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ABSTRACT

This program is based on the analytical work contained in Report
AFCRL 65-579 (Martin Report ER 13950, Ref. 1), In addition, some
analytical methods not covered in the above report are presented in
the appendix of this report.

The operating modes, general features and accuracy of the program
are discussed, Operating instructions and input/output descriptions
and definitions are provided, All symbols used in the program are
listed and defined, Flow charts, descriptions and explanations of the
program and subroutines are also included,
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The program is written in Fortran IV and machine language (MAP),
Double precision is used extensively,
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FOREWORD

This computer program is the result of research which was
performed for the Data Analysis Branch (CRMXA), Technical Services
Division at AFCRL, USAF, L. G. Hanscom Field, Bedford,
Massachusetts, The contractor!' s report number is ER 14226,
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I. INTRODUCTION

Orbit determination from satellite observations is, essentially,
a process in which a theoretical orbit is fitted through the observations
in a manner which minimizes some error function. The theoretical
orbit is represented by the mathematical model, and the best fit, in
the present program, is defined as one which minimizes the variance.
The analytical foundations of the Minimum Variance Method employed
in this program are presented in Ref. 1, which also includes the
details of the mathematical model of the dynamical system. The
present report deals with the computer program itself.

The program consists of two main parts: orbit estimation or
filtering routine and ephemeris computation routine. The analytical
treatment of the filtering routine is reported in Ref, 1, which includes
some of the equations utilized in the ephemeris computation. The
specific methods used in the ephemeris computation are presented in
the appendix of this report, which also includes the development of
additional equations used in the filtering routine, but not reported in
Ref, 1. It must be pointed out that although the filtearing and the
ephemeris routines are two separate subprograms, they are inter-
connected with extensive logic, which enables the program to perform
both operations simultaneously when required. This assurcs greater
accuracy of the estimated orbit and saves considerable computer time.

The accuracy of the estimated orbit is dependent on three main
factors: the observations, the filtering process, and the mathematical
model of the dynamical system. The accuracy and frequency of the
observations are, of course, outside the control of the program but are,
nevertheliess, some of the most important factors, One of the most
difficult problems is the screening of illegitimate observations when
the interval between observations is large and/or when the total
number of observations is small. This is because, under the circum-
stances, there is no real basis for a rejecticn criterion. To cope with
such protlems, a rather elaborate rejection technique was developed
which is outlined in Ref, 1 and further discussed in Sections C and D of
the Appe:idix,

A spec.al program was developed to test the filtering method. It
was established that for normally distributed observation errors, the
filtering process converges to the true values of the orbital elements
within the numerical accuracy of the computer by processing about 50
to 100 observations. The convergence, however, is asymptotic, and
gains in accuracy are small in the latter phase of filtering.

The third factor which affects the accuracy is the mathematical
model of the dynamical system. In the present program, it includes




,I;cch.%a' 8 1964 model atmosagere' and six zonal harmonics, The

equations for a o onics and solar and lunar perturbations
have been developed in Ref. 1 and can be easily included in the present
program, However, it was considered thata significant increase .
in computing time resulting from their inclusion is not justified under
the present circumstances. The higher order perturbations, however,
are included in special purpose programs (Ref. 3).

II. PROGRAM DESCRIPTION
A, MODES OF OPERATION

The program is designed to perform two main functions: Obtain a
best estimate of the orbit and compute the ephemeris. Thus, the
program could be separated into two parts. In actuality, the two parts
are interconnected in the sense that the ephemeris is computed con-
currently with the filtering whenever the two time periods coincide
:1111: the filtering is performed in the forward direction for the last

e.

The program can be operated in three modes. The first is a single
filtering mode. This mode will, normally, be used when the initial .
estimate of the orbit and the system observation errors are well
known, This can happen in restarting the filtering with orbital elements
obtained from a previous filtering and with observations for a subsequent .
time period. If the ephemeris is required from a time previous to the
input values, the program will integrate backward to the first required
ephemeris time, then integrate forward while computing ephemeris
until the first observation is encountered. From this point, filtering
and ephemeris computation is done concurrently until the last observa-
tion is encountered. If the ephemeris is required past the last obser-
vation, there is an option for smoothing (see Section II-D) wherefrom
the integration and ephemeris computation proceeds to the final {ime.
It is obvious that in order to utilize this mode of operation, the initial
estimate of the orbit must be good if the ephemeris is required for
periods where the filtering has not improved the estimate to the desired
degree. The specification of the time period for the ephemeris com-
putation is arbitrary but, of course, must be kept within reason. A
schematic illustration of the mode is shown in Fig. 1.

It must be pointed out that the initial values of the orbital elements
can be given for any time, but for practical reasons must be close to
the time of the first observation or the first ephemeris time to avoid
excessive integration,
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FIGURE 1. FIRST MODE OF OPERATION

The second mode of operation involves triple filtering and is used
whenever the standard deviationa of the observations for the system
are not known and/or the initial estimate of the orbit is not known with
sufficient accuracy.

A number of observation sets (up to 200 cards) can be specified
which will be filtered three times. This is done in order to estimate
the standard deviations of the observations for the system and to
obtain a good estimate of the orbit in case the ephemeris output is
required in a region close to the firs{ observations. The process is
started with the initial estimates of the orbital elements and system
observation errors by filtering forward the specified number of
observation cards (normally 20 to 40 or one to two days of observa-
tions). At the end of the first filtering, an improved estimate of the
system standard deviations and the rejection criterion (see Appendix,
Sections C and D) are computed, and the filtering is continued backward.
The process is repeated during and after the backward filtering. If
ephemeris is required prior to the first observation, the orbit is inte-
grated backward to the first ephemeris time and the ephemeris computed
while integrating forward. The further process is similar to the corre-
sponding part of the first cperating mode. An illustration of the mode
is shown in Fig. 2.

The rejection process is not shown in the diagram, but is done
whenever filtering is performed. It was established that no noticeable
gains in accuracy were achieved by filtering more than three times,

It must be pointed out that the rejection criterion is continuously being
tightened during the filtering and not just at the end of each filtering
process as in the case with the Least Squares Method in a multiple

filtering mode.
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FIGURE 2. SECOND MODE OF OPERATION

The third mode of operation does not invoive filtering and is used
only for predicting the ephemeris (including observations) from given
initial conditions. Thus, it can be used in preflight orbit analysis.
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FIGURE 3. THIRD MODE OF OPERATION

As in the first two modes, the first and last ephemeris times are
arbitrary in relation to the time of the initial values.




B. OBSERVATION ERRORS

To fully utilize the capabilities of the Minimum Variance Method,
it is necessary to know the standard deviations of the observations,
which are used to obtain the weighting matrix. In defining the standard
deviations, however, two factors must be considered. First, the
mathematical model of the actual dynamical system is not perfect.
Therefore, in fitting the theoretical orbit, the errors in the mathemat-
ical model will be accommodated as observation errors. Secondly,
there are unknown bias errors in individual observation systems
(station locations, etc.). The theory of the Minimum Variance Method
is based on a normal or Gaussian error distribution. The determina-
tion of the bias errors simultaneously with the orbital elements,
although possible, is not practical for a general type orbit determination
program, because the error functions and bias constants will have to
be defined separately for each individual station, Therefore, the
approach taken in the present program is based on the standard devia-
tions for the entire system instead of the individual stations. Since,
in all probability, the observation biases (including locations) for all
observing stations will not be biased in the same direction, the system
bias will become more negligible as the number of stations increases.
The standard deviations for the system now will include the biases of
the individual stations, but they can be considered random for the
system. The system standard deviations (which include the bias errors)
can be estimated by successive approximations in a multiple filtering
process. This is done in the present program when operating in the
second mode or triple filtering.

Initally, an estimate is made of the system observation errors.
This estimate is used in the first forward filtering. In addition, a
number of sigmas are inputted which are used for the rejection criterion
(Appendix, Section D) during the first filtering. Since the orbit and
the system standard deviations are not known accurately, the number
of sigmas for the first filtering is usually large (50 to 100). Thus
only grossly inaccurate observations will be rejected during the first
filtering. At the end of the first filtering, better estimates of the
system standard deviations are computed based on the filtering results.
Also the number of sigmas for the rejection criterion is now computed.
This number will usually be three, unless the initial estimates of the
system standard deviations have been considerably underestimated,
in which case the number of sigmas will be larger to avoid rejection
of legitimate observations. These ¢stimates are used for the second
or backward filtering, at the end of which new and improved estimates
of these quantities are obtained, which now are used for the third or
forward filtering phase.

During the three filterings, the criterion for rejection of observa-
tions is continuously tightened as the orbit becomes known with higher




accuracy. However, the improvement in accuracy of the orbit becomes

small during the latter p-~mes of filtering as it is strongly dependent

on the restraining accuracy of the observations. Thus, the criterion

for rejection is essentially constant during the last filtering phase. ’

C. ITERATION .

Unfortunately, in practice, there are many cases when observations
are infrequent and may involve intervals of several days, I the filtering
has not progressed at time tk to the point where the orbit is known

with sufficient accuracy, the deviation of the estimated orbit from an
observation at time tk +1 after a long interval may be large. Assuming

a legitimate error in the observation at 1:k +1° ti.is may, normally,

indicate a perfectly legitimate error in the estimate of the orbit at
time tk’ Since the filtering method is based on linear assumptions,

this large discrepancy between the observation and the estimated orbit

will certainly violate the linearity and consequently affect the computed

corrections and thus degrade the accuracy of the estimated orbit. On

the other hand, because of the nature of orbits, the large discrepancy

at time te+1 is caused by a relatively small error in the orbital v

elements at time tk' This error at tk is, normally, well within the
one sigma accuracy.
On the basis of these considerations, a method was developed to

cope with this problem. After computing the corrections of the posi-
tion and velocity vector for a ne'v observation at time tk +1 by use of

the weighting matrix, the corrections are tested against a criterion.
If they exceed the allowable limits, an iterative process is begun
whereby the corrections at tk +1 are transferred to tk by use of the

state transition matrix

x(t) = @ (e e ) x ey y) (1)
or its inverse
x(t) = 0l (. t)x () (2)

whichever is more convenient. The corrections to the orbit are made
at tk and the orbit integrated again to tk +1° If the orbital process

would, indeed, be linear, the iterated orbit at te st would correspond




to the linearly corrected orbit. Since it is not, the iterated orbit
will be different. The process is convergent and is repeated until the
corrections at tk +1 become tolerable, which usually occurs in less

than three iterations. The method has proved itself to be very valuable
in difficult cases.

