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AN ANALYTICAL SATELLITE ORBIT PREDICTOR (ASOP)

By Stephen E. Starke
Analytical and Computational Mathematics, Inc.

1.0 INTRODUCTION

This report contains the doocumentation and user's guide for the Analytical
Satellite Orbit Predictor (ASOP) computer program. ASOP is based on mathema-
tical methods that represent a new state-of-the-art for rapid orbit computa-
tion techniques. The theoretical development of these methods has been
carried out during the past few years, and they are now being put into the
form of an operational computer program. ASQOP is intended to be used for
momputation of near-Earth orbits including those of the Shuttle/Crbiter and
its payloads.

Orbit computation met1ods can usually be given one of the following two
classifications:

a, Numerical methods - The calculations are carried out in a step-by-step
marner. High precision is possible, buf computer runtime can be excessive.

b. Analytical methods - The calculations are carried out in one step regard-
less of the prediction interval. Therefore, these methods have extrerely
fast computation times.

In the past, analytiecal methods have not been widely used because they were
less accurate and required much more computer codes than numerical methods.

The Poincaré-Similar Element Method (PS$) used in ASOP overcomes these disad-
vantages. Tt is possible to compute near-Earth orbits to within an accuracy
of a few meters. BRecursive equations are used instead of complicated formulas.
Execution time of ASOP is on the order of a few milliseconda. Tt is planned

Lo iunlude in ASOP the perturbations due to atmospheric drag, Sun and Moon gra-
vity and all terms of the geopotential,

Tn reference 1, Mueller describes the relationship between the PS¢ element=s and
the Cartesian coordinates and establishes the PS¢ perturbed equations of motion.
These elements and the associated equations of motion were used by Bond (ref,

1) to develop a completely analytinal solution to the Jo perturbation problem.

Recertly, the analytical solution has toen expanded by 3Scheifele (ref. 3) to
inc lude the perlurbations due to atmospheric drag. Mueller (ref. U4) has devel-
oped the higher order zonal geopntential terms. Time dependent (tesseral) geo-
potential ferms for the solution are under development. Later, it is expected
th.t, the third body perturbations of the Sun and Mron will also be added to the
golution,



The current version of ASOP includes the J, geopoiential terms. The coding
is documented in this report, It is planned that the additional perturbations
mentioned above wili be added to ASOP and will be documented in separate reports.

This ASOP program has been designed in two versions: (1) a stand-alone version
that can be used interactively to obtain immediate result= to a specific prob-
lem and (2) a user-subroutine package that can be used by other software sys-
tems. Both versions were designed to be small and to execute quickly. The
average execution time is 40 milliseconds for the stand-alone program and 5

milliseconds for the user-subroutine package, while using 31114 and 200714q-
words of storage, respectively.

Both versions of the ASOP program have been written in UNIVAC standard FORTRAN-V
and are available tc the public on file NUMEG under the qualifier FM6~NO8569
on the UNIVAC 1110-Exec 8 system. This document is intended to instruct the

user in the operation of the ASOP program on this machine and to document the
individual ASOP subroutines.



2.0 PS ELEMENT FORMULATION

The PS (Poincaré-Similar) element formulation is desaribed in the following
subsections. An exact developmeni of this element set is described in referance
2 and a description of the variables can be found in Appendix E,

2.1 TRANSFORMATION FROM CARTESIAN COORDINATES TO PS ELEMENTS (XTOPS)}

The transformation into the PS element set (3,p) from a given set of Cartesian
coordinates (X,V,r) is accomplished within the subroutine XTOPS. It is
assumed that these coordinates are the initial conditions so that the physical
time t and the independent variable T both egual zero. The PS elements
are then computed using the equations

*
e pane1 [ X003 ¢ -V62 + 2r%y 4
{ = tan~ P, = - + +
1 X_+ R¥ 1 20y
Y 3 b
02 = Z2 cos c,| - Z1 s2in 01 p2 = 22 sin U1 + Z1 cos 01
03 = ~2Gx/ 2(G + Gz) p3 = EGy/\k(G + GZ)
H Y] T s
Oy = t - —— (E - ¢ Py == -z v2 - v
(291’)3/2 r 2
r
- - 22 aV1 - e2 )
P
The other required relations are:
Gx = vaz - szy , Gy = szx - Xxuz , GZ = xxvy - vax

el
n

11 (6 - py + w /2pu)? L q =G~ 1/2 P71+ 1/2+[2Py

R® = rR/2G , R - 26X, /r fz(u ' G,)
Z, = (p/r - 1)/Q , I, = #p/(Ql2g ~ G))
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Q= 171 (o, (2u/\/Z5, + G, -~ ®)"?
XV
f":T ’ \(1—ez=p\/2pu/n

E - ¢ =~2 tan” ' (2,0/(1 + V1 - o2 4 z,Q))

This transformation is performed only once for a given set of Cartesian
cocrdinates.

2.2 TRANSFORMATION FROM PS ELEMENTS TO CARTESIAN COORDINATES (PSTOX)
This transformation iz performed when any intermediate printout is desired
or when the final condition is met. Therefore, this transformation should

be coded with emphasis on the speed of caleculation.

The Cartesian coordinates defined in terms of the PS elements are given by
the equations:

. G
- - * - [ — -— *
Xx = r eos 01 R 03 ' Vx = r cos 01 r 8in 01 R 03
. G .
X = in - gr* vV = ing, --cos g, - K"
y r sin g, p3 ' v r sin o, - 1 p3

b
]

n R* V2(G + H)

-
1

5 = R*y2(6 + H)

The other necessary relationships are

*

r=p/(1 +ecos¢) , R = rR/2G
P = e sin o/p(2q - py + 172 (0.7 + 0,7))
x C . G
" = (Rr + Rr)/26 , R =z —(i, cos J, - O, 3in ¢,)
3 1 3 1
e

R 1 172 (p,° 2

= p3 sin 7, + Gq cos g, , G = py - p2 + 02 )



2

2) , q = =1/2 (022+02 -p1—u/ 29!4)

HeG - 1/2 (p32 + 0

p = i/p [11/«,/2;.»14 - /2 (922 + 022))

e sin ¢ Q(p2 sin g, + g, cos 01)

e cos ¢ Q(p2 cos g, - 0, sin 0,)

1 2

Q= 1/u { pu(Zp/\IZpu - 1/2 (p22 + 022))} /2

The physical time t is computed using
H r 2
t--crq+—-—-—-——-—(E-¢--esin¢‘l-e) (2.2a)
(gpu)3/2 o}

where an expression for E . ¢ is given by

E-¢=-2 tan™" [e sin §/(1 +,/1 - &% + e cos ¢)]

2.3 TIME TERMINATION PROCEDURE

Because the FS element set uses the true anomaly T as the independent vari-
able, an iteration procedure is necessary to stop at a specific time tgipa1-
Within the ASOP program, this iteration is performed by the TIMEPS subroutine
in the foullowing manner:

An expression for the derivative of time with respect to the true anomaly T
1s given in the P3 theory as

= szq

This expression can be linearly approximated by the expression

At
— = ré/q (2.3a)
At

ORIGINAL PAGE IS
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where At = tpypay - t, and AT 2 1,,4 - T,. Equation 2.3a then ylelds a re-

cursive formula for refining an initial estimate of 1 of

2

Tn+1 = Tn - At q/l" (2.3b)

Using equation 2.3b, an initial estimate of 1 1is refined until the assoclated
value of t equals the desired final time ‘tpqpaq.
In order to start the iteration, a sultable initial value of T 18 necessary.

This value is determined by first assuming that a circular orbit is being
used. With this assumption, equation 2.2a reduces to

01.|=t'
and an initial approximation for 1t ecan be written as

aay

v o= (¢t - gy )/ —
o final 4 e

The value of 3oy/31 1s texer :vum the analytical theory (see reference 2)
during the initialization -rocedure.

Therefore, the full algoriths is

a, Set the iteration counter n to zero, and compute the initial approximation
for Tn = To'
. Determine the PS elements at T -

c. Determine the time t_  at 71,.

n
d. If |tgipal - tpl < TOLerence, then STOP; otherwise n = n + !
e, If n > hpaye then print 4 diagnostic message and STOP

f. Compute a new approximation for 1, uvsing

el
Th = Tn-t = {tpoq = Epinarla/n”

g. Go to step b,



Valueg,_ for TOLerence and nma have been preset within the TIMEPS subroutine
to 10 ' and 5, respectively.



3.0 DESCRIPTION AND 3TRUCTURE OF A30QP

T~ ASGP program was designed as a top-down structured program consisting of

11 subroutines (modules) and & main (driver) program, Within this set of sub-
routines, a cubset of seven subroutines comprises the removable ASOP subroutine
package. The package has been designed for easy incorporation into existing
user software. This type of division has resulted in some redundant operations
but Joms not seriocusly affect the overall performance of the AS0OP program,

The two sets of subroutines are described in the following subsections and each
subroutine is documented in section 3.3.

3.1 THE ASOF PROGRAM

Basically, the ASCP program, shown in figure 1, consists c¢f four segments:

a main prrgram or driver, an input routine, an output routine, and a removable
ASCP subroutine package. The removable package is described 1in section 3.2

so that on.y the first three segments will be desoribed here.

The purpose of the main program is to call all the necessary subroutines (input,
output, constants, etec.) in a snpecifiec sequence to produce the desired results.
In particular, the main program provides for the repetitive call to the ASQOP
subroutine in order to produce a satellite ephemeris.

All input to the program is controlled by the subroutine INPUT. Its primary
functions are

a. 3Set all default values

b. Accept input from the NAMELIST  $INPUT

c¢. Convert any input values that require conversion

d. Issue normal program termination command

Qutput from the ASOP Program is performed only by the subroutine gUTPUT. This
subroutine contains all the FORMAT specifications used for normal” output from
AS0OP, The output program will also perform any conversions required to make

the output more understandable., This involves converting Cartesian coordinates
to Keplerian elements, radians to degrees, and time units to days.

3411 error output is controlled by Lhe individual subroutines.

ORIGINAL PAGE IS
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[‘“/ e
L INPUT | [ OUTPUT ‘ [ LSOP }
e SO R

Figure 1.~ Structure of the ASOP program.




3.2 THE ASOP SUBROUTINE PACKAGE

The ASOP subroutine package has been designed s= an independent segment of ths

ASOP program so that 1t can be incorporated inco existing software with little
or no modifications.

This package, as with the ASOP program, has four basic parts (fig. 2):
a. A driver subroutineg (ASOP)

b. Coordinate transformations (XTOPS, PSTOX)

¢. A stopping routine (TIMEPS)

d. The analytical theory (PSANS)

Along with the five subroutines mentioned, there are two additional subroutines,
POTJ2 and CONST, that perform functions that are used by more than one part so
that they cannot be specifically included in one section.

Subroutine AS0P performs the same task as the main program in that it calls all
the necessary subroutines as dictated by the input values. In the case of the
ASOP subroutine, however, the input values are given through an argument list,
and a few COMMON blocks. Therefore, if a satellite ephemeris is desired, the
user must supply the necessary coding within his own software,

The basic input to the subr atine is:

a. The Cartesian coordinates (X)

b. A stop value {(STOP)

a. A stop flag (ISTOP)

4. A new data flag (NEWX)

This input is fully described in sections 3.3.3 and 4.2.3.

Berause the analytical theory has heen developed in PS elements, it is neces-
sary to perform transformations to and from the element set. Transformation
into the PS elements from Cartesian coordinates is performed by the subroutine
XTOPS while the reverse transformation is performed by the subroutine PSTOX,
A time~stop subroutine has been innluded because the PS elements use the true

anomaly Aas the independent variable and do not use time. This stopping routine
is an iterative pracedure and is deseribed in section 2.3.

PSANS, the analytical !leory subroutine, iz the nucleus of the ASOP program.
At present, Lhe thecry contains only the perturbations due to Jp and these
squations are given in Appendix F. However, the theory will soon be expanded

ts in tude other perturhbation: such as drag (ref. 5), and the higher order geo-
pntential terms.

10



XTOPS
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|

TIMEPS

- PSANS

e
1

¥

DRAG
LONG FERICD ¢
Etc.

