———1

YES $

Reset time and state vector in
nreparation for pnext cycle




SET1~A

SURROUTINE SETI
PURPOSE: TO INITIALIZE FLAGS FOR USE BY INTEGRATION ROUTINES

CaLLING SE@UENCEi CALL SET1(Y.DJ)

ARGUMENTS:®

Y I INITIAL 6 ELEMENT STATE VECTOR

uJ 1 JULIAN OATE CORRESPONDING TO STATE VECTOR 'Y
SUBROUTINES REQUIRED:

CALuUL ]

OSHIFT , I

VZERD -
COMMON USED:

NEM RETRO ‘

NBOPTH

SMU

. IBURN
COMMON COMPUTED:
" YMDIC XDD ICENT

HMSIC Xy GM

T XVD IND

X ‘ XVDOD H

XD NB ISUN

ITERS NEQ NOFC

NCONDT NOCOWL NTSEQS

NSECTN NSTR CETOL

SECTIM
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SHIFT=-A

SUBROUTINE SHIFT

PURPOSE: TO SHIFT A DOUBLE PRECISION ARRAY TO ANOTHER LOCATION
CALLING SEQUENCE: CALL SHIFT(AINsK»BOUT)

ARGUMENTS: AIN  ARRAY TO BE SHIFTED

K . NUMBER OF CONTIGUOUS VALUES TO BE SHIFTED
BOUT RECEIVING ARRAY.

SUBROUTINE SL0020
PURPOSE: TO MINIMIZE F(X)

CALLING SEQUENCE: CALL SLOO20(XsYeTS)

ARGUMENTS:
X 1 3 VECTOR OF VALUES OF X
Y 1 3 VECTOR OF F(X) VALUES CORRESPONDING TO VECTOR X

78 0 PROJECTED VALUE OF X FOR WHICH F(X) IS MINIMUM

SUBROUTINES REQUIRED:
NONE

*
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SUBROUTINE  SVA

PRL

STAPRL-A

PURPOSES VO COMPUTE TKHE PARTIAL DERIVATIVES OF STﬁTIQN LOCAT;ON

ERRORS
CALLING SEQUEKGCE
ARGUMENT 2 AL 7

ALAY

g CALL STAPRL(AL,ALONsJALAT,PAT2,VEC,PA)’

ALON

Pa

PAT2

VEC

1
I

@ =

ALTITUDE OF THE STATIGQN

LATITUDE OF THE STATION

LONGITUDE OF THE STATION

PARTIAL OF STATION POSITION ANO VELOCITY
WITH RESPECT TO ALTITUDE, LATITUDE AND
LONGITUDE

LONGITUDE + OMEGA® (CURRENTY TIME-~LAUNCH
TIME) \ '

UNUSED

. SUBROUTINES SUPPORTEDS TRAKS  TRAKM

LOCAL SYMBOLS?®

Gi
G2
G3
G

65

COMHON USEDS

]
OMES

SINE OF LATITUQE

COSINE OF LATITUDE

SINE (PHI +OMEGA(T-UNIVT))

COSINEC(PHI +OMEGAC(T-UNIVT)H?

KHERE PHI =LONGITUDE
OMEGA=EARTH ROTATION RATE
T =TINE
UNIVT=UNIVERSAL TIME

SINE OF OBLIQUITY QF EARTH

COSINE OF OBLIQUITY OF EARTH

OWEGA IN PROPER UNITS

EPS - OMEGA ™
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STAPRL-1

BTAPRL Analysis

The ecliptic components of the position and velocity of a tracking station
relative to the Eerth are related to station location parameters R, 8, and
through the following set .of equations:
XBHRccsecosG

‘Ys-Rcosecosc sin G + R sin 9 siné€

’ Z,= -Rcos @ ain € o4n G « R sin O cosé
iﬂ = -wR cos & 8in G
'Y = WE cos @ cos € cos G

ig = «wWR cos @ sin € cos

where G = ¢ + w(t - T), and T is the univereal time at some epoch(usually
launch time),

