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SCR 290-11

FOREWORD

The work described in this report was performed by United Aircraft Corporate
Systems Center for NASA Electronics Research Center as partial fulfillment of
Contract No. NAS 12-40.

This volume, SCR 290, Volume II - Simulation Documentation, delineates the
Compiler Programs for Interplanetary Space Navigation developed under this contract
and provides the user with sufficient information for operation of the programs.

Copies of each program and a sample test case for each program bave been transmitted
" to NASA/ERC under the terms of this contract.
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1. INTRODUCTION

The two major objectives of the Study of Simplified Navigation and Guidance
Schemes (NASA Contract 12-40) are 1) to define the navigation and guidance require-
ments, as applied to 2 small energetic kick stage, for an interplanctary mission in
which the gravitational field of Jupiter is utilized to deflect the trajectory of a space-
craft from an orbit initially in we ecliptic plane to one which is perpendicular to
the ecliptic plane, and 2) to extend the UACSC-conceived orbital navigation concept
to interplanetary trajectories, To attain these objectives it was necessary to develop
three major computer simulations in the general areas of trajectory analysis and
navigation system performance. The purpose of Volame II is to document the sim-
ulations produced and to provide a complete guide for their use, All three computer
programs are written in FORTRAN IV for the IBM 7094 Model I computer and may
be described functionally as follows:

'I‘he N-Body Truth Model Program (N-B{DDY) is a semi-double precision,
Cowell Method trajectory program “intended primarily for the simulation of
interplanetary trajectories which pass in the neighborhood of Jupiter,

The Linear Optimum Filter Navigation Program (LOF) is a single precision
program designed for the simulation of the performance of a linear optimum filter
navigation technique over typical Jupiter swing-by interplanetary trajectories. The
linear optimum filter scheme combines optical measurements of the line-of-sight
vectors to nearby celestial bodies with a linear filter data processing technique using
statistically optimized gains to bound position and velocity errors during the mission.

The Interplanetary Space Navigation Program (ISN) is a single precision pro-
gram designed for the performance evaluation of the UACSC-conceived orbital naviga-
tion concept extended to interplanetary operation and applied to typical Jupiter swing-
by trajectories. The ISN concept is a simple nonlinear technique which utilizes the
filtered difference between measured and navigated estimates of the 1 1e-of-sight
vector to nearby celestial bodies as feedback quantities in the navigation loops.

Because of functional similarities, the three computer programs described

“herein have many areas of common design. - For example, each program has identical
means for input and problem termination. In addition, all three programs use the

point mass, Cartesian coordinate equations of motion to generate a reference "truth"
trajectory. Each such trajectory is governed by a common gravitational force model.

In order to provide a diract comparison between the results from the two navigation
programs, both programs use the same error source model as input and are functionally
designed to be equivalent. The major program characteristics are descrilied in more
detail in the following paragraphs. In order to avoid duplication of descriptive material,
those characteristics common to two or more programs are discussed first,



SCR 290 II

A. Characteristics Common to All Thvee Programs

1. Each program contains logic which automatically adjusts the origin of the
major coordinate frame in order to maintain computational accuracy when
the vehicle passes through a planetary sphere of influence. The list of
eligible coordinate centers is limited to' the Sun and Jupiter for the two
navigation pregrams and to the Farth, Sun and Jupiter for the N-BADY
program, '

2. The equations of motion contained in all three programs take into account
the Newtonian gravitational fields of a maximum of seven celestial bodies
chosen from a master list of ten celestial bodies. The particular set
included at any one time is a function of the vehicle position relative to the
positions of the planets, i.e., upon the particulgr origin of coordinates in
use at the time. The group of planets associated with each coordinate
center are given in Table 1-1.  As indicated, the masses of Jupiter's
moons are added to Jupiter's mass for those portions of the trajectory
within the Earth's and Sun's spheres of influence. 'This is done to improve
consistency in the total mass of the planetary system from one trajectory
phase to another.

3. All planetary orbits are considered to be ellipses with constart orbital
elements, Because the three programs are intended primarily as naviga-
tion and guidance system evaluation teols, this level of sophistication is
sufficient to provide the desired level of comparison between truth and
navigated trajectory estimates,

4. Each program utilizes a system -f planet index codes as a means of refer-
encing the celestial bodies, This system consists of a set of integers each
corresponding to a given celestial body. The particular code for each body
in the master list is given in Table 1-1.

- 5. All linear input-output variables are expressed in either kilometers or
astronomical units (AU), In general, the metric system is used for
those portions of the trajectory withinthe Earth's or Jupiter's spheres
of influence and astronomical units are used in the Sun's sphere of
influence. Velocities are always expressed in meters per second,
Angular input-output variables are specified in degrees except in
coiinection with sensor measurements where the expressed units are
arc seconds. Internally all three programs use astronomical units,
days, and radians as the units for length, time, and angular measure-
ment, respectively. :
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TABLE I-1

'PLANETARY MODEL SPECIFICATION

X included ] - not included
-
Planet ' . |
~ Index Celestial Center of Coordinates
Code Body f Earth* | Sun ~ Jupiter i
1 Earth X X X
2 Jupiter ’ - - X
2 ~ Jupiter +i ‘) J mooni X X -
3 Sun X X X
4 Moon X X -
5 Venus X X -
6 Mars | | X X | -
7 Jupiter Moon 1 - ' - X
8 _ Jupiter Moon II , : - , X
9 Jupiter Moon III - - X
10 Jupiter Moon IV - - X

* N-BODY Program only
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B. Characteristics Common to the Navigation Programs

The two navigation programs are designed to simulate three possible sources
of error in the generation of a navigated trajectory. The three pertinent
sources oi error are: 1)the use of an unrealistic force model caused by
celestial body exclusion in the navigation system equations of motion, 2)
errors in knowledge of the initial state, and 3) a composite measurement
error applied at each measurement during a navigated trajectory. The
measurement errors, expressed in terms of small changes in the inertial
right ascension and declination of the observed planet, are intended to

reflect the combined effects of sensor alignment errors, op.mal measurement
errors, and stellar inertial self-c'tlmration errors.

The user has the capability, via input, of specifying the number of celestial
bodies to be considered in the navigated equations of motion. In this

fashion the effect of eliminating certain force fields from the navigation

system force model may be evaluated. The programs are set up such that
the specification of less than the maximum aumber of planeis possible will
automatically eliminate the least significant celestial bodies from considera-
tion,

Both navigation programs have the capability of generating a numbyr of trajec-
tories within the framework of one run for the convenience in app’ying a
statistical analysis to the resulis. One run consists of a "truth’ trajectory and
possibly one or more navigated trajectories each starting irom a given set of
initial conditions. The navigated trajectories differ from the "truth” trajec-
tory and from each other by an assumed set of errors in the knowledge

of initial state and by the measurement errors applieg .. cach input-specified
measurement time, The errors in knowledge of initial siate and the measure-
ment errors are obtained from a random number generator subject to input-
specified mean and standard deviation constraints.

A numerical data processing subroutin¢ is included in each program for the
purpose of calculating and printing the mean, standard deviation, and second
moment about zero for each set of position and velocity errors at a given
measurement time during the mission. The subroutine utilizes the data
generated during the series of navigated trajectories in that particular run.

A maximum of 100 navigation measurements can be made during any one
trajectory computation. These are specified via input by the selection of
the desired measurement time and the planet index code representing the
planet on which the measurement i3 to be made.
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C. Sperific Program Characteristics

1, N-Body Truth Model Progi.'am
a. The user has a choice of two numerical integration teuliniques:

(1) Runge-Kutta'fourth order with constant step gize

(2) Adams four-point w:ﬁ variable step size and automatic error
control,

b. The ir‘tial trajectory conditions may be specified in either of two ways:

(1) Cartesian coordinates

(2) conic section orbital elements.

¢, A maximum of four thrust maneuvers can be made during any one
trajectory. The maneuvers are approximated by impulsive velocity
additions and are defined by specifying the time at which the maneuver
is to take place and the three components of impulsive velomtv to be
added,

d. In récognition:of the varying integration accuracy requirements over
- the totality of one trajectory, a provision has been made for the input
specification of six different integration step sizes. Three sizes may
be specified for that part of the trajectory wiithin the Earth's sphere of
influence and two for that part within Jupiter's sphere of influence.
Vehicle distance from the central body is the factor governing which
is used at any given time., One step size is provided for that part of
the trajectory within the Sun's sphere of influence. In addition, the
user may specify the print frequency corresponding to each integration
step size. The print frequency is herein defined to be the desired
time interval of print expressed in terms of integral multiples of the
integration step size minus one. In other words, if f is the print fre-
quency, the program will print every (f+1) tlmes the integration step
- size for that phase of the trajectory.

e. A maximum of twenty observation or measurement times may be
specified by the user. At the specified times the program performs a
- standard print (see Section IV-A) and continnes. The logic for accom-
plishing this task was originally included to allow the N-B@DY program
to function as a truth model base for the nav1gatlon system simulations.
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Subsequent analysis of the navigation problem, however, indicated
that a separate truth model program would be cumbersome, and that
function was therefore incorporated into each navigation simulation
separately. As a result, the option of specifying observation times
will probably not be needed in the N-BODY program for most appli-
cations. The logic, if not used, does not affect the execution time

in any way. It is noted that the logic used in the measurement time
calculation is shared with the logic used to simulate thrust maneuvers
(see Section I, C. 1.c¢.) and cannot be eliminated without changing

that function, '

The N-B@DY program contains a built-in capability of generating a
numerically integrated two-body trajectory for checkout purposes.
Setting the input variable TEST equal to unity zeros out the masses of
all celestial bodies except the initial dominant central body. Care
must be taken, however, not to exceed the defined boundaries of the
pertinent planetary sphere of influence,

Linear Optimum Filter Navigation Program

a.

All navigation guins are statistically optimized to minimize the effects
of measurement errors in a least squared sense and are generated
within the navigation computation itself. Measurement data is fed

back into the navigation loops only at the designated measurement times.

All navigation calculations are carried out using rectangular coordinates.
The state vector is composed of three position and three velocity
components.

A fourth order Runge-Kutta integration scheme is used to integrate
the six state variables and a second order Runge-Kutta scheme is used
to propagate the transition matrix elements,

Interplanetary Space Navigation Program

a.

All navigation gains are assumed to be constants with respect to time.
Measurement data is fed back into the navigation loops on continuous
basis through a first order lag filter.

The navigation scheme is mechanized in terms of a set of orbit-
referenced spherical coordinates. The integration of the state variables
is performed in that system. However, the linear gravitational accelera-
tions used in the equations of motion are generated first in rectangular
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components and then transformed to the corresponding spherical
coordinate values, The definition of the vehicle state is in terms of the
downrange angle, crossrange angle, the anguiar rates in the downrange
and crossrange directions, the rate o change of the distance to the
major attracting body, and the angular momentum per unit vehicle mass
about that same body. Internally computed corrections to the angular
momentum term are used to compensate in the navigation equations

for the perturbations of other planetary bodies,

All program integrations, including the truth and navigated equations
of motion and the navigation system filter equations, are performed
using a fourth srder Runge-Kutta integration scheme.
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II. COORDINATE SYSTEMS, ASTROPHYSICAL CONSTANTS,
AND CONVERSION FACTORS

A. Coordinate Systems

All three programs utilize the same basic system of inertial Cartesian coordi-
nate frames. The coordinate frame in use at any given trajectory time is a function
of the computed vehicle position relative to the existing planetary configuration at
that time, i.e., the particular sp>ere of influence through which the vehicle is passing.
Thus, a planetocentric, equatorial reference system is used whenever the vehicle
passes sufficiently close to an eligible planetary coordinate center; otherwise a
heliocentric, ecliptic system is employed. The heliocentric, ecliptic system (XI’
YI’ and ZI) is defined such that the XI axis lies in the plane of the ecliptic and points

in the direction of the Vernal Equinox on the Julian day of epoch 2439200.5. The YI

axis is perpendicular to the X[ axis and lies in the plane of the ecliptic. The ZI axis

is orthogonal to the other two., All planetary orbital elements are defined relative
to this system except those for Jupiter's moons which are defined relative to Jupiter's
orbital plane. In gereral, a planetary equatorial system is defined such that the Xc

axis is located along the intersection of the planet's equator and its orbital plane, the
Yc axis is perpendicular to the Xc axis and lies in the planet's equatorial plane, and

the Zc axis is orthogonal to hoth the XC and Yc axes, The quantities needed to spccify

this system are 1) i', the inclination of the planet's equator with respect to its orbit
plane, and 2) Q', the angle measured in the plane of the planet's orbit from the
planetary ascending node to the intersection of the planet's equator with its orbit plane.
Figure I1I-1 shows a typical planetary system as uscd herein,

In addition to the primary Cartesian reflerence frames, the ISN program also
utilizes a secondary spherical coordinate frame in the mechanization of the navigation
loops. This system is illustrated in Figure 1I-2, The nominal vehicle orbital plane
is defined by using the center of coordinates at some given time., At the specified
time, the reference orbital plane is equated to the vehicle's instantancous orbital plane,
The terms used to specify the reference orbit plane are 1) Qv, the orbital argument

of nodes relative to the pertinent coordinate system, and 2) iv’ the vehicle's orbital

inclination relative to the reference plane of the coordinate system in us-
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B. Astrophysical Constants ' ,

As mentioned in Section I.A.3, all planetary orbits are assumed to he ellipses
with constant orbital elements. The numerical values for the orbital constanis are
essentially those corresponding to an epoch of March 16, 1966 (Julian date: 2439200.5)
as given in Reference 1. Jupiter's four largest moons are assumed to be in circular
equatorial orbits about Jupiter with orbital radii as listed in Reference 2. The mean
longitudes at epoch for the four moons are derived from data given in Reference 1.
Only the Earth and Jupiter are considered to he oblate spheroids insofar as the
gravitational potential is concerned. All other celestial bodies in the master list of
ten are assumed to have Newtonian force fields. The equations of motion include
(where applicable) terms involving the second, third and fourth zonal harmonics for
each of the oblate planets when it is the center of coordinates. Values for the harmonic
coefficients were obtained from References 3 and 4. The astrophysical constants
assumed in the three programs described hercin are summarized in Table II-I.

C. Conversion Factors

The numerical values for all conversion factors used in the subject programs
together with the corresponding program symbols are listed in Table II-II, All
reverse transformations are obtained hy dividing by the appropriate conversion factor.

TABLE II-1I

PROGRAM CONVERSION FACTORS

f!’rogram
To Converi From To Multiply By Symbol |Reference
km a.u. [6.6345813 x 107 | cKMAU 5
7
Length a.u, | nm |8.0725861 x 10 11 AUNM 6
a.u, ; ft 4,90498406 x 10~ AUFT 6
nm Pt 6076.1 XNMFT 6
i
T - -7
Velocity m/s AU /day|5.7 7 54783 x 10 CMSAUD 5
fps A U/day|l.7614736 x 10-7 | FPSAUD 6
Angular deg radian | .01745329 DEGRAD 5
Measurement arc sec ' radian [4.8481368 x 10~-6 | SECRAD 5
days . sec 86400. DAYSEC 5
Time

1¢



SCR 290 II

OCSSTIERZ 9 = 3¢

COZ6STIFL’E —~ &

$9eeC” Tc_.. X g°¢~ 0 Nocn XSr't 4668L590° “+003t Jopdnp

<S81900° 9- OTXgr e~ @;3 Xee- .01 X 82280°1 ££25E€06° 8€°2CHE qnIey

‘ny  gouanguy J. n-.. z Sunanery wru X Apog

30 2aayds Arnaurid J smpry aejod fl )
S '0026C¥Z = Yoods ,,
auryd ferzmenbe s,3ondnp 01 30adgor YIIm 2T gOIYM
suoow s aadnp 10} usald asoyy 1dedxs aurid o13diRo 01 100483 YNIM IIC PIIST] TORWPOU] o
6% "86ET 9220849:¢° 1898LreT R 0 1] U} 0 POTICTO 3-3 X 0602FF° T Al woopg ¢
68 0587 P6LOTILR® C8R6PTCT I 0 ¢ 0 0 L891L00° :»3 X ELITIC0E 2 11 wogy ¢
€¥° 058 FLTSE6UL"T GCCHALEH S (1] o 0 0 0F6F00” Nnuca X £¥66166°9 I SO [
Y
+0°¥9L cereeyeetg 99LTLHT0° S 0 0 0 0 AZHZ00° 3-3 X g2STR0°1 [ woR
"6E98E LECCPT00° 66¥FCOTIC T H0aL2CES” SCTZLELT FelgTe” L33esto’ coveoe e pnen X LI1928°2 Jondngp
‘0628 HCo6Leo” 1£0909¢ ¢ KNFOBRZ ‘2 9aeors Y L1EE680 68L900° 2egqeL 2-2. X SSCEVZ° L FMOA
“¥¥8Y orI9¥TI600 LEGLOOLOT CLLEPCR T GLE6ENO IEaLO " tLEE60 " T69€2C°1 n.n.-s X G99S8S°6 SIeN
S°8¢6 FROL66ZT * 9IL6RICE ¥ HRZORLE T F6E0L70 "1 LR8N0 06150° Y6GLET00” nalan X 82601 [0
£6°CHE 66020L10° T89ELH8 "2 B8LEYCZ9 ‘T 0 0 CLTLOTO ¢ cnos X yOLYO6 2 ey
“0or9Le ) 0 0 0 0 0 ,-0T X 520006°Z ung
um Awp/pex pea o yoodo 12 pex pea pra n'e Sep/ A ¥y "¢ dpog
snpey pepaoyenby | uonopy ueage apmBuoT uwaw z ¢ "
i 43 el a ]

SILNV.LSNOOD "TVOIS LHA(LLSY

I-11 3 1dV.L

11



SCR 290 I

IOI. PROGRAM INPUTS

All inputs for the three computer programs are loaded using the following
format on standard IBM 80~column punched cards:

Columns 1-23-5 6-20 * 21-35 36 - 50 51 - 65 66 - 80
IWC L¢C BUFFER(l) BUFFER(@2) BUFFER(@) BUFFER(4) BUFFER(5)

where = IWC - number of data words on each card (1< IWC £5)

LoHC - the program location of the first variable listed on each
card (all other variables on the card are read into
successive locations.) ‘

BUFFER(1-5) - floating point data words corresponding to each of the -
five possible input variables read in on any one card.

The end of a case is signaled to the program by the insertion of a negative word
count (IWC) on the last regular input card for that case. The reading of input is
terminated by the inclusion of a one card final case containing a negative run number.

Termination Card Format for Each Program:

Deck Columns 1 - 2 3-5 - 6-20
N-BODY , -1 69 -1,
LOF ' -1 27 -1.
ISN -1 141 -1,

The procedure for performing a series of runs requires that only the data
being changed from case to case need be input for all cases subsequent to the first.
In addition, input values which are nominally zero do not have to be loaded except
when they are loaded directly behind an input variable that is nonzero,

The required input data and corresponding program locations are given in
Tables OI-I, II-II, and TMI-OI for the N-BODY, L@F, aad ISN programs, respectively.



: TABLE IlI-I .
PROGRAM INPUTS FOR THE N-BODY TRUTH MO

JOCATION _ VARIABLE UNITS ~COMMENTS
1 XMTID . intogration scheme indicntor
‘ = (0, predictor-corrector integration method
= 1. Runge-Kutta fourth order integration method
2 VARBH casae integration step indicator
= {, variable intogration siop size
= 1, constant integration atep size
‘a3 <. PRIN1IA days maximum integration stop for Earth coordinate canter
R<.,0007A U
4 . PRINIB  daya maximum integration step for Earth coordinate center
' 0007AU < R <.003a.u,
5 ; PRINT1 days maximum integration step for Earth conrdinate conter
J003A U < R < RSPHE
6 - PRINT2 days maximum integration step for Sun coordinate contey
7 PRINT3 :day! maximum intngration step for Jupiter cocrdinate center
‘ .03A ! < R < RSPIJ
a DELTJ days maximum integration step for Jupiter enordinate center
R<.03AU
9 DATE Julian days Julian dute at TIME - 0,
10 XN1 B initial coordinate syatern indicator
=1, geocentric, equatorial
= 2,. joveocentric, equatorial
= 3. heliocentrie, erliptic
1 XM@DE T input mode indicator
= 1. input 1s in Cartesion coordinatos
~.1 input is in orbital elements
‘12 VX0 m/s
. initial Cartesian velocity components in efther
13 VYo m/s equatorial or ecliptic system depending on
XN1
14 vZo m/s
15 Xco km if XN1=1.,2, )
AU =3,
16 YCo km if XN1=1.,2, initial Cartesian position coordinates in either
AU = 3, oquatorial or ecliptic syatem depending on XN1
17 ZCo kmifXN1=1.,2
AU =3, J
Note: the next 6 items are alternatives to items 12-17 depending on XMODE
18 AV AU initial vehicle orbital semi-major axis
19 EV @ eeee- initial vehicle orbital eccentricity
20 Y10 deg initial vehicle orbital inclination
21 Hmo deg initial vehicle orbital 1rgument of nodes
22 ARGPRO deg initial vehicle orbital arguinent of pericenter
23 ETAO deg initial vehicle orhital true anomaly
24 THRIND ——— numbor of thrust maneuvers ( < 4)
25 TTHRQ) dayse time measured from DATE for the initiation of each
' thrust maneuver
28 TTHR(4)
20 DELVX(l) m/s impulsive velocity component along XC axis for euch
{ { ‘ thrust maneuver
82 DELYX(4)

SCTR 290 II
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PROGRAM INPUTS FOR THE N-BODY TRUTH MODEL PROGRAM (N-B@DY)

TABLE III-1 (Continued)
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LOCATION

37

40

41

68

70

71

72

73

74

75

76

™

78

79

80

VARIABLE

DELVY(1)
DELVY(4)
DELVZ(1)
DELVZ(4)
PHBSIND
T@B(1)
TOB(25)
TEST

ELEPR

RUN

TRAMA

TRAPRN

PINT

PCN1A

PCN1B

PCN1

PCN2

PCN3

PCN4

TO

TMAX

UNITS

COMMENTS

m/s

|

- -

- -
- -

- e -

-----

- -

days

days

impulsive velcuity component along YC axis for each
thrust maneuver

impulsive velocity components along ZC axis for each
thrust maneuver

number of observaticn times (< 20)

tahle of ohservation times measured from DATE

spoecial function switeh
= 0. the program computes an n-hody trajectory
= 1, the program computes a two-bndy trajectory

vehicle orbital element print switch
= 0. orbital clements are printed only at TIME = 'TMAX
= 1. orbital elements are printed every "standard" print

case identification number

switch controlling transition matrix calculation
=0, transition matrix calculation deleted
= 1. transition matrix calculation included

transition matrix print switch
=0, transition matrix prints only at last calculated time
=1, transition matrix prints at every standard print

integration print switch

= 1. prints magimum integration step size and mumber
of integration steps at last calculated time

=0, deletes ahove print

print frequency for Earth's spheré of influence
R <.0007 A U, The program prints cvery (PCN1A + 1,)*
PRINIA dnys

print frequency for Earth's sphere of {nfluence
L0007 AU < R < .003a.u. The program prints
every (PCN1B + 1.)*PRIN1B days

print frequency for Earth's sphere of influence
.003 < R < RSPHE. The program prints every
(PCNI + 1.)*PRINT1 days

print frequency for the Sun's sphere of influence,
The program prints every (PCN2 + 1,)*PRINT?2 days

print frequency for Jupiter's sphere of influence
.03 < R < RSPHJ. The program prints every

* (PCN3 + 1.)*PRINT3 days

print frequency for Jupiter's sphore of influence

R < .03 A U, The program prints every (PCN4 + 1, )*DELTJ days

initial trajectory time relative to DATE

maximum or final trajectory time relative to DATE

- A



TABLE IN-II

PROGRAM INPUTS FOR THE LINEAR OPTIMUM FILTER PROGRAM (LJF)
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LOCATION  VARIABLE

1

10

11

12

13

14

16

17

18

‘19

20

22

23

24

25

26

27

28

DATAPR

vXo
VYO

VZo

AAY

AVX

AVY

AVz

XN1

XNUM
XNMAX
CN1

XKON

,

XIPLAN

SIGMU(2)
SIGMU(2)

SIGMU(3)

SIGMU@)

SIGMU(5).