D. SMOOTHING

The estimated orbit is not continuous as determined by the
Minimum Variance Method in the form of discrete position and velocity
vectors at the observation times. The discontinuities are represented
by the corrections. However, by using the filtering methods outlined
in Section II-A, the discontinuities are, normally, negligible during
the ephemeris computation phase. Therefore, smoothing for this
purpose is not considered necessary and thus considerable savings
in computing time can be achieved. However, in predicting the orbit
for a future period of time, every available means should be utilized
to improve the final position and velocity vector, since it becomes
the sole source of information for the future orbit. In the present
program, smoothing is employed for this purpose. The final orbit
is smoothed through the last six points which are at least 10 min.
apart and for which the total time span does not exceed 1. 5 days.
These values were chosen for practical and numerical reasons. The
theory is developed in Section B of the Appendix. The prediction for
a time previous to the first observation is not based on a smoothed
value and, therefore, will be somewhat less accurate depending on the
accuracy of the estimate.

E. NUMERICAL METHODS

In dealing with matrices of even moderate order (the largest
matrix encountered in the present program is 7x7) and continuously
processing a large number of data, it is seldom that certain numerical
problems do not arise. The main difficulties in this type of program
are, usually, connected with matrix inversion and the degradation of
the numerical values due to the accumulation of round-off errors.

The analytical and numerical methods used in the present program
virtually eliminate any difficulties in matrix inversion (see Ref. 1,
Section V-D). This has been borne out by extensive experience, which
has shown no evidence of such problems.

The second problem, connected with the degradation of the numerical
values, however, is always present in dealing with a large amount of
data and extensive matrix operations. Therefore, it has been necessary
to introduce certain numerical manipulations to assure a continuous
operation of the program,
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One of the problems concerns the covariance matrix, Theoretically,
the covariance matrix should always be symmetrical and the diagonal
elements should always be positive, In practice, however, the covari-
ance matrix becomes unsymmetrical, and occasionally a diagonal element
may assume a negative value as a result of round-off error accumula-
tion in extensive matrix operations,

To cope with the symmetry problem, the program employs a process
whereby the covariance matrix is symmetrized by equalizing one side of
the diagonal to the other side after every major operation, This is faster
than averaging and the error introduced is negligible, since only the last
one or two places of an element are normally unsymmetrized in a par-
ticular operation, as borne out by experience,

The negative diagonal elements can occur in the process of trans-
forming the covariance matrix over a long time period, This implies
extensive correlation of the elements, The remedy in such case is to
strip the matrix of the covariance elements and transform only the
diagonal matrix, This is done in the program, This case is more likely
to occur at the beginning of the filtering process when the initial estimate
of the orbit is rather poor,

Another case where negative diagonal elements may appear in the
covariance matrix is in the updating process, In particular, this is more
likely to occur in cases where accurate measurements are introduced at
a point where the orbit is relatively poorly known, In this case, updating
involves the substruction of two matrices of equal magnitude, This
problem can be coped with by assuming the previous updated value for
the particular element, or by some other reasonable method,

It must always be remembered that, in practice, the covariance matrix
is not an array of absolute numbers and, therefore, can be dealt with ac-
cordingly, The occasional occurrence of the negative diagonal elements
in covariance matrix operations itself proves this point since theoretically
it should not happen,

The numerical problems discussed above can be alleviated by carrying

more digits, in other words, using double precision in the matrix opera-
tions, This is done in the present program wherever necessary,

F, COMPUTATION OF EPHEMERIS

The second function of the program is to compute the required ephem-
eris and related quantities, As mentioned before, the ephemeris is com-
puted concurrently with the last forward filtering, when the two time
periods coincide, In addition, it is computed outside the filtering




region whenever required, The initial and final times are input values,
as is the computation interval,

In addition to the regular printout times, up to 20 odd printout times
can be specified,

The quantities computed and printed out are: date and time, revolu-
tion number, position and velocity, Greenwich mean sidereal time,
classical orbital elements, observations and their time rates for a
specified number of stations, Six options are available for computing
the desired quantities, For more detail, see Input and Output sections,

Output can be specified as regular printout, binary tape, and binary
coded decimal (BCD) tape,




111. PROGRAM INPUT

A. NOTE ON THE INPUT

ALL VARIABLES ARE FLOATING POINT (REAL) NUMBERS UNLESS OTHER-
wWISE SPECIFIEO.FLOATING POINT NUMBERS ARE NUMBERS WITH A DECIMAL
POINT. MOST UF THE VARIABLES WHICH ARE FLOATING POINT NUMBERS HAVE
SEEN ALLOTTED 13 OR 15 COLUMNS. IF A FLOATING POINT NUMBER MUST
BE WRITTEN IN ITS EXPONENTIAL FORM (E.Ge £ o« XXXXXXXXE2XX OR EQUI-
VALENTLY £ ¢XXXXXXXX2XX) o THEN THE EXPONENT MUST BE RIGHT MOST AD-
JUSTED IN THE COLUMNS ALLOTTED.

FIXED POINT VARIABLES MUST BE RIGHT MOST ADJUSTED IN THE COL-
UMNS SPECIFIED.IF ON CARD 2+ NOSAT =1» THEN 1 MUST Bt PUNCHED IN
COLUMN 5. IF NOSAT =12+THEN 102 MUST BE PUNCHED IN COLUMNS 4,5
RESPECTIVELY.

10
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CARD

8)
C)

D)

E)

F)

G)

H)

I

VARIABLE
TITLE

NOSAT

NMS

NOH

NAT

MERASE

KOHSPR

KCOUNT

ISMOOH

NSTPRT

B. INPUT SYMBOLS

DEFINITION COLUMNS
ANY DESCRIPTIVE TITLE 1-66
SATELLITE NUMBER.MUST AGREE WITH CORRESPONDING 1-5

COLUMNS OF OBERVATION CARDS. (FIXED POINT)
NUMBER OF STATIONS INPUT. 1£¢NMS<£60 (FIXED POINT) 7-8

=1,REJVECT ANY OBSERVATION CARD WITH ELEVATION 11
ANGLE LESS THAN ELEMIN OR GREATER THAN ELEMAX.
=0000 NOT REJECT ANY OBSERVATION CARD

=1+CORRECT ELEVATION AND/OR RANGE AND/OR RANGE 14
RATE FOR REFRACTION.
=0,NO CORRECTION

S1+1NPUT ZONAL HARMONICS (2-6) REARTH¢F o OMU. 17
Z0,D0 NUT INPUT ZONAL HARMONICS(2-6) +REARTH,F»OMU.
*xx% SEE CARDS 11 AND 12 **xx

=1/»PRINT OUT FILTERING OUTPUT 20
S0+,00 NOT PRINT OUT FILTERING OUTPUT

NUMBER OF OBSERVATION CARDS TO BE FILTERED 21-23
MORE THAN ONCE. O0<KCOUNT£200 IF KCOUNT IS

2ERO THE PROGRAM WILL FILTER ALL OBSERVATION

CARDS ONLY ONCE. IF KCOUNT 1S NOT EGUAL TO

2ERO THE FIRST KCOUNT CARDS wILL BE FILTERED

THRICE AND ANY REMAINING CARDS WILL BE FILTERED

ONCE .

=1, APPLY A SMOOTHING TECHNIQUE. SMOOTHING WILL 26
OCCUR ONLY IF THE EPHEMERIS TIME EXTENDS BEYOND

THE TIME OF THE LAST OBSERVATION CARD

=0, NO SMOOTHING

NUMBER OF STATIONS TO BE CONSIDERED DURING 28-29
EPHEMER1S PRINTOUT, 04NSTPRTENMS

IF NSTPRT EQUALS ZERO NO OBSERVATION DATA WILL RE
COMPUTED.

IF NSTPRT IS NOT ZERO» THE FIRST NSTPRT STA-

TIONS INPUT(SEE CARD 3) WILL Bt CONSIDERED FOR
OBSERVATION DATA COMPUTATION. NOTE. IF KEYTAP

EQUALS 0 OR =1» AND JTYPRT EQUAL 3.4 OR S¢ THEN

NSTPRT MUST NOT EQUAL ZERO. ( KEYTAP AND JTYPRT

ARE DEFINED ON CARD 13)

11
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CARD VARIABLE DtFINITION COLUMNS
J) PASS S1.0¢ SINGLE CORRECTION OF RANGE FOR REFRACTION. 30-32 ’

S2.U¢ DOUBLE CORRECTION OF RANGE FOR REFRACTION.