Figure 2.~ Structure of the ASOP subroutine.
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3.3 MODULE DESCRIPTIOQNS

This section will give a complete description of the subroutines currently used
in the ASOP program. Each description will contain a brief statement as to

the purpos. or use, of the subroutine as well as a complete description of all
variables used within the subroutine. Also included are lists of the named
COMMON blocks used, external references to other ASOP subroutines, and other
A3S0P subroutines that reference the subroutine being described. Information

is also available as to the calling sequence of the subroutine, subroutine
size, and the average execution time of the subroutine. Each description is
followed by a general flow chart of the subroutine (figs. 3 through 14).

Each program is listed alphabetically, with the exception of the MAIN program,
which is described first.

3.3.1 MAIN Program (Driver)

Purpose: Driver for the Analyticsl Satellite Orbit Predictor (ASOP) program

Calling sequence: None

Called by: Operating system

Subroutines/functions called: ASOP, CONST, INPUT, QUTPUT

Named COMMON: /CARIC / X(8),R
/CBASIC/ PI,TWOPI,DEG,RAD,DAY
/CPRINT/ PRINT,IPRINT,IELPRT,IUNITS
/END  / STOP,ISTOP
/P8 / SIG(8),TAU

Program data: Size = 124g(8U4,5) words compiled.
Execution time = 3U milliseconds to 42 milliseconds, depending
upon the input values for PRINT and IPRINT {does not include
time for data units conversions and initial condition printout).

FORTRAN Input/
variable Dimension Type output Units Description
DAY 1 pp — sec/day or Conversion of days into hours,
min/day or  minutes, or seconds. Its numer-
hrs/day ical value is controlled by
TUNITS.
IPRINT 1 I I - Flag to determine if the inter-

mediate printout is to be given
on days or revolutions,

0 ne printout
1 days
2 revolutions

nonon

12



FORTRAN Input/
variable Dimension Type output Units Description
I3TOP 1 I I - Flag to determine if the pro-
gram is to terminate after a
given number of days or
revolutions as specified by
STOP.
= 1 days
= 2 revolutions
NEWX 1 I I - Flag to determine if the ASOP
program is to be initialized.
= 0 no
= 1 yes
PRINT 1 DF I days or Increment for which the lnter-
revs mediate printout is desired
(valid only if IPRINT > 1)
STOP 1 DpP I days or Value at which the program is
revs to stop execution (units are
determined by ISTOP).
STOPDT 1 DP - days or Value at which the next inter-
revs mediate printout is desired
(valid only if IPRINT > 1).
TAU 1 Dp I rad Independent variable of the P3
elements; it is defined such
that REV3 = TAU/2m.
TWOPE 1 DP I rad 27
X 8 DP I Defined by X(1) » X(3) = ¥
input val-  X(4) +» X(6) = V
ues (see X(7) = time
CONST) ¥(8) = total energy

ORIGTNAL PAGE 1S
OF POOR QUALITY

13



| Y ..

g.____mA“9<::

PN

YES T
«H———————<ﬂ5;&T =c

1 “-“\

lHU

' l
STOPDT=FRINT |
| ?

1
CALL ASOP .

/"\
5T0PDT<5TQE>

CCALL OUTH T

b paeigg,m
!

!
- ’1 CALL ASGP

Figure 3.~ MAIN program flow charts.
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3.3.2 AEIXYZ (Subroutine)

Purpose: Transform the Keplerian elements (a,e,i,w,R,M) into Cartesian coordi-

nates (X,V)

Calling sequence: CALL AEIXYZ

Called by: INPUT

Subroutines/functions used: None

Named COMMON: /CARTC / X(3),V(3),TIME,ENERGY,R
"~ /XEPLER/ A,E,XI,OMEGA, XNODE, XM
/KONST / ¥MU, XMUI, SQTMU,SQTMUI,EPS
/RPOOL / COMEGA, SOMEGA , CNODE, SNODE, SINC,B(3,3),EA,EA0,SINEA,
COSEA,X1(3),V1(3)

Equivalence: (B(3,3),CINC)
Program data: Size = 3558 (23810) words compiled

execution time = < 1 milliseconds
Subroutine valid only when |e] < 1.

FORTRAN Input/
variable Dimension Type output Units Description
A 1 bp I see Semimajor axis of the orbit
appendix A
B (3,3} DP _— - Keplerian elements to Cartesian
coordinates transformation
matrix
CINC i Dp —-— o Coaine of the orbital inclina-
tion with respect to the Earth's
equator (cos i).
CNODE 1 DP - —— Cosine of the argument of the
agcending node (cos §).
COMEGA 1 pp - - Cosine of the argument of
pericenter (cos w}.
COSEA 1 DP - —-— Cosine of the eccentric anomaly
(cos E).
E 3 DP I —-— Orbital eccentriecity (e).

ORIGINAL PAGE IS
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FORTRAN Input/
variable Dimension Type output Units Dascription

EA 1 bp — rad The eacentric anomaly of
the satellite computed from
Kepler's equation.

EAQ 1 Dp -~ rad 01d value of EA; used when
iterating to solve Kepler's
equation,

OMEGA 1 DP I rad Argument of pericenter (w).

R 1 pp C see Magnitude of the position

appendix A vector of the satellite.

SINC 1 DP - - S8ine of the orbital inelina-
tion with respect to the
Earth's equator {sin i).

SINEA 1 DP - -— Sine of the eccentric anomaly
(sin E).
SNODE 1 DP - - Sine of the argument of the

ascending node (sin Q).

SOMEGA 1 DP - - Sine of the argument of
pericenter (sin w).

v 3 DP 0 see Velocity vector of the satel-~
appendix A 1lite with respect to the
Earth's equator

V(1) = VX
V(2) = Vy
V(3) = Vz
V1 3 bP - sge Velocity vector with respect
appendix A to the orbital plane
vi{1) = V'x
vi(2) = V'y
- 1 -
Vi1(3) = V . 0
X 3 DP 0 sege Position vector of the satellite

appendix A with respect to the Earth's eguator

(1)
X(2)
(3}

X
Y
Z

16



FORTRAN Input/

variable Dimension Type output Units Dascription _
X1 3 Dp - see Pcaition vector of the satsllite
appendix A wiih respect to the orbital
plane
X1(1) = Xt
X1(2) = v
¥1(3Y =2+ = 0
XI 1 DP I rad Orbital inelination to the
Earth's equator (i)
XM 1 DP I rad Mean anomaly of the satellite
(M)
iMU 1 DP I see Gravitational constant for the

appendix A central body ()

ANODE 1 DP I rad Argument of the ascending node
(Q)

ORIGINAL PAGE IS
OF POOR QUALITY
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Figure 4.~ AEIXYZ flow chart.
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3.%,3  ASOP {8ubroutine)

Purpose: Driver for the analytical section of the ASOP program; 1{ performa
all the operations required by the analytical program PSANS

Cailing sequence: CALL AS0P (¥,STOP,ISTOP,NEWX)

Called by: MAIN

Subroutines/functions used: CONST, PSANS, PSTOX, TIMEPS, XTOPS

Named COMMON: /CARTC / XIN(8),R
/CBASIC/ PT,TWOPT,DEG,RAD,DAY
/PS / SIG(8),TAU
/PSTIME/ CLO,FAKTPS, XXX

Program data: Size = 127g (87:g) words compiled
execution time = 2 to 8 milliseconds depending on the value of
ISTOP or the eccentricity of the orbit.

FORTRAN Input/

variable Dimension Type output Units Description

CLO 1 DP 0 - Initial value of ©  used hv
the time {teration stopping
procedure (TIMEPS).

DAY 1 DF I see Conversaion of days into hours,

appendix A minutes, or seconds

ISTOFR ( DP I — Flag tn determine if the value
of STOP is given as davs or
revolutions.
= 1 days
= 2 revolutinns

NEWX 1 T I —- Flag to determine i the ASOP
program i3 to be initialized.
= 0 no
= 1 ves

51G 8 DP - — The PS elements
."11'(19’(71.«"1‘,91,n..,,p.%,ou
where 01 + Py = o+ ﬂa

3TOP 1 np I days or Value at whieh the [inal! state

revs vector is required; units are

set by ISTOP.

19
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FLRTRAN Input/

variable Dimension Type output Units Description
TAU 1 DP - rad Independent variable of the B3
elements.
TWOPI 1 DP I rad 21
X 8 pP I/0 seq Initiaisfinal state vector
appendix A N
X(1) » X(3) = X
X(4) + X(6) = V
X(7) = time
Z(8) = total energy

IFf initializing NEWX = 1,
X(7) and X(8) will be set

te O
XIN 8 DP 1/0 see Identical to X but allows the
desription A4S0P subroutine to be removed
of X from the stand alone program.

20



BEGIN
INITAL (ZATION:
YES CALL CONST
CALL XTOPS
NO CALL PSANS
[
5
lsTOP=I>E CALL TIMEPS
NO
T=STOP#21r
CALL PSANS

I

[CALL PSTOX

XINGY X
8

RETURN

Figure 5.~ ASQOP flow chart.
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3.3.4 CONST (Subroutine)

Purpose: Initialize the mathematical and physaical constants needed to execute
the ASOP program.

Calling sequence: CALL CONST

Called by: ASOF, INPJT

Subroutines/Cunctions used: None

Named COMMON: /CBASIC/  PI,TWOPI,DEG,RAD,DAY
/CPRINT/  X,I(2),IUNITS
/GEQ /  RE,CJ2
/KONST /  XMU,XMUI,SQTMU,SQTMUT,EPS
/PERTRB/  IDRAG,ILONG

Program data: Size = 267g (784g) words compiled
execution time = <1 milliseconds

FORTRAN Input/
variable Dimension Type output Units Description
CJd2 1 DP o - J coefficient of the central
bgdy
DAY 1 DP 0 see Value to convert days into
appendix A seconds, minutes, or hours
DAYS T Dp —-_— see Storage array holding the
appendix A possible values of DAY
DEG 1 bP 0 deg/rad 180/1
. 2
EPS 1 Dp 0 - 3/2 4 J2 Re
TLONG 1 1 I - Flag to determine the type
of geopotential terms o
be used, If TLONG = O the
two-body nrbit is assumed
(Je = Q)
[UNITS 1 L | - Flag to determine what units

are to be used for the
calculati s,

km, aen
nm, sec
ft,sec
m, sec
km, hr

-

NN
LI g PO T PR

i
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FORTHAN
variable

Dimension

JUNITS
(cone'd)

PI
RAD

RE

RES

SQTMU

SQTMUT

TWOPI

XMU

XMUT

XMUS

Type

DP
DP

DP

DP

pP

DP

DP

DP

bp

DP

Input/
output Units Description
= 6 nm,hr
= 7T E.r.,min
0 rad G
o rad/deg %/180
C see Central body equatorial radius
appendix A
- -- Array containing the possible
values of RE
0 see VI
appendix A
0 see 1/\’u'
appendix A
o rad 21
0 see Gravitational gonstant for the
appendix A central body (u)
»; sSee 1/

appendix A

see

appendix A

Array containing the possible
valuas of XMlU.
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—
( BEGIN
QaunTs >N IUNITS =1 ]

ves| U7
I 2

SET MATH
CONSTANTS:

Trl 2-"" IBO/'"':;
T/ 180

SELECT DESIRED
PLANETARY
CONSTANT UNITS
FROM TABLE.

VU
.‘1 - T ——“'-"-1
NMAX € 1 ,Y_fii__,l_ J2=0

l

No¥ b e e [
" seT: ] !
[ J2  VALUE |
= R
[compyTE: l

v _ 3 z
| E=gpt%hfe |

\ RETURN

~,

Figure 6.~ CONST flow chart,
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3.3.5 INPUT (Subroutine)

Purpose: Read the input data from the NAMELIST statement, set the default
valuses, and initialize all required COMMON block variables.