Subroutine STAPRL computes the negative of the partiale of the previous
quantities with respect to the station location parameters R, 6, and 9 .
These partials are summarized below:

8%,

-—8—R—In-c059c‘oac /

X
-._a_”. = R 8in © coe G

R

ax - | '
’-—gaé." R cos @ oin G

&Ys

dR

= - ‘[sin €oin 8 + cos € cog © ain({l

8y

——ﬁi ®» Rcoe € 8in @ ein G - R 8in € cos 6

&Y ‘
= R ¢cop €co § cog G

i

=]
B3

v —B @ gin £ cos & 6in G - cos € 8in O

[+ ]
o
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o
a

L

'™ Q®
L] A=Y

L

[+
w

] @
Of 4.

o
S

®» |
o | B

59

8z

3.

8

- (R sin € 81n @ 6in G + R cos € cos 9

R ain ¢ cos & cos G-
& cos 9.8in G
- wR 8in O 8in G

@R coa B cos G

- &icop @ coa €cos G

WR cow € 8in @ cos G
WR co8 € coe 8 ain G

wsin ¢ cos O cos G

-~wR sin € 8in @ cos G

1

-wR gin £cos @ 8in G
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MAIN PHOGRAM STEAPE

PURPOSE: TO CONTKOL THE ERROR ANALYSIS MODE OF STEAP
CALLING SEGQUENCF: NONE

ARGUMENTS ! NONF

SUBROUTINES REAUIRED: DATA ERRAN

N ~
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 STMPR-A

SUBRDUTINE  STHPR

PURPOSES TC PRINT OUT THE TRANSPOSES OF YHE STATE TRANSITION
" MATRIX PARTITIONS PHI; THXS, TXK, AND TXAU OVER AN
ARBITRARY INTERVAL OF TIME. :

CALLING SEQUENCES CALL STHPR(TRTM1,TRTM2)

ARGUMENT ¢ TRTML I TIME AT BEGINNING OF INTERVAL OVER WHICH
‘ STATE TRANSETION MATRIX PﬂRTITIDNS HAVE
BEEN COMPUTED

TRTMZ2 I TIME AT END OF INTERVAL OVER WHICH STATE
: TRANSITION HATRIX PARTITIONS HAVE BEEN
- COMPUTED

SUBROUTINES SUPPCGRTED® PRINT4 SETEVS GUISIM GUISS PRESIM
. PRINT3 SETEVN GUIDM GUID PRED
PROBE PROBES

COMMON USEDS NOIML NDINM2 PHI XV T XXS
XLAB XSk Xy
- NDIM4 TXHW
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STVCPR=A

~

SUBROUTINE STVCPR

PURPQOSE: PRINTY THE EPOCHs Ts AND PRINT THE STATE VECTOR X1 IN SEVERAL
COORDINATE SYSTEMS (GEOCENTRIC ECLIPTICe HELIOCENTRIC ECLIP-
TICe ROTATING BARYCENTRICs ROTATING L1=CENTRICe AND ROTATING
L2=CENTRIC)

CALLING SEQUENCE: CALL STYCPRI(XI,T)

ARGUMENTS: XI STATE VECTOR
: T EPOCH OF STATE VECTOR

LOCAL VARIABLES: AUX INTERMEDIATE VECTOR

EL ROTATION VECTOR

R VECTOR TO BE PRINTED

RB SUN=-TO=-BARYCENTER DISTANCE

R4 RADIUS MAGNITUDE TO BE PRINTED

RX INTERMEDIATE VALUE

THETA ROTATION MATRIX

VM VELOCITY MAGNITUDE 7O BE PRINTED

yP VELOCITY DUE TO ROTATING FRAME OF REFERENCE
X8 HELIOCENTRIC STATE VECTOR OF BARYCENTER
XM HELTOCENTRIC STATE VECTOR OF MOON

xP HELIOCENTRIC STATE VECTOR OF EARTH

COMMON USED: DATEJ MUPLAN TRTMB
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STVCPR Analysis