K) TNEXOUS IF POSITIVEs, NIOHT EXOSPHER1C TEMPERATURE (DEG K) 45-59
IF NEGAIIVE,» 10.7 CM SOLAR FLUX. PRUOGRAM WILL
SET IT POSITIVE AND CONVERT IT TO NIGHT EXOSPHE-
RIC TEMPERATURE.

L) IREVU REVOLUTION NUMBER AT THE TIME OF THE INPUT 60-65
ORBITAL ELEMENTS (FIXED POINT)
M) TIMTUL SYSTEM TIMING ERROR (SEC) 66=-74
3 STATION DATA
A) NUMSTA(I) STATION NUMBER. MUST AGREE WITH CORRESPONDING 2=5

COLUMNS OF UBSEKVATION CARDS (FIXED POINT)

B) NSuw(i) S1,tLEVATION ANU AZIMUTH ARE MEASURED WITH 8
RESPECT TO GEOCENTRIC SYSTEM
=2+LLEVATION AND AZIMUTH ARE MEASURED WITH
RESFECT TO GEODETIC SYSTEM

C) SLON(I) STATION LONGITUUE (DEGREES) POSITIVE TO WEST 9-23
FROM GRtENWICH

D) PHILAT(I) STATION GEOLETIC LATITUDE (DEGREES) 24-38

E) ALT(L) STATION ALTITUDE (METERS) 39-53

#5% [Z1lreee?NMS, ALL STATIONS DEFINED ON THE ORSER-
VATION CARDS MUST uE RcPRESENTED IN THIS SET.

4 SATELLATE LATA
A) UMSA[ MASS (KOb) 1-15
B) SSAT REFERENCE AREA (METERS SQUAKE) 16-30
C) CDRAL DRAG COLFFICIENT 31-45

12
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A)
B)
C)
D)
E)

F)

A)
B)
C)
D)
E)

F)

A)
8)
C)
D)

E)

F)

VARIARLE

DEFINITION

DATE AND UNIVEKRSAL TIME OF THE INPUT ORBRITAL ELFEMENTS

MOKS (2)
MOHS (3)
MOHS (4)
ZDAT (1)
ZDAT(2)

ZDAT(3)

YEAR'LAST 2 DIGLTS OF 19XX (FIXED POINT)

MONTH (FIXeD POINT)

DAY (FLIXED POINT)

HOUR OF THE FORM XX.U

MINUTE OF THE FORM XX.0

SECUND OF THE FORM XXeXXX

ORHITAL FELEMENTS

AXSEM]
eCCEnN
VINCL
wASC
wPER1

XMEAN

SEMI=MAJUOR AXIS (KILOMETERS)

FCCENTRICITY

INCLINATION (DEGREES)

RIGHT ASCENCION OF ASCENDIMG NOOF (LFGREES)

ARGUMENT OF PERIGEE (DEGREFS)

MEAIN ANUMALY (DEGREES)

INLTLIAL FSIIMATE OF POSITION AND VELOCLITY ERROKS

PMAT(1,1)
PMAT (2,2)
PMAT (3, 3)
PMAT (4,4)
PMAT(5.5)

PMAT (6+6)

FSTIMATED ERROR
FSTIMATED ERROR
FSTIMATED ERROR
ESTIMATED ERROR
ESTIMATED ERROR

ESTIMATED EKROR

IN
IN
IN
IN
IN

IN

Xx(0)
Y(0)
2(0)
Xx(0)
Y(0)

200)

COORDINATE
COORDINATE
COORDINATE
COORDINATE
COORDINATE

COORDINATE

(KM)
(KM)
(KM)
(KM/SEC)
(KM/SEC!

(KM/SEC)

COLUMNS

2=3

5-6

11-14
16-19

21=-26

1-13
14=-26
27-39
40-52
53-65

66=-78

1-13
14-26
27-39
40-52
53-65

66=78

i




I st g ma—— S— BN et R A S
CARD VARIABLE DEFINITION COLUMNS
8 INITIAL ESTIMATE OF MEASUREMENT ERRORS (STANDARD DEVIATIONS)

A) OP(1) ERROR IN DECLINATION (SECONDS OF ARC) 1-8
B) @P(2) ERROR IN RIGHT ASCENSION (SECONDS OF ARC) 9-16
¢) (1) ERROR IN ELEVATION (SECONDS OF ARC) 17-24
D) @(2) ERROR IN AZIMUTH (SECONDS OF ARC) 25-32
E) 0(3) ERROR IN RANGE (KM) 33-40
F) a(s) ERROR IN RANGE RATE (KM/SEC) 41-48
6) @(%) ERROR IN ELEVATION RATE (SECONDS OF ARC/SEC) 49-56
H) @(6) ERROR IN AZIMUTH RATE (SECONDS OF ARC/SEC) 57-64
I 0°7) ERROR IN RANGE ACCELERATION (KM/SEC) 65-72
9 CT(1=9)  NUMBER OF SIGMAS CONSIDERED FOR REJECTION 1-8
OF OBSERVATIONS DURING THE FIRST FILTERING. 9-16
CT(1-9) REFER TO DECLINATIONsRIGHT ASCENSION. 17-24
ELEVATION+AZIMUTH o RANGE »RANGE RATE »ELEVATION 25-32
RATE+AZIMUTH RATE AND RANGE ACCELERATION,RES= 33-40
PECTIVELY 4148
49-56
57-64
65-72
10 A) ELEMIN MINIMUM ELEVATION ANGLE ALLOWED (DEGREES) 118
B) ELEMAX MAXIMUM ELEVATION ANGLE ALLOWED (DEGREES) 16-30
sss INPUT CARD 10 IF AND ONLY IF NOB IS EQUAL TO 1
11 ZONHAR(2-6) COEFFICIENTS OF ZONAL HARMONICS  J(2) 1-1%
J(3) 16=30
) 31-48%
J(5) 46-60
2(6) 61-7%

14




CARD

12 A)
8)
C)

13 A)

VARIABLE DEFINITION

REARTH MEAN EQUATORIAL EARTH RADIUS (KM)
F FLATTENING OF THE EARTH
oMU EARTH S GRAVITATIONAL NUMBER (KM*%3/SEC*%*2)

*s%% INPUT CARDS 11,12 IF AND ONLY IF MERASE IS EQUAL TO 1

IF CARDS 11012 ARE NOT INPUT THEN THE PROGRAM WILL SET

COLUMNS
1-15
16=30
3131-45

ZONHAR (2=6) =,10827€E=2¢ =2.U4E~6s =1,6E=60 =.02E=6¢ .7E-6

RESPECTIVELY» AND
REARTH =6378.165» F =,00335233» OMU =39R603.20

CARDS 13 AND 14 REFER TO EPHEMERIS PRINTOUT
DPRINT PRINT INTERVAL (SECONDS)

s%% THE FOLLOWINL 6 VARIABLES REPRESENT THE INITIAL PRINT TIME

B8)
C)
0)
E)
F)
G)

(DATE,TIME OF DAY) OF THE EPHEMERIS.
JMOPRT (1) MONTH (FIXED POINT)
JOYPRT(1) DAY (FIXED POINT)
JYRPRT(1) VYEAR('LAST 2 DIGITS OF 19XX (FIXED POINT)
HRPRT (1) HOUR OF THE FORM XX.0
XMIPRT (1) MINUTE OF THE FORM XX.0

SECPRT(1) SECOND OF THE FORM XXeXXX

ssx THE FOLLOWING 6 VARIARLES REPRESENT THE FINAL PRINT TIME

(DATE.TIME OF DAY) OF THE EPHEMERIS.

H) JMOPRT(2) MONTH (FIXED POINT)

I) JDYPRT(2) DAY (FIXED POINT)

J) JYRPRT(2) YEARILAST 2 DIGITS OF 19XX (FIXED POINT)

K) HRPRT(2) HOUR OF THE FORM XX.0
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1-1%

17-18
20-21
23=-24
26=-29
31-34
36-41

43=-44
46=47
49-50
52-5%

CAR

L2 2



Ry S—

ARD  VARIABLE
L) XMIPRT(2)
M) SECPRT(2)

DEFINITION
MINUTE OF THE FORM XX.0
SECOND OF THE FORM XXoXXX

sx% EXAMPLE IF THE VARIABLES A) = M) ON CARD 13 WERE
60.0 6 21 65 2,0 50.0 0.0 6 21 65 23.0 S0.0 10.0
THIS WOULD MEAN TO PRINT EVERY 60 SECONDS (DPRINT)
FROM  JUNE 2101965 AT 2(HR) SO(MIN) O(SEC.)

T0 JUNE 2101965 AT 23(HR) SO(MIN) 10(SEC.)
N) NOSPRI NUMBER OF SPECIAL PRINT TIMES REQUESTED.
MUST BE LESS THAN 231 (FIXED POINT)
0) JUTYPRT INDICATES TYPE OF EPHEMERIS PRINT=-OUT REQUESTED
S0,NO EPHEMERIS. IN THIS CASE ALL VARIABLES ON
CARD 13 MAY BE INPUT AS ZERO.
S1/PRINT POSITION AND VELOCITY
=2+PRINT POSITION»VELOCITY AND OSCULATING
ELEMENTS
S3+/PRINT POSITIONsVELOCITY»OSCULATING ELEMENTS
AND STATION OBSERVATION DATA.
S4,PRINT POSITION»VELOCITY AND STATION OBSERVA=-
TION DATA.
=S5+PRINT STATION OBSERVATION DATA
P) KEYTAP INDICATES TYPE OF EPHE.ERIS TAPE REQUIRED

=1+8CD TAPE ONLY
0,BINARY AND BCD TAPE
1+BINARY TAPE ONLY

THE 8CL TAPE IS WRITTEN ON UO2.