SIGMU(6)
RUN
XMNA1O

e A i e

UNITS COMMENTS
—— ( print control awitch
=0, program prints standard output plus optional
navigation data for each navigated trajectory
L = 1, program prints standard output only
..... .} umised variable
km 1f XN1 = 2,
AU =3,
Kmulf XN1 : z f initial true position coordinates
km if XN1= 2,
AUV =3. 4
m/s
m/s ? initial true veloeity components
m/s
km <
> the statistical mean of the errors in knowledge of
km initinl position
km
/
m/s b
m/s the statistical mean of the errors in knowledgo of
? initinl velocity
m/s )
..... initial coordinate system indicator
= 2, jovocentric. equatorial
=3, walincentric, acliptic
----- number of trajectories to be generated in this run
----- number of navigation measurement times per trajectory
----- noise constart for covariance matrix calculation
----- number of integration ster between tq and the first
measurement time. '
----- number of celestial bodics other than the center of coordinates|
to be considered in the navigation force model (XIPLAN < 6.)
km
km best estimate of error in knowledge of initial position-
also, standard deviation of snme quantities '
km '
m/s
best estimate of crror in knowledge of initial velocity also,
m/s standard deviation of same quantitics
m/s
—— Tun identification number
arc sec mean of measuremenit error in the inertial right asoension of

the vehicle-observed planet vector while the vehicle is

- - - P I T TS B T . VR




PROGRAM INPUTS FOR THE LINEAR OPTIMUM FILTER PROGRAM (LGF)
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TABLE HI-II (Continued)

R 1T T

30

31

32

33

34

35

36

a7

39
40
41
42'

l

141

142

241

__LOCATION _VARIABLE

UNITS
XMND10 arc sec
STDD10 arc sec
XMNA20 arc sec
STDA20 ar: se
XMND20 are sec
8TDD20 are sec
8IGP0 Arc sec
81GQO arc sec
SIGPQV arc sec
S1IGQPO arc sec
DATE Julian days
TO days
TI(1) days
T1(100) ’
XLAB(l)  ---w-
XLAB(100) ‘

mean

standard
deviation

mean

standard
deviation

standard
deviation

)

OMMENTS

of measurement errors in the inertial declination of
the vehicle-observed planet vector while the vehicle
is in the 8un's sphere of influence .

of measurement errors in the inertial vight ascension
of the vehiclo-observed planet vector while the vehicle
is in Jupiter's sphere of influence

of measurement errors in the inertial declination of the
vehicle-obsarvead planet vector while the vohlola is in
Jupiter's sphere of influence:

one sigma estimates of mexsurement errors

cross correlation values for measurement errors

Julian date at TIME = 0.

initial time measure’l from DATE

table of navigation measurement times measured from DATE

table of planet index codes specx(vmg which body is being
obsecrved at cich measurement time

sriliakony e i o v W il . [

b

L

>

o —— o

R
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SCR 29011

I‘“NOGRAM INPUTS FOR THE INTERPLANETARY SPACE NAVIGATION PROGRAM (ISN)

LOCATI)N VARIABLE UNITS COMMENTS
1 XX km if XN1 = 2,
AU = 3,
2 YY km if XN1 =2, ‘ lnitial true position coordinates
AU =3,
3 27 km if XN1 = 2, i
AU =3, J
v ' )
4 VXX m/s :
5 vYY m/s initial true velocity components i
6 V22 m/s
7 DELTX km :
statistical mean of the errors in knowledge of initial
8 DELTY km position
9 DELTZ km
10 DELVX1 m/s
. statistical mean of the errors in knowledge of initial
1 DELVY1 m/s velocity :
12 - DELVZ1 m/s
13 TO days initial trajectory time incasured from DATE
14 XNMAX ————— - maximum number of nm:isurcment times
15 XMNA10 are scc mean of measurement errors in inertial right ascension of the
> vehicle-observed planet vector (coordinate center = Sun)
16 STDA10 arc sec standard
: deviation J
: N
17 XMNA20 arc sec meaat © of measuremoent errors in inertial right ascension of the
> vehicle observed planct vector (coordinate center = Jupiter)
18 STDA20 arc se¢ standard
e deviatin
19 XMND10 arc sec mean- 1 of measurement errors in inertial declination of the
. vehicle-observed planet vector (coordinate center = Sun)
20 STDD10  arc sac standard
deviation J
21 XMND20 arc sec mean X of measurement errors in inertial declination of the
‘ vehicle-ohbserved planet vector (coordinate center = Jupiter)
2 STDD20  arc sec  Standard
deviation
0y . ‘ ‘ . |
' 23 XKM A U 2/day navigation gain, momentum fecdback
24 XKI . rad/daya navigation gain, v 0 integral feedback k
25 XKTHEk rad/day navigation gain, © feedback
26 XKVTHE  rad/day’ navigation gain, Vg feedback
27 XKPSI rad/day navigation gain, ¥ feedback
28 XKVPSI rad/day? navigai:io_n gain, '\'W.., feedback
J 29 XKON' c———— number of integration étepsy between t,, and the first

17
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TABLE III-III (Continued)
PROGRAM INPUTS FOR ".IE INTERPLANETARY SPACE NAVIGATION PROGRAM (ISN)

LOCATION VARIABLE UrAT COMMENTS
30 XLt e navigation system initializer switch - incidates in which
form the best estimates of initial position errors are
input
= 0. A9 and AP (DETHE and DEPSI respectively) nre
‘input directly

=1, AX, AY, and AZ (DEX, DEY, and DEZ respectively)
are input - AO and Ay must be calculated

31 DETHE deg best estimate of error in knowledge of initial downrange
position
32 DEPSI dog hest estimate of error in knowledge of initial crossrange
position
: N
33 DEX lan
> best estimates of errors in knowledge of initial position
34 DEY km in Cartesian coordinates '
35 DEZ km
J3 TAU1 days X filter time constants in generation of feedback quantities
A0'and AY' respectively
37 TAU2 days J
38 XN1 L meme. ' initial coordinate system indicator
= 2. jovocentric, equatorial
= 2. helioeentrie, ecliptie
39 XIMAX o maximum number of cel’ - .al bodies to he considered in
, navigation force mod-. (XIMAX < 7)
40 XLMAX  ----- maximum numb.» of trajectories to be generated (including
; the truth traj tory)
41 T(1) days ' _ ‘
. i table of navigation measurement times measured from
d DATE
140 T(100) ’
;
141 RUN  ceeee run identification number
142 DATE Julian days Julian date at TiME = 0.
- 143 TABLE(1) ----- _ ' table of planet index codes signifying which celestial
l , hodies are heing ohscrved in the navigation measurements
. 242 TABLE (100)

, _special function switch
2438 ~ TEST = (. the program computes an n-body trajectory
: = 1, the program computes a two body trajectory

N
244 SIGMU(1) km

standard deviation of the errors in knowledge of initial
245 SIGMU(2)  km ? position
246 SIGMU@3) km

7 i

247 SIGMU(4) m/s B

standard deviatien of the errors in knowledge of initial
248 SIGMU(5) m/s > velocity
249  SIGMU(6) m/s
250 .- DATAPR print selector switch

~~ 0. program prints standard output plus n: “igation data j
for each trajectory H 18

= 1. program prints standard output only

—
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IV. PROGRAM OUTPUTS

All outputs for the three programs can be put into one of three classifications:
1) standard - outputs that automatically occur at input -specified times throughout a
given program run, 2) optional - outputs ( in addition to standard items) that may he
selected or deleted by means of input specification, and 3) diagnostic - self-explanatory
outputs that automatically occur in the event of certain computational troubles in the
given programs.

In the output illustrative material that follows, the program variables that are
printed as numerical values are distinguished by the enclosure of the complete vari-
able name in parentheses. Program variable definitions are given in Section VIII.

A, Standard Outputs

1. N-Body Truth Model Program

The standard output format of the N-BODY program is illustrated in Figure IV-1.
Position and velocity data are printed at input-specified multiples of the current inte-
gration step size (see Section IM) in the forrat shown in Figure IV-la. In addition
thrust maneuver velocity details are printed at each input-specified maneuver time
as presenied in Figure IV-1b,

2. Linear Optimum Filter Navigation Program

The standard print for the LOF program occurs in two different phzses durmg
one multi-trajectory run. The first print phase occurs 1t each measurement time
during the first trajectory generated in that run (the truth trajectory) and consists of
the pertinent linear optimum filter matrices and truth trajectory data as shown in
Figure IV-2a. The second phase of output occurs at each measurement time during
the last trajectory generated in that run and consists of a statistical summary of the
navigation errors occurring in all the navigated trajeccories at that measurement
time. In particular, the second phase print gives the statistical mean, standard
deviation, and second moment about zero for the errors in each component of the
navigated position and velocity at a given measurement time (see Figure IV-2b).

3. Interplanetary Space Navigation Program

The standard output for the ISN program occurs in two phases during one multi-
trajectory run. The first phase of output (see Figure IV-3a) occurs at each measure-
ment time of the first trajectory generated in that run and consists of pertinent truth
trajectory position and velocity data. Thza second phase of output occurs at each
measurement time during the last trajectory generated in that run and consists of 2
statistical summary of the navigation errors occurring in all the navigated trajcctories
at that measurement time. The second phase print (see Figure IV-3b) gives the
statistical mean, standard deviation, and second moment about zero for the errors in
each rectangular coordinate component of navigated position and velocity at each
measurement time,

19
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TIME = (TIME) DAYS

GEOMETRY MATRIX
X(A,U,) YA.U) ZA.U.) VX(A.U./DAY) VY(A.U./DAY) VZ(A.U./DAY)

ALPHARAD) (HH(1.1)) (HH(L,2)) @HHQ,3) (HH{L, 4)) (HH(, 5)) (HH(1, ¢»

DELTAMRAD) (HH(2,1)) (HHE,2)) MHHEZ,3) HH(2, 4)) HH(2, 5)) (HH{ °
COVARIANCE MATRIX

X Y Z VX - VY Y

X (P(1,1)) (P@1,2) (P(1, 3)) (P(1,4)) (P(1, 5)) (#{1 u)

Y (P(2,1)) (P(2,2) (P2, 3)) (P2, 4) (P(2,5)) (Pz, 6))

Z (P(3, 1)) P, 2)) (P(3,3)) (P3. 1) (P(3, 5)) (P(3, 6))

VX (P(4, 1)) (P(4, 2)) (P4, 3)) (P4, 1)) (P(4,3)) (P(4, 6))

VY (P, 1) (P(5.2)) (P(5.3)) (PG, (PG5, 5) (P(5, 6))

\'4'A (P(6, 1)) (P(6, 2) (P(6, 3)) (P(6, 4) (P(6,3)) (P(86, 6))
TRANSITION MATRIX

X Y z vX VY vz

X (PHIMAT(L, 1)) (PHIMAT(L, 2)) (PHIMAT(L, 3)) (PHIMAT(L,4) (PHIMAT(L,5)) (PHIMAT(, 6))

Y (PHIMAT(2, 1)) (PHIMAT(2,2)) (PHIMAT(2,3) (PHIMAT(, ) (PHIMAT(2,5)) (PHIMAT(2, 6))

Y (PHIMAT(3, 1)) (PHIMAT(3,2)) (PHIMAT(3,3) (PHIMAT(3,4)) (PHIMAT(3,5)) (PHIMAT(3, 6))

VX (PHIMAT®{, 1)) (PHIMAT(4, 2)) (PUIMATCL D) (PHIMAT W, 4)) (PHIMAT(4,5)) (PHIMAT 4, 6))

vY (PHIMAT (5, 1)) (PHIMAT(5, 2)) (PHIMAT(5, 3)) (PHIMAT(S, 4)) (PHIMAT(5,5)) (PHIMAT(S, 6))

vz (PHIMAT(6, 1)) (PHIMAT(6,2)) (PHIMAT(6.3)) (PHIMAT(6, 4)) (PHIMAT(6.5)) (PHIMAT(6, 6))

DETERMINANT = (DD)
TIME = (TIME) DAYS CASE = {AASE)

NAVICGATION PERFORMANCE DATA

X(KnM) Y(EM) Z(KM) vXM/S) VY(M/S) VZ(M/9)
ERR (0.) (0.) 0.) ®.) v.) ©.)
TRUE (XT1) (YT1) (ZT1) (VXT1) (VYT1) (VZT1)
NAV1 XC1) (YC1) (2C1) (VXC1) (VYC1) (VZC1)
NAV2 XC2) (YC2) (ZC2) (vC2) (VYC2) (VZC2)
CORR 0.) (0.) ) ©.) 0.) 0.)
WEIGHTING FUNCTION MATRIX
X(A.U.) YA.U.) ZA.U.) VX(A.U./DAY) VY(A.U./DAY) VZ(A.U./DAY)
ALPHA(RAD)  (AK(1,1)) (AK(2, 1)) (AK(3,1)) (AK(4, 1)) (AK(5, 1)) (AK(6, 1))
'DELTA(RAD) (AK(1,2) (AK(2, 2) (AK(3, 2)) (AK@, 2)) (AK (5. 2)) (AK (8, 2))
a, First Print Phase “-10
STATISTICAL DATA AT TIME = (TIM E) DAYS
NUMBER OF CASES = (XNUM)
X Y Z X VY VZ
MEAN (XMEAN) (YMEAN) (ZMEAN) (VXMEAN) (VYMEAN) (VZMEAN)
STD DEV (SIGX) (SIGY) (SIGZ) SIGVX) SIGVY) SIGVZ)
STD DEV2 (SIGX) (SIGY) SIGZ) FIGVX) SIGVY) (SIGVZ)
b. Second Print Phase
[ ]
Figure IV-2 L@F Standard Output
a1
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TRUTH TRAJECTORY DATA AT TIME - (TIME) DAYS
REFERENCE BODY = SUN or JUPITER BASIC PLANE = ECLIPTIC or EGUATORIAL

X (KM)
XT)

Y(KM)
(YT)

Z(KM)
(ZT)

VX (M/S)
(VXT)

VY (M/S)
(VYT)

VZ(M/S)
(VZT)

R(KM) THETA(EG) PSI(DEG) VRM/S) VTHEMDEG/SEC) R VPSI(DEG/SEC)

- RT) (THET) (PSIT) {RDTT) (THEDT) (PSIDT)
a. First Print Phase
X Y _ Z VX VY VZ
MEAN (XMEAN) (YMEAN) (ZMEAN) (VXMEAN) (VYMEAN) (VZMEAN)
STD DEV (SIGX) (SIGY) (SIGZ) (SIGVX) (SIGVY) (SIGVZ)
STD DEV2 (SIGX) (SIGY) (SIGZ) (SIGVX) (SIGVY) (SIGVZ)
IV-3b

66-2614
b, Second Print Phase

Figure IV-3 ISN Standard Output
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B. Optional Outputs

1. N-Body Truth Model Program

As a supplement to the position and velocity data printed as standard output,
an equivalent set of orbital elements (see Figure IV-4a) may be obtained by setting
the input variable ELEPR equal to unity, The transition matrix elements (see
Figure IV-4b) may be obtained every time the program performs a standard print
by specifying the variables TRAMA and TRAPRN cqual to unity, A zero value for
the variable TRAPRN in combination with a unit value for TRAMA gives the transition
matrix print only at the final standard print time and a zero value for TRAMA deletes
the transition matrix calculation entirely.

The number of integration steps and the maximum integration step sizc in use
during the generation of the trajectory may be obtained jus: prior to the last standard
print by the specification of the input variable PINT equal fo unity.

2. linear Optimum Filter Navigation Program

If the input variable DATAPR is equal to zero, the program prints navigation
and truth trajectory data at each measurement time in all the navigated trajectories
in that run. This data (see Figure IV-5) consists ,f: 1) the navigation errors in
position and velocity after measurement updating, 2) the true position and velocity
components at the given measurement time, 3) the corresponding navigated position
and velocity components before measurement updating, 4) the corresponding position
and velocity components after measurement uvpdating, and 5) the measurement up-
dating corrections. The above print is deleted by the specification of a2 nonzero
value for DATAPR.

3. Interplanetary Space Navigation Program

The specification of the input variable DATAPR equal to zero results in the
program printing navigation data at each measurement time in all the navigated
trajectories in that run. This output (see Figure IV-6) consists of: 1) the true
components of vehicle position and velocity, 2) the navigated estimates of the position
and velocity components, and 3) the navigation errors in the position and velocity
components, The data is presented first in terms of rectangular, inertial coordinates
and then in terms of orbit-dependent, spherical coordinates, Because the true and
navigated reference orbit planes differ due to errors in the knowledge of state at the
time of reference plane definition, the orbit-referenced spherical coordinates given
for the true and navigated trajectories are not directly comparable, Therefore, no
error comparison is presented for the spherical coordinates. The above optional
print is deleted by the specification of a nonzero value of DATAPR,

C. Diagnostic Output

All dignostic outputs are shown in Figure IV-7.

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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OSCULATING ORBITAL ELEMENTS
ECCENTRICITY (EP)
INCLINATION (YIP) DEG
ARG OF PERICEN (PERIG) DEG
MEAN MOTION (XMM) DEG/DAY
VELOCITY (VEL) M/s

@ it
(AMP) DEG

(ETAP) E_EG
®R) e U
(THET) (

SEMI-MAJOR AXIS
ARG OF NODES

TRUE ANOMALY
RADIUS

FLIGHT PATH ANGLE

tuann
nuu w

a, Orbital Flement Print

TRANSITION MATRIX RELATING STATE AT T1 TO STATE AT T2 |

(PH1(1))
(PH2(1))
(PH3(1))
(PH4(1))
(PH5(1))
(PH6(1))

(PH1(2)) (PH1(3))
(PH2(2)) (PH2(3))
(PH?(2)) (PH4(3))
(PH4(2)) (PH4(3))
(PH5(2)) (PH5(3))
(PH6(2)) (PH6(3))

DETERMINANT = (DD)

(PH1(4))
(PH2(4))
(PH3(4))
(PH4(4))
(PH5(4))
(PHG(4)

(PH1(5))
(PH2(5))
(PH3(5))
(PH4(5))
(PH5(5))
(PH6(5))

(PH1(6))
(PH2(6))
(PH3(6))
(PH4(6))
(PH5(6)}
(PH86(6))

b. Transition Matrix Print

Figure IV-4 N-B@DY Optional Output
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TIME = (TIME) DAYS CASE = (KASE) -
NAVIGATION PERFORMANCE DATA

XEKM) YKM) ZKM) VX(M/8) VY (M/8) VZ(M/8)

FRR (EX) EY) (E2) (EVX) (EVY) (EVZ)
TRUE XT1) (YT1) ZT1) (VXT1) (VYT) (VZT1)
NAV1 (XC1) (YCY}) zCl) (VXC1) (VYC1) (VzCl)
NAV2 (XC2) (YC2) (2C2) (VXC2) (VYC2) (VZC2)
CORR ~ (CORR(1)) (C@RR(2)) (CORR(3) (CORR(4)) (CORR(5)  (CPRR(E))

SYSTEM FRRORS DEL(ALPHA) = (DELAL) ARCBEC DELMELTA) = (DEID) ARCSEC
{ OBSERVED BODY = (LABEL(L))

REFERENCE BODY TRUTH = (LABEL(LL)) ALPHA(PRED) = (ALFPR) DELTA(PRED) = (DLPPR)
REFERENCE BODY NAVIGATION = (LAREL(N1)) ALPHA(TRUE) = (ALFT) DELTA(TRUE) = (DELLTY)

WEIGHTIN:G FUNCTION MATRIX

X(A.U.) Y(A.U.) Z(A.U.). VX(A.U./DAY) VY(A.U./DAY) VZ(A.U./DAY)

ALPHARAD) (AKI(,1,1)) (AKI(@2,1,I)) (AKI(3,1,1)) (AKI4,1,I)  (AKIG,1,0)  (AKI(6,1,1)
DELTARAD) (AKI(1,2,1)) (AKI@,2,I)) (AKI(3,2,I)) (AKI@4,2,1)) (AKI(GS,2,1)  (AKI(6,2,1)

SCR 290 O

Figure IV-5 LOF Optional Output

NAVIGATED TRAJECTORY NUMBER (J)
TIME =(TIME) DAYS

MEASUREMENT RESULTS DEL(THE) = (DTHE) DEG DEL(PSI) - (DPSI) DEG

X(KM) Y(KM) ZKM) VX(KM) VY(KM) VZKM)
TRUE (TYIQ) (TYI(2)) (TYL(3)) (TYIDT(1)) (TYIDT(2)) (TYIDT(3))
NAV X) (¥) @) (XDGT) (YDGT) (2DgT)
ERRCR (ERRI(1)) (ERRI(2))  (ERRI(3)) (ERRIDT(1))  (ERRIDT(2)) (ERRIDT(3))
~ RERM) THETA(DEG) PSKDEG) VR(M/S) VTHEMEG/SEC) VPSIDEG/SEC)
TRUE (TR) (TTHE) (TP) (TVR) (TVT) (TVP)
NAV (RAUD} (THT) (PSIDEG) (ARDGT) (THTDOT) (PSDT)

OBSERVED BODY = (LABEL(M))

TRUTH REFERENCE BODY = (LABEL (J)

NAVIGATED REFERENCE BODY = (LABEL(N1))

SYSTEM MEASUREMENT ERRORS

RIGHT ASCENSION ERROR (ARCBEC) = (DALF) DECLINATION ERROR (ARCSEC) = (DDEL)

Figure IV-6 ISN Optional Output
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S192-99
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V. MAIN PROGRAM FLOW DIAGRAMS

The purpose of Section V is to illustrate the main program logic for each of the
programs considered herein. Functional diagrams are given in Figures V-1, V-2 and V-3
for the N-B@DY, LOF and ISN programs, respectively. Each figure is further detailed
by a series of explanatory block diagrams placed immediately hehind the appropriate
figure. All block diagrams are referenced in the particular functional diagram that
precedes them.,

Some functions are performed using subroutines. These are detailed in Section
VII and are not further discussed in the present section.

27
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BLOCK V-1A CALCULATE TRANSFORMATION MAT.ICES FROM
(1) EARTH EQUATORIAL TO ECLIPTIC

(2) JUPITER EQUATORIAL TO ECLIPTIC

: XIPE = -, 40926918 :

Al1(1) = 1.0 '

|| a2 =o. |

| | A13q)=o,

| | A21Q) =0, |

| | A22(1) = C@S (XIPE) l

| | A28Q)=-SINGIPE) | |
A31(1) = 0, |

|| A32q1) =-A23q)

‘ A33(1) = A22(1) :

—————f———————————n
XDP@M = 3. 7751466 |

Xip= .05436699

S@M = SIN XP@M)

C@M = C@s (XPOM)

SIP = SIN (XIP)

| CIP = C@S (XIP) :
A21(2) = C@M * PMMS(2) + SPM *@MMC2) * YIC(2)
A31(2) = S@M * YIS(2) | |
Al11(2) = SQRT (1.000 - A21(2)**2 - A31(2)**2)

A22(2) = SQRT (1.000 - A21(2) ** 2-A23(2)**(2))
TEMP = S@M * @MMC (2) + COM * GMMS(2) *YIC (2)
A13(2) = TEMP * SIP + @PMMS(2) * YIS@2) * CIP
A12(2) = SQRT (1.000 - A11(2) ** 2~-A13(2) ** 2)
A32(2) = SQRT (1.000 - A12(2) ** 2-A22(2) ** 2)

1 A33(2) = SQRT (1.000 - A13(2) ** 2-A23(2) ** 2)

|

I

l

I

|

I

l

I

I
A23(2) = TEMP * SIP - MMC(2) * YIS(2) * CIP | !
|

l

|

l

I

I
J

—
|

l

l

|

I

I

I

:

| | TEMP = S@M*@MMS(2) - COM*@MMC (2) *YIC (2)
|

l

l

I

I

I

I

-
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BLOCK V-1B INITIALIZE PROGRAM COUNTERS AND SWITCHES

NU =336
TRAN = TRAMA

IPINT = 1
BT = 0
ISWTE =0
- ISWT6 =0
ISWT7 =0
ISWT8 = 0
ISWT9 = 0
ISWT10 = 0
ISWT11 =0
ISWT12 = 0
ISWT13 = 0
L ISWT20 = 0
TCHK = 0,
ITH=1
ELEIND = 0. |
IC@UNT =90
M5 =1
ICN4=0
TBASE = T0

"

MAX@B = IFIX (@BSIND + . 0001)
N1 = IFIX (XN1 + ,00001) e
- MAXTHR = IFIX (THRIND + . 0001)

|
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BLOCK V-1C CONVERT INPUT TO OPERATING UNITS AND CALCULATE

<>

>0

CARTESIAN POSITION AND VELOCITY COMPONENTS
" FROM INITIAL ORBITAL DATA

<0

AV = AVo

AV = AV0 * CKMAU

PB=2, *AV

Y

PB = AV * ABS (1. -EV ** 2)|

TEMP = SQRT (XMU(N1)/PB)
TEMP1 = C@S (ETAV) + EV
SAR = SIN (ARGPER)

CAR = C@S (ARGPER)

SIV = SIN (YIV)

CIV = C@s (YIV) | ' . m

S@V = SIN (AMV) -

C@V = C@gs (BMV)

SET = SIN (ETAV) | |

VX = 7.MP * (TEMP1 * (~SAR * C@V - CAR * 8¢V * CIV) - SET * (CAR *
{4 T - SAR * S@V * CIV))

VY = TEMP * (TEMP1 *(-SAR * SV + CAR * C@V * CIV) - SET * (CAR *

S@V + SAR * C@V * CIV)) |

VZ = TEMP * SIV * (TEMP1 * CAR - SET * SAR)

RO = PB/(1. + EV * C@S (ETAV))

SAR = SIN (ARGPER + ETAV)

CAR = C@#S (ARGPER + ETAV)

' XC = RO * (CAR * C@V - SAR * S@V * CIV)

YC = R0 * (CAR * S@V + SAR * C@V * CIV)

ZC = RO * SAR * SIV

66-2576
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BLOCK V-1E RE-IDENTIFY THRUST AS PSEUDO-OBSERVATION
TIMES AND INSERT INTO OBSERVATION TIME TABLE

M5 =1
T
D@ I=1, MAXTHR e
M1 = MAXDB + 2
DO L=M5, MAXOB

<0
TTHR(I) - TOB(L)

l

M2 = MAXOB - L+1
l L = MAXDOB + 1
DBIP =1, M2 |
; ' CONTINUE
M3 = M1 - IP
M4 =M3 -1
TOB(M3) = TOB(M4)
C@NTINUE
P
A J
MAX@B = MAX@B + 1
TAB(L) = 1.
T@B(L) = TTHR()
M5=L+1
CONTINUE
1 “4-2628
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BLOCK V-1F CHECK TO SEE IF A'CHANGE IN COOF.{:.« " TE
ORIGIN SHOULD BE MADE

_EARTH
CENTER

P

Ny -2 #0
SUN CENTER

-2 TEMP=SQRT (DELX (1) *v2+
JUPITER DELY(1) **2 + DELZ(1)**2)
CENTER Y

CHANGE
TO SUN
CENTER

<0

EMP- RSPH
CHANGE TO
JUPITER CENTER
CHANGE TO
~ SUN CENTER
P rmEToNN
R-. 03 o = AL ot <o
z 0 >0
DELTS = PRINT] -0
PCOUNT = PCY1
<0 ISWTI3 = 1
DELTS - PRINIB ISW'T13 S— PCOUNT = PCN4
PCGUNT r PCNLID - Jicount =0
[ ~ : DELTS + OELTJ
ICAUNT - 0
ICN4 = (TIME -TBASE)/PRINT ¢+ .1
{ CALL SETINT(TIME, XMTHD, VARBI) |
TIME = TBASE + FL@AT(CNS)*PRINT
TBASE = TIME l
PRINT = DELTS
I TBASE! = TBASE
ICN# (TIME -TRASE)/PRINT + .1
| CALL SETINT(TIME, XMTHD, VARBH) | TCN = ICN :
: TIHE = TBASE + TCN*PRINT
TDASE - TIME
BRINT = UELT
TCHK = TIME ~ 5,
PCOUNT - PCN3
ICOUNT = 0
: TCHK = 0.
CHECK TO 1 CALL SETINT(TIME, XMTHD, VARBH) [*] TBASE = TBASE1 |«
SEE IF IT PRINT = PRTCH
1S TIME TO DELTS = PRTCH
PRINT ISWTI3 =0
8R-3703
34
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BLOCK V-1I CALCULATE POSITION AND VELOCITY COMPONENTS RELATIVE
TO NEW CENTER OF COORDINATES

CHANGE TO SUN CENTRER

CHANGE TO EARTH OR
JUPITER CENTER

FRTCH
PON = PONY

¥ -

g,
/ Rc@ s E'\'u]ﬁ»' TR - XML ) ¢ XL o]

L

INGs

N» - N1 N 4 XMUZ) = XMLEB) « XMUT - XMUB1 - XMUM) - XMU(t0)
Nie 4 N
Ne 2 Ny ‘
NE 1 NT 0 : . Nz Niew
N2 3 LU U]
Nt Ot NT 1} ‘
: ) Ne N
A
TEMP XU ; TEMPL ~ y(, TEMI?  o¢
XU FEMP AL iND 4 TEMPL « Aty &)+ TEMER A1y (N#y

' P o A21 (NK) ¢ TEMPL @ \22 (N8) « TEMI2 e a2 (N o 9 . - ——
T s L s Tt A oy Tatns a5 P S Ui B LT 0
Kas SR {NCRHE - VURRy 200 XU TEMP S AT ¢ TEMPL ¢ AR ¢ TEMPE * AI(2)
VAR A S NG TEMPP S AL - TEMIE ¢ A2 o THWRE * Al
W T e 70 URMP O ALIR) « TEMPL ® Asied » TEMP2 * A

w
L]

AL

Tt EAL Y R (ND
20 CFAU « 2NN

DBQRT (NU 2 & Y092+ 2( *9)
TEMP VG TEMBL VY. TEMP2 w2

Y OEALC T VY RENSY ;
V7" FAC « VAR{NW)