Calling sequense; CALL INPUT {$20)

Called by: MAIN

Subroutines/functions used: AEIXYZ, CONST, QUTPUT, XTOPS

Named COMMON: /CARTC / X(6),TIME,ENERGY,R
/CBASIC / PI,TWOPI,DEG,RAD,DAY
/CPRINT / PRINT,IPRINT, IELPRT, IUNITS
/DRAG  / CD,AREA, XMASS
/END / STOP, ISTOP
/EPOCH / DATE(S),XJDATE
/KEPLER / EL(6)
/PERTURB/ IDRAG, ILONG
/TESS / NMAX,MMAX

NAMELIST statements: /INPUT/ EL,IEL,STOP,ISTOP,PRINT,IPRINT,DATE,IDRAG,CD,
AREA ,XMASS, ITESS,NMAX ,MMAX , ILONG, IELPRT, IUNITS

Program data: Size = 301g (7931g) words compiled

FORTRAN Input/
variable Dimension Type output Units Description
AREA 1 DP I m2 Cross sectional surface area
of the satellite ‘valid only
if TDRAG > 1)
CcD L bp T - Drag cnefficient of the satel-
lite fvalid onlv if TDRAG > 1)
pATE® 5 DP 1 _— Calendar Jdate of epoech

DATF(1Y - vear
() day number
{3) hours
n minutes
5 seconds

L1 T I T 1]

qTo he implemented,

ORIGINAL PAGE IS
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FORTRAN

variable Dimension Type output

Input/

Units

Description

EL 6 DP

ENERGY 1 DP

IDRAG? 1 T

TEL 1 I

TELPRT 1 I

TLONG 1 T

276 be implemented.

170

see
appendix A

s¢e
appendix A

Initial conditions of the satel~-
lite given in Keplerian elements
or Cartesian coordinates; on
output it will contain the
Keplerian elements

EL(1)
(2}
()
(4)
(5)
(6)

or a
or e
or i
or M
or f!
or M

O B B

Total energv of the satellite;
Initially set to 0

Flag to determine if drag cal-
culations are to he included

0 no
1 yes

Flag to determine i the input
values of EL are given as
Keplerian elements or Cartesian
coordinates

1 Keplerian
2 Cartesian

i n

Flag to determine if the P3S
elements are to be included
with all output

0 no
1 yes

n

Flag to determine i the long
period terms are to be included

0 no {2 hody orbit)
l no AJP orbit)
? yes



FORTRAN
variable Dimension Type

Input/
output

Units

Description

IPRINT 1 I

ISTOP 1 I

IUNITS 1 I

MMaXE 1 T

NMAaX® 1 I

PRINT 1 Dp

RAD 1 DP

STOP 1 DP

TIME 1 PbF

I

days or
revs

rad/deg

days or
revs

hrs or
min or
sec

30t present only MMAX = 0 and NMAX

27

Flag to deter g if the inter-
mediate printcut is to be done
at a PRINT value of days or
revolutions

0 no intermediate printout
1 days
2 revolutions

H wu

Flag to determine if the STOP
condition 1s di.ys or revolutions

1 days
2 revolutions

Flag to determine what calcula-
tion constants are to be used

km,sec¢
nm, sec
ft,sec
m,sec
km,hr
nm, hr
E.r.,min

It w nowirnn
b A R BN g F L \N

Maximum number of tesseral terms
to be included (valid only if
ILONG s 1)

Maximum number of zonal terms

to be included (valid only if
TLONG s 1)

Increment at which the interme-
diate printout is desired (valid
only if IPRINT > 1)

w/ 180

Final stop value at which output
is desired

Physical time; initially set
to 0

are valid inputs.
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FORTRAN Input/

variable Dimension Type output linits Description
X 6 Dp 0 see Initial state vector
appendix A N
X(1) = X(3) = X
X(4) + X(6) = ¥
XMASS 1 DP I kg Initial mass of the satellite

28
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/ v NG

! RETURN

‘ BFTIN }

3

SET DEFAULTS
READ S$INPUT

|

PRINT $INPUT
CALL CONST

DEG. TO RAD.
CALL AEIXYZ

X(!):EL(()
1=1,6

TIME
ENERGY= O

}
&)

i

CALL XT3PS
CALL OUTPUT

1

INPUT |
"COR'S

Us'= INPUT
. ,

\

RETURN 1 ]

Figure 7.~ INPUT flow chart,

PAGT T

QUALITY
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3.3.6 OUTPUT (Subroutine)

Purpose: Print all desired output during the execution of the ASOP program;
it contains all output formats and does all unit conversions required
for output.

Calling sequence: CALL OUTPUT (IFORM)

Called by: INPUT, MAIN

Subroutines/functions used: XYZAEI

Named COMMON: /CARTC /  X(6),TIME,ENERGY,R
/CBASIC/  PI,TWO?I,DEG,RAD,DAY
/CPRINT/  PRINT,IP,TELPRT,IU
JEND /  STOP,ISTOP
/KEPLER/  XKEP(6)
/PS  /  SIG(W),RHO(L),TAU

Program data: Size = 5738 (379¢9) words compiled.
execution time = 28 milliseconds to 33 milliseconds depending
upon the value of IELPRT.

FORTRAN Input/
variable Dimension Type output Units Description
AET 5) DP - - Character array to accompany
the Keplerian element output
AETI(1Y = ' Ax?
{2y = ' E=!
(3) = ' Iz
{h) = 'OMEGA="'
(5Y = "NODE-="
(Y = M=
ANG 3 DP - - Character array to accompany
any angular output
ANG(1Y = 'DEG!
{?Y = 'RAD!
{3y - ! 1
(HECK 1 DP e - Energy cheek value
= (RHO(4) - ENFRGY)Y/RHOCU)
DAY 1 Dp 1 sec/day or Value tn convert Jdavs into
min/day or hours, minutes, or seconds,
hr/day

30



FORTRAN Tnpuls

variable Dimension Type output Units Description

DAYS 1 Dp - days Print value (DAYS = TIME/DAY)
DEG 1 DP I deg/rad 180/ 7

DST 7 DP - —_— Character array to accompany

any distance output.

DST(1) = 'KM!
(2) = ‘NMY
(3) = 'FT'
(4) = M !
(5) = 'KM!
{(6) = 'NM!
(7) = 'ER!
ENERGY 1 DP I - Total energy of the physical
system.
HMS 4 DP - - Character array to accompany

any time output.

HMS(1) = TDAYS:'
(2) = ' HRS:!
{3) = ' MIN:!
(4) = ' SEC:'
IA 3 I - - Charaater array of blanks and
asterisks (¥*)
IA(1) = %%t
(2) = 1 1
(3) = 1er
IELPRT 1 I [ - Flag to determine if the P3
elements ar~ to be printed
= 0 no
=1 yes
IFORM 1 I I - Flag to determine if the initial

or ffinal condition message is
to be printed

=1 initial condition measage

=2 nn message {inlermediate
print)

=3 final condition message

3 ORIGINAL PAGE 13
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FORTRAN Input/
variable Dimension Type output Units Deseription
IP 1 I T - Flag to determine what print
condition is heing uaed
= 1 days
= ? revolutions
ISTOP 1 I I - Flag to determine the final
stop condition
= 1 days
= 2 revolutions
U 1 1 I _— Pointer to the VEL and DST
arravs
IXP 1 I - - Pointer to the IA array
TFORM £ 3 » TIXP = TP
IFORM = 3 + IXP = TSTOP
REVS 1 DP — revs Total number of revolutions
predicted
= TAU/?7
RHO i DP I see PS elements P, * Py
RHO(1Y = P, RHO(3} = Pq
RHO{?} = p RHO(UY = p
2 h
8IG ] DP T sea PS elements a, *+ ),
S1G(1) = a, STG(RY = a,
SIG(?Y = v,  SIG(WY = i
TAU 1 DP T rad Tndependent variahle of the
PS elements set
TIME 1 DP I hrs or Phy=sical time
min or
sen
TWOPT i ne T rad o]
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FORTRAN Input/

variable Dimension Type output Units Degoription
VEL T DP - - Character array to accompany
any velocity output
VEL(1) = 'KM/S?
{2} = 'NM/S!
(3) = '"FT/3"
(4) = M/8
(5) = 'KM/H!
(6) = '"NM/H!
(7) = 'ER/M!
X 6 DP I see Cartesian state vector
appendix A N
X(1) » X(3) = ¥
X(4) + X(6) = ¥
XKEP 6 Dp I/0 see Keplerian slements
appendix A
XKEP(1) = a
(2) = e
(3) =1
(B = w
(5) = 8
() = M
4 ¥/ ) DP - - Character array to accompany
the Cartesian state vector X
XYZ{1) = v X=¢
(2) = ' ¥=!
(3) = ' Z=!
(b} = "W
(5) = "VY="'
(6) = 'yz=!
] O
T\A“ ? Y
0 ICIH -.I.L—'\-,-l
OF POUR L Qus
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BEGIN

A

CALL XYZAEI
IXP = IP

WRITE
INITAL
MESSAGE
WRITE
FINAL
MESSAGE
IPRINT =0 IXP = ISTCP
NO
3
RAD —= DEG
COMPUTE ¢ PRINT
REVS,
DAYS
CHECK
 PRINT
aelqu
Xyzxyz
PRINT
YES ARE A
6 %G
NO ¥

RETURN

Figure 8.~ OUTPUT flow chart.



3.3.7 POT J2 (Subroutine)

Purpose: Compute the potential due to the J, term of the central body
geopotential

Calling sequence: CALL POTJ2 (POT)

Called by: PSTOX, XTOPS

Subroutines/functions used: None

Named COMMON: /CARTC/ X(8),R
/KONST/ XMU, XMUT ,SQTMU, SQTMUI , EPS
/RPOOL/ X32,RI,R2I,R31L,XXX(20)

Program data: Size = U41g (334p) words compiled
execution time = <1 milliseconds

FORTRAN Input/
variable Dimension Type output Units Description
EPS 1 P I see =3/2 09, RP
< e
appendix A
POT 1 Dp 0 - Potential que to J2
R 1 DP I see Magnitude of the position
appendix A vector
R2I 1 DP - - 1/R%
R3I 1 DP - —— 1/R3
RI 1 DP —_ - 1/R
X 8 bp I see Cartewian state ventor
appendix A N
X(1) + X(3) = X
X4y » X(b6) = V
X(7) = time
X(8) = tolal energy
X 30 1 P - - - 2% = x(3)°

ORIGINAL PAGE IS
OF POOR QUALITY
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(eon )

—_—

COMPUTE:
Zz and
R KA R

,R’R

|COMPUTE:

L

VALUE OF THE
POTENTIAL

y

( RETURN

Figure 9.- POTJ2 flow chart,
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3.3.8 PSANS (Subroutine)

Purpose: Anclytical theory of the ASOP program; it contains only the short
period and the first order secular terms.

Calling sequzuce: CALL PSANS (NN)

Called by: ASOP, TIMEPS

Subroutines/functions used: None

Named COMMON: /CBASIC/  PI,TWOPI,DEG,RAD,DAY
JIPOOL /  IMARK
/KONST /  XMU,XMUI,SQTMU,SQTMUT,EPS
/JBS /  SIG(Y4),RHO(4),TAU
/PSANSV/  FACTOR(4),SIGINI(8)
/PSTIME/  CLO,FAKTPS,YYY

Equivalences: (LS,SIG(4)), (L,RHO(4)), (PHI,RHO(1)), (DSF(1),W(1}),
(D3B(1),W(5)), (81(1),GAM3(1)), (Y(1),6AM2{1)), (Q(1),GAM(1)),
(HC{1),DEL3(1)), (GC(1),DEL2{1)), (P(1),DEL(1))

Program data: Size = 1770g (10164g) words compiled
gxecution time = 1 millisecond

A description of the mathematical symbols used and their relationship to one
another is given in reference 6; a brief description can also be found in
Appendixes E and F. Therefore, only a brief mathematical description will be
given.

FORTRAN Input/
variable Dimenaion Type cutput Description
BS 1 DP - 1 - H/G
BY3 1 DP ~- 173
BYO i bP - 176
c 8 DP - 3¢ 30y, 3¢/ 3y, K = 1,2,3,4
N 1 bp -- +1 depending on the value of NN
COSFC? k Lp -- cos (A?1) (see appendix F)
cuskes i DP — 208 fﬂ%,) (see appendix F)
cs 1 DV - 146 + M (.8 % g3%) = small ‘e
DELA A DP - 351/3°k’ 38, opy, K = 1,2,3,4
) 9§ﬂ3¥315 3
CﬁUG&hhtJQBﬁJJTY



FORTRAN Input/

variable Dimension Type output Desaription

DEL2 8 DP - 352/30k, 352/3pk k= 1,2,3,4

DEL3 8 DP - 384/30,s 385/3py ¥ = 1,2,3,4

DELTA1 1 DP - 51

DELTA2 1 DP - 85

DELTA3 1 op - 53

DIFF2 1 DP - 0,0 = 0y

DIFF3 1 DP - p32 - 032

DSB ] DP —— ab/3g, k =1,2,3,4

DSF 4 DP - 3798y, k = 1,2,3,1

EPS 1 DP I e =3/2 (y I, B2

ET#1 1 DP - sin a4

ETA2 1 DP - sin 2g,

ETA3 1 DP - sin 3g,

FACTOR 4y DP - Derivatives of the DS Hamiltonian
and its.combinat%ons (A1, Ass A3
and Au in appendix F)

FAK 1 DP - (2)"3/2

FAKTPS 1 DP - Derivative of the DS Hamlltonian
(All in appendix F)

FS 1 DP - £

FS5Q 1 DP — £?