THE BINARY TAPE IS WRITTEN ON UOB(USE 800 BPI DENSITY TAPE)
IF KEYTAP =0 OR 1+ THEN THE BINARY TAPE WILL CONTAIN ALL THE
POSSIBLE DATA AT ANY PRINT TIME I.E. IT ASSUMES JUTYPRT =3

COLUMNS
57-60
62-67

69-70

73

75=76

< « = T PP T ST PRI TR T l,’
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CARD

14

A)
8)
C)
D)
E)
F)

VARIABLE DEFINITION COLUMNS

SPECIAL PRINT TIMES (DATE.TIME OF DAY) INPUT IF NOSPRI IS
GREATER THAN ZtRO.

JSPMO(1) MONTH (FIXED POINT) 2=3
JSPDA (1) DAY (FIXED POINT) 5-6
JSPYR (1) YEAR!LAST 2 DIGITS OF 19XX (FIXED POINT) 8-9
SPHR(I) HOUR OF THE FORM XX.0 11-14
SPMI(I) MINUTE OF THE FORM XX.0 16-19
SPSEC(1) SECOND OF THE FORM XXeXXX 21-26

%% [Z)0¢0092NOSPRI
THESE SETS OF SPECIAL PRINT TIME MUST FALL WITHIN THE
TIME INTERVAL DEFINED 8Y VARIABLES B8) - M) ON CARD 13

sx% £XAMPLE, IF UN THE ABOVE EXAMPLE NOSPRI=1 AND CARD 14
CONTAINS 6 21 65 5.0 6.0 12.398/THEN A PRINTOUT WOULD ALSO
OCCUR FOR JUNE 2101965 AT 5(HR) 6(MIN) 12.398(SEC)

15

A)
8)
C)
D)
E)

F)

OBSERVATION CARDS.MUST BE INPUT IN INCREASING ORDER WITH
RESPECT TO TIMt. CARDS OUT OF SEQUENCE WILL BE REJECTED.
VDECIMAL POINTS ARE NOT PUNCHED ON THESE CARDS.THEY ARE
IMPLIEU BY THE FORTRAN FORMAT,

MERASE (1) SATELLITE NUMBER 2=6
MOBS (1) STATION NUMBER 7=-9
MOBS(2) LAST 2 DIGITS OF YEAR 19XX 10-11
DAYS DAY OF YEAR 12-14
ZDAT (1) HOUR OF DAY 15-16

Z0AT(2) MINUTE OF HOUR 17-18




CaRD

G)

H)

I)

J)
K)

L)

M)
N)

0)

P)

Q)

R)

VARIABLE
ZDAT(3)

MERASE(S5)

0BSM(1)

ERASE(1)

ERASE (2)

ERASE (3)

UBSM(3)

1EX

oBsSM(4)

ERASE(5)

0BSM(S5)

ERASE (o)

DEFINITION

SECOND OF MINUTE. DECIMAL POINT IMPLIED
BETWEEN COLUMNS 20 AND 21

FIRST DIGIT OF ELEVATION OR DECLINATION. (DEG)
USE AN OVERPUNCH (11 PUNCH) FOR NEGATIVE
QUANTITILES

REMAINING DIGITS OF ELEVATION OR DECLINATION.
DECIMAL POINT IMPLIED BETWEEN COLUMN 25 AND
26.

FIRST 2 DIGITS OF AZIMUTH (DEG)» OR

HOUR OF RIGHT ASCENSION

NEXT 2 UIGITS OF AZIMUTH.DECIMAL POINT IMPLIED
RETWEEN COLUMNS 33 AND 34 OR

MINUTE OF RIGHT ASCENSION

LAST 3 UIGITS OF ELEVATION,OR
SECUNDS OF RIGHT ASCENSION.DECIMAL POINT
IMPLIED BETWEEN COLUMNS 36 AND 37

RANGE (kM)

EXPONENT

AN EXPONENT OF ZERO (0) IMPLIES THE DECIMAL
POINT BETWEEN COLUMNS 40 AND 41,AN EXPONENT
OF ONE (1) IMPL1ES THE DECIMAL POINT BETWEEN
COLUMNS 41 AND 42 ETC. THE MAXIMUM ALLOWABLE
EXPONENT IS FIve (5)

FIRST DIGIT OF RANGE RATE (KM/SEC). USE AN
OVEKPUNCH (11 PUNCH) FOR NEGATIVE QUANTITIES

REMAINING DIGITS OF RANGE RATE.DECIMAL POINT
IMPLIED BETWEEN COLUMNS 49 AND 50

FIRST DI1GIT OF ELEVATION RATE (DEG/SEC). USE
AN OVERPUNCH FOR NEGATIVE QUANTITIES

REMAINING DIGITS OF ELEVATION RATE.DECIMAL
POINT IMPLIED BETWEEN COLUMNS 56 ANL 57

18

COLUMNS
19-23

24

25-29

31-32
33=-34

35-37

39-45
46

48

49-54

56

57-60




L EER N

CARD
S)

T)

U)

V)

W)

VARIABLE
0BSM(6)

ERASE(7)

0BSM(7)

ERASE (8)

OBSNO

DEFINITION

FIRST DIGIT OF AZIMUTH RATE (DEG/SEC) USE
AN OVERPUNCH FOR NEGATIVE QUANTITIES

REMAINING DIGITS OF AZIMUTH RATE.DECIMAL
POINT IMPLIED BETWEEN COLUMNS 62 AND 63

2

FIRST DIGIT OF RANGE ACCELERATION (KM/SEC®)

USE AN OVERPUNCH FOR NEGATIVE QUANTITIES

REMAINING DIGITS OF RANGE ACCELERATION.DECI~-
MAL POINT IMPLIED COLUMNS 67 AND 68

CODE WHICH DESIGNATES TYPE OF SIMULTANEOUS
OBSERVATIONS IS IN COLUMN 75,.THIS CODE WILL
BE REOEFINED AND STORED IN THE VARIABLE NTP.
(SEE NTP IN LIST OF SYMBOLS)

COL.75 TYPES OF OBSERVATIONS
=1 ELEVATION AND AZIMUTH
=2 ELEVATION/,AZIMUTH AND RANGE
=3 ELEVATION,AZIMUTHsRANGE AND
RANGE RATE
=4 ELEVATION,AZIMUTH»RANGE »RANGE RATE.

ELEVATION RATE(/AZIMUTH RATE AND
RANGE ACCELERATION
=5 DECLINATION AND RIGHT ASCENSION

THE PROGRAM CONVERTS THE RIGHT ASCENSION
TO RADIANS BY THE EQUATION:

OBSM(2)=(ERASE(1) + ERASE(2)/60.0 ¢
ERASE(3)/3600.0)*15.,0*%.017453292

19
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COLUMNS
62

63-66

68

69~72

75=76



CODE UF THE CELESTIAL REFERENCE SYSTEM(YEAR

OF EQUINOX) IS IN COLUMN 76. THIS IS USED ONLY
WHEN THE DECLINATION OR RIGHT ASCENSION ARE
INPUT.THE CODE 1S AS FOLLOWS

CoL.76
=0
=1
=2
=3
=4
=5
=6
=7
=8
=9

YEAR
YEAR OF DATE (MOBS(2))
1900.0
1920.0
1950.0
1975.0
2000.0
1850.0
1855.0
1875.0
1960.0

THIS CODE NUMBER WILL BE STORED IN THE VARIABLE
NeQ@ (SEE NEQ IN LIST OF SYMBOLS)

1o A CARD WIThH THE WORD ENDDAT IN COLUMNS 73-78. THIS CARD
FOLLOWS THE LAST OBSERVATION CARD

17 A CARD WITH THE PHRASEIEND (IN COLUMNS 1-3) OF (IN COLUMNS
5=6) PROBLEM (IN CULUMNS 8-14)

20

73-78
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IV. PROGRAM OUTPUT

A.OUTPUT OF THE INPUT(EXCEPT FOR THE OUSERVATION CARDS)
THE VUTPUT FOR THIS SECTION IS DONE IN MAIN PROGRAM AFILT2.

INITLIAL CONDITIONS

REVOLUTION NUMBER-IREVO
DATE AND TIME
MOBS (2) MOBS (3) MOBS (&) ZDAT(1) ZDAT (2) ZDAT(3)

ORBITAL ELEMENTS
AXSEMI ECCEN VINCL WASC wPERI XMEAN

POSITION AND VELOCITY ERRORS
PMAT(101) PMAT(202) PMAT(3,3) PMAT (40 4) PMAT(S.5) PMAT(6¢6)

MEASUREMENT ERKORS

QP(1) eP(2) w(l) Q(2) Q(3) Q(4)
Q(S) e(e) @(?7)

NUMBER OF SIGMAS TOLERATED CT(1-9)

SATELLITE DATA EARTH DATA
OMSAT SSAT CDRAG REARTH F oMU

ZONAL HAKMONICS(2-6) ZONHAR (1=5)

PROGRAM CONTROLS NOB NAT MERASE(1) KOBSPR KCOUNT ISMOOH NSTPRT
PASS TIMTOL

STATION VLATA
NUMSTA NSG SLUN SLAT PHILAT ALT SRAD

EPHEMERIS PRINTOUT DATA
JMOPRT(1) JOAPRT(1) JYRPRT(1) HRPRT(1) XMIPRT (1) SECPRT(1)
JMOPKT (2) JOUAPRIT(2) JYRPRT(2) HRPRT(2) XMIPRT(2) SECPRT(2)

PRINTOUT CODE- JTYPRT TAPE INDICATOR= KEYTAP PRINT INTERVAL~- DPRINT

SPECLAL PRINTOUT TIMES (1F ANY)

JSPMU JSPDA JSPYK SPHR SPMI SPSEC
INITIAL COMPUTATLONS

PERIUD ERASE(1) TNEXOS

PNOUDAL




REMAKKS

THE NHIMENSION OF ALT+STATION ALTITUDE IS IN KILOMETERS(IT
IS LiPUT IN METERS)

THe. VARIABLES SLAT»SRAD.HPERIOD AND PNODAL ARE COMPUTED.
(SEE THE LISTING OF SYMBULS FOR THEIR DEFINITIONS)

2)

FRASE (1) IS THE COMPUTED ECCENTRICITY (DEFINED IN SURROU-
TINE KEPLER)

3)

4) THE RFEMALINING VARIABLES ARE DEFINED IN THF INPUT LISTING.