R DBGRTIXCO9) 5 Y1002 & 20wy
TEMP  \AN-VXR®)
TEMP) - VY-VY D
PAMBE  VA-VZR{D

VIV Sl (TEMPoeL ¢ TEMPLOO o TEADyon, NIl (TTAE s+ TLMPL #%2 » TENP 2 60

VX TEMPSATI(NS) » TEMPLOALZNS) « TEMPIOAI (N} \U thll:' P‘:l\:ll':‘l 3“ s!::t‘-\‘lii) * I‘:};l:"!‘ AN
BV TEMPOAIHEN » TEMPLOAZ(NN o TEMPISAZI(NH) SV TRMP + V1A o TOAP * \E2UD - TEMPC * ATEMD
Y2 TEMPOANING) o TEMPLEA NS ¢ TENPUOALNNY) VX LEMP ® AR ¢ FEMPY ¥ AZNa) » TEMPZ S AN
Va2 SQRT (VX% 2 VY20 L 200 VEZOMIRT (VN 002 VY S0 1 \z2 ey

bace Vv FAC O VILVE

VX RS EAC Y VXANA)

VX VN FAC
VY VY Y EAL
FVE TV AL

¥

TEMP  Bilih
; TEMBL PHI)
;;m, pwg‘g‘:n TEMBZ  HIL)
'n:mwg PUAD mm}» Akl n.»:nn;g; . '{_ﬁ:;x * -\3:(3) . rfun
8 - ; TR PRI(LY - AR * TEMP & AR * TEMBL = AX2(3) * TEMM
D Ao 1TV o) T i T PIALL ALY+ 11N o AT » THMPL + ASNIEY« YFMPS
PRI ASENN) * TEMP + ADZINK) * TEMBPL © AXUN®) © [EMIR TEMP M
TEMP  PHA(D ) TLMPL P
TEMPL  PUALY TEMP2 - Binchs
TYMP2  PlR M ':|:.;, v,: :l;(@) . l‘!‘):; Mitide * TEMP: ‘t\:\l:ﬂ * T:'""
HNM * TEMP « AIZING) ¢ TEMPL+ AJNEW) ¢ TEMIX PHMIY - ARV TEMP - 223 ¢ TEMPE « AT 9 TEMPRR
Fi!‘.ﬁi :::I:NM . n\x- B :;z:vnf CTENPL + m:m, S EMM PROTY - ALIGD * PEMP A0 ¢ TEMPL + ATNZ) * TEMPR
PHGD  NGIN®. * TEMP + ADR(Vs) * TEMDE - AXINS)  TEMPZ
CBNTINUE} L . TONTINGE
“eare
-
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BLOCK V-1K COMPUTF ACCELERATION COMPONENTS CAUSED BY
CENTRAL FORCE FIELDS

CALL PLANET (TIME,KK)
TEMP = XMU(N1)/(R**3) |
TEMP1 = 0,
TEMP2 = 0,
TEMP3 = 0,
(]
DOI=1.6 e
Y
L= +1
M= KK(L)

=0 ~IF
M
#0

DELX(M) = XC-XR(M)
DELY(D) = YC-YR{M)
DELZ () = ZC-ZR(M)
DA = DELX()
DB = DELY(T)
DC = DELZ(I) A
DAA = DA**2+DB**2+DC**¥2’ -
DAB = DSQRT (DAA)
DEN = DAB
ALPHJ(I) = DELX(T)/DEN
BETAJ(I) = DELY(I)/DEN
GAMI(1) = DELZ({l)/ DEN
| DAA = DAA*DAB
D() = DAA
DA = XR(M)
DB = YR(M)
DC = ZR(M)
DAA = DSQRT (DA **2+DB**2+D(** *2)
TAMP = DAA B
TAMP1 = 2, *(XC*XR (M)+YC *YR(M)+ZC *ZR M))/ R *TAMP)
Q = (R/TAMP)*((R/TAMP)-TAMP1) |
FUN() = Q*(3.+3. "Q+Q**2)/(1.+(1.+Q)**1. 5

¥ -
TEMP = TEMP+XMU(M)/D(L)
TEMP1 = TEMPI+(XMU(M)*FUN(I) *XR (M))/D(1)
TEMP2 = TEMP2+(XM(M) *FUN(T) *YR (M))/D(T)
TEMP3 = TEMP3*XMU(M)*FUN(I)*ZR (M))/D(0)-

y
CONTINUE
¥ '

AXC = -TEMP*XC-TEMP1
AYC = -TEMP*YC-TEMP?2 | o
AZC = -TEMP*ZC-TEMPS3 - 39
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2992-99
‘0 = 9PZV |
—>1°0 = GPAYV
"0 = dgXV |
{ar (1/02))* £9- (@ (W/D 2D+ * 0L+ *S T~V 24 AN AL AN X220 +((¥
++ (0 /02D (" 6/*5€)~(Z3x (1/OZNFOT+* T- ) Wi TAWA L+ AN F.L4 (TN 14 (07
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BLOCK V-1M GO TO INTEGRATION ROUTINES AND CHECK
FOR COMPLETED INTEGRATION STEP

| ' - VXD@T = AXCHAX@B
1) = VXDOT
- giﬁi’nﬁ%m DE— éﬁ,}, INTEGp < VYD@T = AYCHAY(B
. ) ' VZDOT = AZC+AZ@B
\
| YP(17) = vZDAT | YP(25)=VX | YP@3) = VY
CALL INTEG CALL INTEG "| CALL INTEG|
YP(41) = VZ
CALL INTEG [
—— e CONTINUE
CALL TRAMAT (KK) ~ INTEGRA'TION
LOOP
CALL UPDAT(TIME) |=— | T
VX=Y(l) XC = Y(25)
VY = Y(9) YC=Y(33) .
VZ = Y(17) ZC = Y(41) S 177 I[ 1, 6 |e—
L1l = LP+8
L2 = L1+8
L3 = L2+8
14 = L3+8
L5 = L4+8

PHL(j) = Y(LP)
PH2(I) = Y(L1)
PH3(I) = Y(L2)
PH4(D) = Y(L3)

PH5(T) = Y(L4)
PHG6(T) = Y(L5)
1P = LP+48
CONTINUFE
g = e~ o A n-205
¥ COMPLETED INTEGRATION STEP _ .
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BLOCK V-1N CALCULATE COMMUNICATION DISTANCES AND LINE-OF-SIGHT
DIRECTION COSINES TO "ACH PERTINENT PLANET

l .
DOI=1,6
v

L=1+1
M = KK(L)

IF
M

DC@M(M)-SQRT (DELX(D *¥21 DELY (1) **2+DELZ (1) * *2)/CKMAU _l

{ RADD RFQ(M)"‘XNMKMj

/,\
DOSM(M) -

R:’\l)i‘

P >0

| <> |

TEMP = - (DELX(I)*A11(N1)+DELY(I)*A12(N])+DELZ (N1)"A13(N1)) /CKV AU TEMP - -DELX([)/CKMAU
TEMP1 =- (DELXM*A21(N1)}+DELY(D*A22(N1)+DELZ(N1) *A23(N1)) /CKMAU TEMPi - -DELY(I)/CKMAU
TEMP2 =- (DELX()*AS1(N1)+DELY (D) *A32(ND+DE LZ (N1)“AB3(N1) ) /CKMAU TEMP2 “-DELZ(1)/CKMAU

1
XL(M) = TEMP/DCGM{M): XM{) = TEMP1/DC@MM): XN(M) = TEMP2/DC@AM(M)

r__:.’___. ¥
ﬁ CONTINUE
DUHM ('Nl) < R/ CKMALU

t -

RADD = REQ(N1) "XNMKM

1

' PRINT
I <0, COLLISION ERROR
DCOM(NL) - MESSAGE
RADD ’
GO TO NEXT .
. CASE
< : >0
| |
TEMP © -( XC*ALI(NIJFYC*AL2(N1)+ZC*A13(N1)) /CKMAU TEMP = -XC/CKMAU
TEMPL = - (XC*A21(N1)+YC*A22(N1)+ZC*A23(N1] }/CKMAU TEMP1 = -YC/CKMAU
TEMP2 = - (XC*A31(N1)+YC*A3Z(NIHZC*AB3(N1)) /CKMAU TEMP2 = -2C/CKMAU
{ 9
XL(N1) = TEMP/DCOM(N1): XM(N1) = TEMP1/DC@M(N1);XN(N1) = TEMP2/DCOM(1) i

1‘ ~
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[
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Figure V-2 Linear Optimum Filter Navigation Program
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BLOCK V-2A CALCULATE TRANSFORMATION FROM JUPITER EQUATORIAL
COORDINATE SYSTEM TO ECLIPTIC SYSTEM

DO 1= 1,10 ey
. |
HMM s(I) = SIN@OMM(I)) |
@MMC(I) = COSE@MM 1)
3 [ ]

I CONTINUE

KPPOM = 3,775146
XIP = .05436699

y

SOM = SIN(XP@M)

COM = C@SXPHM)

SIP = SIN(XIP)

CIP = COS(XIP)

A21 = COMMOMMS(2)+SEM*DMMC (2) *YIC(2)
A31 = SGM*YIS(2)
All=SQRT(1,-A21"2-A31%%2)

TEMP = SOM*@MMS(2)-C@EM*POMMC (2)*YIC(2)
A23 = TEMP*SIP-@MMC (2) *Y1S(2) *CIP

A22 = SQRT (L., -A21%*2_A23**2)

TEMP = SOMAMMC (2)+CEM*FMMS(2) *YIC(2)
A13 = TEMP*SIP+OMMS(2)*YIS(2)*CIP

A12 = SQRT (1, -A11%*2_A13%*2)

A32 = SQRT (1. ~A12¥¥2-A22**2)

A33 = SQRT (1. -A13%%2.A23**2)

0"
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BLOCK V-2B INITIALIZE: COVARIANCE MATRIX, PROGRAM SWITCHES,
AND INDEX CODES

| SIGMAQ) = SIGMU(I)*CKMAU |

CONTINUVE

[ s1GMA() = SIGMU(1)*CMBAUD |

CONTINUE

UO M= 1,0 =

P(L, M) = 0.

L ra,n - siGma@**2 ]

| CONTINUE ‘
FROM END OF

[ DB KASE - 1, KMAX | TRAJECTORY OUTER
DO LOOP

CONTINUVE

ISWT5 * 0
| awre=o0
| ISWTT =0
| 1BWT10 = 0
|‘ TIME = T0
L 2 k4
N2~ 8§ N2wm2
N3w7 Nawl
Niw g : N¢m g
N&= 9 RULY
Né= 10 Néw= 4
N7w=1} ‘ . | N1=o0
: k0 1§ 2
XMU(3) = XMU(2)+*XMU(7)+XMU (8)+X MU (8)+XMU(10) 1T(NMAX)-N} >
%0
o
1 682883 45
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BLOCK V-2C INITIALIZE STATE VECTOR

CALL RANNGR(AAX, SIGMU(1), DELX0, XSUB3)
CALL RANNGR(AAY,SIGMU(2), DELYO0, YSUB4)
CALL RANNQ@R(AAZ,SIGMU(3), DELZ0, ZSUBS5)
CALL RANNGR(AVX, SIGMU(4), DELVXO0, ZSUB 6)
CALL RANNUR(AVY, SIGMU(5), DELVY0, XSUB7)
CALL RANN@R(AVZ,SIGMU(6), DELVZ0,XSUBS)

SUN'S FRAME

20¢ JUPITER'S FRAME
XC=X0 * CKMAU
YC=Y0 * Ck.MAU
7C=70 * CKMAU

r :

VXC=VX0 * CMSAUD | XC=X0
VYC=VYO0 ¥ CMSAUD YC*YO0
VZC=VZ0 * CMSAUD 4C=Z0

SUN'S FRAME

l JUPITER'S FRAME
XCaX0+DELXO0 * CKMAU XC=(X0+DELX0) * CKMAU
YO=YO+DELY0 * CKMAU YC=(YO+DELY0) * CKMAU
ZC=Z0+DELZ0 * CKMAU ZC=(Z0+DELZ0) * CKMAU

| |

VXC=(VX0+DELVX0) * CMSAUD
VYC=(VY0+DELVYO0) * CMSAUD
VZC=(VZO+DELVZ0) * CMSAUD

|

.| R=SQRT (XC*¥2 + YC**2 + ZC**2)
RFRAC=REQ(71)/(R * AUNM)

1 vn

46
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DU SYU 1L
BLOCK V-2D INTEGRATE STATE VARIABLES AND TRANSJTION MATRIX ELEMENTS

LX) P}
. /w\ !
V
ETae ‘5m| ™ TTIMD, ® TabT0- 1)
CPAKK To TRARE » Filsh)
TUASF) T0
DELTSS TTIME/ XKON

THARE  Til-b)
KON » TUIMB/DELTHL L

XKAN KN

DFLM » DFLTN

{ ! DELTS  TTiME KA |

L CALL SLTINT (XMTHD VAR
1

BART ) .
\/ | .
[ CALL PLANEY | :"“"' 'l‘.‘:j""
CALL PAINTT m
Y1)« VXOGT CALE INTEG Jommtind VP41 # VDT il CALL INTFE ) ot VPO \ 71K et ¢ ALL INTEG wwj
et (ALL INTEG baosed VUL 300 Jampmmd CALL INTES bt Y1000 V) CALL INTET
VXU vl
A3 LR Y]
AR 1001
Xty
AT SR YRR Y]
2 ity
W ST N 10gqq 1gedg o0
HERAT - WG N duoRTFvg
1
el AMTHD
[
1ANE S )
4
‘ ‘@‘ ' ONFLN TOSER IF
i THETH AND AV GATEN R TATE
IUNIE « [CNLE ¢ ) VEC TONR HAVE BAME €0«
1N ¢ (TIME - THABYY DFLTR - | -"/7..»\;.. CHFER POR HRUINATE CERTIR
TIME - TBANE < FLUATACNS) *DEL T8 Juilie . NPRINT RFE FIFICATION )
'-.r—-l\t}ku I
AWT10 :’ “)'u.?‘lz'm
il ‘0 DELTS DELTM e e
WR T et TRASE v TIME BTl AC
CALL SETINT (KMTHD. v AR A ¥R = oxe
[ DELTPH & PUTMK ) SIS
0 VOB VR
(P KX ] - X« XA
) CALL PHINTR ML - VRN
DELTPH - DRI TH PR - 2N
To NIT{l) - 1D
v TR
AT CIMB- 00 B

47
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BLOCK V-2E CALCULATE NEW POSITION AND

VELOCITY COMPONENTS.

Nivg ISWTS = 0
N2:3 IBWT8 = 0
N3-? N1
Nére N2
NS=9 N3=1
Nex10 Ne=8

N7=} Nfi=§
XMU(2)*XMU(2)-XMU(7)-XMU(8)-XMU(9) -XMU(10) Ne~4
1SWTS = | N0
IBWT6 = | XMU (2)=XMU@)+XMU(T)+XMU(E)*XMU@)*XMU(10)

| DELTPH » TIME -(TRASEL+ FLOATACN10) DELTS) |
| CALL PHINTS |

| DO Mr1,6 )

AISPHIMAT (1, M)

AS*PHIMAT (2, M)

A=PHIMAT (3, M)

PHIMAT(1, MjsA1*A11+A3%AS1+A0°A 31
PHIMAT(3, M)=A1%A12+A2%A28+A3°A 22
PHIMAT(3, M)nAT*A134AR*ARD+A3%A 33
Al=PHIMAT4, M)

A2=PHIMAT (6, M)

AI=PHIMAT (6, M)

PHIMAT (4, M)=A1°A11 +AR°A21+A3°A1
PHIMAT(5, M)“A1*A12+AZ*A2R+AD AR
PHIMAT(8, M)»A) *A13+A9°A23+A3%A 3D

1' CENTINU!. i

Al=XC-XR(2)

AR=YC-YR(2}

A=ZC-ZR(D)

XCvA1'AI1+A2°A21+AN AL

YOmAL*AL2¢A 24A22+A8°A08

ZCaAL*/13+A2°A23+ADAN)

A1=VXC-VXR

AVYC-VYR

AUmVZIC-VZR

VXCrA1*AT1+A2A214A3*AN

VYCwAL*A12+A2°A28:ANAN2
VZCwAl*A13+A2%A23+A3°A33

(TOELTPH TiM

CALL PRIYTZ )

G |

AL-PHIMAT(LL M)

AnPHIMAT (2, M)

APHIMAT(D, M) ,
PHIMAT(1,M)»A1*A11+A2%A12+A8 A 13
PIIMAT(2.M)=AL1*A21+A8 *A22+A3 *AR3
PHIMAT@,M) A)ADL+A2YADY AR CADY
ALI"PHIMAT(4, M)

A2 PHIMAT (G, M)

A% PHIMAT (@, M)

PHIMAT(4,M)rAL *AL11+A2°A124A0°ALS
PHIMAT(3,M)PALAZL+ARYARR+AT A DY
PHIMAT(6,M)=AL*AB1+A2%A824 AUANY

i

CONTINU

AL * PRIMAT (1, M)
A2 ~ PHIMAT(@, M)
A1 * PHIMAT(, M)
PHIMAT(1, M) = ALYALI+AS*A1+AT *1 13
PHIMATS. M) = AL ABL*ARVA23+A3*ARD
PHIMATO, M) © AL°AD1+AR*ANZ+AI%A3)
A PHIMATW, M)
Ad © PHIMAT(S, M)
AY = PHIMAT (8, M)
PHIMATA,M)  A1'AL1+AZ*AL2+A3 %A1
PHIMAT (3,M)  A1%AS1+A2°ASS+A3 *AS)
PHIMAT(8,M) = A1AS1+A2 *AIS+AS *A3)

el RWBQRT(XC**2 + YC*/R 42C*0g) ol

DELTS) » DELTS
CN10 = ICN10 + 1
DELTS = TRASE + CN10*DELTS-TIME
TBARE * TIME

18WT? » 1

PHTME ~ DELTSL - DELTS

UNITEID AIRCRAPY CORPORATE SVYSTEMS CENTER
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BLOCK V-2F CALCULATE PREDICTED AND IDEAL MEASUREMENTS

R
| A2 = PYKI) - YC
A3 = P2L(I) - 2C

, ~ | -
IGNORE THIS MEASUREMENT | Ad CALCULATE
PROCEED WITH INTEGRATION = (. PREDICTED
7O NEXT MEASUREMENT MEASUREMENTS

CALCULATE e
GEOMETRY
MATRIX |

. ] ' £
[ AGPNYTAS, A%, DELPRI 7]
| 50 T |
| T ~DELFR-P |
| ~ ! B |
Il DELPR = DELPR - TW@PI |
| T ALFPR + ALPPR/DEGFAD |
| _ |DLPPR - DELPR/DEGRAD | |
| Wﬁﬁ#;—:) “XT() | n
| A6 = PYK(I) - YT(I) |
| A7 = PZI(I) - ZT(1)
' AS=SQRT st +aevn] |
| [CALLAGONY @G, A ALPRATY | .o
| AL ACONY (AL A%, DELTAT:] ' IDEAL
| 20. «. } MEASUREMENTS
‘ >0, 1
CALCULATE | | inE"'L"r'“A"""r = DELTAT - TWQPI]|
MEASUREMENT | [ALFT = ALPHAT/DEGRAD |
ERRORS | DELLT * DELTAT/DEGRAD |
._—-f--“-ﬂnmm G SRS AT - SR SRR ‘ CARUTE RTINS GRRAES WS WM. RN G VRS SRR AW
| 20, }
E [XMEDA = XMNAZ | L
| |STDDA = 8TDA2 |» : — o
| | [XMNDD ~ XMND2 |y <0, | l l
|STDVD » STDD3 -
: T —— DELTAM = DELTAT + DELDEL '
l : xwm - xMNAl ‘ i {ébpﬂAM L ALPHAT + DELALF
| loSTODA - STDAL | - [DELD = DELDEL/SEC]
XMIDD = XMND1 | 1
|  |arDDD = sTDD mnuz.. = DELALF/SECRAD
'.

UNITRD AIQGIAH‘ GQIFGRATI “‘“‘lM! Glhﬂﬂl
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BLOCK V-2G CHECK TO SEE IF TRUTH AND NAVIGATED STATE VECTORS
HAVE SAME REFERENCE COORDINATE CENTER -
CHANGE TRUTH 'F NECESSARY

IFNIT().EQ 8) 2

-

rﬁml)u 2
Al = PXI(I) - XR(2}
A2 = PYK]) - YR()
A3 = PZI(1) - ZR(@)
PXI(I) = Al * Al11 + A3 * AS1 + A3 * A31
PYI(I) = Al * A12 + A3 * A28 + A3 * A32
PZI(I) = Al ® A13 + A2 * A33 + A3 * A3
Al = XT(I) - XR(@3)
A2 = YT(I) - YR(®)
T“‘—" A3 = ZT(1) - ZR(3)
XT(I) = Al * ALl + A2 * AR1 + A3 * AS1
YT(I) = A1 *A12 + A% * A2 + AS * AS2
ZT(I) = Al * A13 + A2 * A23 + AS * AS3
Al = VX(I) - VXR
A2 = VY(I) - VYR
A3 = VZ(1) - VZR
VX(I) = Al * A1l + A2 * A21 + A3 *A31
VY(1) » Al * A12 + A2 * A28 + A3 * A33
VZ(1) = Al * A13 + A2 * A23 + A3 * A3S

e

NIT(I)~ 3
Al = PXI(I)
A3 = PYI(I)
A3 = PZI(1) - ——d
pxl(x)am * A1l + A2 * A12 + A3 * Al3 + XR(@3) |
PYI(I) = Al * A3l + A3 * A23 + AS * A% + YR(8)
PZI(I) = Al *A31 + A2 * A32 + A3 *A33 + ZR@)
Al = XT(I)
A2 = YI(I) |
] A3 = ZT(1) 1
xm;-mmxnu*maus*ma-xn(a)
YT(I) = A1 * A21 + A2 * A22 + A3 * 23 + YR()
ZT(I) = A1 * AS1 + AR * A3% + AY * ASS + ZR(3)
Al = VX(1)

| A2 = vy(n)

A3 = VZ(I)
vxm-muxuuumuuuuvm
VY(I) = Al * AS1 + A2 * A3 + AS * A23 + VYR
VZ(I) = Al *A31 + A3 ¥ A32 + A3 * A33 + VZR

-
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BLOCK V-2H  CALCULA.E GEOMETRY AND C@VARIANCE MATRICES

INITIALIZE GEOMETRY MATRIX

--n-m----------ﬁ
DgL=], 2

-
Ll=L+3

) 'u"!'ka NG

)
HH(L, M) = 0.

Al = PXI(1) - XC
A2 = PYI(I) - YC

A3 =.P2K(I) - 2C _
A4 = BQRT (AL *3.+ A2 ¥4 3)

F— —
"'"""‘]""""""""" f =

CALCULATE GFOMETRY MATRIX

Al0 = A4 **3
AD = A4 * (A10 + A3 **32)
HH(L, 1) = A2/A10
HH(1, 2) = -A1/A20
HH(3, 1) = Al * A3/AD
HH(S, 2) = A2 * A3/A9
HH(, 3) = -A10/A9

. |1
PRINT GEOMETRY MATRIX

COVARIANCE MATRIX

rd--m&m ‘-n----ﬂ-w-—--n--—--.

'r DET = XK(L, 1) *XK@3,2) - mm 2) *XK@, 1) ]l

PRINT DIAGNOSTIC
sSTgP »

RDET = 1,/DET

XL{1,1) - XK(2,2) * RDET
XL(2,1) = -XK(1,2) * RDET
XL(1,2) = -XK(@, 1) * RDET
XL@®,2) = XK(1,1) * RDET

CALL MATRAX (PHIMAT, 6, 6, P, 6, U, TEMP}, 6, 6. i)

CALL MATRAX (TEMP]), 6, 6, PHIMAT, 6, 6, P, 6, 6, 2)

CALL MATRAX (TEMPL, 6,8,
XK, 2,3,AK, 6,2,1)

ADD NOISE 'rglcowmmmn MATRIX

--nubnnumn_‘ﬂ-q;wn--
UPDA'I‘E COVFNC B MATW

UNITED AGRCRAPT C@RPORATI $\'31‘(M! CCN""R

"1

i

{

%

'
1 lcT-cNiGTHIME] ' | |11 [CAtL MaTrax K. 6 3.0,3,6, i
[ | =1 i i ,‘ l ~ TEMP), 6,6,1) {
i L=1, 6 h t |} ] CALL MATRAX (TEMPY, 6,6,P, 0. ¢, |I
) N R I R TEMPS, 6, 6, 2) '
: P(L,L) = P(L.‘ L) + CT * SIGMA (L)**3 : : ' : I \
| ] H
: CONTINUE ' L 1 Dg M~1,6 !
. Il 1

‘---u--- -----nﬁunmnun-nnl A |' DGL'LQ | =
' CALCULATE AND STORE WEIGHTING FUNCTION MATRIX | | | g '
i m T — 1 o rw remw ] || !
I CALL MATRAX (P, 6, 6, HH, %, 6, TEMPL, 6,3, 3) 1] g
ol XK@, 1) = XKQ, 1) + SIGP *+3 - H | dbin B
1| Xx@, 2) = XK@, 1) + S10QP | h :I__ 1
B} XK@, 2) = XK(1,8) + SIGPQ H CONTINUE i
XK@, 3) = XK@,3) +816Q **3 | Ry R
V ﬁnﬁu---ﬁ-—--gﬁ‘-u-h-qn-“gh-q-l ‘ 68-3018
9i
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BLOCK V-21 UPDATE STATE VECTOR AND COMPUTE NAVIGATION ERRORS

Al = ALPHAM - ALPPR
A2 = DELTAM - DELPR
XMAG1 = ABS(Al) - FI
XMAG2 = ABS(A2) - PI

Al = -SIGN{1., A1)*XMAGI
) ]

‘§°f P =16
| )
| C@RR(L)-AKI(L, 1, D*A1+AKI(L, 2, ) *A2 ]
A2 = - SIGN (1., A2) * XMAG2 | | I
, CONTINUE

l

XC1 = XC/CKMAU

YC1 = YC/CKMAU

ZC1 = ZC/CKMAU
VXC1 = VXC/CMSAUD
VYC1 = VYC/CMSAUD
VZCl = VZC/CMSAUD |

XC = XC + CORR(1) XC2 = XC/CKMAU
YC = YC + CORR(2) YC2 = YC/TKMAU
ZC = ZC + CORR(3) L »| ZC2= ZC/CKMAU
VXC = VXC + CORR(4) VXC2 = VXC/CMSAUD
VYC = VYC + CORR(5) -} vYC2 = VYC/CMSAUD
VZC = VZC + CORR(6) VZC2 = VZC/CMSAUD
‘ DO L=1,6
EX = (XC - XT()/CKMAU cqu(L)—caRR(L)/CKMAu:» ,
EY = (¥C - *T@)/CKMAU | ——{CONTINUE}s] |
- | EZ = (2C - ZT())/CKMAU r—={Dp L=4,6 } o
| EVX = (VXC - VX(0)/CMSAUD _—J'T‘_'?_—_
| EVY = (v¥C - vy@)/cNMsauD | | | CORR(L)=CORR(L)/CMSAUD
EVZ =(VZC - VZ(1))/CMSAUD | - ol Ny VT |