G 1 bP -— G

GAM1 8 DP — 3~h/agk, a-h/apk k =1,2,3,4

GAM2 8 DP -~ By2/aoks By2/8py, K = 112,34

GAM3 8 DP -~ 373/301(, 3y3/30y k =1,2,3,U

GAMMAI 1 DP -~

38
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FORTRAN Input/

variable Dimension Type output Description

GAMMAZ 1 DFP - YE

GAMMA3 1 DP - Y3

GC 8 DP - ac/ack, BG/Bpk k =1,2,3,4

GIN 1 DP - ¢!

GINSQ 1 DP - 62

CGM3H 1 DP -- G - 3H

GPH 1 DP — G+ H

GSQ 1 DP - G2

H 1 DP - H

HC 8 DP - dn/30,, 3H/3P, k= 1,2,3,4

HOG 1 DP - H/G

HSQ 1 DP — He

IMARK 1 I —— Flag determining if one or two
passes have been made
D = 1 pass; 1 = 2 passes

IQL 1 DP - VAYETH

L 1 DP - Py = Ug =L

LS 1 DP _.— Uu =L

NN 1 I - Flag determining if initializing
or computing
0 = initializing; 1 = compuling

P 8 DP - ap/BGk, ap/aﬂk k = 1,2,3,4

P5 ] bp —-— 1/2

PHI 1 DP - ¢ = Py = Og

PSSQRT 1 pP - Ves

Q 8 DP - quaak, aq/apk k = 1,2,3,1

39 ORIGINAL PAGR IS
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PORTRAN
variable

Dimension

QC
QCIN
QCsQ
Qcv
Qs

RHO

31

316G

SIGINI

SINFC2
SINFC3
SQTMU
SQTMUL
38
SUM2
SUM3
TAU

TWO3

WS

XMU

1

1

Type
DP
DP
DP
DP
DPp
DP
DP

bp

DP

DP

DP
DP
LpP
DP
DP
DP
DP
DP
DP
DP
Dp

bp

Input/
output Description
—— Q
_— Q"1
- Q2
-- aQ/30y, 8Q/8p, Kk = 1,2,3,4
—- q
I/O p.‘,..-,pu (See SIG)
- BS/BUK’ aS/Bpk k= 1,2,3,4
- Derivatives of the generating
function S1
- PERREY. note the location of
316 and RHO in COMMON, This
location makes the equivalence
p-] = 0'5:"‘)0“ = 0'8
0 The initial values of the g's
and p's
- sin (Agr) (see appendix F)
—— sin (ABT) (see appendix F)
I Vi
. um2
- !
2 2
- 1/2 (02 + p2 )
2 2
- 172
(03 + Ps )
1/Q0 independent variable ¢
- 2/3
- BW/BGK, BW/Bpk k = 1,2,3,“
-~ W
I u

40



variab) Input/

variable Dimension Type outputb Description

XMUT 1 DP I !

Y 8 DP - 9y/30y, 3y/3p, k = 1,2,3,4
Y3 1 Dp - y

ZET1 1 bp - Los g,

ZET2 1 Dp - cos 201

ZET3 1 Dp -= cos 3,

oriGINAL PAGE 19
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( BEGINW
SET:
IMARK = O
CN =1

/k\:{gs

NN = O/f 1
NO
SET: CN=-1 |
SOLVE EQUATIONS;
OoF MOTION FOR
| C sjnd P s j
COMPUTE:
SN and cos
. ] 9, c,' ) 30
s ———
L —
COMPUTE:
G,H;bsp,q
and T
[COMPUTE:
DS dervatives
of f,b and the
i namiltonian
/7 B T
& RETURN ,)

N e e

Figure 10,- PSANS flow chart.
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J A ;.‘

~

n

{thPUTE?- |

Q,5 and ¢

CLEAR f
| WORKING
LARRAY,PREA‘ i

COMPUTE!
81 3 8?. i 85
; and

I A AN A

[compuTE:
derivatives of :

. Q,s,c,6-3H,
."l 81 8_1_8:.1)1_ x:x

COMPUTE:
1 W,y and their.
_ derivatives

f ‘
CLEAR ;
WORKING
_ARRAY AREA |

,

B

Figure 10, Continued.

43 ORIGINAL PAGE IS
OF POOR QUALITY



COMPUTE:
derivatives of

G,H,pP,q

'

[ coMPUTE:
derivativs of
the generating
function S,

'

COMPUTE :’
a:and Psfrom

o:and Ps

RETURN

—_

YES

SAVE:

ot and Pl

SET:
[MARK |

5

Figure 10,~ Conlgluded .
a4



3.3.9 PSTOX (Subroutine)

Purpose: Transform the_P§_(Poincaré—Similar) elements into the Cartesian
coordinates (X,V). The subroutines will also compute the physical
time for the time iteration stopping procedure,

Calling sequence:

Called by: ASOP

Subroutines/functions used:

Named COMMON:

Program data:

/CARTC /
/KONST /
/P3 /
/PSTIME/
/RPOOL /

CALL PSTOX (ITIME)

POTJ2

%1,%X2,X3,V1,v2,V3, TIME, ENERGY ,R

XMU, XMUTI, SQTMU, SQTMUI, EPS

SIG(4),RHO(4),TAU

CLO,FAKPS,Q
SUM2,T2L,SQT2LT,C81G1,551G1, QCAP, ECOSPH, ESINPH, P,
ROP, EROOT , EMINPH,FAKT,GC, GCIN,RCAP, SUM3, X3R00T,RDOT,
RCAPDT, XXX(4)

Size = 363g (2U431p) words compiled
execution time = <1 millisecond

FORTRAN Input/
variable Dimension Type outnut Units Description
C51G1 1 DP —— —— cos 61
ECOSPH 1 DP - — E cos ¢
EMINPH 1 DP - —_— E~¢
ENERGY 1 DP 0 - total energy of the system
ERQOT 1 DP - -— ‘/apu p/u
ESINPH 1 DP - - E sin &
FAKT 1 DP - -~ (21,372
o P /2 (3.2 +p.7) =@
3C 1 DP -~ ~- 1 - Va0, + Py =
GCIN 1 DP - - el
I'TTME 1 E I - F.ag determining if only the

ORIGINAL PAGFE I¢
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physical time i3 to be computed

7 = no; 1 = yes

15



FORTRAN Input/

variable Dimension Type output Units Description
P 1 DP - dist. p (see section 2.2)
P5 1 DP - - 172
POT 1 DP I - Value of the Earth's potential
due to J
2
Q 1 )3 o - q (see section 2.2)
QCAP 1 DP - - Q (see section 2.2)
R 1 PP 0 see Magnitude of the position
appendix A vector
RCAP 1 bp - —-—— R (see section 2.2)
RCAPDT 1 DP - - dR/3t (see section 2.2)
RDOT 1 bp - -— Magnitude of the velocity
vector
RHO ] bP I - 01,...,Du
RI 1 DP ~ see Inverse magnitude of the
appendix A position vector
ROP 1 pp - - r/P (see section 2.2)
351G ] DP I —-— 01,...,0u
5QT2LI 1 DP - —— W/ ¥ 2L (see section 2.2}
SSIG1 i DP —_ - s2in 01
SUM2 i P - - 172 0,7+ 0,%)
2 2
- _— a
SUM3 1 DP 3 * 93
T2L 1 DP -- -- 20,
TIME 1 DP 0 time t
LA 1 np 0 Components of the velocily
a0 vector
Ve 1 DF 0 appendix
A V1 X component

V3 1 DP U Ve
V3

Y component
Z enmponent.

i@ o n
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FORTRAN Input/
variable Dimension Type output Units Description
X1 1 DP 0 Components of the position
see vactor
X2 1 DP 0 appendix
A A1 = X component
X3 1 DP 0 X2 = Y component
X3 = Z componant
2 2
X3RO0QT 1 DP - — Ug - g~ - Py /G
{see secgion 272)
XMU 1 Dp I see u
appendix A
XMUT I DP I see u'1
appendix A

uy
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BEGIN

CALCULATIONS
FOR
TIME

A

(ﬂ'mg:{‘ ES RETURN \.

=,

N B

COMPUTE s '

A N

COMPUTE:
e .——V _—
¥

CALL POTYZ

|

|

! ;
L -

)
COMPUTE: |
ENERGY |

Y
(/RETURN )

. -

Figure 11 .- PSTOX flow chart.
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3.3.10

TIMEPS (Subroutine)

Purpose:

Calling seguence:

Iteration procedure to stop the PS elements at a desired value of
the physical time.

Called by:

Subroutines/functions used:

A30OP

Named COMMON:

Program data:

/GARTC /
/CBASIC/
/KONST /
/PS /
/PSTIME/

CALL, TIMEPS (TFIN)

PSANS, PSTOX

X(6),TIME,ENERGY,R
PI,TWOPI,DEG,RAD,DAY

XMU, XMUT , SQTMU, SQTMUT , EPS
SIG(8),TAU

CLO,FAKT,QS

Size = 2028 (1301g9) words compiled

execution time =

b to 9 milliseconds depending upon the orbital

eccentricity.
FORTRAN Input/
variable Dimension Type output Units Description
CLO 1 DP I time Initial value of ay
DAY 1 DP I sea/day or Value to convert days into
min/day or hours, minutes, or seconds
hr/day
DAYS 1 Dp - days Total number of days elapsed
FAKT 1 Dp I - FAKTPS from PSANS = A, {see
appendix F)
IERR 1 I - - Error counter
TTEH I I - - Total number of ilerationas
allowed
QS i Dr I - 7 (see section 2.2)
R 1 DP I see Magnit.ade ot the position vertor
appendix A
TAl DP 0 rad New value af tre independent
variabio {4)
TFIN 1 DP 1 3a3¢ or Final fime desired for stopping
min or Lhe iterat:or
hra
TS
AL, ¥ -\-\
G WAL Y
OB‘; OOk Qul 9

-

Ot




FORTRAN Input/
variable Dimension Type output Units _ Description
TIME 1 DP I sec or Computed value of the physiecal
min or time
hrs
TOL 1 DP —— time Allowable TOLerance hetween
TFIN and TIME that will stop
the iteration
]TFIN - TIME]_E TOL
TWOPL 1 DP I rad 2n



BEGIN

COMPUTE: T,
SET.
ITER= O

\

COMPUTE:

RETURN

PRINT ERROR
MESSAGE
IERR = IERR + |

[ERRZ 7

PRINT
TERMINATION
MESSAGE
e AT
( RETURN ) ( STCP

F T — C~—e . T

Figure 12,~ TIMEPS flow chart.
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3.3.11 XTOPS (Subroutine)

Purpose: Transform the Cartqg%in goordinates (X,V) into the PS (Poincare-~
Similar} elements (u,p)

Calling sequence: CALL XTOPS

Called by: ASCP, INPUT

Subroutines/functions used: POTJ2

Named COMMON:

Equivalence:

Program data:

/CARTC/ X1,X2,X3,V1,V2,V3,TIME, ENERGY,R

/KONST/ ¥MU, XMUT, SQTMU, SQTMUT ,EPS

/P37 SIG(4),RHO(Y),TAU

/RPOOL/ G15Q,G25Q,SQT2LT ,ESINPH, ERQOT, EMINPH,SQTGHI ,GCIN,GCSQT,
SUM3,RCAP,C0S1G1,SIS1G1,SUM2,P,Q,QCAP,RDOT,ZCAR1,ZCAP2,
ECOSPH, XXX(3)

(HC,G3), (PHIC,RHO(1)), (LC,RHO(H4))