IF ANY ERRORS IN THE INPUT,THFE. PROGRAM WILL PRINTOUT AN
APPRUPRIATE MESSAGE AND CONTINUE TO THE NEXT PROBLEM.

5)

B.FILTERING QUTPUT

THE FILTERING OUTPUT IS DONE IN MAIN PROGRAM RFILT2.EACH PAGE IS PRO-

PERLY LABELEN ANI) THt PHRASE FORWARL FILTERINOG

{OR BACKWARD FILTER=-

ING) IS WRITTEN ON IT.
DJULN MOBS(2) MOBS(3) MOHS(4) ZDAT(1) 7DAT(2) 70AT(3) NUMSTA
DV(1) Dv(2) DV(3) DvP(1) DvP(2) DVP(3)
ERASE (1) ERASE(2) ERASE(3) ERASE (4) FRASE(5) ERASE(6)
ERASE (7) ERASE (R) FRASE(Y) ERASE(10) FRASE(11) EKASE(12)
MEASURED COMPUTED DIFFERENCE TOLERANCE
ELEVAT1ION OR URSM(1) 08sC (1) DIFR(1) TOLER(1)
DECLIMATION
AZ IMUTH OR VRSM(2) 0BSC(2) DIFR(2) TOLER(2)
RIGHT ASCENSION
RANGE VRSM(3) 0RSC (3) DIFR(3) TOLER(3)
RANGt. RATE URSM(4) 0B5C (4) DIFRI(4) TOLER(4)
ELEVATION RATE URSM(S) 0BRSC(S5) DIFR(S) TOLER(S)
AZIMUTH RATE UBSM(6) OBSC(6) DIFR(6) TOLER(6)
RANGE ACCELERATIUN URSM(7) 0B8sC(7) NIFR(7) TOLER(7)

REMAKKS

1) HJuLN IS THE MODIFIED JULIAN DATE OF THE ORSERVATION.
MOBS (2=4) REPRESENT THE LDATE OF THE OBSERVATION.
7?DAT (1=3) REPRESENT THE TIME OF DAY OF THE ObSERVATION.
NUMSTA IS THE STATION NUMBER.
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2) DV(1-=3) ARt THE X»YeZ COURDINATES OF THE UPDATED POSITION
VECTUR. (4N KILUMETERS)
UVP(1=3) ARE THE X»Y+Z CUORDINATES OF THE UPUATED VELOCITY
VECTUR. (IN K1LOMETERS/SECOND)

3) ERASc(1=v) ARE THE CORRECTIONS TO THt POSITIUN AND VELO-
CITY VECIORS. (IN KILUMETERS AND KILOMETERS/SECOND/RES-
PECTLVELY)

ERASE (7-12) ARt THE STANUARD DEVIATIUNS OF THE POSITION
ANU VELOLITY ERRURS.(IN KILOMETERS AND KILOMETERS/SECOND»
RESPeCTIVELY)

tRASc (1-12) ARE ULEFINED IN BFILTZ.

4) THe ANGULAR UATA OF THE UBSERVATIONS ARE OUTPUT IN DEG-
REELS OR UEOGRLES/SECOND.
THE RANGE IS InN RILOMETEKS.
THe KANGE RATE IS IN KILOMETERS/SECOND.
THe KANGe ACCELERATION IS IN KILOMETERS/SECONDS.

S) IF A OBSERVATIOIN CARD IS REJUECTED, THE FOLLOWING MESSAGE
wiliLlL BE FRINTED wUT:

FOLLUWING CARD DiSCARDED.OBSERVATION DEVIATES FROM THEORETICAL
VALUt SEYOND ALLUWABLE LiML1T.

THEN THE PROGRAM PRINTS THE SAME INFORMATION AS ABOVE.
EXCEFPT FUR THE VARIAUBLES ERASE(1-12)

6) LF THE PXOGRAM ITERATES.THEN THE PROGRAM WILL PRINTOUT:

1TERATION CHeCK UN DeLTA POSLITION ANV VELOCITY FAILED.

POS=ULV (1) Dv(e) LV(3) VEL=0VP(1) LVFE(2) DVP(3)
DEL=tRASE (1) ERASE(2) ERASE(J) DEL=ERASE(4) ERASE(S) EKRASE(6)
POSITION,VELUCITY ANV COKRECTION FOR PREVIOUS TIME

bv(l) Lvee) uvi(3) OVP(1) DVP(2) OVP(3)
KASE(1) KASE(2) KASE (3) RASE (4) RASE(S) RASE (o)

RASE(1-6) ARE THt CORRECTIONS TO THE PREVIOUS POSITION
AND VELOLITY VECTOR.(IN KILOMETERS AND KiILOMETERS/SECOND)

7) AT TrE EnD OF EACH FILTERING PHASE THFE PROGRAM PRINTS:
COVAKIANLE MATKRIX
PMAT(Ivd) IZ1reeerb J2lreeerb
NEw MEASUREMeNT ERRORS
ERASE(1-9)
NUMBER OF SIUMAS TOLERATED CT(1-9)

m MeamMmmMm >



PMAT IS THE COVARIANCE MATRIX.
ERASE(1=-9) ARE THE IMPROVED STANDARD ORSERVATION ERRORS.
(SEE EQUATION A.15)
CT(1-9) ARE THE RECOMPUTED NUMBER OF SIGMAS.(SEE EQUATION
A.160)
THE PROGRAM ALSO PRINTS THE COMPUTING TIME FOR THIS PHASE
IN MINUTES

TIME FOR THIS PHASE= ERASE(1) MIN.

8) IF THERE IS OVERFLOW OR A DIVISION BY ZERO.THE PROGRAM
PRINTS AN APPROPRIATE MESSAGE DUMPS CORE+AND GOES TO THE
NEXT PROBLEM.

9) THE DIFFERENTIAL EQUATION SUBROUTINE PRINTS THE FOLLOW=-
ING ERROR MESSAGE
DENSIT SUBROUTINE ERROR NO.RHO. PROGRAM WILL GO TO NEXT PROBLEM.
IF RHO ==1.0,THE EXOSPHERIC TEMPERATURE IS OUTSIDE
OF THE 500°K = 2400°K RANGE.
IF RHO = 0.0,THE ALTITUDE IS LESS THAN 120.0(KM).

10) IF THE DIAGONAL ELEMENTS OF THE COVARIANCE MATRIX ARE
NEGATIVE» THEN THE PROGRAM PRINTS
COVARIANCE MATRIX RECAME NEGATIVE.
IF THIS NUMERICAL PROBLEM REOCCURS AFTER DIAGONALIZATION.
THEN THE PROGRAM WILL ODUMP CORE+AND GO TO THE NEXT
PROBLEM,
(SEE EQUATION S51.REFERENCE 1 AND SUBROUTINE DIACHK)

11) IF THE SMOOTHING OPTION HAS BEEN REQUESTED,THE PROGRAM

WILL PRINT ON THE SYSTEM OUTPUT TAPE
SMOOTHING DATA. POINT TO BE SMOOTHED AT OLDDAY.OLDTIM

EACH TIME THE PROGRAM COMPUTES THE SMOOTHING EQUATIONS

THE PROGKRAM PRINTS
MOD.JUL.DATE = DJULN TIME = TNORMN (SEC)
DIFFERENCES BETWEEN STORED AND INTEGRATED VALUES IN POSITION AND VELOCITY
ERASE (1) ERASE(2) ERASE (3) ERASE (4) ERASE (5) ERASE(6)
CORRECTIONS IN POSITION AND VELOCITY AT THE INITIAL DATE (I.E.OLDDAY,OLDTIM)
ERASE (1) ERASE (2) ERASE (3) ERASE (4) ERASE (5) ERASE(6)
NEW POSITION AND VELOCITY AT THE INITIAL DATE
ov(l) Dv(2) DV(3) DVP(1) OVP(2) DVP(3)

OLDDAY IS THE MODIFIED JULIAN DATE OF THE LAST ORSERVATION

CARD WHICH HAS BEEN STORED FOR SMOOTHING

OLDTIM IS5 THE TIME OF DAY IN SECONDS CORRESPONDING TO

OLDDAY.

THIS IS PRINTED IN SUBROUTINE ORBINT
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C.EPHEMERIS OUTPUT

THIS OUTPUT (S WRITTEN ON A BCD TAPE (WHEN REQUESTED BY CUSTOMER) AND
1S PRINTED OUT IN SUBROUTINE PROUT.EACH PAGE IS PROPERLY LABELED AND
THE WORD EPHEMERIS IS wRITTEN ON IT.