T

2903
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DLOCK V-3A CALCULATE TRANSFORMA TION FROM JUPITER EQUATORIAL
COORDINATE SYSTEM TO ECLIPTIC SYSTEM

|

CPS@ = CPS(PME PR)
SIN® = SIN\@ME PR)
C@SI = C@S(BINC PR)
SINI = SIN(BINCPR)

|

A3, 1) = SING*YIS(2)

A(2,1) = C@SP*@MMS(2)+SING*@MMC (2) *YIC (2)
A(1,1) = SQRT(1.-A(2,1)**2-A(3, 1)**2)

TEMP = SING*@MMS(2)-CASPH*GMMC (2) ¥YIC(2)
A(2,3) = TEMP*SINI-@MMC (2) *C@S(*YIS(2)

A (2,2) = SQRT(1. -A(2,1)**2-A\2, 3) **2)

TEMP = SING*@MMC (2)+CZSA*@MMS(2) *YIC(2)
A(1,3) = TEMP*SINHPMMS(2)*C@SI*YIS(2)

4

A(1,2) = SQRT(1.-A(1, 1)**2-A(1, 3) **2)
A(3,2) = SQRT(1. -A(1, 2)**2-A(2, 2) **2)
A (3,3) = SQRT(1. -A(1, 3)**2-A(2,3) **2)

66-2560

54
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BLOCK V-3B COMPUTE INITIAL ESTIMATES OF ERRORS IN DOWNRANGE AND
CROSSRANGE POSITION

DELTHE = DETHE*DEGRAD

DELPSI - DEPSI*DEGRAD | -0 Q
DPPR - DELPSI

DTPR = DELTHE %o

DELX = DEX*CKMAU
DELY = DEY*CKMAU
DELZ = DEZ*CKMAU

DELXX = B(i, 1)*DPELX*B(1, 2)*DELY+B(1, 3) *DELZ

DELYY - B2, 1)*DELX*B(2, 2) *DELY+B(2, 3)*DELZ

DELZZ = B(3,1)*DELXB (@3, 2) *DELY+B(3, 3) *DELZ

TEMP = XPR¥*2+YPR**2

DELTHE = (XPR*DELYY - YPR~. ~".XX)/TEMP

DELFSI = (TEMP*DELZZ-ZPR*XP.. DELXX+YPR*DELYY))
/(R**2*SQRT(TEMP))

DPPR = DELPSI

DTPR - DELTIE

66-2561

:

INITIALIZE
TRUTH STATE VLCTOR

95
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BLOCK V-3C INITIALIZE STATE VECTOR

TRUTH TRAJECTORY

NAVIGATED TRAJECTORY

>0, .
el X0 =Xxx
YO = YY

< 0, 20 = 77

X0 = XX*CKMAU
Y0 = YY*CKMAU
Z0 = ZZ*CKMAU

i

VX0 = VXX*CMSAUD
VY0 = VYY*CMSAUD
VZ0 = VZZ*CMSAUD

|

AAX = DELTX*CKMAU
AAY - DELTY*CKMAU
AAZ = DELTZ*CKMAU
AVX = DELVX1*CMSAUD
AVY = DELVY1*CMSAUD
AVZ = DELVZ1*CMSAUD

D¢lll.:; " J———

SIGMU(I)-SIGMU(I)* CKMAU
SIGMU (I+3)=SIGMU (I+3)* CMSAUD

}

o

F
CUNTINUE
95

XSUB3 = .17
XSUB4 = .2
XSUB5 = -, 13
XSUB6 = ., 87
XSuB7=-,1
XSUB8 = -, 39

TIME - TO
DLTINT = 0,
MTIME - 1

CALL RANN@PR(AAX, SIGMU(1), DELTAX, XSUB3)
CALL RANN@R(AAY, SIGMU@2), DELTAY, XSUB4)
CALL RANNGR(AAZ, SIGMU@), DELTAZ, XSUBS)
CALL RANN@R(AVX, SIGMU(4), DELVX0, XSUB6)
CALL KANN@R(AVY, SIGMU(5), DELVY0, XSUB7)
CALL RANN@R(AVZ, SIGMU(6), DELVZ0, XSUBS)

YI(1) = X0 + DELTAX
Yi(2) - YO + DELTAY
YI(3) Z0 ' DELTAZ
YIDT(1) = VX0 + DELVXO0

YIDT(2) = VY0 + DELVYO
YIDT@) - VZC + DELVZ0

ISWT 0

T
CALL TI1®

y
CALL INTSPH

:

EM - R¥2*SQRT (THED@T **2*C@S(PSI) * #2+ "SIDYT **2)

l

56
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BLOCK V-3F CHECK IF TRUE AND NAVIGATED STATE VECTORS HAVE
THE SAME REFERENCE - CORRECT TRUTH IF NECESSARY

s

£0
D@ 1=1,3
R

TYI(I) = YI(T)
TYIDT() = YIDT(T)

CONTINUE

TVR = RDOT
TVT = THEDOT
TTHE = THETA
TVP = PSID@T
TP - PSI

TN1 = N1

Yi(l) - TRUEQ, MTIME)
YIDT@) - TRUDT A, MTIME)

JIEQN'I‘INUE I

CALL RECTIF
N1=TNI
IPP(MTIME) = N1
ISWT - 1

CALL INTSPH

1

RTRU(MTIME) - R
THETRU(MTIME) = THETA
PSITRU(MTIME) - PSI
VRTRU(MTIME) -~ RDO I
VTHTRU(MTIME) = THED@GT
VPSTRU(MTIME) = PSIDAT

DH1-1,3

TRUE(T, MTIME) - YI(1)
TRUDT (I, MTIME) ~ YIDT(I)
YI(M) - TYI()

YIDT (@) = TYIDT ()

CONTINUE

R- TR

RDOT = TVR
THEDOT = TVT
THETA = TTHE
PSID@T = TVP
PSI= TP
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Vl. COMMON

All tivee programs described herein used labelea common data storage areas to
make more «fficient use of the data handling capabilities of the computer, Each pro-
gram has one labeled common area. The variables associated with each area are

listed in Table VI-I. Definitions for each variable are given in the respective pro-
gram directories (3ection VII),

TABLE VI-I
LABELED COMM@N VARIABLES
Program Label Variables
A. N-BPDY 2 ]1. xC 19. T™M1 37. @MM(10) 56. A32(2)
ﬁ. DY) 2. YC 20. J 38. GMMS(10) 56. A33(2)
DATA 3. zC 21, N 39. PMMC(10) 57. XNN(10)
PILANET 4. VX 22. K 40. CRPP(10) 58. RAQ
EETINT 5. VY 23. IALFA 41.  Y18(10) 59. ALPHJ(6)
INYEG 6. vz 24. NPRINT 42. YIC(10) 60. BETAJ(6)
UPDAT 7. Y(336) 25. ICN:i 43. DELTS 61. GAMJ(6)
DETERM 8. YP(°8) 26. ICN2 44. IBETA 62. D)
TRAMAT 9. R 27. ICN3 45. RKTME 63. PH1()
10. 1@ 8. IGAM 46, NU 64. PH2(8)
11, H 29. XR(10) 9. B 65. PH3(6)
12. W(@42) 30. YR(10) 48. A11(2) 66. PH4(6)
13. INDR 31. ZR(10) 49.  A12(2 67. PH5(6)
14. ISWT1 32. VXR@) Y A13(2) 68. PH6(6)
15, ISWT2 33. VYRQ) i, A212) 69. XJ2(2)
16. ISWT3 34. VZR@) L \22(2) 70. XJI3Q)
17. EPSQ0) 35. AA10) e 0 (@) 71. XJ4@Q)
18. XMU'(100 36. EE(10) 4. A31(2) 72. TRAN
B. LOF z2 i1 X2 22. A22 43. IGAM 64. ISWT2
(MAIN) 1. ¥C 23. A23 4. NU 65. ISWT3
DETERM s 2C 24, A3l 45. Y(48) 66. HP
PLANET 4. R 25. A32 46. YP(48) 67. H
NUMER 5. VXC 26. A13 47. W(6) 68. DELTS
INTEG 6. VYC 27.  XR(10) 43, TM1 69. PHIMAT(6,6)
DATA 7. VZC 28. YR(10) 49. EX 70. PHDOT(S,6)
ACCEL 8. XMU(10) 29. ZR(10) 50. EY 71. DELTPH
PHINT1 9. EPS(10) 30. VXR 51. EZ 2. VXDOT
PHINT2 10. XNN(10) 31. VYR 52. EVX 73. VYDOT
SETINT 11. EE(Q0) 32. VZR 6. EVY 74. VZDOT
UPDAT 12. @gMM(10) 33. IPLAN 84. EVZ 75. IBETA
13. CRPP(10) 34. KMAX 55. KK(7) 76. RKTME
14. PMMS(10) 35. 1 56. T(100) 77. 1SWT10
16, PMMC(10) 36. NMAX 87. TIME 78. AA(10)
16.  Y18(10) 37. KASE 58. NPRINT 79. AUNM
17. YIC(10) 38. J 59. ICN1 50. XJ2
18. A1l 3. N 60. ICN2 81, XJ4
19. A12 0. K 61. ICN3 82. REFRAC
20. A13 41. 1 62. INDR 83. REQ(10)
21, A21 42. IALFA 63. ISWT1
5. ISN coM | 1. YI(3) 20. ZPR 39. APSI 58. LMAX
MAIN) 2. ZR(10) 21, XMU(10) 40. AA(10) 59. EPSI
NUMERI1 3. KK( 22. DTPR 41, PMMC(10) 60. YR(10)
FILTER 4. THEDOT 23. TVP 42. ™ 6.. AQ3,9)
INSTPH 5. YPR 24. ATHE 43. MTIME 62. RDPOT
TISS 6. 1P 25, XJ4 4. ETHE 63. XPR
PLANET 7. DUMMY(250)  26. PMMS(10) 45, ISWT 64. IMAX
TI® 8. TTHE 27. EPS(10) 46. XR(10) 65. AZSP
NAVINT 9. AR 28. TIME 47. VZR 66. TVT
RECTIF 10. XJ2 29. ER 48. PsI 67. DT
TRUINT 11. CRPP(10) 30. EVPHI 4. C@,9 68. REQ(10)
12. XNN(10) 31. LP 50. TWPPI 69. GMM(10)
13. VZDPT 32. VYR 51, AYSP 70. YICQO)
14. ERRIDT(@3) 33. THETA 62. TVR 71. VYDOT
13. EVTHE 34. B(3,3) 83. ™ 72. ERRI(3)
16. YOT@E; 35. IND 54. POMEGAS 73. EVR
17. VXR 36. AXSP §5. EE(10)
18. R 37. DPPR 86. YIS(10)
19. PSIDOT 38. TP 57. VXDOT
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VII. SUBROUTINES

A. General Description

The mathematical subroutines used by the three programs ave listed in Table VII-I
together with the associated calling sequence for each. Details and flow charts for each
subroutine are given in Section VII-B. It is assumed that most of the subrontine writeups
in Section VII-B are self-explanatory and do not need further clarification. However, in
some instances, additional descriptive material may be helpful in the understanding of
the individual roles of those subr-utines which are collectively used to perform a single
function or of those in which *..e relationshin of the subroutine function to the main p.o-
blem may not be clear. The following paragraphs provide such supplementary iaformation.

In the N-BODY and LOF programs, the function of nuni.erical integration is spread
over three subroutines (as opposed to only one part of the [SN main program). As de-
signed, the three subroutines (SCTINT, INTEG, and UPDAT) together with associated
main program logic offer un inpui option of either a Runge-Kutta integration scheme
with constant step size or an Adam< 4-point predictor-corrector scheme with :ither
a constant st. ) size or a varizh:c step size with automatic error control. The . Jams
4-point integration formulas are easily adapted to procedures for estimating the step-
by-step truncation error. The error control portion of the integration process compares
the predicted and corrected values obtained frora such formulas and changes the integra-
tion interval « .cording to the results of the comparison., This is done to minimize
round-off error and computing time and still maintain a low level of truncation error.
When the Adams 4-point formulas are used, the differential equotions are solved only
twice per integration step as compared with four times for the Runge-{utta scheme,
However, the Adams formulas require four past values of the dependent variables in
order to advance one integration step; whereas, the Runge-Kutta scheme needs only
twoc. Consequently, the Adams 4-point method is not self-starting and the first four
points must be generated using the Runge -Kutta technique.

in general, the subroatine INTEG contains the integration formulas and UPDAT
stores the variables and places them in the correct locations for the next integration step
INTEG is called once for each dependent variable during any given pass through the time
loop, whereas UPDAT is called only once at the completion of the time loop.

It is noted that twice as many values as are normally required in the Adams
4-point method are reserved in the integrated variable tables, Y(I) and YP(I), for
each variable to be integratcd, i.e., 8 spaces. The reason for this is that if the
integration step size is to be doubled, ovaly every other value in the table is used to
provide the required past values. A comparable situation does not exist, however,
if integration step size is to be halved. In that event, the routine re-initializes and
starts over again using Runge-Kutta formulas.

Two main tables in UPDAT are allocated for data storage. Each table is ¢..moosed
of blocks of eight spaces with the current value of a particular variable appeariig in the
first location of the eight spaces reserved for it. The Y(I) table contains blocks of eight
spaces reserved for the integrated variables and the YP(I) table contains the first deri-
vatives of the variables. The value of the first derivative and the variable for any given

time are found at corresponding values of the index I in each table. 62
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Most of the initialization of INTEG and UPDAT is done in the subroutine, SETINT.
However, in addition to the initialization contained in subroutine SETINT, the integration
weighting factors, W(K), corresponding to each of the integrated variables are set equal
to unity in the pertinent main programs. These weighting factors (0,<W(K)<1.) determine
the relative effectiveness of each integrated variable in the error control process.
Variables with low weighting tactors affect the error control process less and hence
have a g “eater variation ~f acceptable accuracy. The computer multiplies the minimum
of the percentage difference and the absolute difference between the predicted and
corrected integrated value of each variable Ly the corresponding weighting factor to
obtain a measure of the 1runcation error for the error control process (see the f'ow
diagram for INTEG in Scction VII-B).

If it becomes desirable at any time to add integrated variables to either the
N-BU@DY or L@F programs, an integration accuracy tolerance must be provided for
each new variable. The tolerances should be given in terms of allowable absolute
differences for those variables with expected values less than unity, and in terms of
percentage differences for those with expected values greater than unity. Once supplied
with the appropriate tolerances, the programmer can determine the correct W(K) from
the following equation:

.001
tolerance(K)

W(K) =

Because the Adams 4-point integration scheme is the more compliox of the two
integration options and therefore less likely to be incorporated into a flight computer,
the option of choosing it was eliminated from both navigation programs. This was
accomplished in the L@F program by internally iritializing the pertinen. integration
package control variables and in the ISN program by mechanizing only the fourth order
Runge-Kutta integration scheme. See Reference 7 for the mathematical details
of the indicated integrativon techniques.

Although not part of the essential probiem logic, subroutine DETERM weas
included in both the N-B@DY and L@F programs to serve as a means of checking the
numerical integration accuracy of the transition matrix calculation. The subroutine
calculates and prints the determinant of the transition matrix each time it is called
by the main program. As shown by Stern in Reference 8, the determinant of the
transition matrix should always be unity for those situations where the matrix of
partia:. derivatives of the vehicle's acceleration wita respect to position is symmetrical.
To the degree of sophistication of the subject programs, this condition is true every-
where except in the Earth's sphere of influerce where the J3 zonal harmonic of the
Earth's gravitational field causes the partial derivati’e matrix to deviate slightly
irom a symmetrical condition. The technique for computing the determinant of the
6 x 6 matrix was obtained from Reference 9.

64
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B. Subroutine Flow Diagrams and Logic

TABLE OF CONTENTS

Subroutine Page No._
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SUBR@UTINE AG@NY (ARG1, ARG2, ANS)

Purpose: To calculate ANS = 1;z=1n.1 [ﬁ%—g—;{l where 0 < ANS <2
Program(s): N-B@DY, L@F

ANUM- ABS(ARG1)
PI= 3.1415927
DEN@M=ABS(ARG2)

ARG3 = ANUM/DEN@M
ANS = ATAN(ARG3)

{

ARC3 = DENGM/ANUM
ANS - ATAN(ARG2)
ANS = . 5* Pl - ANS

ANS = PI-ANS

ANS = ANS + PI P —
—p{ ANS = 2, *PI-ANS -
RETURN

66-2562
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SUBR@GUTINE ZPRN(A)

Purpose: To print input data

Program(s): N-B@DY

&

IA = IFIX (A(69) + .001)

PRINT:
INPUT FR RUN N@. (I1A)

Y

PRINT:
DUMMY (I) (A(D) DUMMY (M) (A(M))

'

1= M+1
M = I+1

RETURN

66-2558
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SUBROUTINE ZPRIN(X)

Purpose: To Print Input Data
Program(s): LOF

Flow Diagram Key:

Block 1 - Format for Printing Out the Input

[RUN = X(27)+. 1

'

PRINT: INPUT F@R RUN N@ (IRTIN)
PRINT HEADINGS FOR DATA SHOWN IN BLOCK 1

J = K t 1 b gy —
K-1 oN= K + 2 IfIIINI‘ IN SAME F()I{YMAT AS I'" BLOCK 1:
M=K+ 3 ]\,X(K),J,X(J), N9 X(N), M’ X(I“) )
. <0 I
Kl1=K+1 PRINT: -
K =K+1[" | K, XK el S
Y
K3 = K1 + 100 ] =
Y
J =K+ 1|
N = K+2
M=K+3
{ PLOCK 1
PRINT: DUMMY VALUE DUMMY VALUE DUMMY VALUE LDUMMY VALUE
g (K) (X(K)) (J) (X{J)) (N) (X(N)) (M) (X(M))
K1 = K3
>0
<0 g
IF >0 K = K1
K - K2 >1
<0 '
—=| PRINT:DUMMY (K) THR@AUGH DUMMY (K2) ARE ZERO
REiURN 1630
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SUBROUTINE DPRINT (X)
Purpose: To print out all the input in one block
Program(s): ISN
Flow Diagram Key:

Block 1 - Format for printing out the input.

| IRUN = X(141)+.1 |

PRINT:
INPUT F@R RUN NP (IRUN)
PRINT HEADINGS FOR DATA SHOWN IN BLOCK 1

J =K+1
N=K+2 {K-1
M=K+3
BLOCK 1
PRINT:
DUMMY VALUE DUMMY VALUE DUMMY VALUE DUMMY VALUE
(K) XEK)) @) X)) ™ (XIN) ) ™) XM))

)

| S

J =K+1
PRINT: _|K1=K+1 N =K+2
K.X(K)| |¥ =K+1 M=K+3
PRINT IN SAME FORMAT AS IN BLOCK 1:
K, X(K), J, XtI), N, X(N), M, X(M)
0 IF
K2 = K1 - 1 K1 =K1+ 99 K - 140 RETURN
K1 = K1 + 102 £
PRINT:
DUMMY (K) THRGUGH DUMMY (K2) ARFE. ZERO IF 20
3 0 3 X(K) ez
[X=%]
66-2646
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SUBROUTINE PLANET (TIME,KK) (N-BADY)
SUBROUTINE PLANET (LOF, ISN)

Purpose: To compute the planetary positions and velocities
as functions of time.

Program(s): L@F, N-BODY, ISN

Flow Diagram Key:
Block 1 - Compute planetary eccentric anomalies,
Block 2 - Calculate position relative to Sun.
Block 3 - Calculate planetary velocity.

Block 4 - Calculate position relative to central body.
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SUBR@GUTINE PLANET (TIME, KK)
SUBROUTINE PLANET

T = TIME+TM1

LL - TEMP/TWPPI
TEMP - TEMP-FLOAT(LL) *TW@PI

[ TEMP2 - TEMP |e—

—=| TEMP1 TEMP2 ¢ EE(M)*SIN(TEMP) |

BLOCK 1

X1 = AA(M) “(COS(TEMP1)-EE (M))

<0. YB - AA(M)*SQRT (1. -EE(M)**2) *SIN(TEMP1)
TEMP - CRPP(M)-AMM(M)

TEMPS = SIN(TEMP)

TEMPC = COS(TEMP)

>0.

I TEMP = TEMP1 ABS(TEMP1-TEMP

BLOCK 3 BLOCK 2
RR = XR(M) **2+YR(M)**2+ZR (M) * *2 Q11 TEMPC*OMMC (M)-TEMPS*YIC(" ) "@MMS(M)
PB = AA(M)*(1. -EE(M) **2) Q12 - TEMPS*OMMC (M+TEMPC *YIC(..() ¥WYMMS(M)

TEMP = SQRT(XMU(3)/ PB)
TEMP1 = SQRT (XMU(3)*P ) >0
VXB =(TEMP*EE(M) *XB *YB-TEMP1*YB)/RR |==
VYB - (TEMP*EE(M)*(YB**2)+TEMPI *XB)/RR
VXR(M) = Q11*VXB-QI2*VYB
VYR(M) = Q21*VXB-Q22*VYB
VZR(M) = Q31*VXB-Q32*VYD

Q21 - TEMPC*OMMSM)+TEMPS*YIC (M) “OMMC (M)
Q22 = TEMPS ' OMMS (M) -TEMPC *YIC (M) *3MMC (M)
Q31 YISO YTEMPS

Q32 YIS(M)*IEMPC

XR(M)  XB*Q1J-YB*QI2

YROM)  XB*Q21-YNB*Q22

[ ZRM)  XB*Q31.YB*Q32

>0

I¥
M-KK(1)

#0
BLOCK 1 e e

r ~ =
| [xr = xeempexen] |
1 YR(M) = YR(M)*YR(1) -
| ZR(M) - ZR(M)+ZR(1) '
| TEMP - XR(M, TEMP - XR(M)-XR(L) |
' TEMP1 = YR(M) TEMP1 - YR(M)-YR(L) |
| TEMP2 * ZR(M) TEMP2 =~ ZR(M)-ZR(L) |
' XR(M) - TEMP*A11(L)*TEMP1*A21(L)*TEMP2*A31(L) '
| YR(M) = TEMP * A12(L)+TEMP1*A22(L)+*TEMP2*A32(L) |
| ZR(M) = TEMP*A13(L)*TEMP1*A23(L)+ TEMP2*A33(L) |

=>| CONTINUE

-207
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SUBROUTINE SETINT (TIME, XMTHD, VARBH)
Purpose: To initialize integration subroutines
Programs: N-BPDY, L@F

Flow Diagram Key:

Block 1 - Initialize switches and counters common to both Adams 4-point and
Runge -Kutta schemes

Block 2 - Initialize integration tables for initial state vector

Block 3 - Initialize integration tables for transition matrix clements (omitted in L@F)

Block 4 - Initialize switches for Adams 4-point method
Block 5 - Initialize switches for Runge-Kutta method
Block 6 - Initialize switches for variable step size

Block 7 - Initialize switches for constant step size

L

Blork 1
INDR - 0 3=1 IALFA - 4 ICN1 - 1
ISWT1 - 0 N-8%8 11-0 ICN2 = 3
IGAM - -1 K ~1 NI'RINT 0  ICN3 -0
Block 2
Y(1) VX Y(25) - XC Block 3
Y(® VY Y33 - ¥C
Y(17) - VZ Y(41) - ZC LP = 49
DG 1=1, 6 [
il
Q/ IF >0,
i TRAN
\r" \ L1 - LP+8
L2 - L1+8
< 0. L3 - L2+8
Bl()(k 4 % 1‘1 : L3 + 8
ISWTZ - 0 . IF L5~ L4+8
IBETA -3 [ \.. XMTHD Y(LP) - PH1(T)
. 3 Y(L1) = PH2(])
\( #0. Block 5 Y(L2) = PH3(T)
a Y(L3) = PH4(I)
ISwWT2 1 Y(L4) = PH5(1)
#0. IBETA -0 Y(L5) = PH6(T)
N5 LP - LP + 48
VARBH =1, :
=0, i Block 7 1
Block 6 ISWT3 = 1
' H¢ + DELTS C@NTINUE
ISWT3 =0
H@ = DELTS/(2.**16)
H - H@/2. 66=3000
—| RKTME = TIME
RETURN 72
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SUBR@UTINE INTEG
Purpose: To perform the n"merical integration of variables
Program(s): N-B@DY, L@F
Flow Diagram Key:
Block 1 - Perform fourth-order Runge-Kutta integration

Block 2 - Calculate "predictor' estimate of predictor-corrector integration
scheme

Block 3 - Calculate "corrector' estimate of predictor-corrector integration
scheme and check to see if error is within preset tolerances

Block 4 - Set indices for next integrated variable

{31 -1CN1 1 4 _:
| - @ Y(N) - Y@)+H*YP() |
| |
Ji=J+1 | i
W=3+2| | = l
K=Jd+3] Jw-m+1;0k=-n+2 | S——
Y (D = Y) + (4/6.)*(YP@) + 2. *YPK) + 2.¥YP(3J) + YPID) _:
= ﬁTo&z ———————————————— 1
Y(N) = Y() + (H/24.)*(55. *YP(J) - 59. *YP(JI) + 37. *YP(JJ) - 9. *YP(K))|
Block3 o o o e e |
2L e 1
I[Yon = YO + @724.)%@. YP@) + 19.*YP(II) - 5. *YP(JJ) + YP(JK))| |
I E1l = ABS (Y(N) - Y(J)) '
| I
| |
| l
|
1 ~E - were2] |
|
| |
| 'Block 4[
| =755
' S N = N+8
|
I
I
|
I

| 36-2714 73
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SUBRAUTINE UPDAT (TIME) (N-B@DY)
SUBROUTINE UPDAT (L@F )
Purpose: To store and manipulate data in integration tables, control integration

step size changes, and signal valid print times to main program
Program(s): N-B@DY, L@F
Flow Diagram Key:

Block 1 - Control integ: ation switching for Adams 4-point integration scheme
and provide for doubling the integration step size

Block 2 - Control integration switching for Runge-Kutta integ. ation scheme

Block 3 - Reset integration tables to start of last initial Runge-Kuita point -
prepare to halve integration step

Block 4 - Reset integration tables to last integrated point - prepare to halve
integration step

Block 5 - Rearrange integration tables to contain every second data point -
step has been doubled

Block 6 - Update integration tables for fourth order Rung.. ° ‘a2 scheme-final
value

Block 7 - Set up integration tables in preparation for starting Adams 4-point
integration scheme

Block 8 - Update integration tables for '"'normal' Adams 4-point scheme opera-
tion

Block 9 - Update integration tables for fourth order Runge-Kutta scheme-
intermediate values

74
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SUBR@UTINE DETERM
Purpose: To calculate the determinant of a 6 x 6 matrix
Program(s): N-B@DY, L@F *
Flow Diagram Key:
Block 1 - Initialize A(I,J) matrix

*Note: In the L@GF program the A(I,J) matrix is set equal to
PHIMAT(I, J)

Block 2 - Find the largest element in the A(I,J) matrix

Block 3 - Interchange rows to put largest element in first row

Block 4 - Interchange columns to put largest element in {"rst column
Block 5 - Reduce matrix order by pivotal method

Block 6 - Set A(I, J) matrix equal to reduced order B(I, J) matrix

Block 7 - Calculate determinant and print results

76
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SUBROUTINE DETERM

Block 1

: |

| |

| [| ac,p - PHI®D  Ag4,1) - PH4() I

| || A@n - PH2) A(5,1) - PH5() |

||| Ao - PH3@) A(6.1) - PH6(T) I

| | NN 1
- 1Z 1

I C@NTINUE + 1i . &

I ———————————————— J =] J

Block 2
e s e s o YN T T |
I il TR, l
| j._____l
Block 3 | : |
e s e i e |
| 1 | TEP = ABS (A(L,M)) | |
| D@ M-1,LL | M1 L |
| o -
IF K? - M ' )
} TGM) - A(1,M) l = ABS(A(L, M)) I ‘
AL M) - AL, M) | TEP |
| AL M) - T | | I Bl TR § et e
' ! Block 4 _ _ __ _ _ _
| ]| 1
| C@ONTINUE | | DAL 1,LL e
b g i Lo e e vl ' |
TP(L) - A(L, 1) |
A(L,1) - A(L,K2) |
[ NN--NN ] A(L.K2) - T@(L) :
|
|
Bt yier: NI
Blocks  _ _ _ _
-
I
I
I
|
| —I
' Ll=L+1 |
I M1=M+1 I
| B(L, M) = A(L1, M1) - A(1, M1)*A(L1, 1)/A(1, 1) |
| r . 2 |
| CYNTINGE P@(12) = A(1,1) I
[ CONTINUE =12 12 1 '
|
R i i, i o ko i s o A R :
ralxu ____________ s

P@(5) = B(1,1)*B(2, 2)-B(2, 1)*B(1,2),

YNN = NN

DD = YNN*P@" )*P@(2)* Pg(3)* P@(4)* PP(5)
[ ]

]
I
|
liR-INT: | |
DETERMINANT = (D = | 'I RETURN l
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SUBR@UTINE TRAMAT (KK)
Purpose: To calculate the elements of the transition matrix
Program(s): N-BODY

Flow Diagram Key:

Block 1 - Calculate the central bedy contribution to the element time
derivatives

Block 2 - Calculate the contribution of the other Newtonian force
fields to the element time derivatives

Block 3 - Calculate the central body oblateness contribution to the
element time derivatives and combine with the Newtonian
force contributions to form the total clement time
derivatives

Block 4 - Set the total element time derivatives equal to the Newtonian
force ficld contributions

Block 5 - Integrate the total element time derivatives.
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SUBROAUTINE NUMER

Purpose: To collect error statistics and calculate the statistical
mean, standard deviation, and second moment about zero

Program(s): L@F
Flow Diagram Key:
Block 1 - Sum the errors and square of the errors in navigated
position and velocity for each navigation measurement

time

Block 2 - Calculate the mean and standard deviation for each error
component

Block 3 - Calculate the second moment about zero for each error
component
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SUBROUTINE NUMER

SCR 290 II

[sumxq = o,
SUMY() - 0.
~={ SUMZ(D - 0.

suUMX2@) - 0.
sumyz( 0.
SUMZ2() = 0.