Subroutine STVCPR prints the state vector XI at epoch T in several coordinate
systems: geocentric ecliptiec, heliocentric ecliptic, rotating barycentric,
rotating Ll-centric and rotating L2-centric. The state vector XI is read
from the GIDS (Cowell) file in the geocentric ecliptic coordinate system, and
so the first print involves no transformation. The earth's heliocentric
ecliptic state is then added to XI for the second print, XI in heliocentric

ecliptic state.
s/cC

R, = Xp + Xp Ry = X;
ig .
SUN ‘ : >/ EARTH

Next the moon's heliocentrie ecliptic state is obtained, and the barycenter's
state is computed

- 1 =
_iB—Ll T U (-UE iE"'IJM XM)

® C

The rotating barycentric frame has the same Z~axis as the ecliptic, but
rotates so that the X'-axis is always the barycenter-sun line, A matrix
is defined to effect the rotation of the position and velocity components,

MOON

SUN «—— BARYCENTER

EARTH -

Then the velocity change due to the rotation of the frame and to the
. spacecraft position in the frame is added to the velocity, and the th1rd
print is the rotating barycentric representation of XI.
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For the last two representations, the origin of the coordinate system is
simply translated back and forth along the X'-axis to the Lagrangian L1
and L2 points respectively.

MGOON

/ 'BARYCENTER

EARTH
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SURROUTINE SYMTRK
PURPQSE: SYMMETRIZE A SQUARE MATRIX
CALLING SEWUENCE: CALL SYMTRK (ARRAY M)

ARGUMENTS: ARRAY NAME OF THE M-BY-M MATRIX
M DIMENSION OF THE SQUARE AHRRAY

SUBROUTINES REQUIRED: NONE

COMMON USED: HaLF -

SUBROUT [NE SyYMTRZ

PURPOSE: FIpL IN THE UPPER=RIGHT TRIANGLE OF A SYMMETRIC SnUARE
MATRIX WHOSE LOWER=LEFT TRIANGLE wAS INPUT

CALLING SEWUENCE: CALL SYMTRZ(PsKaN) _
ARGUMENTS: P SQUARE MATRIX TO BE COMPLETED (N-RY=N)
K NUMBER OF ROWS IN USE
N  ACTUAL DIMENSION OF MATRIX

SUBRROUTINES REQUIRED: NONE

SURROUTINE TIME

SYMTRK-A

4\

PURPOSE: CONVERT A TIME IN SECONDS INTQ DAYSs HOURSs MINUTES, SECONDS

CALLING SEWUENCE: CALL TIME{TSECyJDAYsJHRe+JMINyXSEC)’

ARGUMENTS: TSEC TIME IN SECONDS
JnayY NUMBER OF DAYS
JHR NUMBER OF HOURS
JMIN  NUMBER OF MINUTES
XSEC NUMBER OF SECONDS

/
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SUBROUTINE TINE

 TINE-A

PURPOSE? TO CONPUYE ‘THE JULIAN DATE, EPOCH 1900, FROM THE

CALENDAR DATE

JULIAN DATE.

OR 70 COMPUTE THE CALENDAR DATE FROM THE

CALLING SEQUENCE: CALL TINE¢{DAY,IYR,MO,IDAY,IHR,MIN,SEC,ICODE)

ARGUMENT® pav iso0
IYR . 0O/1
MO 0/1%
iday ' or1I
THR ¢/1
MIN osI1
SEC | 0s1
ICODE I

SUBROUTINES SUPPORTED?