DAYJL KMOOUT KDAOUT KYROUT KHROUT KMIOUT SECOUT TNORMO IREV

THE KEMAINDER OF THE OUTPUT 1S A FUNCTION OF THE VARIABLE JTYPRT. (SEE
INPUT LISTING)

POSITION AND VELUCITY OUTPUT

ov(l1) Dv(2) Ov(3) ovP(1) DVP(2) DVP(3)
ALTIVU RADPRT VTCTPKR GEOCEN GEODET OLAMO MSTHR MSTMIN STSECO
OSCULATING ELEMENTS OUTPUT

AXIMAJ ECCENT OINCLI ASCNOD PERIGE OMEANA
STATION UBSEKVATION DATA OUTPRUT

NUMSTA ELKATE AZRATE RARATE DCRATE
ELEVAT AZIMUT RANGES RANRAT RTASC DECLIN

REMARKS 1) THE bINARY TAPE FORMAT PRODUCED BY THE PROGRAM IS AS
FOLLUWS

FIRST RECORD ICENTIFICATION RECORD

wi+D DEF INITION
i: KF7 7+NUMBER OF WORDS REMAINING IN THIS RECORD
2+ NUSAT SATELLITE NUMBER
3. TIMSEC(1) TIME OF DAY OF INITIAL PRINT TIME (SEC)
4. DUWUPRT(1) MOUIFIED JULIAN DATE OF FINAL PRINT TIME
Se TIMSEC(2) TIME OF DAY OF FINAL PRINT TIME (SEC)
6. DUWUPRTI(2) MOUIFIED JUL1AN DATE OF FINAL PRINT TIME
7. OPRINT PRINT INTERVAL (SEC)
8¢ NUSPRI NUMBER OF SPECIAL PRINT TIMES
25
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SECOND RECOURND

wORD

1. MERASE (1)

e
de
o
Se
6.
7o
8.
9.
10.
11.
12.
13.
14,
15.
lo.
17.

1s8.
19.
20,
21.
22.
23,
24.
25.
26,
27.
28,
29.
30,
31.

DaYJUL
KMOOUT
KUAOUT
KYROUT
KHROUT
KMIOUT
SeCOUT
TNORMO
Dv(1)
Dv(2)
Dv(3)
DvP(}1)
DVP(2)
DVP(3)
ALTIO
RADPRT

VIOTPK
G OCEN
GeOLET
OLAMO

MSTHR

MSTMIN
S1SECUL
AXIMAY
ELCENT
O4NCLI
ASCNOD
PtRIGE
OMEANA
IKEV

VATA RECOURD

DEFINITION

NUMBER OF wORDS REMAINING 1IN THIS RECOKD
=3¢ + 11=]lv

MOLIFIED JULIAN DATE OF THE EPHEMERIS PRINT TIME
CALENDAR MUNTH

CALENDAR DAY

CALENDAR YLAR (LAST 2 DIGITS OF 19XxX)
HOUR OF DAY

MINUTE OF HOUR

SECONDS OF MINUTE

TIME OF DAY IN SECUNUS CORKESPONDING TO DAYJL
COORUINATE OF POSITION VECTOR (KM)
COORUINATE OF POSITION VECTOR (KM)
COORUDINATE OF POSITION VECTOR (KM)
COORUINATE OF VELOCITY VECTOR (KM/SEC)
COORUINATE OF VELOCITY VECTOR (KM/SEC)
COURULDINATE OF VELOCITY VECTOR (KM/SEC)
SATELLLITE ALTITUDE (KM)

DISTANCE OF THE SATELLITE FROM THE CENTER
OF THE EARTH (KM)

VELOCITY (KM/SLC)

GEOCENTRIC LATITUDE (DEG)

GEVDETIC LATITUDE (DEG)

SATELLITE LONGITUDE (DEG)

HOUR OF GREENWICH MEAN SIDEREAL TIME
MINUTE OF OREENWICH MEAN SIDEREAL TIME
SECONDS OF GREENWICH MEAN SIDEKEAL TIME
SEMI=MAJOR AXIS (KM)

ECCENTRICITY

INCLINATION (DEG)

RIGHT ASCENSION OF ASCENDING NODE (DEG)
AROGUMENT OF PERIGE (DEG)

MEAN ANOMALY (VLEG)

REVOLUTION NUMBER

N =€ 3¢ N =< X
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32.

33.

34.
35,
3o
37.
38.
39,
40.
41.
42.
43.
4y,

THIRU RECOKD

Iv

11 YPE

NUMSTA
ELRATL
AcRATE
RARATLE
DLRATE
ELEVAT
AcIMUT
RANGES
RANRA1
R1ASC

OeCLIN

NUMBER OF STATIONS IN THIS DATA RECORD 0BS=-

ERVING THE SATELLITE (lu <10)

=1+,FINAL DATA RECOKRD FOR THIS EPHEMERIS PRINT
TiMe

S=1/ANOTHER DATA RECORL TO FOLLOW FOR THIS

EPHEMERIS FRINT TIME

STATION NUMBER

ELEVATION KATE (DEG/SEC)

AZIMUTH RATE (DEG/SEC)

RIVGHT ASCENSION RATE (DEG/SEC)

DECLINATION RATE (DEG/SEC)

ELEVATION (DEG)

AZiMUTH (DEG)

RANGE (KM)
RANGE KATE (KM/SEC) ,
RIGHT ASCENSION (DEG) A
DECLLINATION (DEG) i

THe SEQUENCE OF wORDS 34 TO 44 IS REPEATED IJ TIMES.

wORD

) I

Qe
3.
be

MeRASE (1)

1v
I1YPE
- 14,

DATA RECOKD WHICH CONTAINS STATION OBSERVATION

DATA UNLY.THIS RECORD IS WRITTEN WHENEVER THE FIRST
DATA KECOKD DUES WOT CONTAIN ALL OF THE STATION
OusSERVATIUN DATA,

ODEFINITION

NUMBER OF WORDS REMAINING IN THIS RECOKRD
=2 + 11*1J

SEt wORD 32 ABOVE

SEc WOKD 33 ABOVE

SEc WORDS 34 - 44 ABOVE

IHE SEQUENCE OF WORDS 4 TO 14 IS REPEATED IJ TIMES.IF ITYPE IS
STILL EQUAL TO =1+THEN THIS DATA RECORD 1S REPEATED.

THE SECOWND RECORU (AND THE THIRD RECORD WHENEVER NECESSARY)
1S REPEATEU FOR EVERY PRINT TIME.
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FOURTH RECORD IDENTIFICATION RECORD FOR THE END OF THE PRORLEM.

wWORD

1. KF1
2. BLANKS

NEFINITION

1
OCTAL NUMBER 606060606060

AN END OF FILE FOLLOWS THIS RECOKD.

2) IF A BINARY TAPE HAS REEN REQUESTED.THE PROGRAM WILL
PRINT ON THE SYSTEM OUTPUT TAPE
AXIMAJY tCCEN OINCLI ASCNOD PERIGE OMEANA
iREV

3)

4)

THESE ARE THE OSCULATING ELEMENTS AND REVOLUTION NUMRER
FOR THE FINAL PRINT TIME.

IF ANY ERROR MESSAGESe THE EPHEMERIS OUTPUT WILL NOT BE
COMPLETE.

IF THERE IS MORE THAN ONE FILTERING AND ALL ORSERVATION
CARDS WERE REJECTED»THEN THERE IS NO EPHEMERIS COMPUTA=-
TIOUN.
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V. LIST OF SYMBOLS

THE FOLLOWING IS A LIST OF SYMBOLS.THE METRIC SYSTEM OF UNITS
1S USED IN THE PROGRAM==KILOGRAMS KILOMETERS'METERS AND SECONDS.
ALL ANGULAR QUANTITIES ARE IN RADIANS DURING THE COMPUTATIONAL PRO=-
CESS AND THEY ARE INPUT OR OUTPUT IN DEGREES OR SECONDS OF ARC.THE CON-
VENTIONS USED IN THE DEFINITIONS ARE

1) INTERMEDIATE VARIABLE=-=THE VALUE OF AN EQUATION(OR PART OF AN
EQUATION) USED FOR INTERMEDIATE CALCULATION.

2) ASSIGNED VARIARLE==-THE VARIABLE HAS SEVERAL DEFINITIONS.IT IS
PROPERLY DEFINED IN THE MAIN PROGRAMS OR SUBROUTINES WHERE IT

1S USED.
3) SEE INPUT LISTING==INPUT VARIABLE DEFINED IN THE INPUT LISTING.

4) MODIFIED JULIAN OATE==-THE NUMBER OF INTEGRAL DAYS SINCE JUANUARY 1,
1950 (o™uT).

S) EQUA==-EGUATION. 1F NO REFERENCE IS GIVEN.THE EQUATION WILL BE
FOUND IN THIS REPORT.

6) REF-=REFERENCE.

32




VARIABLE
A(l)

EQUA

A(2-7) A.SB-A.Sb

Al
AIM]
AlP1
AS
AELIP
AH
ALP

ALT(]I)
1210000 NMS

ALTI
ALTIO
ANGDAT(111)

ARG

ASCNOD

ASTIME
AXIMAJ
AXSEMI

AZIMUT

A.28

A.58

27
A.38

A.54
A.32

151

REF

DEFINITION

=1.0/HIGHER ORDER TERMS OF THE EARTH’S GRA-
VITATIONAL POTENTIAL FUNCTION ARE INCLUDED
IN THE MATHEMATICAL MODEL.