SUMVX =~ 0,
SUMVY =0,
SUMVYZ = 0,

SUMVXZ2 - 0,
SUMVYZ = 0,
SUMVZ2 - 0,

S.IMX() = SUMX()+EX
SUMY(I) = SUMY(I)+FY
SUMZ{) - SUMZ(I)+EZ
SUMVX(T) - SUMVX(1)+EVX
SUMVY() SUMVY{)+EVY
SUMVZ(T) : SUMVZ(1) ¢ V7

SUMX2@) - SUMX2@) X **2
SUMY2() = SUMY2() /1Y **2
SUMZ2Q) = SUMZ2Q)i k24 %2

SUMVX2(1) - SUMVXZ(l)* EVX - *2
SUMVYZ(1) - SUMVY2() EVY“#2
SUMVZ2(I) = SUMVZ2Q)-EV7Z =2

>‘"/.

KMAX-KASE

RLOCK 2

ANUM  KMAX-!

XMEAN © SUMX(1)/XNUM VXMEAN  SUMVN(). XNUM
YMEAN - SUMY(I)/XNUM VYMEAN  SUMVY (I)/XNT'N
ZMEAN -~ SUMZ(1)/XNUM VZMEAN  SUMVZ@)/XNUM

Al XNUM*(XNUM-1.)

SIGX © SQRT (XNUM *SUMX2(I)-SUMX (1) **2) /A1)
SIGY  SQRT (XNUM*SUMY2(1)-SUNIY (1)* *2) /A1)
SIGZ = SQRT((XNUNM SSUMZ2(D) SUMZ(1)* 2)/A))
SIGUX - SQRT((XNUM*SUMV X2 (1) -SUNVX (1) **2),/A 1)
SIGVY = SQRT((XNUM*SUMVY2(T)-SUNMVY (1) “*2) “A1)
SIGVZ - SQRT(NNUM*SUMVZ2(1)-SUMVZ1)*42), A1)

PRINT:
STATISTICAL DATA AT TIME -(1(1) DAYS
NUMBER OF "ASES = (XNUNM)

_X Y _ 7 _NX MY N2
MEAN (XMEAN) (YMEAN) (ZMEAN) (VXMEAN) (VYMEAN) (VZMEAN)
ST DEV (SIGX) (SIGY) (SIG?) (SIGV'X) (SIGVY)  (SIGVZ)

RLOCK 3 j

SIGX ~ SQRT(SUMN2(1)/XNUN)

SIGY = SQRI(SUMY2(1)/XNUM)

SIGZ = SQRT(SUMZZ(1)/XNUM)

SIGVX  SQRT(SUMVX2(D),/XNUM)

SIGVY - SQRT(SUMVY2(1)/XNUM)

SIGVZ - SQRT(SUMVZ2(1)/XNUNM)
PRINT:
ST DEV2 (SIGX) (SIGY) (SIGZ) (SIGVX) (SIGVY) (SIGV7)

={lu-?‘l'llRN|
03- 2828
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SUBR@UTINE NUMER1
Purpose: To calculate mean and standard deviation values for the
position and velocity errors; it is used when more than one
navigated trajectory has been generated
Program(s): ISN
Flow Diagram Key:

Block 1 - Sum the errors and the squares of the errors at each
measurement time.

Block 2 - Calculate and print the mean and standard derivation of
the errors at the last mcasurement time.

Block 3 - Calculate and print the second moment about zero at the
last measurement time.

82

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER




SCR 290 1

SUBR@UTINE NUMER1

<0 SUMX(MTIME) = 0.
SUMY(MTIME) = 0.
SUMZ(MTIME) = 0

>0 )

SUMVX(MTIME) = 0,
T <0 SUMVY(MTIME) = 0.
LP -2 | SUMVZ/MTIME) = 0.
BLOCK 1 D SUMX2(MTIME) = 0.
SUMX(MTIME) = SUMX(MTIME)+ERRI(1) ggxgmzmg ) g:
SUMY(MTIME) = SUMY (MTIME)+ERRI(2) <] SUMVX2(MTIME) = 0.
SUMZ(MTIME) = SUMZ(MTIME)+ERRI(3) SUMVY2(MTIME) = 0.
SUMVX(MTIME) = SUMVX(MTIME)+ERRIDT (1) SUMVZ2(MTIME) = 0.
SUMVY(MTIME) = SUMVYMTIME)+ERRIDT(2)
SUMVZ(MTIME) = SUMVZ(MTIME)+ERRIDT(3)
SUMX2/MTIME) = SUMX2(MTIME)+ERRI(1) **2
SUMY2(MTIME) = SUMY2(MTIME)+ERRI(2)**2
SUMZ2(MTIME) = SUMZ2(MTIME)+ERRI(3)**2
SUMVX2(MTIME) = SUMVX2(MTIME)+ERRIDT (1) **2
SUMVY2(MTIME) = SUMVY2(MTIME)+ERRIDT (2)* *2
SUMVZ2(MTIME) = SUMVZ2(MTIME)+ERRIDT (3) **2
B
- N
XNUM = LMAX - 1 ZMEAN ~ SUMZ(MTIME)/XNUM
XMEAN = SUMX(MTIME)/XNUM VXMEAN = SUMVX(MTIME)/XNUM
YMEAN = SUMY(MTIME)/XNUM VYMEAN - SUMVY(MTIME)/XNUM
Al = XNUM*(XNUM-1.) VZMEAN = SUMVZ(MTIME)/XNUM
SIGX = SQRT((XNUM*SUMX2(MTIME)-SUMX(MTIME)**2)/A1) ) BLOCK 2

SIGY = SQRT((XNUM*SUMY2(MTIME)-SUMY(MTIME)**2)/A1)
SIGZ = SQRT((XNUM*SUM Z2(MTIME) -SUMZ(MTIME)**2)/A1)
SIGVX = SQRT (XNUM*SUMVX2(MTIME) -SUMVX(MTIME) **2)/A1)
SIGVY = SQRT (XNUM*SUMV Y2(MTIME) -SUMVY (MTIME) **2)/A1)
SIGVZ = SQRT ((XNUM*SUMV Z2(MTIME) -SUMVZ (MTIME) *¥2)/A1)

T
PRINT:
STATISTICAL DATA AT TIME = (TIME) DAYS
X Y Z VX VY VZ
MEAN (XMEAN) (YMEAN) (ZMEAN) (VXMEAN) VYMEAN) VZMEAN)
ST DEV (SIGX) (SIGY) (SIGZ) (SIGVX) (SIGVY) SIGVZ) 4
Y
SIGX = SQRT(SUMX2(MTIME)/XNUM) SIGVX = SQRT(SUMVX2(MTIME)/XNUM) 7
SIGY = SQRT(SUMY2(MTIME)/XNUM) SIGVY = SQRT(SUMVY2(MTIME)/XNUM)
SIGZ = SQRT(SUMZ2(MTIME)/XNUM) SIGVZ = SQRT(SUMV Z2(MTIME)/XNUM) P BLOCK 3

PRINT:
ST DEV2 (SIGX) (SIGY) (SIGZ) (SIGVX) (SIGVY) (SIGVZ)

RETURN j¢——"
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SUBROUTINE PHINT1

Purpose: To calculate the derivatives of the transition matrix
elements
Program(s): LOF

Flow Diagram Key:

Block 1 - Calculate the central body contribution (Newtonian) to
the transition matrix derivatives.

Block 2 - Calculate the contribution of the nth celestial body
to the transition matrix derivatives.

Block 3 - Calculote the central body contribution (oblate body)
to the transition matrix derivatives.

Block 4 - Calculate the transition matrix derivatives.
Block 5 - Adjust flow control switches to be used in PHINT2 to

assure correct integration of the transition matrix
derivatives,
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SUBR@UTINE PHINT2

Purpose: T » integrate the time derivatives of the transition
mtrix elements (second order Runge-Kutta scheme)

Program(s): LOF
Flow Diagram Key:
Block 1 - Calculate transition matrix elements

Block 2 - Obtain time derivatives at time = tn + At

b R
I _

D@ M=1,6 fe— e

i ol e

|
I
|
: PHIMAT(L, M) = PHIMAT(L, M)~. 5>*DELTPH*PHD@T (L, M)
|
I
I
L

CONTINUE
DR
$
CPNTINUE

(St

IF
ISWT10

BLOCK 2

Rl miengkerie
{ CALL punm] :
SRR TSR

RETURN [

66-2634
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SUBR@UTINE ACCEL

To calculate the components of vehicle acceleration

Purpose:
with respect to the center of coordinates
Program(s); LOF
Al = XMUQI1)/R**3
A2=0,
A3 =0,
At =0,

mn \ <0 —
K"SF‘”I/_—Q: v
>0
| 17 1PLAN
DRIP 1. 17
!
Lo Ipe
M= KKL

DELX(IP)  XC - XR(M)

DELY(IP) = YO - YR(M)

DELZ(IP) = 2C - ZR(M)

A6~ DELXAP) *24 DELY (IP) ' *2+DELZ@AD) **2
D(IP) = SQRT(AG)* 2

A7 = SQRT(XR(M)* *2+ YR(M) * *2+ZR(M) * *2)

AS = 20 (XC*XROM*AY CIYR(M) + 2C*ZR(M)/ MR *AT)
TEMP : R/A7

Q = TEMP*(TEMP-AN)

FUN(IP) = (Q (3. (1, Q1+Q “2)7(1, 'SQRT 1, 1 Q)*"2)
LENMDP = X\MUM),/DAP) '
Al = ALTENMP

AD = TEMP*FUNQP)
A2 = A2+A9'XR (M) i
A3 = ABFAD*YR(M)
A"'A4+A9‘ZR(M)

]
CANTINUE 1 VXD@T = -A1*XC-A2

Rt VYIRPT = AT A8
VZDJAT = -A1*2C-A4

bl WP

i

>0

KASE - l/

R3=1,/R**3

Al = RFRAC
Al1SQ = Al1*»2
ZCR2 = Z/R)¥*2
A2 = (-XMUNI)*R3)*(1, 5*XI2*ALSQ*(1, -5, *ZC R+, 625 X4 *ALISQ**2 (- 3, 142, *ZCR2-63, ‘ZCR2**2
A3 = (XMU(N1)*ZC*R3)*(1. 5*XI2*AISQ*(5. -5. *ZCR2)*. 625 °K] 1#AISQ" #25(-15, 470, *ZCR292)) ﬂ

VXDOT = VXDAT+A2* X
VYDAT = VYDZT+A2Y i
VZDOT  NZDOTAL

RETURN 87
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SUBROUTINE RECTIF

Purpose: To change coordinate centers wnen the vehicie has
passed from one sphere of influence to another.

Program(s): ISN
Flow Diagram Key:

Block 1 & 2 - Calculate position and velocity with respect to new
reference body.

Block 3 & 4 - Change planetary index codes corresponding to the
particular celestial bodies to be considered in force
model.

XX(1) = YI(1)-XR@)
XX{2) = YI(2)-YR(2)

— DPI 1,3 H
XX(3) = YI(3)-2R(2) !
VV(1) = YIDT(1)-VXR :
VV(2) = YIDT(2)-VYR ﬁ‘g; ug)m)
VV(3) = YIDT (3)-VZR :
CONTINUE
DP1=1,3 DAL=1,3
- 1
Yi(D) = 0. Yi(I) = 0,
YIDT() = 0. YIDT() = 0.
____.{ p@J=1,3 DHJ=1,3
 BLOCK 1 4 BLOCK2
Yi@) = YI()+AQ,J)*XX ()
YD) = YI(D++ J, D¥XX(I) YIDT() = YIDT@)*AQ,J)*VV )
YIDT() = YIDT(*A . D*VV ()
:
r CONTINUE
CONTINUE
1 CONTINUE
CONTINUE
. YI(1) -~ YI(1)+XR(2)
2 XMU(2) = XMU(2)-X MU(7)-X MU (5) YI(2) © YI(2)+YR(2)
. xMu)-xmuao) | | vi) - Yiw)zZRre)
::23 = YIDT(1) = YIDT(1)+VXR
2 ‘ . g - S o . v
BLOCK 3 | N4=8 XMU(2) = XMU@)+XMU(7)! “m‘(i) 5 \_'ll)'l‘(-’)::'}:
N5 =9 XMU@E)+XMU@)+]| | YIPTE) = YIDT@E)1VZ
N6 = 10 XMU(10)
N7T=1
‘—J N1 =3 BLOCK 4
N2 =2
R = SQRT(YI(1)**2+Y1(2)* *2+YI(3)**2) N3 - 1
N{ = 6
N5 - 5
| RETURN | NG =4 89
N7=0
- 1970
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SCR 290 0
SUBROUTINE TIS

Purpose: To calculate the transformation from the inertial to
spherical frame; to calculate the spherical accelera-
tion components used in integrating the navigation
equations.

Program(s): ISN
Flow Diagram Key:

Block 1 - Calculate the transformation matrix from inertial to
spherical frame.

Block 2 - Calculate spherical acceleration for two-body case.

Block 3 - Calculate spherical acceleration for n-body case.

|

CPSI = COS(TP)
SPSI = SIN(TP)
CTHE = COS(TTHE)
STHE = SIN(TTHE)
SIN@ = B(1.2)
C@S@ = B(1,1)
C@SI = B(3,3)

SINI = B(2, 3)

BLOCK 1 l

C(1,1) = CPSI*(CTHE*C@S@-STHE *SIN@*C(3SI}+SPST*SIND *SINI
C(1, 2) = CPSI*(CTHE*SIN@G+STHE *C@Sp *CHSI) -SPSI *COSGH*SINI
C(1,3) = CPSI*STHE *SINI+SPSI*COSI

C(2,1) = -STHE*CPSP-CTHE*SIND*CPHS(

C(2,2) = STHE*SIND+CTHE*C@S@*CJSI

C(?.3) = SINI*CTHE

C(3, 1) = SPSI*(-CTHE *COSf+ STHE *SIN( *C@ASI)+C PSI*SIN@*SINI
C(3,2) = SPSI*(-CTHE*SIN® -ST HE *C@S@#*C@#SI) - CPSI*CHSH *SINI
C(3,3) = -STHE*SPSI*SINI+CPSI*C)SI

BLOCK 2

N1 = KK(1)

AR = -XMU(N1)/R **2
ATHE = 0.

APSI = 0,

BLOCK 3
AR = C(1, 1)*VXDOT+C(1, 2)*VYD@T+C(1, 3)*VZD@T
ATHE = C(2, 1)*VXD@T+C (2, 2) *VYD@T+C(2, 3)*VZDJT
APSI = C(3, 1)*VXD@T+C(3, 2) *VYD@T+C (3, 3)*VZDPT

t

RETURN | 90

66-2660
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SCR 290 II

SUBR@UTINE TID
Purpose: To calculate the transformation from the inertial to
orbital frame. This is done in the beginniug of the
program and each time after rectification takes place.
Program(s): ISN
Flow Diagram Key:

Block 1 - Calculate the sine and cosine of the orbital inclination angle.

Block 2 - Calculate the transformation matrix from the inertial to
orbita: frame.

BLOCK 1 ‘

Al = YIDT (3)*Y1(2)-YIDT (2) *Y1(3)

A2 = YIDT (3)*YI(1)-YIDT (1) *Y1(3)

A3 = YIDT (2)*YI(1)-YIDT (1) *Y1(2)
C@SI = A3/SQRT (A1*¥2+A 2+ %2+ A3 +42)
SINI = SQRT (1. -C@SI**2)

&

OMEGA = ATAN2(A1,A2;

IF < 0.
OMEGA OMEGA - GMEGA+TW@PI

BLOCK 2 >0.

CHSP = CYS(FMEGA)
SING = SIN(BMEGA)
B(1,1) = C@#SQ
B(1,2) = SIND

B(1,3) =0,

B(2,1) = -SIN@*C@s] [%
B(2,2) = C@S@*CHSI
B(2, 3) = SINI

B(3, 1) = SIND *SINI
B(@3,2) = -C@S@G*SINI
LB(:S, 3) = CHSI

!

RETURN

a1




SCR 290 Il

SUBR@UTINE NAVINT(VR, VT, TH, VP, PPSI, SM, CLTINT)

Purpose: To perform the intermediate stages of calculation
in integrating the navigation equations.

Program(s): ISN
Flow Diagram Key:

Block 1 - Calculate the values of the navigation equations .t a
particular time step.

BLOCK 1 l

SPSI = SIN(TP)
(PS8l = COS(TP)

CPS2 = CPSI**2

Al = AR+R*(TVT**2*CPS2+TVP**2)
VR = DT*Al

Al = ATHE/R*CPSI)~2. *((TVIT*TVP*SPSI/CPSI)-(TVR*TVT/R))
A2 = XKVTHE*DTPR+XKI*DLTINT

VT = DT*(A1+A2)

TH = DT*(TVT+XK'1 HE*DTPR)

Al = APSI/R-TVT**2*SPSI*CPSI-2. *T VR*TVP/R

A2 = XKVPS: *DPPR

VP = DT*(A1+A2)

PPSI = DT*(TVP+XKPSI*DPPR)

DMDTC = R*(ATHE*TVT*CPSI+APSI*TVP)/OMEGAS

XM = DT *(-XKM*DTR-DMDTC)

|

RETURN

SIIPMERINIS.

i

66-2643
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SCR 290 11

SUBROUTINE TRUINT (VXDT,VYDT, VZDT,Y)

Purpose: To calculate the gravitational force acceleration
components and the oblate planet accelerations

Program(s): ISN
Flow Diagram Key:

Block 1 - Calculate the gravitational force acceleration

, components.
o

Block 2 - Calculate the vehicle acceleration components.

93
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SUBR@UTINE TRUINT (VXDT, VYDT, VZDT, Y) SCR 290 II

M BLock ' -
: [R=SQRT(Y()**2+Y @) **2+Y(3)**2)] |
|
' |
' |
! |
| |
| I
' |
| < '
' JJ =17 A |
l |
I DOIP =2, JJ [0 I
l |
' |
' |
| [
| |
| |
J |
| |
| D(M) = SQRT((Y(1) -XR(M)) **2+(Y (2)-YR(M)) **21 (Y (3)-ZR(M)) * *2) |
I DELI = SQRT(XR(M)**2 - YR (M)**2+ZR (M) * *2) '
TEMP =~ R/DELI
. QI = TEMP*(TEMP-2. *(Y(1)*XR(M)+Y(2) *YR M)4 Y (3)*ZR(M))/(R*DELI)) !
| FQ(M) = (QI*(3.+3. "QIQI**2))/((1 “QN**1. 5. ..) |
| ‘ |
: | (‘f’N‘l'lNl'B_lrL :
| |
| [TEMPI = -XMUN)/R- ) |
}
' |
| SUMI 0 |
SUM2 = 0 w
| SUM3 - 0. Bt |
| |
! i
| AXSP = TEMP1°Y () I
| AYSP = TEMP1*Y(2) |
| AZSP = TEMP1*Y (%) |
| |
[ |
| |
| |
{ TEMP - (1., D(M,) *(XMU(M)/D(M))*(1. /D(M)) |
| SUM1 = SUMI+TEMP*(Y(1)*FQ(M)*XR(M) |
SUM2 = SUM2+TEMP*(Y (2)*FQ(M)*YR(M))
: SUMA =SUM3+TEMP*(Y (3)+ FQ (M) *ZR(M)) |
|
: [
| [ConTINVE] I
! ] |
: >o/~ AXSP = TEMP1*Y(1)-SUM1 |
[ . AYSP = TEMP1*Y(2)-SUM2
] o AZSP = TEMPI1*Y(3)-SUM3 |
LJ»—-———————————— —’—.————-————:1—-— - — s W W - - Gms WS WP - e - - - -
r e quTD(‘—‘-K 2— ——————— - e cmn e afe - - — — w— — — — — ‘.-m’
| TEMP=-XMU(2)/ (R**3) |
| TEMP1 = (REQ(2)/ (R*AUNM))**2 |
TEMP2 = (Y(3)/R)**2 |
| T1 = TEMP*(1. 5*XJ2*TEMP1%(1. -5. *TEMP2)+. 625*XJ4*TEMP1+2 | !
{ | VXDOT - AXSP #(-3.+42. *TEMP2 - 63, *TEMP2**2) |
i VYDOT = AYSP T2 = TEMP*(1. 5*XJ2*TEMP1%(3. -5. *TEMP2)+ . 625*XJ4*TEMP1**2 | |
VZDOT = AZSP %(-15.+70. *TEMP2-63. *TEMP2**2)) '
! VXDOT = AXSP+T1*Y(1) |
| VYDOT = AYSP+T1*Y(2) |
| VZDPT = AZSP+T2°Y(3) |
L e e e G G G G R S G . S S W G G — O — ———— _————— J M
—o{RETURN
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SCR 290 1

SUBROUTINE INTSPH

Purpose: To calculate position and velocity in spherical coordinates
given the equivalent Cartesian components

Program(s): ISN
Flow Diagram Key:
Block 1 - Transform initial conditions to orbital frame.

Block 2 - Convert Cartesian position coordinates to
spherical coordinates

Block 3 - Calculate the transformation matrix from inertial to
spherical frame.

Block 4 - Calculate spherical coordinate derivatives.

BLOCK 1 l

XPR = B(1, 1)*YI(1)+B(1, 2)*Yi(2)+B(1, 3) *Y1(3)
YPR = B(2, 1)*YI(1)+B(2, 2)*YI(2)+B(2, 3) *Y1(3)

BLOCK 2

PSI = ATAN(ZPR/SQRT (XPR**2+Y PR**2)) ZPR = B(3, 1)*Y1(1)+B(@, 2) *YI(2)* Ba'a)tYl@]
R = SQRT(XPR**2+YPR**2+ZPR**2) Tt

CPSI = CHS(PSI) e

SPSI = SIN(PSI) THETA = ATAN2(YPR, XPR)

CTHE = COS(THETA)
STHE = SIN(THETA)
SIN® = B(1,2)

CcPsg = B(1,1)

SINL = £ (2, 3)

CcPsI = B(3,3)

l [THETA = THETA+TWQ@PI

BLOCK 3

C(1,1) = CPSI*CTHE*C@S@-ST HE *SIN *CHS1)+SPSI *SING *SINI
C(1, 2) = CPSi#(CTHE*SING+STIE *CHOS@*CHSI) -SPSI*COS@ *SINI
C(1, 3) = CPSI*STHE *SINi +SPSI*CPSI

C(é, 1) = STHE *C@S@-CT HE *SING *C@SI

C"2, 2) = STHE *SIN@+CTHE *COS@*C@SI

C(2, 3) = SINI*CTHE

C(3, 1) = SPSI*(-CTHE*C@S@+STHE *SINP *COSI)+CPSI*SINI

C(3, 2) = SPSI*(--CTHE *SIND--STHE *C@#S@*C@SI) - CPSI*C@AS@*SINI RETURN
C(3, 3) = -STHE *SPSI*SINI+CPSI*CHSI '
PSIDPOT = TEMP2/R
BLOCK 4
RD@T = C(1, 1)*YIDT(1)+C(1, 2) *YIDT (2)+C(1, 3)*YIDT(3)

TEMP1 = C(2, 1)*YIDT (1)+C(2, 2)*YIDT 2)}+C(2, 3)*YIDT (3)
TEMP2 = C(3, 1)*YIDT (1)+C(3, 2)*YIDT (2)+C(3, 3) *YIDT (3)
THEDOT = TEMP1/ (R*CPSI)

PSIDPT = 0.
ISWT = 1

66-2669 95
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SUBROUTINE SPHTIN

Purpose: To calculate position and velocity in Cartesian
coordinates given the equivalent spherical coordinate components

Program(s): ISN
Flow Diagram Key:

Block 1 - Calculate inertial position coordinates

Block 2 - Calculate inertial velocity components

BLOCK 1 l

CPSI = C@S(PSI)

XPR = R*CPSI*COS(THETA)

YPR = R*CPSI*SIN(THETA)

ZPR = R*SIN(PSI)

YI(1) = B(1, 1)*XPR+B(2, 1) *YPR+B(3, 1)*ZPR
YI(2) = B(1, 2)*XPR+B(2, 2) *YPR+B(3. 2)*ZPR
YI(3) = B(1, 3)*XPR+B(2. 3)*YPR+B(3, 3) *ZPR

BLOCK 2
VYPR = THED@T *R*CPSI

VZPR = PSID@T*R

YIDT(1) = C(1, 1)*RD@T+C(2, 1)*VYPR+C(3, 1)*VZPR
YIDT(2) = C(1, 2)*RDOT+C (2, 2)*VYPR+C(3, 2) *"VZPR
YIDT(3) = C(1, 3) *RD@T+C (2, 3) *VYPR+C(3, 3)*VZPR

l

RETURN L

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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SUBR@UTINE FILTER (DELTHE, DELPSI)

Purpose: To generate a first-order lag in the feedback
quantities
Program(s): ISN

Flow Diagram Key:

BLOCK 1

Block 1 - Integrate the filter equations using fourth order
Runge-Kutta.