Size = 523y (3391gp) words compiled
execution time = <1 milliseconds

FORTRAN Input/
variable Dimension Type output Units Description
All equations are described in section 2.1
COSIGT DP - - cos (f1
ECOSPH DP - rad E cos &
EMINPH bP - rad E-d
EROOT pP - rad 1 - 20(9 - @)
ESINPH DpP - rad E sin ¢
_ igtl/ti - -
G1 DP diste/time YVZ ZVy = Gx
G18Q pp - —-— ze
G2 DP —— dist2/time 2ZV_ - XV_ = G
X A y
>
G25Q DP - - G "
Y
G3 DpP —— dist</time XVy - YUX = Gz
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FORTRAN Input/

variable Dimension Type output  Units Description
ae 1 DP -~ dist2/time G = \/Gx‘2 . c;y2 + G2
GCIN : DP ~~  time/dist? 1/G
GCSQ 1 DP — - G2
Gesar i P - - Ve
HC 1 DP -~ — H = G3
LC 1 DP 0  (dist/time)? L = p, = Og
P 1 DP -~ dist P (small p)
PHIC 1 DP 0 dist?/time % = P, = Og
POT 1 Dp I - Potential due to J2
Q 1 DP - - 172 (—-”— - G)
2L
QcAp 1 DP - - G
R 1 DP 0 see The magnitude of the position
appendix A vector (r)
RCAP 1 DP - - R
RDOT i DP - - dR/ 3t
RHO ! DP 0 ) P, + Py in RHO(1) + RHO(U)}
RI 1 pp - -- Inverse magnitude of the position

vector magnitude (1/r)

RS3Q 1 Dp - - ngar‘e of the position vector
(r)
SIG L] DP 0 see 01 + 01! in SIG(1) > SIG(W)
ref. 1
SIS161 1 Dp — o sin 7,
SQT2LI 1 DP - - W/ V2L

SQTGHI i pp - - ~\f2/(G + H)



FORTRAN Input/
variable Dimension Type output Units Desaription
SuM2 1 DP - dist2/time ¢ - G
SUM3 1 P - dist2/time 2{G - H)
TAU 1 DP 0 rad Independent variable; initially
set to zero {(0)
TIME 1 Dp I time Initial physical time
h
' 1 pp 0 Components of the veloecity
see vector
V2 1 pe 0 appendix
A V1 = X component
V3 1 DP D V2 = Y component
‘ V3 = Z component
X1 1 DP 0 Compenents of the position
See vector
X2 1 bp (U J appendix
X1 = X component
X3 1 Dp o] X2 = 1 component
- X3 = Z component
MU 1 DP I see H
appendix
iMUT 1 pP I A /1
ZCAP1 1 Dp — - z1
ZCAP2 1 oP - — Zs
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B_E_G-IN_&\)
<

[COMPUTE:
ANGULAR
MOMENTUM
VECTOR G‘
CALL POTJZ

rCOMPUTE

L 1-“-».. —_——

Y

-~

R YES [F'-NT
<’P<0/-h~—>~ E 3ROR
IMESSAGE )

FOR

CALCULAﬂONS

FOR
a

-

RETU™N
—_— e

Figure 13,~- XTOPS flow chart.
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3.3.12 XYZAEI {(Subroutine)

Purpose: Transform the Cartesian coordinates (i}?) into the Keplerian elements
(a,e,i,w,,M)

Calling sequence: CA4LL XYZARI

Called by: OUTPUT

Subroutines/functions used: None

Named COMMON: /CARTC / X1,%2,%3,v1,¥2,V3, TIME, ENERGY,R
/CBASIC/ PT,TWOPI,DEG,RAD,DAY
/KTPLER/ A,E,XI,OMEGA,XNODE, XM
/KONST / XMU, XMUT, SQTMU, SQTMUI , EPS
/RPOOL / ¥3Q,RRDOT, ECOSE, ESINE,P,H,WX,WY,WZ,EA,RCOSF,RSINF,
COSWF , SINWF, TEMP,RCOSL, RSINL, XXX(7)

Program data: Size = 306g (2621p) words compiled
execution time = <1 milliseconds
Considers only elliptiec motion

FORTRAN Input/
variable Dimension Type output Units Dgseription
A 1 DP 0] see Semimajor axis of the orbit
appendix A
COSWF 1 DP - - Cos (W + F)
W = argument of perigee
f = true anomaly
E | DP 0 — Urbit eccentricity (e)
EA 1 DP —_ rad Eccentric anomaly (E)
ECOSE 1 bp - rad E cos e
ESINE 1 DP - rad F sin e
H 1 DP - dist?/time Total angular momentum
OMEGA 1 Dp 0 rad Argument ofl periecenter (W)
P 1 DP - -- 1 - 92
k 1 DP 0 see Magnitude of Lhe position

appendix A vector
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FORTRAN [nput/

variable Dimension Type output Units - Description
RCOSF i DFP - same as R r cos f
f = true anomaly
r = R
hCOSL 1 pP - same as R r cos L
. = mean annmaly
r =« R
RRDOT 1 DP - see X v
appendix A
RSINF 1 DP - Same as R r sin f
r = R
f = true anomaly
RSINL 1 DE ~— same as R r sin I,
r =R
l. = mean anomaly
SINWF 1 DP - - sin {w + 1)
w = argument of perigee
f = true anomaly
V1 1 DP I Components of the velocity
See vector
Ve 1 DP T appendix
A V1 = X component
V3 1 DP ! V2 = Y component
V3 = Z component
VsQ i nP - see Magnitude of the ve%ocity
appendix A veclar, squared, (V)
WX i up - Components of the total
anguiar mormentam
WY 1 DP .~ dist?/time
WX = X component
WZ 1 Dy - WY = Y asmponent
W/ = Z componemnt

ORIGINAL PAGD IF
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FORTRAN Input/
variable Dimension Type output Units Descripcion
X1 1 DP I Components of the position
see vector
i2 1 DF I appendix
A X1 = X component
X3 1 DP I X2 = Y component
X3 = Z compopent
XM 1 DP o rad Mean anomaly
MU 1 DP I see Central body gravitational
appendix A constant (u).
LHODE 1 Dp 0 rad Argument of the ascending

58
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BEGIN

COMPUTE: |
r, ¥, Fev and
d, &
SET: i, w, 2, M=0
COMPUTE: P, H, ux, Hy. hz
YES 1 =
|1-JZ| > 1 W, =41
NO
Z
T -
] 4 YES o - 2z
wz 10 i tan m
z
NO
i
Wos 10 IER = tan"(—-&-)
¥ W
¥
NO
Con DI (1))
NC
COHPUTE: E, M

rcos f, rsia f,
cos of, sin .f

f
f

Figure 14,- XYZAE! flow chart.
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¥

1 sin
_ztan _L
cos .f

-tan” (SIn frcos F)

COMPUTE :
rsinlk, rcostL

N ] r sin LI L
M= tan® r cos L

RETURM

Page 2 of 2
Figure T4.- Concluded.
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3.4 LABELED COMMON:

Notation: R - Real variable }
I

- Integer variable Type
S - 3Single precision
D - Double precision Precision
/CARTC/
Type/
Logation Name Dimension precision Desoription
1-3 X 3 R/D Cartesian coordinates for the
position of the satellite;
XY,z
46 v 3 R/D Velocity vector of the satel-
lite; vx,vy,vz
7 TIME 1 R/D Elapsed time (hr, min, or
sec)
8 ENERGY 1 R/D Total orbital energy
9 R 1 R/D Magnitude of the position
vector

In subroutines: MAIN, AEIXYZ, ASOP, INPUT, OUTPUT,
POTJ2, PSTOX, TIMEPS, XTOPS, XYZAEI

/CBASIC/
Typa/
Location Name Dimension precision Description
1 PI 1 R/D T
2 TWOPI 1 R/D 2n
3 DEG 1 R/D /180
4 RAD 1 R/D 1807w
5 DAY 1 R/D Converts Jays into hours, min-

utes, or seconds

In subroutines: MAIN, ASOP, CONST, INPUT, OUTPUT, PSANS,
TIMEPS, XYZAEI

2 19
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/CPRINT/

Description

Type/
Location Name Dimension precision
1 PRINT 1 R/D
2 IPRINT 1 I
3 IELPRT 1 I
h IUNITS 1 I

In subroutines: MAIN, CONST, INPUT, QUTPUT

Input parameters, see secticn
4.,1.1

Description

Input parameters, see section
y.1.1

Description

Input parameters, see section
b1

Description

/DRAG/
Type/
Location Name Dimension precision
1 cD 1 R/D
2 AREA 1 R/D
3 AMASS 1 R/D
In subroutines: INPUI
/END/
Type/
Location Name Dimension precision
1 STOP 1 R/D
2 ISTQP 1 I
In subroutines: MAIN, INPUT, OUTPUT
/EPOCH/
Type/
Location Name Dimension precision
1-5 DATE 5 R/D
6 XJDATE 1 R/D

In subroutines: INPUT

Input parameter, see section
1.1

Julian date



/GEO/

Type/
Location Name Dimension precision Description
1 RE 1 R/D Equatorial radius of the cen-
tral body
2 cJz 1 R/D J., geopotential coefficient
o% the central body
In subroutines: CONST
/IPOQL/
Type/
Location Name Dimension precision Description
1-10 — I Temporary integer variables;
this COMMON block 13 used to
help save data storage within
the ASOP program.
In subrov*ines: PSANS
/KEPLER/
Type/
Location Name Dimension precision Descriptinn
1 A 1 R/D Semima jor axis of the orbit
(a)
2 E 1 R/D Eccentricity (e)
3 XI 1 R/D Orbital inclination to the
Fquateor (1)
b OMEua 1 R/D Argument of pericenter ()
£ XNODE 1 R/D Argument. of the ascending (%)
node
6 xM 1 R/ Mean anomaly (M)

In subroutines:

AEIXYZ, INPUT, QUTPUT, XYZAEI
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/KONST/

Type/
Location Name Dimension precision Description

1 MU 1 R/D Gravitational constant of
the central bady (l;

2 XMUI 1 R/D 1/u

3 SQTMU 1 R/D Vn

b SQTMUT 1 R/D v

5 EPS 1 R/D E = 3/2 4 J2 Rez where
J2 = dJ geopotential

coefficient

Re = Equatorial radius of

In subroutines: AElXYZ, CONST, POTJ2, PSANS,
PSTOX, TIMEPS, YTOP3, XYZAEI

the central brody

/PERTRB/
Type/
Location Name Dimension precision Description
1 IDRAG 1 I Input parameters, see sec-
tion #.1.1
2 TILONG 1 I
In subroutines: INPUT
/PS/
Type/
Loeation Name Dimension precision Description
1-4 SiG 4 R/D PS elements 01, 02, 03, dy
5-8 RHO 4 R/D P3 elements Dl, 02, P3, Py
Y TAU 1 R/D Independent variable of the

Tn subroutines: MAIN, ASOP, OUTPUT, PSANS, PSTOX,
TIMEPS, XTOPS
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/PST1IME/

Type-

Location Name Dimension precision Description

1 CLC 1 R/D Initial value of O, (set
when initializing, NEWX = 0)
2 FAKTPS 1 R/D aou/BT
3 Q 1 R/D q

In subroutines: ASOP, PSANS, PSTOY, TIMEPS

/RPOCL/
Type/

Location Name Dimension precision Description

1-24 —-— 2l R/D Temporary real variables;

In subroutines: AEIXYZ, POTJ2, PSANS, PSTOX,

XTOP3, XYZAEIL

this COMMON block iz used
to help save storage within
the ASOP program

Descrit " ~a

/TESS/
Type/
Location Name Dimension precision
1 NMAX 1 I,
2 MMAX 1 I’

In subroutines: CONST, INPUT

_uVKHNALPAGEIS
Q& POUR QUALITY; ”

Input paramete. .. dJee sec-

tion 4.1.1



4.0 USER'S GUIDE

This seotion ia intendsd to give the user all the information neoessary to oper-
ate the ASOP programs. Because the program is designed to operate in two modes
(stand-alone and subroutine package), sach mode of operation is described
separately.