S0.00 NOT INCLUDED

INTERMEDIATE VARIABLE

INTERMEDIATE VARIARLE

INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLE

SEE INPUT LISTING. THE PROGRAM CONVERTS
ALT(I) TO EARTH RADII.

ASSIGNED VARIARLE
SATELLITE ALTITUDE (KM).OUTPUT

STORAGE ARRAY FOR COMPUTED STATION OBSERVATION
DATA

REFRACTION CORRECTION FACTOR FOR RANGE RATE

RIGHT ASCENSION OF THE ASCENDING NODE (DEG) e
OUTPUT

INTERMEDIATE VARIABLE
SEMI=MAJOR AXIS (KM) OUTPUT
SEE INPUT LISTING

AZIMUTH (DEG) »OUTPUT
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REF

N DD

LA IR B M)

DEFINITION

AZIMUTH RATE (DEG/SEC)»OUTPUT

-+ 78539816 RAULIANS
INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE
INTERMEOIATE VARIABLE
STORAGE CELLS

THE OCTAL NUMBER 606060606060
STORAGE CELLS FOR XoY0ZeX+YeZ (FOR 200 CON-

SECUTIVE PRINT TIMES)
INTERMEDIATE VARIABLE

APPROXIMATION TO THE NUMBER OF REVOLUTIONS

SINCE THE FIRST EQUATORIAL CROSSING

INTERMEOIATE VARIABLE
STORAGE CELLS
(COSINE(ETA))®S
INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE
SEE INPUT LISTING
INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE

ASSIGNED VARIABLES

34

VARIABLE EQUA
AZRATE 135
8 4
(-} § S
83 S5
BELIP A.29
BJK(1=3)
BLANKS
BLOCK (60200)
BN A.23A
BNO A.22
6N A.238
BOX(5eY) A¢16A
¢ 5
1% | S
C2 5
CDRAG 170A=170C
CELIP A.3V
COASC A.506
COET A.54
COINCL A.56
CON(1=3)

e ——




VARIABLE
CON(4=H)
CON(6=7)
CON(8)

CON(9=10)

COPERI
COSALP
LOSEN
LOTAU2
CSASI

CTi9)

CTAVU

CTIN(6)

CTNEW(9)
UATES(3)
JATSEC(I)
1=102

VAYFLR

DAYJL

EQUA
122-139
17

141,
147

A.56
101
A.18A
5

98A»98H

A.16L
A.16C

A.14

REF

DEFINITION
INTERMEDIATE VARIABLES
INTERMEDIATE VARIABLES
ASSIGNED VARIABLE
INTERMEDIATE VARIABLES

INTERMEOIATE VARIABLE

INTERMEDIATE VARIABLE
INTERMEDIATE VARTARLE
INTERMEDIATE VARIARLE
INTERMEDIATE VARIARLE
SEE INPUT LISTING (THESE ARE RECOMPUTED AND
PRINTED OUT AT THE ENU OF FACH FILTERING PHASE.
SEE EGUATION A.160)

(COSINE (TAU/2)) 242

5000“.00600'80001100 AND
Y5

INTERMEDIATE VARIABLES

STORALE CELLS

DJUPRT (I)*RAUU0.0 + TIMSEC(I). TIME IN SEC=-
ONDS CORRESPONDING TO INITIAL AND FINAL
PRINT TIMES

MODIFIED JULIAN DATE OF THE OBSERVATION TIME
(USED DURING THE EPHEMERIS COMPUTATION)

MODIFLED JULIAN DATE OF THFE EPHEMERIS PRINT
TIME»OUTPUT
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VARIABLE
DAYREF

DAYS
OCRATE
VECLIN

DELAT(1)
IZ100000NMS

ODELRT
OELS
OELTAM
DELTOR(6)

OENL (3)
OENTEM
VIAG(6¢6)
DIFR(T)

LJO

OJBGN
OJREF

OJREG

EQUA

127
19

25
A.20

49

REF

DEFINITION

MODIFIED JULIAN DATE OF RIGHT ASCENSION AND
DECLINATION OF SUN

DAY OF YEAR ON OBSERVATION CARD
DECLINATION RATE (DEG/SEC)» OUTPUT
DECLINATION (DEG) »OUTPUT

GEODETIC LATITUDE =~ GEOCENTRIC LATITUDE (FOR
EACH STATION)

REFRACTION CORRECTION FOR RANGE
REFRACTION CORRECTION FOR ELEVATION
INTERMEDIATE VARIABLE

CORRECTION TOLERANCES FOR XeYo2oX0Y02,
THESE SIX VARIABLES ARE EQUAL TO 10.0010.0¢
210000,0200.01+0.01+RESPECTIVELY

ARRAY OF INTERMEDIATE VARIABLES

DENSITY IN G/CM%a3

ASSIGNED VARIABLES

DIFFERENCES BETWEEN MEASURED AND COMPUTED
OBSERVATIONS » OUTPUT .

THESE SEVEN CELLS REPRESENT = ELEVATION OR
DECLINATION)AZIMUTH OR RIGHT ASCENSION»RANGE,
RANGE RATE+ELEVATION RATE+AZIMUTH RATE AND
RANGE ACCELERATION+RESPECTIVELY

MODIFIED JULIAN DATE OF JANUARY 1,MOBS(2)=-
WHERE MOBS(2) IS THE YEAR OF THE OBSERVATION

STORAGE CELL
CURRENT EPOCH OF THE BASIC(SIDEREAL) SYSTEM

MODIFIED JULIAN DATE CORRESPONDING TO THE RE-
GULAR PRINT TIME
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VARIABLE EQUA REF DEFINITION

DJULN CURRENT MODIFIED JULIAN DATE

DJULO PREVIOUS MODIFIED JULIAN DATE

OJUPRT (2) MODIFIED JULIAN DATES OF INITIAL AND FINAL
PRINT TIMES

0LO6 INTERMEDIATE VARIABLE

ONP (37+89) TABLE OF COMMON LOGARITHMS OF DENSITY (G/CM3)
AS A FUNCTION OF EXOSPHERIC TEMPERATURE AND
ALTITUDE

UPRINS EQUIVALENT TO DPRINT

OPRINT SEE INPUT LISTING

OPRR INTERMEDIATE VARIABLE

DSAVE(3) VALUE OF THE UPDATED VELOCITY VECTOR (XoYs2)

OSPI(I) MODIFIED JULIAN DATES OF THE SPECIAL PRINT

1210400 +NOSPRI TIMES

OSTEP 102 1  POSITION PERTURBATION =.u4(KM)sIN STATE
TRANSITION MATRIX

OTH1 19¢ 1 INTERMEDIATE VARIABLE

DUM(3) INTERMEDIATE VARIABLES

ov(3) POSITION VECTOR X¢Y+Z (KM)

DVEQ(12) DVEQ(1) /DVEQ(3) +OVEQ(S) ARE EQUIVALENT TO

Ov(1),D0v(2),0V(3)RESPECTIVELY.
DVEQ(7),DVEQ(9)OVEQ(11) ARE EQUIVALENT TO
DVP(1)DVP(2) rDVP(3) »RESPECTIVELY

OVH(3) FINAL INTEGRATED VALUES OF XosYeZ IN INTE-
GRATION SUBROUTINE

OVH2(3) INTERMEDIATE VALUES OF Xo¢YeZ IN INTEGRATION
SUBROUTINE




VARIABLE
OVH2P(3)

DVHP(3)

OVHPP(3)

ovo(3)

OVP(3)
OVPO(3)

OVPOO(3)

OVPP(3)

ECA
ECAD
ECANOM

EccC
ECC2
ECCEN
ECCENT
EELIP

EELIP2
EHM

EQUA REF
91A=978 1
91A=-978 1

A.42 1

87 1

A.31

A.31

DEFINITION

INTERMEDIATE VALUES OF XoYeZ IN INTEGRATION
SUBROUT INE

FINAL INTEGRATED VALUES OF XoYe2Z IN INTE=
GRATION SUBROUTINE

INTERMEDIATE VALUES OF XoYe2Z- IN INTEGRATION
SUBROUT INE

INITIAL VALUES OF XoeYeZ AT STYART OF INTE-
GRATION SUBROUTINE

VELOCITY VECTOR XoeYe2 (KM/SEC)

INITIAL VALUES OF XoYe2 AT START OF INTE=-
GRATION SUBROUTINE

INTERMEDIATE VALUES OF Xo¢Ye2 IN INTEGRATION
SUBROUT INE

INTERMEDIATE VALUES OF XoYeZ IN INTEGRATION
SUBROUT INE

ECCENTRIC ANOMALY E1 OR E2
ECCENTRIC ANOMALY E1 OR E2

ECCENTRIC ANOMALY USED DURING EPHEMERIS
COMPUTATION

ECCENTRICITY,E
ECC»ECC

SEE INPUT LISTING
ECCENTRICITY,»OUTPUT

COMPUTED ECCENTRICITY AT THE EPOCH OF THE
INPUT ORBITAL ELEMENTS

EELIP=EELIP

ALTITUDE ABOVE WHICH DENSITY IS COMPUTED BY
EXPONENTIAL EXTRAPOLATION = 1000.0 KM
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VARIARLF EwlIA

cLeMAX

tLEMIN

tLEVAT 12v

LLKATE 134

ENDDAT

tPS 179

tRASO(1N)

cRASE(<cN)

eT

tTal(o) 2b=20

cTASUN 1770

eTm

EXTRIM

r o]

Fl(6) 158=159

+CaA Y2y

= CUNST 170A=
170C

rEARTH o

FILDIRL2)