DTPR = DELTHE

DPPR = DELPSI

TEMP1 = , 5*DT/TAUI

TEMP2 = , 5*DT/TAU2

TTPR == DTPR

TPPR = DPPR

TPRKO = TEMP1*(DELTHE-TTPR)

PPRKO = TEMP2*(DELPSI-TPPR)

TTPR = DTPR+. 5*TPRK0

TPPR = DPPR+. 5*PPRKO0

TPRK1 = TEMP1*(DELTHE-TTPR)

PPRK1 = TEMP2*(DELPSI-TPPR)

TTPR = DTPR+, 5*TPRKI

TPPR = DPPR+, 5*PPRK1

TPRK2 = TEMP1%DELTHE-TTPR)

PPRK2 = TEMP2*DELPSI-TPPR)

TTPR = DTPR+TPRK2

TTPR = DPPR+PPRK2

TPRK3 = TEMP1*(DELTHE-TTPR)

PPRK3 = TEMP2*(DELPSI-TPPR)

DTPR = DTPR+(TPRK0+2. *(TPRK1+T PRK2)+T PRK3)/6.)
DPPR = DPPR+((PPRKO0+2, *(PPRK1+PPRK2)+PPRK3)/6.)

1«

RETURN 66-2653
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SCR 290 1

SUBROUTINE RANNOR (XBAR, S, ERR@R, XSUBI)

Purpose: To calculate a normally distributed random number with
specified mean and standard deviation

Program(s): L@F, ISN

1
2= ,189269
B3 = .001:308

l

CAIL RANDOM(XSUBI)

e, 3

XSUBJ = , 5*%XSUBI+1. 0)

ARG1 = .5*%(1. -ABS(1. -2, *XSUBJ))

GAMA = SQRT(-2. *ALJG(ARG1))

ANUM = AO+A1*GAMA+AZ*GAMA **2

DENOM = 1. +B1*GAMA+B2*GAMA **2+ B3 *GAMA **3

ARG1=1,0

ERR@R = XBAR+S*(GAMA -(ANUM/DENPM)) *SIGN(ARG1, XSUBI)

'

RETURN

66-2637
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SCR 290 11

VIII, PROGRAM VARIABLE DIRECTORIES

The purpose of Section VIII is to define all program vari:.les, These are
listed alphabetically for the N-BADY, LOF, and ISN programs in Sections VIII.A.,
VIII. B, . and VII.C., respectively.

The column labeled SUBROUTINE APPEARANCE is used to indicate (where
applicable) the subroutines in which a particular variable is used, If the variable is
used in one of the main rrograms only, this column is left blank, Variables located
in the labeled commc 1 areas (see Section VI) are indicated by the expression
"(COMMPON)" in the SUBROUTINE APPEARANCE column,

A few variables in the given programs are used as temporary storage locations
for intermediate results, These variables take un several meanings depending on the
place where they appear, To avoid confusion, they are designated "scratch pad
variables, " Similarly, fixed point variables which are used as indices in more than
one or two locations are termed ''general index variables, "

100
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SCR 290 I1
A. N-B@DY PROGRAM

SUBROUTINE
VARIABLE DEFINITION ) APPEARANCE
A11(I) 7
Al12(I)
Al13(1)
A21(1) Elements of transformation
A22(1) $ I=1,2 matrix relating planet equatorial (COMMON)
A23(1) axis system to ecliptic axis
A31(I) system
A32(1)
A33(I)
J
A(I) I1=1,10 Planetary semi-major axis
A(1,Jd) I=1,6
J=1,6 Scratch pad matrix DETERM
ALPHX The ratio XC/R TRAMAT
ALPHJ(I) I=1,6 X direction cosine of the vehicle
to planet vector (COMMON)
ANUM Scratch pad variable AGONY
AQUAN Tntermediate term in oblate-body
celeration calculation
ARG1 A
ARG2 X, 7,7 components of R x V calculation
ARG3
ARGPER = .
ARGPRO } Vehicle argument of pericenter
A Vehicle orbital semi-major axis
AUFT Conversion from A U to feet
AUNM Conversion from A U tonm
AV0
AV Initial vehicle orbital semi-major axis
101
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A. N-BODY PROGRAM (continued)

VARIABLE

AXC
AXPB
AYC
AYDB
AZC
AZOB
BETAY

BETAJ(1)

B(1,J)

BUFFER(I)

C2
CAR

CIv

CKMAU
CMSAUD

COHM

COSET
CoSI

COSPH

UNITED AIRCRAFT

DEFINITION

X component of Newtonian force acceleration
X component of oblate-body acceleration

Y component of Newtonian force acceleration
Y component of oblate-body acceleration

Z component of Newtonian force acceleration
Z component of oblate-hody acceleration
The ratio YC/R

I=1,6 Y direction cosine of the
vehicle to planet vector

I=1,5 .

J=1,5 Scratch pad matrix

I=1,5 Intermediate input data storage
area

Intermediate term in eccentricity calculation
Cosine of the orbital argument of perigee

Cosine of the initial orbital inclination
angle

Conversion from km to AU
Conversion from m/s to A v /day

Cosine of angle between Jupiter's equatorial
line of nodes and its orbital line of nodes

Cosine of the orpnital true anomaly
Cosine of the orbital inclination angle

Cosine of the angle between R and the orbital
line of nodes

SCR 290 II

SUBROUTINE
APPEARANCE

TRAMAT

(COMMPN)

DETERM

102
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A. N-BODY PROGRAM (continued)

VARIABLE

COAUNT
cov

CRPP(I)

DATE
DATTE
DAYHR
DAYSEC

DCOM(I)

DD
DEGRAD
DELTS

DELVX(I)

DELVY(I)

DELVZ(I)

DELX(I)
DELY(I)
DELZ(I)

D(1)

DEFINITION

Counter used in change-print calculations
Cosine of orbital argument of nodes

I=1,10 Planetary mean longitude of
perihelion

Julian date at TIME = 0.

Julian date at any given time
Conversion from days to hours
Conversion from days to seconds

I=-1,10 Distance from vehicle to each
planet

The determinant of the calling matrix
Conversion from degrees to radians
Maximum integration step size

I=1,4 X component of maneuver
velocity increment

I=1,4 Y component of maneuver
velocity increment

I=1, 4 7Z component of maneuver
velocity increment

I=1,6 X component of DCOM(I)
I=1, 6 Y component of DCOM(I)
I=1, 6 Z component of DCOM(I)
I=1,6 Distance from each planet to

central body cubed

SCR 290 1

SUBROUTINE
APPEARANCE

(COMMON)

DETERM

(COMMPDN)

(COMMON)

103
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A. N-BADY PROGRAM (continued)

VARIABLE

DELTJ

DEN
DENPM
DUMMY(I)
EE(I)
ELEIND
ELEPR
EP

EPS(I)

El

E2

ETAO
ETAP
ETAV
EV

FLAT(I)

FPSAUD

FUN()

GAMJ(I)

DEFINITION

Integration step size in Jupiter's sphere of
influence

Scratch pad variable

Scratch pad variable

I=1, 69 Intermediate input table
I=1,10 Planewary orhit eccentricities
Program-set element print indicator
Input-set eleinent print switch

Vehicle orbit eccentricity

I=1,10 Planetary mean longitude
at epoch

Two-body orbital constant = V2 - 2 u/R

Weighted measure of percentage integration
error per variable

Weighted measure of percentage integration
error per variable

Initial vehicle true anomaly in degrees
True anomaly

Initial vehicle true anomaly in radians
Initial vehicle orbit eccentricity

I=1, 3 Planetary flattening constant for
oblate bodies

Conversion from fps to AU ‘day

I=1, 6 Intermediate term in Newtonian
acceleration calculation

I=1,6 Z direction cosine of vehicle-to-

planet vector

SCR 290 1

SUBROUTINE
APPEARANCE

AGONY

(COMMON)

(COMMPN)

INTEG

INTEG

(CGMMON)
104
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SCR 290 iI

A. N-BPDY PROGRAM (continued)

SUBROUTINE

VARIABLE DEFINITION APPEARANCE

GAMZ The ratio ZC/R

HGE®AC Planetocentric altitude

HGE®OD Planetodetic altitude

HO Integration step size (COMMPDN)

HRSEC Conversion from hours to seconds

H Integration step-size intermediate (COMMON)
variable

1§ Integration counter -number of (COMMODN)
integrations

1A Scratch pad variable-run identification ZPRN
number

IALFA Integration counter-number of times (COMMPON)
through R-K

IBETA Integration counter-insures four R-K (COMMON)
points before starting Adams method

ICN1 Integration counter-used to updat~
J index in referencing last complete (COMMPN)
integrated point

ICN2 Integration counters to assure that

ICN3 enough points are available to allow (COMMON)

doubling the step size

ICN4 Number of "PRINT" - sized time increments
since TIME = TBASE

ICOUNT Output switch-used to signal program when
it is time to print

IERR Diagnostic indicator

105
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A. N-BODY PROGRAM (continued)

VARIABLE

IEVTME

IGAM

INDR

IPINT

IFR1

IPR2

IPR

IP

I

ISWT1

ISWT2

ISWT3

ISWT4

ISWTS5

ISWT6

DEFINITION

SCR 290 1

SUBROUTINE
APPEARANCE

Change -print constant - signifies normal
print time

Integration switch - indicates predictor or
corrector phase

Integration switch - indicates when doubling
is possible

Interrally-set print indicator - fixed point
version of the input variable PINT

Observation time index - indicates previous
observation time

Observation time switch

Observation time index - indicates current
observation time

General index variable
General index variable

Integration switch - indicates R-K or Adams
4-point scheme

Integration switch- indicates input choice of
R-K or Adams 4-point scheme

Integration switch - indicates input
choice of constant or variable step size

Rectification indicator switch

Print return selector switch - channels
flow after printing

First time switch - indicates initial
computations

UNITED AIRCRAFT CORPORATE SYSTEMS

(COMM®N)

(COMMDN)

(COMMPDN)

(COMMON)

(COMMPDN)

106

CENTER



A. N-BPDY PROGRAM (continued)

VARIABLE

ISWT17

ISWTS8

ISWT9

ISWT10

ISWT11

ISWT12

ISWT13

ITH

IWC

1Z

JJ

JL
JM

K1

K2

SCR 290 11

SUBROUTINE
DEFINITION ‘APPEARANCE

Thrust time indicator - signals possible
thrust times

Change print delay switch
Last time indicator - signals final computations

Pre-rectification and post-rectification print
switch

Change -print switch

Switch used to specify a post-rectification
print

Switch used to control integration near closest
approach to Jupiter

Thrust maneuver index varieble
Input word count per card
General index variable DETERM

Integration counter - specifies first location (COMM®N)
of each va.iable in integration tables

INTEG, UPDAT
INTEG, UPDAT

General index variables INTEG, UPDAT
UPDAT
UPDAT

Scratch pad variable - indicates the row of DETERM

the largest element in the A(I,J) matrix

Scratch pad variable - indicates the column DETERM
of the largest element in the A(I,J) matrix
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A. N-BPDY PROGRAM (continued)

VARIABLE

KK(I)

KL

KOUNT

K
R
LABEL(I)

L1

L2
L3
L4
L5
LI
LJ
LK
LL
LM

LHC

LP
L

M1
M2
M3
M4
M5

MAX®)B

DEFINITION

I

1,7 Table of planet index codes repre-
senting the current set of celestial
bodies considered in the equations
of motion

Location in the DUMMY table of the given
input variable being initialized

Change -print counter

Integration routine index-references a particular
integrated variable

I=1,10 Hollerith statements containing

planet names

General index variables

Location in DUMMY table of first data
word on an input card

General index variablec

Thrust time-to-observation time
conversion indices

Number of observation times

SCR 290 1

SUBROUTINE
APPEARANCE

(COMMON)

N-BODY,DETERM,
SETINT

TRAMAT

DETERM, TRAMAT
TRAMAT

N-BYODY,DETERM,
SETINT

198
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SCR 290 I1
A. N-BODY PROGRAM (continued)

SUBROUTINE
VARIABLE DEFINITION _ APPEARANCE
MAXTHR Number of thrust maneuvers
M General index variable
N1 A
N2
N3
N4 Indices representing particular planets
N5 $ being considered in the equations of motion
N6
N7
N8 ~
NI General index variable UPDAT
NN General index variable UPDAT
NN Switch to adjust the sign of the DETERM
required determinant
NP General index variable UPDAT
NPRINT Integration step indicator-signals when a (COMMON)
time multiple of DE LTS has bren reached
NPT Integration counter - controls the UPDAT
setting of NPRINT
NU Maximum number of spaces in the integra- (COMMPON)
tion tables (8 spaces per integrated variable)
N Integration counter - indicates last location (COMMON)
of each variable in integration tables
OBSIND Number of observation times
@MO Initial vehicle orbital argument of nodes in
degrees
@MMC (1) I=1,10 Cosines of the planetary (COMMPN)
argument of nodes
109
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SCR 290 TI
A. N-BPDY PROGRAM (continuer)

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
GMM(1) I=1,10 Planetary argument of nodes (COMM®DN)
OMMS(1) 1=1,10 Sines of the planetary (COMMON)
argument of nodes
OMP Vehicle orbital argument of nodes
gMV Initial orbital argument of nodes in radians
PB Vehicle orbital semi-latus rectum
PCNIA Print frequencies within Earth's sphere of
i influence
PCN1
PCN2 Print frequency within Sun's sphere of
influence
PCN3 Print frequencies within Jupiter's sphere of
PCN4 influence
PCN A general print irequency variable
PERIG Vehicle orbital argument of pericenter
PF1X Partial derivative of the X acceleration TRAMAT
component with respect to XC
PF1X0B Oblate body and Newtonian force TRAMAT
PF1XSP contributions to PFIX
PF1Y Partial derivative of the X acceleration TRAMAT
component with respect to YC
PF1YPB Oblate body and Newtonian force TRAMAT
PF1YSP contributions to PF1Y
PF1Z Partial derivative of the X acceleration TRAMAT
component with respect to ZC
PF1ZHB Oblate body and Newtonian force TRAMAT
PF1ZSP contributions to PF1Z
*10
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SCR 290 II

\. N-BPDY PROGRAM (continued)

SUBROUTINE

VARIABLE DEFINITION APPEARANCE

PF2X Partial derivative of the Y acceleration TRAMAT
component with respect to XC

PF2X0B Oblate body and Newtonian force TRAMAT

PF2XSP contributions to PF2X

PF2Y Partial derivative of the Y acceleration TRAMAT
component with respect to YC

PF2YPB Oblate body and Newtonian force TRAMAT

PF2YSP con:ributions tc PF2Y

P¥2Z Partial derivative of the Y acceleration TRAMAT
component with respect to ZC

PF2Z0OB Oblate body and Newtonian force TRAMAT

PF2ZSP contributions to PF27Z

PF3X Partial derivative of the Z acceleration TRAMAT
compcient with respect to XC

PF3X0B Oblaie body and Newtonian force TRAMAT

PF3XSP contributions to PF3X

PF3Y Partial derivative of the Z acceleration TRAMAT
component with respect to YC

PF3YOB Oblate bodv and Newtonian force TRAMAT

PF3YSP contributions to PF3Y

PF3Z Partial derivative of the Z acceleration TRAMAT
compouent with respect to ZC

FF3Z@B Oblate body and Newtonian force TRAMAT

PF3ZSP coutributions to PF37

PHI Angle between R and orbital line of nodes

PH1(1) I=1,6 First row of the transition (COMM®MN)

matrix
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SCR 290 II
A. N-BODY PROGRAM (continued)

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
PH2(1) 1-1,6 Second row of the transition (COMMPN)
matrix
PH3(1) I-1, 6 Third row of the cransition (COMMPN)
matrix
PH4(1) 1-1,6 Fourth row of the transition (COMMPN)
‘ matrix
PH5(I) I=1, 6 Fifth row of the transition (COMMPN)
matrix
PHA(T) I=1, 6 Sixth row of the transition (COMMPON)
matrix
PINT Input switch - signals program whether or
not to print number of integration steps
and maximum integration step size- see
Section III
P1 The constant =
P@(I) I-1, 6 Scratch pad variable DETERM
PPT1
PPT2 Scratch pad variables UPDAT
PPT
PRIN1A \
PRIN1B
PRINT1 Integration step sizes -
PRINT2 see Section III
PRINT3
PRINT Instantaneous value of DELTS
PRTCH Intermediate integration step size
variable
112
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A. N-BODY PROGRAM (continued)

VARIABLE

Q11
Q12
Q21
Q22
Q31
Q32

Q

RAM
RA
RADD
RAQ
REQ(T)

RKTME

RD: (Y

RO
RFRAC
RR
RSPHE

RSPHJ

RUN

UNITED AIRCRAFT CORPORATE

DEFINITION

Elements of the transformation matrix
from a two-dimensional, crbif-referenced

| axis system to the three-dimensional,

ecliptic reference frame

Mathematical term in Newtonian acceleration
calculation

Scratch pad variable

Scratch pad variable

Planetary equatorial radius in km

The ratio REQ(N1)/AUNM

[-1, 10 Planetary cquatorial radius

Time of last R-K calculation in integration
routine

I=1, 2 Planetary polar axis (Earth and
Jupiter, respectively)

Instantaneous vehicle orbital radius measured
from dominant central body

Initial vehicle orbital radius

The ratio RAQ/R

Planetary heiiocentric orbital radius squared
Radius of Earth's sphere of influence

Radiuz of Jupiter's sphere of in{luence

Run identification nuraber

SCR 290 11

SUBROUTINE
APPEARANCE

PLANET

TRAMAT

TRAMAT

(COMMPDN)
(COMMON)

(COMM®N)

(COMMPDN)

TRAMAT

PLANET

113

SYSTEMS CENTER



A. N-BPDY PROGRAM (continued)

VARIABLE

SAR
SET
SINET
SINPH

SIP

SIV

SLOTMX

SPV
TO
TAB(I)

TAMP1

TAMP

TBASE

TBASE1

TCHK

TCN

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER

SCR 290 I1

STTBROUTINE

DEFINITION

APPEARANCE

Sine of ARGPER
Sine of F1TAV
Sine of ETAP
Sine of PHI

Sine of the inclination angle of Jupiter's
equator to the ecliptic

Sine of YIV

Maximum integration step size used during the
generation of a given trajectory

Sine of OMV
Initial time measurzd from DATE
I=1, 25

Thrust maneuver time indicator table

Intermediate term in Newtonian acceleration
calculation

Intermediate term in Newtonian acceleration
calculation

Time corresponding to the last time the normal
print increment was changed

Temporary storage for TBASE

Jupiter passage time constant - equals the time
at which the program should re-establish PRINT3
as the maximum integration step size after the
vehicle's closest approach to Jupiter

Floating point version of ICN4

. ﬁ,:, ‘;_{- ,-."
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A. N-BPDY PROGRAM (continued)

VARIABLE

TEMP1
TEMP2
TEMP3
TEMP4
TEMP
TEMP31
TEMP32
TEMP33
TEMP34
TEMP35
TEMP36
TEMP37
TEMP38
TEMP39
TEMP4)
TEMP42
TEMP43
TEMP44
TEMP45
TEMP46

TEMP47

TEMP48

UNITED AIRCRAFTY

DEFINITION

Scratch pad variables

Oblate body J, contribution to PF1XpB
Oblate body J, contribution to PF1Y®)B
Oblate body J 0 contribution to PF1Z@B

Oblate body J_ contribution to PF2X/B

2
Oblate body J o contribution to PF2YPB
Oblate body J 5 contribution to PF2Z20B
Oblate body Jo contribution to PF3X¢B
Golate body J, contribution to PF3YAB
Oblate body J, contribution to PF3Z0B
Oblate boay .f., contribution to PF1XAB
Oblate body . contribution to PF1YHB
Oblate body J 3 contribution to PF1ZOB
Oblate body J, contribution to PF2¥/B
Oblate body J q contribution to PF2YPB
Oblate body J, contribution to PF2Z0B
Oblate body J 3 contribution to PF3X0B

Oblate body J, contribution to PF3YDB

SCR 290 11

SUBROUTINE
APPEARANCE

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

CORPORATE SYSTEMS CENTER
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A, N-BODY TROGRAM (continued)

VARIADLE

TEMP49

TEMPS51

TEMP52

TEMPS53

TEMP54

TEMPS55

TEMP56

TEMPH7

TEMPS58

TEMPS59

TEMPC

TEMPS

TEP

TEST

THE

THET

THRIND

TIME

T™I1

DEFINITION

Oblate body J 9 contribution to PF3Z®HB
Obiate body J, contribution to PF1XpB
Oblate body J 4 contribution to PF1YPB
Oblate body J, contribution to PF1Z0B

Oblate body J, contribution to PF2X0B

4
Oblate body J, contribution to Pr2YPs
Oblate body J, contributicr io pPrazéHB

Oblate body J, contribution to PF3X?)B

4
Oblate body J, contribution to PF3YPB
Oblate body J4 contribution to PF3Z0B

Cosine of the planeiary argument of
perihelion

Sine of the planetary argument of
perihelion

Scratch pad variable

Indicator used to specify two-body
trajectorv - sce Section III

Flight path angle in degrees
Flight path angle in radians
Number of thrust maneuvers
Time measured from DATE

Time from epoch to launch

SCR 290 11

SUBROUTINE
APPEARANCE

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

TRAMAT

PLANET

PLANET

DETERM

(COMMPN)

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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A. N-BODY PRAGRAM (continued)

VARIABLE

TMAX
TH(1)
TOB(I)

TTHR(I)

TRAMA

TRAN

TRAPRN

VEL

VX0
VDT

VXR(I)

DEFINITION

Maximum trajectory time
1=1,6 Scratch pad variable list

I=1, 26 Table specifying the times

at which observations are to
bhe taken

I=1, 4 Table specifying the times at
which thrust maneuvers are
to be made

Input switch to control transition matrix
calculation

Internal switch to control transition matrix
calculation

Input switch to control 'ransition matrix
print - see Section IlI

Trajectory time mezsured from epoch
2r

Velocity squared

Variable integration step size indicator
Local horizontal velocity component
Velocity

Radial velocity component

Initial X component of veloeity

First time derive.tive of X velocity component

1-1, 2 IPianetary X component of
velocity

SCR 290 I1

SUBROUTINE
APPEARANCE

DETrLRM

(COMMPON)

PLANET

(COMMPN)
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SCR 290 II
A. N-BPDY PROGRAM (continued)

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
VX X component of velocity (COMMPN)
VXB Orbit-referenced components PLANET
VYB of planetary velocity
VXX Printout X component of velocity
VYO Initial Y component of velocity
vVYDOT First time derivative of Y velocity component
VYR(I) I=1, 2 Planetary Y component of (COMMON)
velocity
VY Y component of velocity (COMM®DN)
VYY Printout Y component of velocity
VZ0 Initial Z component of veiocity
VZDOT First time derivative of Z velocity component
VZR(1) I=1, 2 Planetary Z component of velocity (COMM®DN)
Vo 7 component of velocity (COMMPON)
VZZ Printout Z velocity component
w(I) I=1, 42 Weighting factors used in inte- (COAMMODN)
gration error control process
XB Orbit-referenced component of planetary PLANET
position
XCo Initial X position component
XCC Printout X position component
XC X position compenent (COMMPN)
XICN4 Floating point version of ICN4
XIPE Inclination angle of Earth's equator to the
ecliptic
118
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SCR 290 I1

A. N-B@DY PROGRAM (continued)

SUBROUTINE
VARIABLE DE FINITION APPEARANCE
XIp Inclination angle of Jupiter's equator to the
ecliptic

XJ2(1) I=1, 2 Second harmonic coefficient in (COMMON)

oblate body component
XJ3(1) I=1, 2 Third harmonic coefficient in {(COMMPON)

oblate body acceleration
XJ4(1) I=1,2 Fourth harmonic coefficient in (COMM®ON)

oblate body acccleration
XLONG Vehicle inertial longitude
XL(I) I=1,10 X direction cosines of vehicle-

planet line of sight
XMM Vehicle orbital mean motion
XMOHDE Input mode selector switch - see Section III
XM(I) 1=1,10 Y dire«tion cosine of vehicle-

planet line of sight
XMTHD Integration scheme indicator - see Section III
XMU(I) 1-1,10 Planetary gravitational constants (COMMON)
XN1 Input value for N1
XNMFY Conversion irom nm to ft
XNN(1) 1-1,10 Planetary mean motion values (COMM®DN)
XNMKM Conversion factor from nm to km
XN(I) 1=1,10 Z direction cosine of vehicle-

pianet line of sight
XNUP Vehicle longitude measured from ascending

node
119
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SCR 290 o

A. N-BPDY PROGRAM (continued)

SUBROUTINE

VARIABLE DEFINITION APPEARANCE

XR(I) 1=1,19 Planetary X position component (COMMPDN)

YB Orbit-referenced component of planetary PLANET

position

YCO Initial Y component of position

YCC Printout Y positicn component

YC Y component of position (COMM®N)

YIO Initial vehicle orbital inclination in degrees

YIC(I) I=1,10 Cosine of the planetary orbital (COMM®ON)
inclination angles

YIP Vehicle orbital inclination

YIS(I) I=1,10 Sine of the planetary orbital (COMMPDN)
inclination angles

YIV Initial vehicle orbital “iclination in radians

YNN Floating point version .f NN DETERM

YP(1) I=1, 336 First derivative table for inte- (COMM®N)
gration routines

YR(I) I-1,10 Planetary Y component of ({COMMPON)
position

Y(1) I=1, 336 Variable table for invegration (COMMPODN)
routines

ZCOo Initial Z position component

ZCC Printout Z position component

ZC Z position component

ZR(1) I=1,10 Planetary Z position component (COMM®ON)
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B. LINEAR OPTIMUM FILTER PROGRAM

V.\RIABLE

Al0

All
Al2
Al3

Al

Al1SQ

A2l
A22
A23

A2

A3l
A32
A33

A3
A4
AS
AG
AT
A8
A9

AA(I)

AAY
AAZ
AVX
AVY
AVZ

A(1,J)

DEFINITION

Scratch pad variable

First row of elements in transfuormation
martrix from Jupiter equatorial frame to
ecliptic frame

Scrat:h pad variable

Scr:tch pad variable

Second row of 2lements in transformation
matrix from Jupiter equatorial frame to
ecliptic frame

Scratch pad variable

Third row of elements in t. ansformation

matrix from Jupiter equ~torial frame
to ecliptic frame

s Scratch pad variables

=1,10 Planetary semi-major axes

Statistical mean of errors in knowledge
> of initial position and velocity com-
ponents

Scratch pad matrix

b — o s
o : o " \ 3
a ¥ 2 } . W -

e ) & 2 -

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER

SCR 290 I1

SUBROUTINE
APPEARANCE

(COMMPN)
(COMMPON)
(COMMON)

MAIN, NUMER, ACC%L, PHINT1
ACCEL, PHINT1

(CGMMON)
(CGMMON)
(COMMON)

MAIN, PHINT1, ACCEL

(COMM@LY)
(COMMPN)
(COMMON)

MAIN, ACCEL, FHINT1
MAIN, ACCEL, PHINT1
MAIN, PHINT1
MAIN, ACCEL, PHINT1
MAIN, ACCEL
MAIN, ACCEL
MAIN, ACCEL

(COMMON)

DETERM

121

A 0 SR &Y S e




B. LINEAR /PTIMUM FILTER PROGRAM (coutinued)

VARJABLE

AKI(I, J,K)

AK(I,J)

ALPHAM

ALPHAT

ALPHJ(1)

ALPHX2
ALPHX

ALPPR

ANUM
ARG3
AUNM
Bl
B1SQ
B2

B31

B32

poeyE ] 5 : <l ™ <
: W A & <) i

‘ -
X age A b P Tl 3

DEFINITION
I=1,6 Composite table of all
J=1,2 weighting function matricrs
K=1,100
I=1,6 Navigation weighting
J=1,2 function matrix

Measured right ascension of observed
vehicle-planet vector

True right ascension of observed vehicle-
plaret vector

I=1,7 X direction cosine of observed

planet
The ratio (XC/R)2
The ratio ¥XC/R

Predicted right ascension of observed
planet

Scratch pad variable
Scratch pad variable

Conversion factor from AU tonm
Scratch pad variables

Oblate body Jo contribution to the partial
derivative of the X acceleration with
respect to XC

Oblate body Jo contribution to the partial
derivative of the X acceleration with
respect to YC

—— -
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SCR 290 I1

SUBROUTINE
APPEARANCE

PHINT1

PHINT2

PHINT2

AGELY
AGONY
(COMMPN)
PHINT1
PHINT1
PHINT1

PHINT1

PHINT1
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B.