The first part of this seation (section 4.1) will deseribe the general input
parameters and options available when using the stand-alone ASOP program. Also
described in this section are the standard default values and the typical con-
trol cards needed for exesuting the program 1i. the demand or the batch mode.
Finally some sample output 1s given to help the user if modifications are to

be made to the system,

Section 4.2 will deal with the ASOP subroutine package. This section will de-
scribe the necessary modules that are used within the package, as well as any
interface requirement that the user must be aware of if he is to include this
package in his own software. The input toc and output from the 130P subrou-
tine are also fully described in this section, as are the subroutines default
values,

4,1 INDEPENDENT PROGRAM

The ASOP program was designed as an interactive program capable of giving the
user fast, accurate anawers to Shuttle-type orbit problems., The program may
also be run in a bateh environment if a large number of cases must be
investigated.

There are two basic methods used to control the operation of the ASCP program;
flags and direct-user interaction. The flags are used to indicate the type

of data being entered and to select certain options within the program. Direct
interaction allows the user to check his data to insure accuracy before contin-
uing or to terminate the program.

Primary data input to the ASOP program is accomplished using the NAMELIST
Y$INPUT'. The necessary input variables and user responses to program gquestions
are described in section 4.1.1, and the program default values are described

in section 4,1.2. Section Y4.1.3 explains the printed output generated by the
ASOP program, Finally, sections 4.1.4 and 4.1.5 describe the instructions ne-
cessary to run the ASOP program and give an example of the resulting output.

4.1,1 Input Description

The NAMELIST is the primary method of getting data into the A3D® program., How-
ever, during normal operation, the user ls expected te interact with the program
by supplying additional information. After starting the ASOP program (see sec-
tion 4.1.4}), it will ask for the NAMELIST data with the statemen®

INPUT DATA USING NAMELIST '$INPUT!
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At this point, the user has three options:
a, To enter the NAMELIST data directly from the keyboard.

b, To add a data file containing the NAMELIST information using the @ADD com-
mand (ref., 5).

¢, To enter PEQF to terminate program exscution.

If option C is selected, the program will respond with
¥#*NORMAL PROGRAM TERMINATION®#*

and the program will stop. If option A or B is selected, then the program will
print out all the NAMELIST variables and their associated values (including de-
fault), as well as the initial conditions of the problem. The message

ENTER: C = CONTINUE; S = STOP

should then appear. Here, the user should check the input data and enter the
necessary letter. If a (€ 1s entered, the program will continue the execu-
tion as directed by the input. When the input stop condition is satisfied, the
program will again ask for data input as described earlier. The series of in-
structions can be repeated as often as necessary.

If an 3 is entered in response to the measage, then the program will respond
with *¥NORMAL PROGRAM TERMINATION**, The user may then make the necessary cor-
rections to the data and restart the program as described in scction 4.1.4.

Table T describes the input variables that may be used in the NAMELIST '$INPUT'.
Whether keying in the information or creating a data element, a H$INPUT must
be entered first where the }K represents one or wore spaces. Fach variable
entered must be precedet by one or more spaces, and if more than one variahle

is Lo appear on a line, they must be separated by a blank or 2 comma (,). To
terminate the NAMELIST input a }M$FND or ¥$ must be the last item entered.

(See ref. 7, pages f through 13, for a complete description of a NAMELIST
statement).

ORIGINAL PAGE 18
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Variable Type

EL DP
IEL I
STOP DP
ISTOP I
PRINT DP

dpefault value.

TABLE [.- NAMELIST INPUT VARLABLES

No. of inputs
required

Description and
available options

6

68

Must be supplied by the user. Can be
given ae Cartesian coordinates or
Keplerian elemsnts as determined by
the flag IbL

EL (i) =X or a
EL (2) =Y or e
BL (3) =2 or i
EL (4) = i or
EL (5) =Y or 0
EL (6) = 2 or M

All angular input is given in degrees.
All other values must correspond to
the option specified by the flag
TUNITS.

Flag determining the type of initial
conditions input.

Keplerian elements®
Cartesian coordinates

1

i o

Final condition that must be satisfied
in order to sbop program execution
nermally

Flag that specifies the type of STOP
condition

1
2

STOFP in days
STOP in revolutions®

u n

Increment for the printed output.

A value is not needed if TPRINT is
set to 0. PRINT = 0,0 is a valid

entry.



TABLE I.- Continued

No. of inputs Description and
Variable Type required available options
IPRINT I 1 Flag that specifies the PRINT increment.

No PRINT increment®

1 PRINT is days

U n

2 = PRINT is revolutions

DATEb DP 6 Date of epsch given as a calendar
date of the form
Day, month, year, hours, minutes,
seconds
{to be implemented)

IDRAGP I 1 Flag that specifies if the drag equa-
tions are to be included in the
computabion

OzNoa
1 = Yes
{tc be implemented)

AREAb bp i Frontal surface area of the satsllite,
A value is not needed if TIDRAG 1is
set to O
(to be implemented)

xMASS® DP 1 Tota. mass of the satellite. A value
is not needed if IDRAG is set to O
(to be implemented)

ILONG I 1 Flag that specifies the type of poten-
tial terws to be included in the
computations

N = None (two-body orbit)

1 = Jd,, short perlod, and first
ogder secular terms

2 = J,, long perled, ang higher

ofder secular terms

§Derault value.
To be implemented. Current values set to zero.

69
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TABLE 1.~ Concluded

No. of inputs

Variable Type required
NMAX I 1
MMAX I 1
IELPRT I 1
TUNITS I 1

a
Default value.

70

Description and
available options

Total number of zonal terms to be in-
cluded by the geopotential model; a
value is needed only if ILONG is
set to 2 (to be implemented).

Total number of tesseral terms to be
ineluded by the geopotential model;
a value is needed only if ILONG is
seb bo 2 (to be implemented).

Flag to determine if the PS elements
are to be included with all printout.

0 = No®
1 = Yes

Flag that specifisr "he units of the
input data and se the appropri-
ate physical const

1 = km, sec®
2 = nm, sec

3 = ft, sec

4 = m, sec

5 = km, hr

6 = nm, hr

7 = E.r., min



4,1.2 Default Values

To help shorten the number of data values that must be supplied by the user,
the ASOP program assumes cer.ain default values for those variables not expli-
citly mentioned on the input NAMELIST., These default values are listed in ta-
ble II and a description of the variables can be found in section B.1.1. Any
variable not listed in table II must be specified by the user.

TABLE II.- DEFAULT NAMELIST VALUES

Variable Default value
TPL 1
.TOP 100.0
ISTOP 2
PRINT 0.0
IPRINT 0
IDRAGE Q
AREA® 0.0
cp@ 0.0
XMASSE 0.0
ILONG 1
NMAX® 2
MMAXS 0
IELPRT 0
IUNITS 1

ATn be implemented.

5 1S
ORIGINAL PAGE
OF POOR QUALITYI

71



.1.3 Output Desoription

After the ASOP program has been started with the command

€XQT *NUMEG.ASOP-PROG

and the input data has been added, the program will print out all of the

NAMELIST variables as shown in figure 1% and the initial conditions shown
in figure 16.

SINPUT
ik, oy = - 3272688610000000000+004, .5737872519999399
.|- N
! 0004001 .000D0000000DBYOO0LD+DNG, ~.67THT75910000000
E g n
.3910253019995999990+001, . 0OLOB000EENE0000
EOD+000
1EL = +2
310P = . 100088000000000000D+003
= =
PRINT - = _§0000uﬁ000009600000+69‘
v H -
JIRTE = £)3000C00000000300D+000, . DDODOOOOIOOOBOOD
+ Ed
. 0700r00600N00NEOD+O00, . OOGABEDBEONGEOON
OO0 +00E,
.008800000000000000D+06G
IDRAL = +0
ARER = .0000050000000000000+200
0 = 1 080000000060E0E00AD+0ER
HMASS = [ G00000C000H00000000+080
ILONG = 1
MR = 2
MME = +8
IELPRT = +1
ILNJTE = +1
$END

Figure 15.- NAMELIST data output format.

e e w4 i G e et e b S s AL AL e A M E o B s e e e e e o R R S0 e e M e ek s e b e o e B R e e e M e e MG e me e R A s PRI

INIT I thDI]IlNC

DAYE: 0. 0PANGES | REWE 0. 0000800 e | CHECK: =1, 0ROONNC 00
- . o — e PR — + —_— P — . b _1 - WE At o — [P —
Mo 6 w39IILIE04 KM E.1.4ar 02 boix GGDOO DE%
llf‘l[:l:H- ATA LN [MEf3 'NLPC = l‘l-nll.tl ITFl | Mo 19 83503 [
3 - D3 M CoOBELTATT.RA0 M 0 2o 0. 0000030 Lh
Tprp—: ESLRE LMt wie 3LOTR 0 ne0n | Mes YIS 0 000600 I MeE
PEOLLTMENT S , L _
IRTIHELM 0BT - 1RTIO0INIANT L 000nannn CBYIIULAR+00]
L, BT AN H‘l’ll“'”ul S TATIAT T r R R R RN TV I
li‘.‘::'HT-‘f”': | CONTIRNIE, % I

Figure 16.- Initial condition format.

After the initial conditions have been diaplayed, the program will walt for the
user to check the input parameters. 5ome checks that can be made are
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a. CHECK value should be -~1.0000000+00.
b. DAYS and REVS should be 0.0000000,

e, A double asterisk (#¥) will appear zrcc- the oufput condition that is being
satisfied, i.e., after the DAYS or the REVS value. This will agree with
input value of IPRINT or ISTOP,

d. Are the initial conditions (a, e, 1, sto.) the Jdesired values?

e. Are the wnits correct (km, km/s, ets.)?

DOnoe the user is satisfied that the printed initial conditions are the ones
needed, a C should be entered. When the C is entered, the program will

continue execution and print out information as specified by the input
parameters, i,e., STOP, ISTOP, PRINT AND IPRINT (figure 17).

NENTER: Z = CONTINUE; © = STOP

sl
DRYS: 2. 1433I9E8+00 | RE%S: 0090@00+91 *}‘IHEEV W, 9200388~
____________________ .,._...-____+__________...4“, i i e e s
H=z 6.6393637+03 KM ] = “91”"0“ g2 [ .00000
OMELDA= 3259 52845 DEE INODE= [¥1als]a]s] [rG | M=o ey
= 2_.23173764+0. Wz BLOETOHTTI02 EM I J: 0. ﬁOUﬂQOU
=~7.0302476 A A000T+00 FMAS)) Q_00000a0
E 2
SeETIYW 2+ 001 relolslelstelelel L2TZ10524 00
JEE H*Oﬁl UUOGJUUU .2?7?“:h"0ﬂ
FINAL IHNHITIHN’
| RENTG: 1 (000930+0’ **'PHEII W. S0 0
mmmmmmmmmm ..._..‘...,-._..1-,..‘4_,...... PR T — .‘..___..__+.,..,_. — o w [EN—
My ] f -2 I %‘1 -0 | II DDGQO
LE I NCIRE EUGOU NEG !V M= 341,
<M ! Y . 1VIHALI+AT KM 1 2= Q"UOOGGGH
~ M | Z2OVHTHALLA00 BRIV E s D_o000a0na00
240 Lagnoenng EbM ﬁ”l‘+0w

']ﬂ ﬁOﬂUDGUO m;“l.ﬁ. liﬂﬂ

Plgure 17.- Intermediate and final ouveput format.
In general, all output is clearly labeled, byt some terms should be explained
further.
DAYS: Total number of days elapsed aipnce the atarting epoch,
REVS: Total number of revolutions completed,
CHECK; Value indlcating the accuracy of the analytical theory; although

this value is necessary as a check on the theory, it 1s not a
sufficient check.
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PS ELEMENTS: The Poincaré-Similar elements listed as
o o a o]
1 2 3 Yy

P P

1 P2 P3Py

Double asterisk (*#*): 1Indicates the stopping condition being satisfied;
this flag will move bebtween the DAYS and REVS
value as needed.

4.1.4 Run Setup (Control Cards)

The ASOP program is written in standard FORTRAN V and designed to run on the
NASA/JSC UNIVAC 1110 computer using the EXEC-8 operating system., All the re-
locatable and executable elements are on the file FM6-NOBS569*NUMEG. ASOP may
be executed by entering the following for demand operation.

a. BQUAL ¥»6-N08569

b. @A3G,A *NUMEG.