SUBROUTINES REQUIRED?
LOCAL SYMBOLS: IA
IB

ie

Iaq
iR
Is

Iy
v

1y

JULIAN DATE, EPOCH 1900

CALENDAR YEAR

CALENDAR MONTH

CALENDAR DAY

HOUR OF THE DAY

WINUTE OF HOUR

FRACTIONAL SECONDS

OPERATIONAL MODE

= 1, INDICATES THE JULIAN DATE IS INPUT,
CALENDAR DATE IS OUTPUT

0, INDICAYES THE CALENDAR OATE IS INPUY,
"JULIAN DATE IS OUTPUT |

DATA

NONE
NUMBER OF CENTURIES
YEARS IN PRESENT CEMTURY

NUXBER GF MONTH (BASED GN MARCH AS NUMBER
ZERO} |

NUHMBER OF YEARS
NUMBER OF CENTURIES DIVIDED BY &

NUMBER OF YEWXRS SINCE LAST 400 YEAR
SECYION BEGAN

NURBER OF LEAP YEARS IN PRESENT CENTURY
_NUHEER OF YEARS SINCE LAST LEAP YEA&R

NUMBER OF DAYS IN LAST YEAR
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IX

Jo

TINE-B

INTERMEDIATE INTEGER

INTERMEDIATE INTEGER

NUMBER OF DAYS IN JULIAN DATE

JULIAN DATE

FRACTIONAL PORTION OF DAY IN JULIAN DATE
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TRAKM=-A

suehouTINE TRAKM
PURPOSE: COMPUTE THE OBSERVATION MATRIX AND ITS AUGMENTATIONS
CALLING SEQUENCE: CALL TRAKM(RVs]ITRK,NR)
ARGUMENTS: RV STATE VECTOR AT TIME OF MEASUREMENT
ITRK TYPE OF MEASUREMENT -

NE NUMBER OF ROWS IN OBSERVATION MATRIX
{(IsEay THE -DIMENSION OF THE MEASUREMENT)

LOCAL SYMBOLS: AL RADIUS OF STATION IA
~ ALAT LATITUDE OF STATION IA
ALON LONGITUDE OF STATION IA
CE COSINE OF EARTH OBLIQUITY
coaL COSINE OF STAR-PLANET ANGLE
CP COSINME OF PATZ
DEL TIME IN D4aYS FROM INITIAL TIME ON FILE
G2 Y-COMPONENT, EQUATORIAL LOCATION, STATION 1A
G3 Z-COMPONENT . EQUATORTIAL LOCATJIONs STATION IA
65 YROT<COMPONENTs EQUATORIAL LOCATIONs, STATION IA
GELS GEOCENTRIC FOUATORIAL LOCATION OF STATION IA
Ia IMDEX OF STATION MAKING MEASUREMENT
ic COLUMN NUMBER IN MATRIX AL
ICD INDEX TO LOCATE AUGMENTATION PARAMETERS FOR IA
IEND LAST AUGMENTATION PARAMETER TO BE CHECKED
Ix COLUMN NUMBRER Tn MATRIX AM
IL COLUMN NUMBER IN MATRIX AN .
IR - REFERENCE INDEXs STAR=-PLANET ANGLES
NA STAR=PLANET ANGLE CURRENTLY BEING COMPUTED
NC LAST STAR-PLANET ANGLE TO BE COMPUTED
Pa ARRAY OF PARYIALS D(RF)/D(GELS)
PAR ARRAY OF PARTIALS D(RF)/D(R=-PLANET)
PAT1 INTERMEDIATE VARIABLE
PaTe HMOUR ANGLE OF STATION [a
RAONEP RADIYS OF EPHEMERIS PLANET (EARTH}
RF STATE VECTOR WRT EARTH QR WRT STATION IA

RFMAG HMAGNITUDE OF RF
RRATE RANGFE=RATE . B

RS SPIN RADIUS OF STATION IA

SE SINE OF EARTH OBLIQUITY

SIAL SINE OF STAR-PLANET ANGLE

SP SINE OF PAT2 o

FARY:! UNIT VECTORs DIRECTION OF STAR NA
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TRAKM=B8

COMMON COMPUTED: AL AM AN G H

(AL IN COMMON BLOCK STM IS CALLED AAL IN TRAKM)
COMMON USED: ALNGTH DELTM EPS TAUGIN OMEGA RAD RADIUS
: Sap SLAY SLON ™ TRTMB TRTMI UNIVTM
usT vsT wsST
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TRAKM Analysis ’

Subroutine TRAKM computes all observation matrix partitions for the
measurement type indicated by ITRK. The number of rows, NR, in the
measurement and the observation matrix partitions is also computed.