VARIABLE

B33

B34

B35

B36

B37

B38

B39

B3
B4

B31

B52

LINEAR APTIMUM FILTER PROGRAM (continued)

il

DL FINITION

Oblate kody J,, contribution to the partial
derivative of t%he X acceleration with
respect to ZC

Oblate body J, contribution to the pariial
derivative of the Y acceleration with
respect to XC

Oblate body Jo contribution to the partial

derivative of the Y acceleration with
respect to YC

Oblate body Jo contribution to the partial
derivative of the Y acceieration with
rospect to ZC

Oblate body Jo contribution to the partial
derivative of the Z acceleration with
respect to XC

Oblate body J9 contribution to the partial
derivative of the Z acceleration with
respect to YC

Oblate body Jo contribution to the partial
derivative of the Z accelerafion with
respect to ZC

}Scratch pad variables

Oblate body J4 contribution to the partial
derivative of the X acceleration with
respect to XC

Oblate body J4 contribution to the partial
derivative of the X acceleration with
respect YC

SCR 290 11

SUBROUTINE
APPEARANCE

PHINT1

PHINT1

PHINT1

PHINT1

PHINT1

PHINT1

PHINT1

PHINT1
PHINT1

PHINT1

PHINT1

© UNITED AIRCRAFT CORPORATE SYSTEMS CENTER

123



SCR 290 II

B. LINEAR APTIMUM FILTER PROGRAM (continued)

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
B53 Oblate body J, contribution to the partial PHINT1
derivative of the X acceleration with
respect to ZC
B54 Oblate body J4 contribution " the partial PHINT1
derivative of the Y acceleration with
respect to XC
B55 Oblate body J4 contribution to the partial PHINT1
derivative of the Y acceleration with
respect to YC
B56 Oblate body J4 contribution to the partial ~ PHINT1
derivative of the Y acceleration with
respect to ZC
357 Oblate body J4 contribution to the partial PHINT1
derivative of the Z acceleration with
respect XC
B58 Oblate body J4 contribution to the partial PHINT1
derivative of the Z acceleration - ith
respect to YC
B59 Oblate body J4 contribution to the partial PHINT1
derivative of the Z acceleration with
respect to ZC
B(I,J) I=1,5
J=1,5 Scratch pad matrix DETERM
BETAJ(I) I=1, 7 Y direction cosine of the PHINT1
observed planet
BETAY?2 The ratio (YC/R)2 PHINT1
BETAY The ratio YC/R PHINT1
BUKFFER(I) I=1,5 Temporary input table
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SCR 290 11

B. LINEAR @PTIMUM FILTER PROGRAM (continued)

SUBROUTINE

VARIABLE DEFINITION APPEARANCE
CipP Cosine of the inclination angle between

Jupiter's equatorial plane and its orbital

plane
CKMAU Conversion factor from km to AU
CMSAUD Conversion factor irom m/s to AU /day
CN10 The number of completed integration steps

since TIME=TBASE plus one
cHM Cosine of XPHM
CHORR(I) I=1, 6 Navigated state vector corrections
CRPP(I) I=1,10  Planetary mean longitude of (COMMON)

perihelion

CT Noise term introduced into covariaunce

matrix calculation
DATAPR Data print option switch
DATE Julian date at TIME=0,
DL The det2rminant of the calling matrix DETERM
DEGRAD Conversion factor from degrees to

radians
DELALF Measurement error in the right ascension

of the vehicle-observed planet vector
DELAL DELALF converted to arc sec
DELDEL Measurement error in declination of the

observed vehicle- planet vector
DELD DELDEL converted to arc sec
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B. LINEAR @PTIMUM FILTER PROGRAM (continued)

VARIABLE

DELPR

DELTAM

DELTAT

DELTPH
DELTS1
DELTS
DELVX0
DELVYO0
DELVZ0
DELXO0
DELY0
DELZ0
DELX(I)
DELY(I)
DELZ(I)
DENYpM

DET

DJ

DUMMY(I)

D(I)

DEFINITION

SCR 290 II

SUBROUTINE
APPEARANCE

Predicted declination of the observed planet

based on navigated vehicle position

Measured declination of the observed
vehicle-planet vector

True declination of the observed vehicle-
planet vector

Integration step size for transition matrix
Temporary storage for the variable DELTS

Integration step size for state variables

Error in knowledge of initial velocity

Error ir knowledge of initial position

=
il

6 Inertial components
6 of planet-to-vehicle
vector

1,
I=1,

-
Il

Scratch pad variable

Determinant of intermediate matrix
in weighting function calculation

Distance between vehicle and Jupiter
I=1, 80 Intermediate input table

I=1,7 Cubed distance between vehicle
and ith planet

_UNITED AIRCRAFY CORPORATE SYSTEMS CENTER
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(COMMPN)

(COMMON)

ACCEL

AGONY

ACCEL, PHINT 1
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SCR 290 II

B. LINEAR @PTIMUM FILTER PROGRAM (continued)

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
El Weighted estimate of actual integration INTEG
error per variable
E2 Weighted estimate of percentage integra- INTEG
tion error per variable
EE(I) I=1,10  Planetavy orbit eccentricity (COMMPN)
EPS(I) I=1,10  Planetary mean longitude at (COMMPN)
epoch
EVX
VY Error in navigated estimate of velocity (COMMPON)
EVZ
EX
EY Error in navigated estimate of position (COMMON)
EZ
FUN(I) I=1,6 Intermediate step in ACCEL
acceleration calculation
GAMJ(I) A lirection cosine of observed planet PHINT1
GAMZ The ratio ZC/R PHINT 1
HH(I,J I=1, 2
J=1,6 Geometry matrix
HO Current integration step siz- (COMMPDN)
H Intermediate integration step size (COMMON)
variable
I1 Integration counter-number of (COMMON)
integrations
IALFA Integration counter-number of times (CDMMbN)
through R-K
IBETA Integration counters-insures four R-K (COMMPDN)
points before starting Adams method
127
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B. LINEAR @PTIMUM FILTER PROGRAM (continued)

VARIABLE

ICN10

ICN1

ICN2
ICN3

ICN4

IGAM

INDR

IPLAN

IP

IRUN

ISWT10

DEFINITION

Counter used to tabulate number of
integration steps performed

Integration counter-used to update J
index in referencing last complete inte-
“ted data point

stegration counters to insure that enough
points are available to allow doubling the
step size

integer number of integration steps
sincc TIME=TBASE

Integration switch-signals predictor or
corrector phase of scheme operation

General index
variable

Integration switch-indicates wiien
doubliug the step size is possible

The number of celestial bodies (other
than the cunter of coordinates) to be
included in the navigation force model

General index variable

Index referencing particular measure-
ment time

Case number for printout purposes

Switch set in PHINT1 to control transition
matrix integration in PHINT 2

SCR 290 1I

SUBROUTINE
APPEARANCE

(COMMON)

(COMMODN)

(COMMPN)

UPDAT

(COMMPN)

(COMMON)

PLANET, ACCEL, PHINT1,
PHINT 2, SETINT, INTEG,
UPDAT

(COMMODN)

ZPRIN

(COMMPDN)

LUNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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B. LINEAR @PTIMUM FILTER PROGRAM (continucd)

VARIABLE

ISWT1

ISWT2

ISWT3

ISWT5
ISWT6

ISWL 7

12

JJ

JL
JM

K1

K2

K3
KASE

KK(I)

. o

DEFINITION

Integration switech-indicates R-K or
Adams 4-point scheme

Integration switch-indicates input
choice of R-K or Adams 4-point

Integration switch-indicntes input

choice of constant or variable step size

to keep track of current coordinate

}Switches used in rectification logic
center

Switch to signal when rectification has
occurred

Number of data words on one input card

} General index variables

Special index used to indicate first
location of each variable in integration
tables

Scratch pad variable-indicates the row of
the largest element in the A(I,J) matrix

Scratch pad variable-indicates the column
of the largest element in the A(I,J) matrix

General index variable
Index referencing a particular trajectory

i=1,17 Set of planet index codes in

use at any given time

SCR 290 I

SUBROUTINE
APPEARANCE

(COMMON)
(COMMPN)

(COMMPN)

DETERM, ACCEL
INTEG, UPDAT
INTEG, UPDAT
INTEG, UPDAT

UPDAT
UPDAT

(CGMMPN)
DETERM, ZPRIN
DETERM, ZPRIN

ZPRIN
(COMMON)
(COMMON)

129

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER




B. LINEAR OPTIMUM FILTER PROGRAM (coatinued)

VARIABLE

KL

KMAX

11

LABEL(M)

LL

LOC

M1

N1

N1T(I)

N2
N3
N4
N5
N6
N7

SCR 290 II

SUBROUTINE
DEFINITION APPEARANCE

Index referencing the location of an input

variable iz the DUMMY(I) list

Maximum. number of trajectories to be (COMMON)

generate.d in one run

Number of integration steps between

measurement times

Index referencing a particular integrated (COMMPN)

variable

General index variable MAIN, DETERM

M=1,10 List of planet names for MAIN, DETERM, PLANET

printout purposes

General index variable DETERM

Location in the DUMMY(I) table of the

first data word on an input card

General index variable MAIN, DETERM, MATRAX,
ACCEL, PHINT2, PLANET

General index variable MAIN, DETERM, ZPRIN,
PLANET, MATRAX, ACCEL,
PHINT1, PHINT2

Planet index code representing the MAIN, PLANET,ACCEL

dominant central force field
1=1,100 ‘Table of planet index codes
indicating the truth reference
body at a given measurement
time

Planet index codes representing the celestial
bodies (other than the dominant one) to be

considered in the equations of motion

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER |
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B, LINEAR @PTIMUM FILTER PROGRAM (continued)

VARIABLE

NMAX
NN

NPRINT

NP

NPT

NU

HMMC(T)

HMM(I}
OHMMS(I)
PB

PF1XSP
PF1YSP
PF1ZSP
PF2XSP
PF2YSP
PF2ZSP
PF3XSP
PF3YSP
PF3ZSP

PHDPT(L, J)

SCR 290 II

SUBROUTINE
DEFINITION APPEARANCE
Maximum number of measurement times (COMMON)
Scratch pad variable DETERM, UPDAT
Print switch-signals when a time (COMMON)
multiple of DELTS has been reached
General index variable UPDAT
Integration counter-controls setting UPDAT
of i PRINT
Special index-indicate last location (COMMON)
of each variable in ini=:v::tion tables
Maximum number of lscatis.: used in the  (COMMON)
integration tables (= b i vne number of
integrat ed variables)
I=1,10  Cosine of the planetary argument (COMM®N)
of nodes
I=1,10  Planetary argument of nodes (COMMDN)
I=1,10  Sine of the planetary argument (COMMPN)
of nodes
Planetary semi-latus rectum PLANET
Spherical force field contribution to the
partial derivatives of the acceleration PHINT1
components with respect to the inertial
position components
1=1,6 Matrix of the derivatives of the (COMMON)
J=1,6 transition matrix elements

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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SCR 290 II

B. LINEAR SPTIMUM FILTER PROGRAM (continued)

SUBROUTINE
VARIABLE DE FINITION APPEARANCE
PHIMAT(I, J) 1=1, 6 (COMMPN)
J=1,6 Transition matrix
PHTME Intermediate transition matrix integration
step rize - used when rectification occurs
between integral multiples of DELTPH
PI1 Mathematical constant » MAIN, AC”'NY
P@(I) DETER.1
PPT1 I= 1,6 Scratch pad variable UPDAT
PPT2 } Scratch pad variables UPDAT
PPT . UPDAT
P(1,d) 1=1,6
J=1,6 Cevariance matrix
PXI(I) Inertial position of
PYI(I) I=1,100 toe observed planet at
PZI(I) a given measurement time
Q11
Q12 Elements of the transformation matrix
Q21 from a two-dimensional orbit-referenced PLANET
Q22 axis frame to the inertial three-dimensional
Q31 ecliptic frame
Q32
Q Intermediate variable in acceleration ACCEL
calculation
R3 R ACCEL, PHINT1
RDET Scratch pad variable
REQ(I) I=1,10  Planetary equatorial radii (COMMON)
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SCR 290 II

B. LINEAR @PTIMUM FILTER PROGRAM (continued)

VARIABLE

RFRAC

FXTME

RR

RSPHJ

RUN
SECRAD

SIGMA(I)

SIGMU(I)

SIGPG

SIGPQO

SIGPQ
SIGP

SIGQO

SUBROUTINE
DE FINITION APPIRARANCE
The ratio REQ(N1)/(R * AUNM) (COMMPN)
The starting time of the last R-K (COMMON)
integrated point
Planetary heliocentric orbital radius PLANET
squared
Distance from vehicle to the dominant (COMMPN)
central body
Radius of the sphere of influence of
Jupiter
Rur "ax fication number

Cor- :-t1on factor from arc sec to radians
I=1,6 Standard deviation of the errors
in knowledge of the initial
position and velocity components
also navigation system estimates of
the same in metric units

I=1,6 SIGMA(I ) converted to internal units

Standard deviation of error in p measurement
in arc sec

Correlation factor between p and q measure-
ments i arc sec

SIGPQO0 converted to radians
SIGPO converted to radians

Standard deviation of error in ¢ measurement
in arc sec
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B. LINEAR @PTIMUM FILTER PROGRAM (continued)

VARIABLE

SIGQPO

SIGQP
SIGQ
SIGVX
SIGVY
SIGVZ
SIGX
SIGY
SIGZ

SIP

SgM

STDA10

STDA20

STDA?2

STDD10

STDD1

UNITED AIRCRAFT CORPORATE SY

DEFINITION

SCR 290 11

SUBROUTINE
APPEARANCE

Correlation factor between q and p measure-
menis in arc sec

SiGQPO converted to radians
SIGQO0 converted to radians

lSta.ndard deviation of navigated
velocity components and second
moment about zero for same data

Standard deviation of navigated
}position components and second moment
about zero for same data
Sine of the inclinatios: of Jupiter's
equatorial plane with respect *o its
orbital plane

Sine of XPOM

Standard deviation of the applied measure-
ment errors in right ascension of the
vehicle-observed planet vector in arc

sec (coordinate center = Jupiter)

Standard deviation of the applied measure-
ment errors in right ascension of the vehicle-
observed planet vector in arc sec (coordinate
center = Sun)

STDA20 converted to radians

Standard deviation of the applied measure-
ment errors in declination of the vehicle-
observed planet vector in arc sec (coordinate

center = Jupiter)

STDDI10 converted to radians

PRt e L

STEMS

NUMER

NUMER

CENTER
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B. LINEAR @PTIMUM FILTER PROGRAM (continued)

VARIABLE

STDD20

STDD2

STDDA

STDDD

SUMVX2(I)

SUMVX(I)

SUMVY2(I)

SUMVY(I)

SUMVZ2(I)

SUMVZ(I)

DEFINITION

Standard deviation of the applied errors in
declination of the vehicle-observed planet
vector in arc sec (coordinate center = Sun)

STDD20 converted to radians

Current standard deviatior of the measure-
ment error in right asce.. .. of the
observed planet

Current standard deviation of the measure-
ment error in declination of the observed
planet
I=1,100 Sum of the square of the
navigated errors in VX at
any given measurement time
I=1,100 Sum of the navigated errors in
VX at any given measurement
time

I=1,100 Sum of the square of navigated
errors in VY at any given
measurement time

I=1,100 Sum of the navigated errors in
VY at any given measurement
time

I=1,100 Sum of the square of navigated

SUBROUTINE
APPEARANCE

SCR 290 II

NUMER

NUMER

NUMER

NUMER

NUMER

errors in VZ at any given measure-

ment time
I=1,100 Sum of the navigated errors :n
VZ at any given measurement
time

NUMER

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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B. LINEAR APTIMUM FILTER PROGRAM (continued)

VARIABLE

SUMX2(I)

SUMX(I)

SUMY2(I)

SUMY(I)

SUMZ2(I)

SUMZ(I)

TO

T1(I)

TBASE1

TBASE

TEMP1(I, J)

DEFINITION

I=1, 100

I=1, 100

1=1,100

I=1,100

I=1,100

I=1,100

Sum of the square of the
navigated errors in XC at
any given measurement time

Sum of the navigated errors
in XC at any given measure-
ment time

Sum of the square of the
navigated errors in YC at
any given measurement time

Sum of the navigated errors
in YC at any given measure-
ment time

Sum of the square of the
navigated errors in ZC at any
given measurement time

Sum of the navigated errors
in ZC at any given measure-
ment time

Initial time measured from DATE

1=1,100

Input table of measurement
times

Temporary storage for TBASE

Time at which integration step size was
last changed

I=1,6
J=1,6

Scratch pad matrix

~_UNITED AIRCRAFT CORPORATE SYSTEMS

o e g T T

SCR 290 11

SUBROUTINE
APPEARANCE

TN st RS

NUMER

NUMER

NUMER

NUMER

NUMER

NUMER

CENTER
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B. LINEAR APTIMUM FILTER PROGRAM (continued)

VARIABLE

TEMP1

TEMP2(I, J)

TEMP2

TEMPC

TEMP

TEMPS

TEP
TIME
TM1
TME
T@()
T(I)
TTIME
TWOPI

VARBH

VX0

SCR 290 1T

SUBROUTINE
DEFINITION APPEARANCE
Scratch pad variable PLANET
I=1,6
J=1,6 Scratch pad matrix
Scratch pad variable PLANET
Cosine of the planetary argument of PLANET

perihelion
Scratch pad variable

Sine of the planetary argument of
perihelion

Scratch pad variable

Trajectory tinie measured from DATE
Number of days from epoch to DATE
Time measured from epoch

I=1,6 Scratch pad variable

1=1,100 Tabie of measurement times
Time between navigation measurements
2

Integration switch-specifies constant
or variable step size

Initial X component of velocity

Intermediate variable; orkit-referenced
X component of planetary velocity

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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MAIN, PLANET,ACCEL

PLANET

DETERM
(COMMEN)
(COMMPN)
PLANET

DETERM

(COMMPDN)

MAIN, PLANET

PLANET
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SCR 290 II
B. LINEAR @PTIMUM FILTER PROGRAM (continued)

SUBROUTINE

VARIABLE DEFINITION APEFEARANCE
VXC1 Navigated value of VXC before updating

at a measurement time
VXC2 Navigated value of VXC after updating

at a measurement time
VXC X component of vehicle velocity (COMMPN)
VXDOT X component of vehicle acceleration (COMMON)
VXMEAN Statistical mean of navigated errors NUMER

in VXC
VXR Inertial X component of Jupiter's velocity (COMMON)
VX(I) I=1,100 Stored value of the true X

component of vehicle velocity
at any ,iven measurement time

VXT1 True vehicle X velocity component at any

given measurement time
VYO Initial Y component of vehicle velocity
VYB Intermediate variable;( orbit-referenced PLANET

component of Jupiter's velocity
VYC1 Navigated value of VYC before updating

at a measurement time
VYC2 Navigated value of VYC after updating

at a measurement time
VYC Inertial Y component of vehicle velocity (COMMON)
vVYDAT Y component of vehicle acceleration (COMMON)
VYMEAN Statistical mean of navigated errors NUMER

in VYC
VYR Inertial Y component of Jupiter's (CAMM@GN)

velocity
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SCR 290 II
B. LINEAR OPTIMUM FILTER PROGRAM (continued)

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
VYD) I=1,100 Stored value of the true Y
component of vehicle velocity
at any given measurement time
VYT1 True vehicle Y velocity component at any
given measurement time
VZ0 Initial Z component of vehicle velocity
VZC1 Navigated value of VZC before updating
at a measurement time
VZC2 Navigated value of VZC after updating
at a measurement time
VZC 7 component of vehicle velocity (COMM@N)
VZDOT 7 component of vehicle acceleration (COMMON)
VZMEAN Statistical mean in navigated
errors in VZC NUMER
VZR Inertial Z component of Jupiter's
velocity (C@MM@N)
VZ(I) 1=1,100 Stored value of the true Z
component of vehicle velocity
at any given measurement time
VZT1 True vehicle velocity component at any
given measurement time
wW(D) 1=1,6 Integration error weighting
factors (C@MMON)
X0 Initial X vehicle position
XB Intermediate variable; orbit-referenced
X component of planetary position PLANET
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SCR 290 I

B. LINEAR OPTIMUM FILTER PROGRAM (contir :d)

VARIABLE

XC1

XC2

XC
XIPLAN

XIP

XKAN

XK@N

XK(I,J)

XLAB(I)

XL{d,d)

XMEAN

SUBROUTINE
DEFINITION APPEARANCE

Navigated value of XC before updating
at a measurement time

Navigated value of XC after updating
at a measurement time

X. component of vehicle position (C@MM@N)
Floating point version of IPLAN

Inclination of Jupiter's equator
with respect to its orbital plane

Second zonal harmonic coefficient of
Jupiter's gravitational field (C@MMON)

Fourth zonal harmonic coefficient of
Jupiter's gravitational field (COMM@N)

The number of integration steps
between any two measurement times

The number of integration steps

between the initial time and the

first measurement time

Scratch pad matrix

I=1,100 Table of planet index codes
specifying the measurement
schedule

J=1,2 Scratch pad matrix

The statistical mean of the navigated
error in XC at any measurement time NUMER
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SCR 290 1
B. LINEAR @PTIMUM FILTER PROGRAM (continued)

SUBROUTINE

VARIABLE DEFINITION APPEARANCE
XMNA10 Mean value of the measurement error in

right ascension of the observed planet

(Sun's frame) in arc sec
XMNA1 XMNA10 converted to radians
XMNA20 Mean value of the measurement error in

right ascension of the observed planet

(Jupiter's frame) in arc sec
XMNA2 XMNA20 converted to radians
XMND10 Mean value of the measurement error in

declination of the observed planet (Sun's

frame) in arc sec
XMND1 XMND10 converted to radians
XMND29) Mean value of the measurement error in

declination of the observed planet

(Jupiter's frame) in arc sec
XMND2 XMND20 converted to radians
XMNDA Current mean of the measurement error in

right ascension of the observed planet
XMNDD Current mean of the measurement error in

the declination angle of the observed planet
XMTHD Integration switch-specifies R-K or Adams

4-point method (CGMMON)
XMU (@) I=1,10 Planetary gravitational

constants (COMM@N)

XN1 Planet index code representing initial

center of coordinates
XNMAX Total number of measurements per

trajectory

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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B. LINEAR ¢PTIMUM FILTER PROGRAM (continued)

VARIABLE

XNN()

XNUM

XP@M

XR{)

XSUB1

XSUuB2

XSUB3

XSUB4

XSUB5S

XSUB6

DEFINITION

1=1,10 Planetary mean motion

Total number of trajectories
Total number of navigated trajectories

Angle measured in Jupiter's orhital plane
between the intersection of Jupiter's
equatorial and orbit planes and the inter-
section of Jupiter's equatorial and the
ecliptic plane

I=1,10 X component of planetary
position

A uniformly distributed random number
(-1. < XSUBI1 < 1,) associated with
measurement :rrors in right ascension

A uniformly distributed random number
(-1. < XSUB2 < 1,) associated with
measurement errors in declination

A uniformly distributed random
number (-1. < XSUB3 < 1,)
associated with errors in knowledge
of the initial X position component

A uniformly distributed random number
(-1. < XSUB4 < 1,) associated with
errors in knowledge of the initial Y
position component

A uniformly distributed random number
(-1, < XSUB5 < 1.) associated with
errors in knowledge of the initial Z
position component

A uniformly distributed random number
(-1. < XSUB6 < 1.) associated with
errors in knowledge of the initial X
velocity component

UNITED AIRCRAFT CORPORATE SYSTEMS

SCR 290 I1

SUBROUTINE
APPEARANCE

(COMM@N)

NUMER

(COMMON)
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SCR 290 11
B. LINEAR @PTIMUM FILTER PROGRAM (continued)

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
XSUB7 A uniformly distributed random mumber
(-1. < XSUB7 < 1,) associated with
errors in knowledge of the initial Y
velocity component
ASUBS A uniformly distributed random number
(-1. < XSUBS8 < 1.) associated with
errors in knowledge of the initial Z
velocity component
XT1 True X position of the vehicle at any
measurement time (printout)
XT() =1,100 True X position of the
vehicle at any measure-
ment time
YO Initial Y component of vehicle position
YB Intermediate variable; orbit-referenced
Y component of planetary position PLANET
YC1 Navigated value of YC before updating
at a measurement time
YC2 Navigated value of YC after updating
at 2 measurement time
YC Y component of vehicle position | (CEMMON)
YIC(T) I=1,10 Cosine of planetary
inclination angle (CO:"M@N)
YIS(T) I=1,10 Sine of planetary
inclination angle (CGMM@N)
YMEAN The statistical mean of the navigated
error in YC at any measurement time NUMER
YNN Floating point version of NN DETERM

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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B. LINEAR @PTIMUM FILTER PROGRAM (continued)

VARIABLE

YP()

YR()

Y@

YT()

Z0

ZCl1

ZC2

ZCR2
ZC

ZMEAN

ZR(D)

ZT1

ZT[)

DEFINITION

1=1,48 Integration table containing
first derivatives

I=1,10 Y component of planetary
position

1=1,48 Integration table containing

the integrated variables

True Y position of the vehicle at any
measurement time (printout)