7. @XQT *NUMEG.ASOP-PROG

d. Add input data

e. Enter the letter C or S (see section 4.1.3)

f. BBEOF or go to step d.

g. @EFIN

If run in a batch mode, the following input cards are nheeded.

a. B8QUAL FM6-N08569

b. BASG,A ¥NUMEG.

c. EXQT *NUMEG.ASOP-PROG

d. Add data file or data cards

g. 'CT

f. Hepeat insbtructions d and ¢ as often as recessary.

g- B@EDF

h. BFIN
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In this sectlon, a sample computer ruh is reproduced for a typloal Shuttle-
type orbit. The orbit hes heen predicted for 100 revoiutions (= 6.3 days) with
the oubpnt given every three days,

This example is intended bo Familimrize the user with the formabt of the ASOP

output and te illustrate vhe use of the various input options discussed in seo-
tion 4.1,1. A full desaription of bhe output is given in .ection 4.1.3.

Initial paramgters

Semimajor axis (a) 6699,3532 km (1.05 ER)
Eaocentricity (e) . 001

Inoclination (1) 30 degrees

Argument of perigee (w) 18 degrees

Argument of the ascending node (f}) 20 degress

Mean anomaly {M) 22 degrees

Input parameters under the NAMELIST $INPUT

$INPUT

EL(1) z 3542,07055
BL(2) = 5256, 17658
BL(3) = 2152.20751
EL(Y) = -6.41478310
EL(5) = 3.11545050
EL(6) = 2,95692882
IEL =2

STOP = 100.0
ISTOP =2

PRINT = 3.0

IPRINT =1

ILONG =

NMAX = 2

MMAX =0

IELPRT = 1

IONITS = 1

$END

ORIGINAL PAGE IS
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Sample computer run,

KKST ¥NMNUMES, ASOR-PROG
UT DATA USING MAMELIST ‘'$INPUT'

>¥R00 S.DATA-ASOP2
> $TOP = 180
5 1sTnP = 2
5 PRINT = 3,000
> IPRINT = 1
> $END
$INFUT
9§E oo, © . 3E42070549999999990+084, .E26617057999553%
S5+00%,
930+051 .216220751000000000D+004, - EH14TEIBIINIGHGD
vaat,
.31154506500000000000+001 , 2ETAA28820036000
00D+001
1EL = +2
370P = . 100000800000000000D+00 7
1STDP = +2
?fé?;f z _3ano@?oomoaﬁeoaoeno+emt
R = +
agngao = . 0000CBEHOREOMN000ED+00D, . 000008000000C0E0
+ < .
000+000 .000000000000000N0OD+000, . EADBCOBO00000E 0D
’ . 000R0EO00NBOC0EROOD+00D
IDRAG = +0
AREA = . 600000200000000500D+000
) = 1078006:30000000000D+000
%MASS =  EE0002020060C00000D+060
ILONG = +}
NMAY = +2
MMAY = +0
IEL.PRT = +)
IURLTS = +1
$END
INITIAL CONDEITIONS
RLYS: 0.0000000 w4 | REVS: O.000OOD0 | CHE - 1. 0000000+00
——a-.-.‘....._'-——-n-wr---—...mn..._-_-..—.,‘,.......',__...l«-...__.-..—.»,..‘..__ — - ——— _.—+.—.-.,——--- Nl —— - —
Az 6_6772032+0% KW 1 Fz 9, @900aan-04 [ 1= 70 gonna DEG
N AR T I DEG MODE S 0. 00r00 NEG | M- ' QTGS DF 5
N L B = 6. rGEL Do+03 b 1 7o 2_1czanfr+oz;:
»f:aul?xne S1ER0 KHASt Vo= 3 1IERECIANA FH S YT 3 BALL AR |t G
S5 ELEMENTS
SLONTENN 00T E3TAV4TN-RNZ - MRIHESITI00Z B53TIPTEINNG
CETETERDIGTT CERLETTH -0A] L LI0NFNGTROGT T DOTe I IR0
VHEC. f = CUNTIHNE. & - STOP
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Sample computer run.- Concluded

ENTER- £ = CONTINUE; § = STOP

0
BAYA- 3, neaooam+ae #+ | REVS: %.7E822537+01 ’PHECF 1 00” 10? Pf
e m e e —— e
A= 6. quﬂz01+01 KH ! E - 9 oﬂ"lEto o' !
OMECA= 29& 0Q1%h DEL PNODE - 3tn INLa0 DEG ¢
LJ7ARIE0+QL KM ) Y 'F°17T+ﬁ3 rM
2 77 n.~Fn+on LMsEE N A3 -UD EMeR
F E'FHLNT
30601AN9+003 L1432s L4} .EQHn’rFI 001
Slnn&ﬂ63+0ﬁ' LB9E Sy 1 1};h11 +003
3000000+00 ww b PFWE: lrf“e +01 VCHE
__________________ '”‘ [ ) [ Ty _-.,‘_,P....‘.. - . . -
6. 6”4%8?C+Cﬁ kM | = ”1”H?0? o [ L < ao1*< LEJ.
ton_ 73237 DFb I MODE = 336.?1553 PDEG ' M= 3h_Brntd FEL
—3 4707516+Q3 ! Yz B, 3LELLIO403 KM b Zx 2 O7tAl P03 b
-6, 4 1GHTeH+00 hH/Ci Wy ow2 QUZ2ROar+Q0 KM SYZ=-3 07 DT L0 KT
PS5 cLEHENtH
.59392062+0023 -, 3367INEI~001  4T7HEI4O1+002 T 1gM4OBTSHO0H
S1e76523+005 . 941E3e88-0061 IOTEEY1T+083 | 297494204000
FiNAL CONDITIONS .
MYVE: 6. I0WTE94+00 PREVS: 1. 009000402 e ICHECE: 1.0C%434{-Ck
__________________________ +-.-—_..._..—._-....___._._ S .-.,,.....'..—-‘..__.__‘..—“.- . i
E.BIEHERI+0T KM 8 [ b= 20 9veRg DED
N3 13712 DEG {NGDE: ! Mz AT, 1ETUR DEn
5 nindﬁll+a? KM N 7t boFe BUAZZVCNTHQE B
[ ¥l Yy Th 4 0+00 FH/ Iwz: KON WL SR SR TR N W

.‘.!?5t0H+GG£ - ZOSLE Hr -ACg S 1uTEAlT+000 Lol e N ”'q+0Pm
,B.L€H5?f+nrr LI ST 4u‘i 1U"ﬁl“4f(0 LT RN TH- P e

INLTT NAaTA 1= ING NHHFIT T '1TNFUI‘
S E
Lo CHIEMAL PROGRAM TEFMINHITOD oo

ORICINAT. PAGE I8
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in the intsrectlive pods, the progrem solieiis input date with ths nsssagss!
a., INPUT DATA USING NAMELISL '$INPUT!
b. ENTER: € = GONTINUE; 8 = STOP

In babeh mode, the date input must be followsd by one ocard contelning the letter
€% ag ghown in the following examples:

Example (1) Example (2)

ASINPUT #2090 tilename.data element

neceasary data cards changes to data elemsnt
{ses seation 4.1.1)} {(if gny)

HEEND H$END

G c

5L °UT @ADD filename.data element
ebte. eto.

@EQF gEOF

8FIN GFIN

(¥ is a blank that must be included)

4.2 SUBROUTINE PACKAGE

Along with the ASOP stand-alone program, thare is a subroutine package that
may be incturded in the user's software., This package 1s in the form of a
relocatahle 2lement and is locafted in FM6-NQBRGEQO¥NUMEG.ABOP-SUB. Tbs opsra-
Lion is identleal with any user-written subroutine.

This section will deseribe tha information needed by the user to insure proper
insertion and operatlon of the ASOP package within the user's software.

8The card containing the letter C may be replaced by just a blank card.
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b.2.1 Reguired Subroubines

The ASQP subroutine package consists of seven subroutines. These are a driver
subroutine (ASOP) that conmbtrols the basie logic of the package and six general
subroutines that perform the functions necessary to the anmalybleal btheory.
These subroutines are

ASQP Dpiver subroutine

CONST Planebary and mathematical censtants

POTJI2 Determines Jp pobential

PBANS PS analybical btheory

P8TOX Transformation subroutine:PS elements
to Cartesian coordinates

TIMEPS  Time iterabion stopping procedure

XTOPS Transformation subroutlne:rGartesian
coordinates to PS elements

The subroutines listed above amse fully despribed in gection 3.3, and a diagram
of the data flow between these subroutines can be found in appendix G.

To help the user add these subroutines to his own software, a reloecatzble ele-
ment has been formed that ineludes all the above subroutines. Therefore, the
user needs only to include the element

FM6-NOB56I*NUMEG . ASOP-3UB
when forming an executable element,

4.2.2 Interface Requirement

To access the ASOP subroutine package, the programer must use the FORTRAN
5 rvanent '

CALL #SOP (X,STOP,ISTOP,NEWX)

4 full desoription of the argument list variables can be found in sections
4,2.3 and 3.3.3. Also, the user must initiallze certain COMMON block variables
before entering the ASOP subroutine,

Table IIL gilves a list of Lhe variables that must be initialized prior tn calling
the ASOP subroutine and the COMMON blook in which the variables are located, A
nomplete descripblon of the variables and their allowed valugs can be [ound in
sentlon §.1.1.

ORTGINAL PAGE IS
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TAELE III.-~ COMMON BLOCE INITIALIZATION

COMMON Default

Variable bloak value(s) Page
IUNITS CPRINT } 61
cp? DRAG 0,0 61
AREA? DRAG 0.0 61
XMABSA DRAG 0.0 B1
ILONG PERTRB i 63
DATE? EPOCH 5%0.0 61
XJDATE? EPOCH 0.0 61
NMAX® TESS 2 64
MMAX® TESS 0 B4

410 be implemented.

4,2.3 Inpubt/Output Description

The argument list fo the ASOP subroubtine consists of four arguments given
in the following order.

CALL ASOP (X,STOP,ISTOP,NEWX)
On input the variables are

X An array of elght elements corresponding to the initial state vector
in the Pollowing order:

X{1): X position
X{2): Y position
X{(3): 2 position
X(M): X velocity component
¥(5): Y velocity component
%(6): Z veloelty component

X{7): Physical time (set to zero)
X(8): Total energy (set to zero)
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STOP  Stop value desired; it may be given in days or revolutions.

ISTOP Plag determining whether the value given to STOP is in days (ISTQP
= 1) or revolutions (ISTOP = 2).

NEWX PFlag determining if the ASOP subroutine is to be initialized
NO = 0; Y88 = 1

The initializabtion process must be done whenever new initial
aonditions are entered.

WARNING: A number must not be used in this pesition of the argument list.
Assign the desired value to a variable, and use the variable in the
argument list. If a number is used in this position instead of a
variable, unpredictable results may ocecur.

Input to the ASOP program is also dohe by means of COMMON blocks, These COMMON
block input variables control the inberpal operation of the ASOP subroutine
package and should not be ghanged onee the subroutine has been initialized.

Table ITII (section 4.2.2) gives a complete list of the variables thab must be
initialized and gives their default values.

On output the variables are

X  An array of eight elements corresponding to the final stake vecbor

" at the given value of STOP. The order is the same as for input. IT
the value of STOP was given in days (ISTOP = 1), then the value of
X(7) will be an approximate value of STOP given in the time units
specified by TUNITS,

3T0P
Unchanged from the input values.
ISTOP

NEWX  Set to zero (0) upon return From the ASOP subroutine; tharefore,
a variable name should always ococupy this position in the argu-
ment list., Otherwise, unpredictable results may ogocur.

= gw I8
GTAL PAG
b poor QuALTY
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AVAILABLE UNITS AND PHYSIGAL CONSTANTS

Within the ASQP program, there are a number of options for the inpub umibs.
The compatibiliby of theé Input values with the selected physical aonstants
g the responsibility of the user and is controlled by the input flag TUNITS.
The followlngsconstants are listed in order according to the value assigned
to IUNITS. If no value for IUNITS is explicitly given, then 1 is assumed.