The linearized observation equation can be written as

y = Hx + st + Gu + Lv + Nw

where y 1is the observable, x is the spacecraft state, and xs, u,

v, and w are solve-for, dynamic consider, measurement consider, and
ignore -parameter vectors, respectively. The function of subroutine
TRAKM is to compute the observation matrix partitions H, M, G, L,

and N, which indicate the sensitivity of the observable v to changes
in %, Xgr Uy Vs and w, respectively, in the error analysis/generalized

covariance analysis program. The matrix N is computed only for a
generalized covariance analysis.

In the remainder of this section the measurement equation and all
partial derivatives required to construct the H, M, G, and L observa-
tion matrix partitions will be summarized for each measurement type.

A, Range Measurement .

A range measurement has form

? = 3 (X, R, 9, 8, t)

where R, 8, and @ are the radius, latitude, and longitude of the
relevant tracking station.
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n

More explicitly,

| %
2 2 2
p = [(x - XE - xs) +.(Y - YE - YS) + (Z - ZE - ZS) ]

where X, Y, Z inertial position components of spacecraft

X, YE, ZE = inertial position components of Earth
XS’ YS' ZS = station position components relative to Earth,
XS’ YS, and ZS arc rcelated to R, 8, and ¢ as follows:
XS = R cos 8 cos G
YS = R cos 8 cos € sin G + R sin € sin €
ZS = =R cos 8 sin€ sin G + R sin @ cos €

where € is the obliquity of the Earth, and
G = ¢ + GHA
where GHA is the Greenwich hour angle at time ¢t .

Partials of p with respect to spacecraft state are given by

9p 1 8p

ZZ = 2 (X-X_-X —_ = 0

a X P( E S) ax g
ar 1 ap

2Z - L¢y-vY -Y) _— =0

9y P E S 3y

F.J

_p = BI(Z-ZE-ZS) Le = 0

32z 87,

Partials of P with respect to R, 6, and @ are given by

op . op s ep %% ap %%
B
aR aXg R oY,  oR 9z,  oR
8p ep  9Xg , 2p 8¥g ap 9%y
UL — —_— e — — . —=
26 8x. 89 Y. 06 oz, @
5 5 S ®
2 _ 2p %X 9p 9% ap 9%
Y ax, op Iy, 99 dz, 3¢



TRAKM-3

where

3 3P ap _ ap’ 3P Ip

_— S8
GXS X aYS oY ZS dz

and the negatives of the partials of XS’ YS’ and ZS with respect to
R, 8, and ¢ arc summarized in the subroutine STAPRL analysis.

*
L. Range-rate measurcment 0.

A range-rate medsurement has form
p=p(X,‘R,Q,G,‘t)

where all afguments have been defined previously. More explicitly,

I-;"'
: P
where px = X - XE - XS ‘;x = X - }'(E - ;(S
p, = Yt g - Y ; = Y- iE - ?S
P, i=z.'zE'Zs bz=é-z.E-éS

g» Yg, and Z. are related to 'R, 8, and § as follows:

X, = -wR cos @ sin G :
YS = WRcos 8 cos € cos G
ZS = ~WwR cos B sin € cos G

where ¢y is the rotational rate of the Earth.

Partials cf P with respect to spacecraft state are given by

és : .‘;x_pxpo a_‘ - &g ’
oX p p2 o X D
8P _ Py byp 3 _ A ‘
oY | o p2 oY p
36 _ p; PP dp . A

2]

8z P p2 oz
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The partial of ;—; with respect to R. is given by

86 _ 8p 0% ., 8p 0OY% ., 8o 9% |
SR 6xs Or dy, Or azs B8R

or 6Xs+aé_6Ys+aﬁ_ Zg
8x_. @R a?s SR 8%, &
where
CLANE LA
Ox ox ' /
S
° e ¢
and ;@;ﬁ- = -QT , etc.
axs o X

The negatives of the partials of XS, YS"ZS’ XS’ YS’ and ZS with respect

to R, 8, and @ are summarized in the subroutine STAPRL analysis. Partials
of ﬁ with respect to ® and @ are treated similarly.