I=1, 100 True Y position of the vehicle
at any measurement time

Initial Z component of vehicle position

Navigated value of ZC before updating at
a measurement time

Navigated value of ZC after updating a'.
a measurement time

The ratio (ZC/R)Z
Z component of vehicle position

The statistical mean of the navigated
error in ZC at any measurement time

1=1,10 Z component of planetary
position

True Z position of the vehicle at
any measurement time (printout}

1=1,100 True Z pbsition of the vehicle
at any measurement time

UNITED AIRCRAFT CORPORATE SYSTEMS

SCR 290 I

SUBROUTINE
APPEARANCE

(CGMMON)

(CEGMMDN)

(COMMON)

ACCEL

(CGMM@N)

NUMER

(CGMMON)
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SCR 290 II
C. INTERPLANETARY SPACE NAVIGATION PROGRAM

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
AL, J) I=1,3 Transformation matrix from
J=1,3 Jupiter equatorial frame
to ecliptic frame (COMMON)
Al TI®1, NUMER1
A2 ; Scratch pad variables TIQ
A3 TID
AA(I) I=1,10 Planetary semi-major axes (COMMODN)
AAX
AAY Statistical mean of errors in
AA7Z " cos
AVX knowledge. of initial position
LVY and velocity components
AVZ
ALFAO True inertial right ascension of the
observed planet
ALFPR Predicted right ascensica of the vehicle-
observed planet vector '
ARDAT RDAT in m/s
ATHE } Spherical coordinate components of
APSI vehicle acceleration (COMMON)
AXSP . S
AVSP Newtonian force contributions to the total (COMMPDN)
AZSP gravitational acceleration components
B(I,J) I=1,3 Transformation matrix from the (COMMON)
J=1,3 inertial frame to the orbital frame
BINCPR Inclination of Jupiter's equatorial plane
with respect to the ecliptic
C(.J) J=1,3 Transformation matrix from the (COMMON)
J=1,3 pertinent inertial frame to an
intermediate Cartesian, R-6-y
oriented axis system
CALF }
CDEL Scratch pad variables
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C. INTERPLANETARY SPACE NAVIGATION PROGRAM (Continued) SCR 290 It

SUF. ' “"UTINE
VARIABLE DEFINITION APPrARANCE
CKMAU Conversion factor from km to AU
CMSAUD Conversion factor from m/s to AU /day
cosl1 |
. TIS, TIP, INTSPH
gg:g) , Scratch pad variables TIS. TIO, INTSPH
NAVINT
CPSI Cosine of the crossrange angle TIS, NAVINT, INTSPH,
| SPHTIN
CRPP(]) I=1,10 Planetary mean longitude (C@MMQN)
of perihelion
D) I=1,7 Planetary distances from TRUINT
vehicle
DALFPR Difference between measured and predicted
right ascension of the vehicle-observed
planet vector
DALF DELALF in arc sec
DATAPR Optional print switch - see Section III
DATE Julian date at TIME = 0.
DDELPR Difference between measured and predicted
declination of the vehicle-observed planet
vector
DDEL DELDEL in arc sec
DEGRAD Conversion factor from degrees to radians
DEGSEC Conversion factor from degrees
DELALF Measurcement error in right ascension of the
vehicle-observed planet vector
DELDEL Measurement error in declination of the vehicle-
observed planet vector
DELI Distance from each of the celestial bodies from TRUINT

the center of coordinates
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C. INTERPLANETARY SPACE NAVIGATION PROGRAM (Continued) SCR 290 1

SUBROUTINE

VARIABLE DEFINITION APPEARANCE
DELPR Predicted declination of the vehicle-observed

planet vector
DELPSI Estimated error in crossrange position FILTER
DELTO True inertial declination of the observed

planet
DELTAX Errors in knowledge of initial position
DELTAY in AU
DELTAZ
DELTHE Estimated error in downrangé position FILTER
DELTS Integration step size for state variables
DELTS1 Temporary storage for the variable DELTS
DELTX \ Statistical mean of errors in
DELTY. \ knowledge of initial position
DELTZ in km
DELVX1 Statistical mean of errors in knowledge
DELVY1 of initial velocity in m/s
DELVZ1 | wd
DELVX0 DELVX1 converted to AU/day
DELVYO0 DELVY1 converted to AU/day
DELVZO0 DZLVZ1 converted to AU/day
ggg}; 'Best estimate of errors in knowledge
DELZ ! ‘of initial position in AU
DE LXPR\ Intermediate variables used in the
DELYPR ) calculation of the measurement quantities
DELZPR | DELTHE AND DELPSI
DELXX Initial X, Y and Z position errors trans-
DELYY \ formed from the inertial to the orbital
DELZZ frame
DEN Scratch pad variable
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C. INTERPLANETARY SPACE NAVIGATI@N PROGRAM (continued)

SCR 290 1I

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
DEPSI Best estimate of initial error in crossrange
position
DETHE Best estimate of initial error in downrange
position
gﬁ}; Best estimate of érrors in knowledge of
DEZ initial position in km
DMDTC Intermediate variable used in the integration NAVINT
of vehicle momentum
DPPR Crossrange filter measurement result (C@MM@N)
DPSI DELPSI converted to degrees
DT Integration step size (CGMMQN)
DT@2 The ratio (DT/2)
DT@4 The ratio (DT/4)
DTQ@6 The ratio (DT/6)
DTPR Downrange filter measurement result (C@MMGN)
DTR Intermediate variable in navigation integration NAVINT
DUMMY (1) I=1, 250 Intermediate input table (CGMMQ@N)
EE(I) I=1,10 Planetary orbit eccentriciti . (CGMMQ@N)
EM Momentum of vehicle
EPS(I) =1, 10 Planetary mean longitude at epoch (C@MMGN)
EPSI Navigated error in PSI at the end of a measurement (C@MMQN)
time
ER Navigated error in R at the end of a measurement (C@MMON)
time
ETHE Navigated error in THETA at the end of 2 measure- (C@GMMON)
ment time
148
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C. INTERPLANETARY SPACE NAVIGATI@ON PROGRAM (continued) SCR 290 11

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
ERRI(1) Navigated error in YI(1) at the end of a (COMMDN)
measurement time p
ERRI(2) Navigated error in YI(2) at the end of a (COMMON)
measurement time
ERRI(3) Navigated error in YI(3) at the end of a (C@MMON)
measurement time
ERRIDT(1) Navigated error in YIDT(1) at the end of a (COMMG@N)
measurement time
ERRIDT (2) Navigated error in YIDT(2) at the end of a (CHOMN. HN)
measurement time
ERRIDT(3) Navigated error in YIDT(3) at the end of a (C@MMMAN)
measurement time
EVPSI Navigated error in PSIDQ@T at the end of a (COMM@N)
measurement time
EVR Navigated error in RDQ@T at the end of a (COMME@N)
measurement time
EVTHE Navigated error in THEDQ@T at the end of a (COMMDN)
measurement time
FKO() 'I=1,3 Intermediate variables used
FK1(I) I=1,3 in Runge-Kutta integration
FK2(I) I=1,3 of truth state equations
FMO(IP I=1,3 Intermediate variables used
FM1(I) I=1,3 in Runge-Kutta integration
FM2() I=1,3 of truth state equations
FM3() I=1,3
FQQ@) I=1,7 Intermediate variables used in TRUINT
the Newtonian acceleration
calculation
I General index variable RECTIF
IMAX Maximum number of spherical force fields (CGMMOGN)
to be considered i» navigation force model
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C. INTERPLANETARY SPACE NAVIGATI@N PROGRAM (continued)

VARIABLE DEFINITION
IND Unused variable
ING Absolute value of N¢J
IP General index variable
IPP() I=1,100 Table of planet index codes
indicating the truth reference
body at a given measurement time
ISWT Code used to indicate the time at which a new
crbit reference frame has been defined
ITM The number of integer multiples of DT which
have occurred since TIME=TBASE
J General index variable
JJ General index variable
K
K1 General index variables
K2
KK(I) =1,7 Set of planet index codes
in use at any given time
L General index variable
L1 Switch specifying whether estimates of
initial position error have been input in
spherical coordinate downrange and cross-
range components or equivalent Cartesian
components
LABEL(]) - I=1,10 List of planet names for printout
purposes
LL General index variable
LMAX Total number of trajectories to be generated

(including truth)
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SUBROUTINE
APPEARANCE

(CFMMGN)

(CGMM@N)

(CGMMQ@N)

MAIN, DPRINT,
RECTIF
TRUINT
DPRINT

(C@MMON)

PLANET

PLANET

(CFMMGEN)
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C. INTERPLANETARY SPACE NAVIGATI¢N PRGGRAM (continued)

VARIABLE DEFINITION

LgC The location in the DUMMY table of the first
data word on an input card

LP Index referencing a particular trajectory
in a given run

M General index variable

MTIME Index referencing a particular measurement
time in a trajectory

N General index variable

N1 Planet index code of dominant central
body

N2 |

IIZIIZ Planet index codes for celestial bodies other

N5 ? than the dominant one to be considered in the

N6 equations of motion

N7 J

NMAX Number of navigation measurements to be made
during any cae trajectory

Ng Variable indicating the number of data words on
an input card

OMEGA Orbital argument of nodes

OMEGAS Instantaneous orbital angular velocity

@GMEPR The angle measured in Jupiter's orbital plane
between Jupiter's equatorial line of nodes and
its orbital line of nodes

GMM(D) I=1,10 Planetary argument of nodes

GMMC (1) I=1, 10 Cosine of the planetary argument

of nodes
OMMS(I) I=1, 10 Sine of the planetary argument
of nodes
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SUBROUTINE
APPEARANCE

(CEMMEN)
DPRINT, PLANET,
TRUINT
(CGMMON)
DPRINT

RECTIF, TIS,
PLANET, TRUINT

TRUINT, RECTIF

TIg

(CGMM@N)

(CGMMON)

(CGMMON)

(C@MMON)
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C. INTERPLANETARY SPACE NAVIGATI@GN PROGRAM (continued)

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
@NE6 The ratio (1./6.)
PB Planetary semi-latus rectum PLANET
PPRKO w
PPRK1 ' Intermediate variables used in Runge- FILTER
PPRK2 Kutta integration of DPPR
PPRK3
PSDT PSID@T converted to degrees
PSI Crossrange angle . (C@MM@N)
PSIDEG PSI converted to deg
PSIDQT First time derivative of PSI (C@MM@N)
PSIKO
PSIK1 Intermediate variables used in Ringe-Kutta
PSIK2 integration of the crossrange angle PSI
PSIK3
PSITRU(D) I=1,100 True vaiue of PSI at any
given measurement time
PSMEAN Statistical mean of the navigated error in NUMERI1
PSI at any measurement time
PSVMN Statistical mean of the navigated error in NUMERI1
PSID@T at any meas rement time
QI Mathematical term in the Newtonian TRUINT
acceleration calculation
\
Q11 PLANET
Q12 Elements of transformation matrix from a
Q21 > two~dimensional orbit-referenced frame
Q22 to the inertial three-dimensional ecliptic
Q31 frame
Q32 J
R Distance from vehicle to dominant central bocy (CGMMUEN)
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SCR 290 II
C. INTERPLANETARY SPACE NAVIGATIQN PROGRAM (continued)

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
RAUD R converted to km
RD@T First time derivative of R (CEMMG@N)
REQ() I=1,10 Planetary equatorial radii (CGMMQN)
RMEAN Statistical mean of the navigated error in R NUMER1
at any measurement time
RR The planetary heliocentric orbital radius PLANET
RSPHJ Radius of the sphere of influence of Jupiter
RTRU(I) =1, 100 The true value of R at any given
measurement time
]
RUN Run identification number
RVMN The statistic:;l mean of the navigated error in NUMER1
RD@T at any measurement time
!
RVP Distance beiween the vehicle and the observed
planet
SALF i .
SDEL } i‘Scratch pad variables
SECRAD Conversion factor from arc sec to radians !
SGPSV 'Standard deviation of the errors in the navigated ' NUMERL
SGRV spherical coordinate derivatives (PSID@T, RD@T,
SGTHV THED@T) and the second moment about zero for
*the same data
SIGPSI ‘Standard deviation of the errors in the navigated MNUMERL1
SIGR 'spherical coordinates (PSI, R, THETA)and the
SIGTHE second moment about zero for the same data
SIGMU(I) I=1,6 Standard deviation of the errors
in knowledge of initial position
and velocity
153
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C. INTERPLANETARY SPACE NAVIGATI@N PROGRAM (continued) SCR 290 IT

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
SIGVX Standard deviation of the errors in the navigated NUMER1
SIGVY Cartesian velocity components (YIDT(I)) and the
SIGVZ second moment about zero for the same data
SIGX Standard deviation of the errors in the navigated NUMER1
SIGY position components (YI(I)) and the second )
SIGZ moment about zero for the same data
SINI } . INTSPH, TIS, TI¢
SING Scratch pad variables
SMPSV2(I) I=1, 100 Sum of the square of the navigated NUMERI1
errors in PSID@T at any given
measurement time
SMRV2(I) =1, 100 Sum of the square of the navigated NUMER1
errors in RDQT at any given
measurement time
SMTHV2(]) I=1, 100 Sum of the square of the navigated NUMERL1
errors in THED@T at any given
measurement time
SPSI Sine of the crossrange angle INTSPH, TIS
STDA10 Standard deviation of the applied measurement
errors in right ascension of the vehicle-observed
planet vector in arc sec (coordinate center =
Jupiter)
STDA1l STDA10 converted to radians
STDA20 Standard deviation of the applied measurement
errors in right ascension of the vehicle-observed
planet vector in arc sec (coordinate center = Sun)
STDA2 STDA20 converted to radians
STDD10 Standard deviation of the -pplied measurement
errors in declination of the vehicle-observed
planet vector in arc sec (coordinate center =
Jupiter)
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C. INTERPLANETARY SPACE NAVIGATI@GN PROGRAM (continued)

SCR 290 II

SUEROUTINE
VARIABLE DEFINITION APPEARANCE
STDD1 STDD10 converted to radians
STDD20 Standard deviation of the applied errors in decli-
nation of the vehicle-observed planet vector in
arc sec (coordinate center = Sun)
STDD2 STDD20 converted to radians
STHE Sine of the downrange angle INTSPH, TIS
SUM1 Intermediate variables used in the calculation TRUINT
SUM2 } of the gravitational force acceleration
SUM3 components
SUMPS2(I) =1, 100 Sum of the square of the navigated NUMERI1
errors in PSI at any given measure-
ment time
SUMPSI(I) I=1,100 Sum of the navigated errors in PSI NUMER1
at any given measurement time
SUMPSV(I) I=1, 100 Sum of the navigated errors in NUMERI1
PSIDQ@T at any given measurement
time
SUMR( I=1,100 Sum of the navigated errors in R at NUMERI1
any given measurement time
SUMR2(J) I=1, 100 Sum of the square of the navigated NUMER1
errors in R at any given measure-
ment time
SUMRV(D) I=1, 100 Sum of the navigated errors in RD@T NUMERI1
at any given measurement time
SUMTH2() I=1,100 Sum of the square of the navigated NUMERI1
errors in THETA at any given
measurement time
SUMTHE(I) I=1, 100 Sum of the navigated errors in THETA NUMERI1

at any given measurement time
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C. INTERPLANETARY SPACE NAVIGATI¢N PROGRAM (continued)

VARIABLE

DEFINITION

SUMTHV (1)
SUMVX()
SUMVX2(1)
SUMVY (T)
SUMVY2(T)
SUMVZ ()
SUMVZ2()
SUMX(I)
SUMX2(I)

SUMY (I)

SUMY2(I)

i ieeiition

I=1, 160

1,100

I=1, 100

=1, 100

1=1,100

I=1, 100

1=1,100

I=1, 100

I=1, 100

=1, 100

1=1, 100

Sum of the navigated errors in
THED@T at any given measure-
ment time

Sum of the navigated errors in
YIDT (1) at any given measure-
1aent time

Sum of the square of the navigated
errors in YIDT(1) at any given
measurement time

Sum of the navigated errors in
YID7T (2) at any given measure-
ment time

Sum of the square of the navigated
errors in YIDT(2) at any given
measurement time

Sum of the navigated errors in
YIDT(3) at any given measure-
ment time

Sum of the square of the navigated
errurs in YIDT(3) at any given
measurement time

Sum of the navigated errors in
YI(1) at any given measurement

time

Sum of the square o: the navigated

errors in YI(1) at any given measure-~

ment time

Sum of the navigated errors in YI(2)

at any given measurement time

Sum of the square of the navigated
errors in YI(2) at any given
measurement time

SCR 290 L

SUBROUTINE
APPEARANCE

NUMERI1

NUMERI1

NUMER1

NUMER1

NUMERI1

NUMER1

NUMERL1

NUMER1

NUMER1

NUMER1

NUMERI1

ITED AIRCRAFYT CORPORATE SYSTEMS CENTER

156



C. INTERPLANETARY SPACE NAVIGATI@GN PROGRAM (continued) SCR 290 II
SUBROUTINE
VARIABLE DEFINITION APPEARANCE
SUMZ () I=1, 100 Sum of the navigated errors in NUMER1
YI(3) at any given measurement
time
SUMZ2(I) I=1,100 Sum of the square of the navi- NUMER1
gated errors in YI(3) at any
given measurement time
T(I) ~ 121,100 Table specifying the time at which
navigation measurements should
be made
TO Initial time measured from DATE
T1 Intermediate variables used in the calcu- TRUINT
T2 lation of the vehicle acceleration com-
ponents
TABLE(I) I=1,100 Table of planet index codes signifying
which planet is being observed in
a particular navigation measurement
T,AUI } ISN filter time constants FILTER
TAU2 J
TBASE Tirme at which integration step size was
last changed
TEMP A TRUINT, PLANET
TEMP1 FILTER, TRUINT,
INTSPH, PLANET
TEMP2 FILTER, TRUINT,
5 INTSPH, PLANET
Scratch pad variables
TEMP3
TEMPC PLANET
TEMPS PLANET
J
TEST Indicator used to specify a two-body TRUINT, TIS
case - see Section III
THEDOAT First time derivative of THETA (COMMON)
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C. INTERPLANETARY SPACE NAVIGATI@N PROGRAM (continued)

SCR 290 11

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
THEKO .
THEK1 Intermediate variables used in the
THEK?2 Runge-Kutta integration of the
THEK3 downrange angle THETA
THETA Downrange angle (CGMMQN)
THETRU(I) I=1, 100 The true value of THETA at any
given measurement time

THMEAN Statistical mean of navigated error . .n THETA NUMERL1

at any measurement time
THT THETA converted to r.«grees
THTDQ@T THED@T convertr 4 to degrees
THVMN Statistical mean of navigated errors in THEDQ@T NUMER1

at any measurement time
TIME Trajectory time measured from DATE (CGMM@N)
™™ Temporary value of EM (C@GMM@N)
™M1 Number of days from epoch to DATE (CGMMON)
TME Time measured from epoch PLANET
TP Temporary value of PSI (CGMMG@N)
TPPR Temporary value of DPPR FILTER
TPRKO
TPRK1. Intermediate variables used in the Runge- FILTER
TPRK2 Kutta integration of DTPR
TPRK3
TR Tempora»v value of R
TRUDT(I, J) I=1,3 Stored values of the vehicle's true

J=1,100 Cartesian velocity components at

any given measurement time
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C. INTERPLANETARY SPACE NAVIGATIGN PROGRAM (continued)

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
TRUE(], J) I=1,3 Stored values of the vehicle"s true
J=1,100 Cartesian position components at

any given measurement time
TTHE Temporary values of THETA (C@MM@N)
TTIME Time between navigation measurements
TTPR Temporary value of DTPR FILTER
TVP Temporary value of PSIDGT (C@MM@N)
TVR Temporary value of RDQT (C@GMM@N)
TVT Temporary value of THED@T (CGMMQ@N)
TWG@PI 2m
TYI() I=1,3 Temporary values of YI(I)

I=1.3
TYIDT(I) I=1,3 Temporary values of YIDT (I)

I=1,3
VPKO :
VPK1 Intermediate variables used in the Runge-Kutta
VPK2 integration of PSID@T
VPK3
VPSTRU(I) I=1, 100 The true value of PSIDQT at any

given measurement time
VRKO
VRK1 Intermediate variables used in the Runge-Kutta
VRK2 integration of RDQT
VTHTRU(I) I=1,100 True value of THED@T at any given

measurement time
VTKO
VTK1 Intermediate variables used in the Runge-Kutta
VTK2 integraticn of THED@T
VTK3
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C. INTERPLANETARY SPACE NAVIGATIGN PROGRAM (continued)

SCR 290 II

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
Vv(I) ' =1,3 Intermediate variables used in calcu- RECTIF
lating the rectified velocity compo-
nents
VX0 ‘
VYO Initial X, Y and Z components of velocity in
VZ0 AU/day
VXB Intermediate variables; orbit-referenced X and PLANET
VYB Y components of Jupiter's velocity
ggg@ .Inertial Cartesian components of vehicle (CGMMQN)
VZDOT acceleration
VXMEAN Statistical mean of navigated errors in YIDT(1) NUMERI1
at any measurement time
VYMEAN Statistical mean of navigated errors in YIDT(2) NUMER1
at any measuremen: time
VZMEAN Statistical mean of navigated errors in YIDT(3) NUMER1
at any meacurement time
VYPR Intermediate variables used in calculating SPHTIN
VZPR inertial velocity components
VV§§ Inertial X, Y and Z components of Jupiter's (COMMON)
vZD ‘velocity
\\?;)Y( Initial true vehicle Cartesian velocity
VZZ components in m/s
X YI(1) converted to km
X@ I=1, 250 Intermediate values of DUMMY DPRINT
variables for the purpose of
printing out the input
X0 Initiai X vehicle position in AU
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SCR 290 II
C. INTERPLANETARY SPACE NAVIGATI@N PROGRAM (con. * 1)

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
XB Intermediate variable; orbit-refere..ced X PLANET
component of planetary position
Xb@T YIDT(1) converted to m/s
XIMAX Floating point version of IMAX
*XJ2 Second zonal harmonic coefficient of Jupiter's (C@MMQEN)
gravitational field
XJ4 #ourth zonal harmonic coefficient of Jupiter's (C@GMM@N;,
gravitational field
XKAN The number of integration steps between any two
' measurement times
XK@N The number of integration steps between the
initial time and the first measurement time
XKM Navigation gain, momentum feedback NAVINT
XKPSI Navigation gain, ¥ feedback NAVINT
XKI Navigation gain, V e feedback NAVINT
XKTHE Naviga..on gain, © feedback NAVINT
XKVPSI Navigation gain, Vy feedback NAVINT
XKVTHE Navigation gain, Vg feedback NAVINT
XL1 Floating point version of L1
XLMAX Floating point version of LMAX
XMEAN The statistical mean of the navigated error ~NUMERI1
in YI(1) at any measurement time
XMKO
XMK1 Intermediate variables used in the Runge-
XMK2 Kutta integration of EM
XMK3
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C. INTERPLANETARY SPACE NAVIGATI@N PROGRAM (continued)

SCR 290 II

SUBROUTINE

VARIABLE DEFINITION APPEARANCE
XMDD20 Mean value of the measurement error in

declination of the observed planet (Sun's frame)

in arc sec
XMNA10 Mean value of the measurement error in right

ascension of the observed planet (Jupiter's

frame) in arc sec
XMNA1 XMNA10 converted to radians
XMNA2 XMNAZ20 converted to radians
XMNA20 Mean value of the measurement error in right

ascension of the observed planet (Sun's frame)

in arc sec
XMND10 Mean value of the measurement error in decli-

nation of the observed planet (Jupiter's frame)

in arc sec
XMND1 XMND10 converted to radians
XMND2 XMDD20 converted to radians
XMU(I) I=1,10 Planectary gravitational constants (C@GMMQON)
XN1 Planetary index code representing initial

center of coordinates
XNMAX Floating point version of NMAX
XNN(D) F1,10 Planetary mean motion (Cg"  IN)
XNUM Total number of navigated trajectories NUMER1
XPR The orbital frame X component of navigated (C@GMM@N)

position
XR(1) I=1,10 X component of planetary position (C@MMQ@N)
XSUB1 A uniformly distributed random number (-1.<

XSUB2< 1.) associated with measurement

errocs in right ascension
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C. INTERPLANETARY SPACE NAVIGATI@GN PROGRAM (continued)

SUBROUTINE
VARIABLE DEFINITION APPLARANCE

XSUB2 A uniformly distributed random number (-1.<
XSUB2< 1.) associated with measurement
errors in declination

XSUB3 A uniformly distributed random number (-1
XSUB3( 1.) associated with errors in knowledge
of the initial X position component

XSUB4 A uniformly distributed random number (-1.£
XSUB4( 1.) associated with errors in knowledge
of the initial Y position component

XSUB5 A uniformly distributed random number (-1
XSUB5< 1.) associated with errors in knowledge
of the initial Z position component

XSUB6 A uniformly distributed random number (-1
XSUBG6K 1.) associated with errors in knowledge
of the initial X velocity component

XSUB7 A miformly distributed random number (-1.(
XSUBT7 ¢ 1.) associated with errors in knowledge
of the initial Y velocity component

XSUBS A uniformly distributed random number (-1.€
XSUBS8{ 1.) associated with errors in knowledge

of the initial Z velocity component

XX Initial X component of vehicle position in km or
AU

XX(I) I=1,3 Intermediate variable used in the cal- RECTIF
culation of the rectified position

components

XXPR Inertial X component of the navigated vehicle
position

Y YI(2) converted to km

YT I=1,3 The vehicle position components as TRUINT
used in the truth integration scheme
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C. INTERPLANETARY SPACE NAVIGATI@N PROGRAM (continued) SCR 290 II

SUBROUTINE
VARIABLE DEFINITION APPEARANCE
YO Initial Y component of vehicle position in AU
YB Intermediate variable; orbit-referenced Y PVTANET
component of planetary position
YD@T YIDT(2) converted to mi/s
YIC(I) I=1,10 Cosine of planetary inclination (C@MM@N)
angle,
YI{1) X component of y’eﬁicle position
YI(2) Y comporent of vehicle position (C@GMMQ@N)
YI(3) Z component of vehicle position i
YIDT(1) X c¢.-mponent of vehicle velocity |
YIDT(2) Y component of vehicle velocity (C@MM@N)
YIDT(3) Z component of vehicle velocity
YIS(D) I=1, 10 Sine of planetary inclination (COMMEN)
angle .
YMEAN The statistical mean of the navigated error NUMERI1
in YI(2) at any measurement time
YPR The orbital Y component of navigated (CGMM@N)
position
YR() I=1, 10 Y component of planetary (COMMON)
position
YY Initial Y component of vehicle position in
km or AU
YYPR Inertial Y component of navigated vehicle
position
Z YI(3) converted to km
Z0 Initial Z component of vehicle position in AU
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C. INTERPLANETARY SPACE NAVIGATI@N PROGRAM (continued)

SUBROUTINE

VARIABLE DEFINITION APPEARANCE
ZDQ@T YIDT(3) converted to m/s
ZMEAN Thne statistical mean of the navigated error in NUMERI1

YI(3) at any measurement time
ZPR The orbital Z component of navigated position (CGMMG@N)
ZR() I=1,10 Z component of planetary position (C@MMQ@N)
ZZ Initial Z component of vehicle position in km

or AU
ZZPR The inertial Z component of navigated vehicle

position
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