R_ = Barth radius {equatorial)

a
= 6378.140 km (1 NITS = 1,5)
= 3443.920 nm (LUNITS = 2,6)
= 2,092566 x 107 £t (TONITS = 3)
= 6.378140 x 10% m (IUNITS = 4)
= 1.0 E.r. (IUNITS = 7)

B = Gravitational congtant of the Earth

- 3,986013 x 10° km3/se0® (TUNTTS = 1)
= 6.275029 x 10" nm3/ sea’ (TUNTTS = 2)
= 1.407647 % 1016 £t3/ 5802 (INITs = )
= 3.986013 x 10" w/sec (TUNTTS = 1)
= 5.165873 x 102 knS/br® (TUNITS = 5)
- 8.132438 x 10 ey (IUNITS = 6)
= 5.530032 x 1073 E.r.3/min®  (IUNTTS = 7)
DAY = Time conversion

= B.64 x 10" gee/day (IUNITS = 1,2,3,%)

= 1.0 x 103 min/day (LUNITS = T)

= 2,40 % 10) hr/day  (TUNLTS = 5,6)

ORIGINAYL PAGE IS
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#l

J2 coeffioient of the Earth's gsopotential

1,082637 x 1075

(2]
1n

BRS = 3/2 (y J, R)

m
b H

PI = 3.14159 26535 898

=
"

If Keplerian elements are input (IEL = 1), then The semimajor axis must be

inpuk in a distance compabtible with the selected value of TUNITS, i.e., if

LUNITS = 2, then EL(1) must be given in nautiocal miles; if IUNITS = 4, then
EL(1) must be in meters, ete. All angles must be given in degrees,

For Cartesian coordinates, the input unit must be

IUNITS BL(1) » BL(3) EL(4) 5 BL(6)
1 km km/sec
2 nm nm/ sea
3 big ft/ses
4 m m/seaq
5 lem km/hr
6 nm nm/hr
7 E.r E.r/min

A1l computations within ASOP are done using the input units.
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APPUNDIX B

REQUIRED CONTROL GARDS

T

2,

>8QUAL FMB-NDB569

>EA5G, & *NUMEG.

>8XQT *NUMEG . ASOP-PROG

INPUT DATA USING NAMBELIST '$INPUT!

>¥SINPOT . »@ADD filename.element name
> Input the necessary correstion

Necessary input parameters; | .
if needed,

see seetion 4.7.7. A1l
paramebers must be preceded
by at least one gpace.

> BEND >BHEND
Inibial output

ENTER: C = CONTINUE; S = SPOP
>

If an S is entered in response to the prompt 's', then the message
*%NORMAL PROGRAM TERMINATION®** ghould appear.

If a C is entered, the program will printout the desired information,
and the sequence will begin again at lipe 4.

>@EOR
*¥NORMAL PROGRAM TERMINATION*

>
¥

system prompt;
nenessary space

ORIGINAL PAGE I3
OF POOR QUALITY
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APPENDIX G

ASOP DEFAULT VALUES

IEL = 1 (Keplerian elementa)
EL = None; must be input by user
STOP = 100.0DO
ISTOP = 2 (STOP value is in revolutions)
PRINT = 0.0DO
IPRINT = 0 (No printout; PRINT value ignored)
IDRAG® = 0 (No drag terms desired)
AREA® = 0.0DO
co® = 0.0DO
xMas8™ = 0.0D0
ILONG = 1 (J2 and she period secgular terms)
NMAX® = 2 (Include J2,0 zonal term)
MMAX® = 0 (No tesseral terms)
IELPRT = 0 (Do not print PS elements)
IWNITS = 1 (Input and output values are given as
distance = kn
velooity = km/sec
time = day
angles = deg)

%o be {mplemented.
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AYPENDIX D

SUBROUTINE CYGLE TIMES AND STORAGE REQUIREMENTS

ALl times refer to the execubion of a PORTRAN V program on a DNIVAC 11710-BXEC 8

gystem.
FORTRAN compiler:
MAP processor
Subroutine Cyale
name times, ms

MAIN 831 o U2
ABIXYZ <1

As0PP 2 to 11
consr® <

INPUT -

OUTPUT 28 to 33
poTI2P <

PSANS? 1

P&TOXP <i
TIMEPS® Y to 9
xrops® <1

XYZAEI <1

Toials

ABOP program

ASOP subroutine package

a

b

BOBE3

: 27.1 BLT1-3

Storage requirements, words

87

Ootal Degimal
145 101
356 238
134 92
207 135
272 186
502 326
41 33
1773 1019
360 240
202 130
540 352
406 262
60u7 EXRN
3721 2001

Does not include the time required for 4. 1 input.
AS0P subroutine package programs.

' AGE 1§
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The oyale times shown are the total times needed “y the module to return an
answar after it is oslled. Therefore, If a module must oall a subroutine,
then the time shown for that wodule 1s the sxecution time needed by the module
and the subroutine called.

Example: The bime of 2 to 11 milliseconds given for the ASOP subroutine
im the bime required by the module to

&. Accept the input data

b. Transform the input data into the PS elements (6all XTOPS)

¢, Initialize the analyhical theory and set the neceasary aonsbants
(call PSANS and CONST)

d. Compute the new PS elements (pall PSANS)

e. Transform the new PS8 elements back into the Cartesian acordinates
(call PSTOX)

f. Return to the ealling routine
Values given for the storage reguirements of the individual subroutines are
values returned by the FORTRAN compiler when forming a relocabtable element.

The final, executable program will require more space because of the system
llbrary modules that must also be included.
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APPENDIX E

GENBRAL VARIABLE ABBREVIATIONS AND DEFINITIONS

P3 elemenis:

Coordingbes Tqs Ta gy ay
(Noke: Gg = pqs Gg = Pgy Jg = pgs Og = py)

MQ@@Q&@ Pqr Py 93! £
Independent variable v (frue anomaly)

P8 Hamilbonian:

e
r
E#.+~—-V

P = Py p\JEE; )

where =06 =~ 1/2 ¢ + ! , and V 1is the psrturbing pobential.
2 2L

D8 elements:

¢ = true ahomaly

g = argument of perigee

o
n

argument of the asgending mode

time slement

o]
"

$ = conjugats to 4, related to the two-body energy
0 = tobtrl angular momsnbum

H = Z compongnt of the angular momentum

L. = total ensrgy (two body plus perturbing potential)

{Note: For a complete description of the relationship between the DS and
the PS slements, see reference 2.)
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Cartesisn_coordinabes:

(Xy Lo ¥z) = position vector

o
[

i

velaeity vecbor

b}
1

magnitude of the position vecbor

o
(18

: physiecal time

Eeplerian elements:

a = semimajor axis

g = eccentriciby

i = innlipakion bto bthe equatbor

w = argument of pericenter

@ = argument of the ascending node
M = mean anomaly

Planebtary variables: (see appendix A for the numerical values used)

Re = egquatorial radius
y = gravitational oconstant
Gensral:
km = kilometers min = minutes
nn = nautbiocal miles reid = radians
e = feat deg = degrees
m = maters L = Ltime
E.r. = Barth radius + = denotes a vecbor as X

seq = seconds

b = hours
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APPENDIX P

EQUATIONS OF THE ANALYTICAL THEGRY

A gomplete first ordsr solubtion for the motion of & satslliie parturbad by o-~

latenass has been developsd (ref., 2). A briefl outline was given in refaerencs
6 and 1s reproduced in this appendix.

The Heamiltonian for the J2 perturbed ocess can he written as

H
FPep, =« =4+ EF
LRVETN !

Y

%3 2 11
F.] = 1/p (F) - *;l
]

2

whers

and

e = 3/2 J2 U R,

R. is the mean equatorial radius of the oantral bedy; u is the gravitational
odénatant of the central body, and 32 is the J2 oblateness coaflicient.

The differential equations are solved by a method of Von-Zeipnl. The elements
undergo a canonical tranalformation through a determining function 8. so that
the short periodic terms are eliminated from the Hamiltonian. The equations

of motlon in the transformed system ©' may then ba solved with an accuracy
of ordar e.

The solution algorithm can be divided into three steps:

a. Canonical transformation to eliminate the short periodie terms:

334
¢ = 3
Tv,0 * %, 0" ¢ 30w D(Uo’ Pg’
351
l - —~
pK:O ® pk,D - auk 0(0,0, FJO)
i

LI 11?:31“
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Bb. The analytioal integration of the transformed squabions of moblan:

n

U%,D + AWT

5
1
Uy = G4 o o8 (A1) - P} o 8in (AjT)
!
3

gl = crg,u 4os (ABTT - pé’o sin CR3T)-
P1=Pl0
ph = Dé,o oo8 (AET) + Uégo ain (ag'r)

P3 = Pg g 908 (A7) + 0L 4 sin (A7)

- Phy o

™
e
]

6., The back transformation:

351
O =0} - € m!(c',p'}
7 981
pk = pf( + € '-""5‘6'—'1"{'(0-13‘)!)
k= 112:3!1l
If one defines
351
8 T ——
Tk Bcrk
then
1 2wy G
wherg
Q
W = -
2pq
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! =-L~(r;1q G = @ (o -+ apy))
k apRa? '3 I 5

Yy @ g%T (5£kng o+ szgg) k=2,30,.,8

1 :
G = 55 = E‘(922_+ 062)

G, =0 fork=1,3,47,8

GE = ~0gp
GS = 1

Gg = ~0g

Rere py Py 9y Gy © Qo 8g0 mgo Yor & and S Yor 2F°° displayed

_ﬁ?
8 "2
pk;= v for k = 1,3,4,5,7

- baGE IS
ORICESAL PAGE IE
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92 =
¥
- AL
82 (358)3/2
QR =0 for k= 1;3)“}'6)7
g i 2 1 >
Q=!— -fE— -~ (022 + qsa)’
pg .JEQS 2
q 0802
2T gl
0'8.0’_5
% 2qu
Yip
QB = ——
201
Qk =0 for k= 1,3,”)5;7
B T ..
81 =59 = 3 (Oge ~ Uy8)
og
8
612=E+-3—82~-(U'602 g
96
_B e
516 ~§‘5+§—B6 - 2 (UGG‘-
a6
Sk e B, - 5 (ggoy - 0,8,)
B i
Y] = § 02 + é (UGS + 020}

1/2

- Uasﬁ)

for k = 1,3,4,5,7,8
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;
B e\ B 1. o)
Tig z('é * 5‘) b5 Bp v g (oGt ¥ og0]

¢ s 920 1 a)
f‘lé. 52 ¥ g— By + 3 (Uﬁgﬁ + csaxs@}

Zee ] g ' 1,3,4:5,7:8
Y1k=§—B-.k+§(@EEk¢UEQK} for k= 1;3,4:4547,

]
R
"1 - - ; EIQP k:.' 1 23 ,-ié,&
Sgkv-"éa( Qk Q-k) [EaR KSR
_ﬁ
Y2 © 20

1
¥
l
Lo
[
n
v
T
+
(=3
O
[ =]
|22
+
W3
L

§3g ©

- é (3,8, + Ugo) for K= 1,3,4,5,7,8

Oay

1
'Y3 = g (065 - ﬂzn)
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'Y'35 = ':,; (USEE - gznﬁ + 3)

Y3k = % (Uﬁak - Uack) for k= 1)314:5;7a8
“g = sin 501

£y = cos 201 for & = 1,2,3

Here ¢, s, o, s, B, B, B and B, are displayed

072 - 032
¢ = (G +8) | —F——

HBG
T —— G H U
3= Er P %
H7C
= — G H) @
eq T + (G + H) 7
Gk + Hk
S, = 2 6,8
ck = (G + H) c fDr‘ k 1; ,”,5, !

s = -{G + H} ﬂ3 07

HB'B_
53 = 5 H - (G + H) QT
HTS
57:G+,HI—(G+H)U3

T —_ - = 1,2,4,5,6,0
Bk = (G N H) 3 f'QY‘ k 1,2, "51, 3

B =gl - 3w

By = 2(0G, - 3HH)) for k= 1,2,3,...,8
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Ha@- % (632 + 672)

= -0y

m.
i}

¥

%

= GI‘C Fer k = 1,2,“,51618

5
i

Abbpeviabions used in the integrabtion of the primed system

2 ‘
U S U PN
_ e
A3 = 303

[15]
n
i)

A - I:fg (b - *3-) + sz} + ﬂAB

. g 2 i
A1=1+§f1(b~§)+1\2

._,_'
1
1
~—
=
!
+
)
o
=
o
S
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APPENDIX &

DATA_FLOW IN_ASQP

MALIN

QUTPUT - G INPUT

bt XYZAEL

PRINTED
OUTPUT

3
XTOPS *1**—*Lﬁ" PSTOX

User e e e e e e —— - A
Data
FPile Hemovable ASOP
: Subroutaine Package
URIGINAL PAGE IS '
OF POOR QUALITY
NASA-JSC
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