C. Star-planet angle measurement O .
A star-planet angle measurement has form &
=0 (X, a,e, i,Q2,w,HM

where a, e, i, £, w , and M are the standard set of target planet
orbital elements. :

1f we differ 5 = (px, py’pz) to be the position of the target planet

relative to the spacecraft and {u, v, w) to be the direction cosines of the
relevant star, then

(44

cos™ ! [%(upx +vP;' +wpz):}
where

P=X -%X, p=Y -¥Y, p=2 -2,
X z

and (Xp, YP,kZp) represent the position coordinates of the target planet,
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Partials of & with rcspect to spacecraft state are given by

da _ P ( . p, cosa \) ) éZE! C \
@X sin o p P2 a;( ’
da (_u) os
oy sin o P p2 oY :
e 1 (x & cora) %
0z singt o p2 _ ‘ ai
where
. ) y
sing = + [1 -'¢cos o ]

D. Apparent planet diameter measurement B .

An apparent planet diameter measurement has form
B = B(X,a,e, i, 2, W, M
where all arguments have been defined previously.

Defining P = (px,py, pz) to be the position of the target planet relative

to the spacecraftvand Rp to be the radius of the target planet, the apparent

planet diameter cén‘then be written as
- R
B - 23in1(..2)
p

Partials of B with respect to spacccraft state arc given by

Qﬁ _ kaﬁx j .QE - o
ox p2 [pz_sz]g ox |
_a_ﬂ . 2R 8 : 46—'-3 = 0 |
3y 2 0,2 27k oY “
| " (p R, |
fﬁﬁ - 2 RP pz ! éhg = 0
z
Dz p? [pz_sz]\% | fo/
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TRAKM Flow Chart

ENTER- ‘

Zerc out Observation Matrix
Partitions and State Vector
of station. Compute DEL, timg
in davys past start of filé.

YES

]

NR -= 1 if ITRK -add

li

2 if TTRK even

ITRK < 3

YES

Compute Station Location R, B, ¢,
and geocentric ecliptic state

vector GELS

Compute RF, the state wrt Easrth if
2 2 ITRK or if  ITRK 2 9; wrt
the station if - € ITRK £ 8

——
¢
()
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COmﬁute range-rate and
NRED row of H

Choose column in augmented
observation matrix to be
filled and compute its
‘elements.

TRAKM~7




Compute H for apparent
Earth diameter -

- RETURN :

Choose column and
dugmented portion;
set element = 1
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Set up logic for W
all three star-
planet angles

) W\\kplanet angle to be considered?

L

Compute H matrix for star-

planet angle under

consideration.

:

s H augmented for this star-

planet angle?

a

| #{ES

Pick element in H-partition
to be set = 1.

Set up logic for |
only one star-
planet angle,
ITRK-10

L

NO

Is this the last star-
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TRJTRY =2

SUBROUTINE TRJTRY (PRELIM ENTRY POINT)
PURPOSE: OUMMY LINK WITH NON HALO ORBIT OPTIONS

CALLING SEWUENCE: CALL TRJUTRY

SUBROUTINE TRNSPS

PURPOSE: TO FORM THE TRANSPOSE OF A MATRIX
CALLING SEWUENCE: CALL TRNSPS {AsBiMsN)

ARGUMENTS: .
A I MATRIX To BE TRANSPOSED
8 0 RECEIVING MATRIX
M I NUMBER OF ROWS IN A AND COLUMNS IN B
N I NUMBER OF COLUMNS IN A AND ROWS IN B

SUBROUTINES REQUIRED:
NONE

SUBROUTINE ZERMAT

PURPOSE: TO ZERO OUT A MATRIX

CALLING SEWUENCE: CALL ZERMAT (ARRsNRsNC)
ARGUMENTS:ARR ARRAY TO BE 2ERQED OUT

NR NUMBER OF ROWS
NC NUMBER OF COLUMNS
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