RFF

DEFINLTION

StE InPUT LISTING

StE IPUT LISTING

ELFVATIUN (DEL)»OUTPUT

ELEVATIUN RATE (DEG/SEC) »OUTPUT

RCD WURD =FNDUAT (SEFE INPUT LISTING)
MEAN URLIGUITY OF ECLIPTIC

ASS1GIF() VARTARLES

ASSIGIEDL VARIARLES

CUMPUTED ECCENTRIC ANOMALY AT THE EPOCH OF
THE InPUT ORRLTAL ELEMFNTS

INTERMEVDIATE VARIARLES
NDIRECITON COSIME OF Sun

EXOSPHFKIC TEMPERATURE BFLOW wHICH DENSITY IS
CUMPUTELDL bY FXTRAPOLATIOM = 6UNN DEG K

INCREMENT OF ©XUOSPHERIC TEMPERATURF RELOW
LUWEST TEMPERATURE OF NDNP DATA ALLOWEL) FOR LO.-
TEMPERATURE RKANCH = 100,V DEOL K

StE InwPUT LISIING

INTERMEOUIATE VARIARLES

INTERMEDIATE VARIARLE

INTERMEVDIATE VARIARLE

2
(loU ")' FE

RCD TIWFURMATIUN USFD FOR HFADING UF EACH
PAGE




VARIABLE
FLO
FL1
FL10
FL12
FL1PS
FL2
FL24
FL2P1
FL3
FL3600
FL3652
FL4
FLS
FL6
FL60
FL?7
FL8
FLB64H
FL9
FL96
FLPOO1
FLPO1
FLP1

EQUA REF

DEFINITION

0.0
1.0
10.0
12.0
1.5
2.0
24.0
2.0*P1
3.0

3600.0,NUMBER OF SECONDS IN ONE HOUR

36525.00NUMBER OF DAYS IN A JULIAN CENTURY .

4.0
5.0
6.0

6U.0,NUMBER OF SECONDS IN ONE MINUTE

7.0
8.0

86400.0oNUMBER OF SECONDS IN A DAY

9.0
96.0
0.001
0.01
0.1

40




VARIARLE EwlIA RFF DEFINITION

FLPS 05

rLPI Ple3.1415926%

FLKAL 178445329250 CUNVERSION FACTOR NEGKFES TV
RADIAKS

FSM1 1S 1 INTERMEDIATE VvARIAALF

rSm2 159 1 INTERIMFOIATE VARIARLF

) 4 e e 78534yR1A RANDIANS (UNUSEDN)

VAM 174 1 LONGITUDE OF SUN

VAMS 2% 1 TUTAL REFKACTION BENDING THROUGH THE TRU=
PUSHEKF. (KADIANS)

vEOCEN A.S7 GLOCENWTRIC LAITITULFE (LFG) f OUTPUT

GEODLET A.hl GEOLETIC LATINTUDE (DFEG)Y s OLTPUIT

HINNTPA) 122=- 1 H MATKTIXe THE MATRIX OF THe PARTIAL OFRIVA=-

148 TIVES WITH RESPECT TO THE SIX ORRITAL

FLEMEILTS IMN THE FURM OF PUSITION AMD VFLOCITY
CUOKDINATLS

HCUEFF 4 ’ INTERMEDIATE VARITARLF

1CUK(A) 25 1 INCREMFHNT LAYERS USED Il KFFRACTIUM CuRe
ReCTIun SURROUTINE

HDKAS 9 ? DIFFENFENCL OF RASAT = SUNKA

AIND 19¢ 1 VARIABLE INTFOURATION IMTFKRVAL(SEC.)

1INDe (nINn}

AInNl26 (nlNDf/h.u

MHInDegA (nlNHf&n.u

41
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VARIABLE EQUA
HIND29

HINDO2

HINDOG6

HINOZ4

HNOW

HPHTR(707)

HRPRT (2)
HTOFLR

HTOT1 95
HTOTAL

HTOTAS

HTR(6/NNTP) Sv
50

i
112345
sAM

iB(7)

REF

=t b

DEFINITION
(HIND)/96.0
HIND/2.0
HIND/6.0
HIND/24 0

ACCUMULATIVE INTEGRATION INTERVAL (THE
LIMIT IS HTOTAL)

ASSIGNED VARIABLES. MATRIX TO BE INVERTED
OR ITS INVERSE.

SEE INPUT LISTING

INTEGRATION INTERVAL BETWEEN TWO OBSERVATION
TIMES(SEC.)

INTERMEDIATE VARIABLE

INTEGRATION INTERVAL BETWEEN TWO PRINT TIMES
OR BETWEEN TWO OBSERVATION TIMES(SEC,)

EGQUIVALENT TO HTOTAL

THE WEIGHTING MATRIX OR
THE TRANSPOSE OF H

PROGRAM INDEX
PROGRAM LOGIC CONTROL
INTERMEDIATE VARIABLE
STORAGE CELLS

[ e S —ﬁww: -




VARIABLE EQUA REF
LCOUNT

ICt

1DIR

1EQUAL
1EX

IFF(7)
IFILSV
IFILTR

IFINIS

IFIRST

16(7)
160

11
LIN
1J

DEFINITION
ASSIGNED VARIABLE
ITERATION COUNTER

=1+ FILTER IN BACKWARD DIRECTION
=0¢ FILTER IN FORWARD DIRECTION

PROGRAM LOGIC CONTROL

EXPONENT OF RANGE ON AN OBSERVATION CARD

PROGRAM INDICES AND STORAGE CELLS

PREVIOUS VALUE OF IFILTR

=1+ DJULN AND TNORMN CORRESPOND TO AN EPHE-
MERIS PRINT TIME

=0+ DJULN AND TNORMN CORRESPOND TO AN 0BS-

ERVATION TIME
==1/DJULN AND TNORMN CORRESPOND TO AN EPHE-
MERIS AND AN OBSERVATION TIME

=1+FINAL EPHEMERIS PRINT OUT
S0+EPHEMERIS PRINT OUT TO CONTINUE

=001 FILTER ONLY
=2¢ FILTER AND PRINT EPHEMERIS

PROGRAM INDICES AND STORAGE CELLS

==1+TRANSFORMATION OF COVARIANCE MATRIX
RESULTED IN NEGATIVE DIAGONAL ELEMENTS.
PROGRAM WILL NOT CONTINUE.

=001 TRANSFORMATION WAS SUCCESSFUL
(SEE EQUATION S1. REFERENCE 1)

PROGRAM INDEX

SYSTEM INPUT TAPE

NUMBER OF STATIONS IN A BINARY DATA RECORD
OBSERVING THE SATELLITE(IJV%10)




VARIABLE EQUA REF DEFINITION
LUFILP =1 +INCREMENT JFILP BY 1,I1.E.FILTER FORWARD
==19 INCREMENT JFILP BY =1+1.,E.FILTER BACKWARD
LUKL STORAGE CELLs» EQUALS IOUT OR MBCD
(SEE IOUT AND MBCD)
iL =1/EPHEMERIS PRINT=OUT IS AT A SPECIAL
PRINT TIME
=0+EPHEMERIS PRINT=0UT IS AT A REGULAR
PRINT TIME
ILIMIT =0+DIFR ARI. WITHIN THE TOLERANCES
=1/DIFR ARE NOT WITHIN THE TOLERANCES
(SEE DIFR)
ILMTO VALUE OF ILIMIT AT THE FINAL OBSERVATION CARD
ENCHM INTEGRAL VALUE OF XINCHM (INTEGER)
INCTM INTEGRAL VALUE OF XINCTM (INTEGER)
ANTEND ==1» INTEGRATION 1S COMPLETE
=0+ INTEGRATION IS NOT COMPLETE
LONE =0/REWIND TAPE MBCD
=100 NOT REWIND TAPE MBCD
LouT SYSTEM OUTPUT TAPE
LPAGE PAGE COUNTER FOR FILTERING OUTPUT
IPHI PROGRAM INDEX
IREC PROGRAM INDEX
(REV REVOLUTION NUMBER:OUTPUT
LREVO SEE INPUT LISTING
LREWD =0+REWIND TAPE MBIN 1
=100 NOT REWIND TAPE MBIN
LSAVE PROGRAM INDEX .
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VARIABLE
1SCLH
ASH

4 SMOOH
4ST

ATCT
iT1IMe

LTYPE

JACK

JB
JDAPRT 1 2)
JERR
wE1lLpP

JFIRST

vJ
JM

JMOPRT (2)

EQUA REF

WM P = m" -
'. .

DEFINITION

INTEGRAL VALUE OF XISCLH / XINCHM (INTEGER)

INTEGRAL VALUL OF SHM (INTEGER)

SEE INPUT LISTING

INTEGRAL VALUE OF STM (INTEGER)

ITERATION COUNTER

STORAVE CELL

S1eFINAL DATA RECORD AT AN EPHEMERIS
PRINT TIME

==1+,ANOTHER DATA RECORD TO FOLLOW AT AN
EPHEMERIS PRINT TIME

PKOGRAM INDEX

SUrSTURE PROGRAM CONSTANTS
=1+,CALCULATE INITIAL VALUES

PROGRAM INDEX

StE INPUT LISTING

PKOGRAM LOGIC CONTROL

OBSERVATION CARD COUNTER

SUrREAD OUSERVATION CARDS IN INCREASING ORDER
ANu FILTER

=1 +READ OBSERVATION CARDS IN DECREASING ORDER
ANU FILTER

=2+READ OBSERVATION CARDS IN INCREASING ORDER
oFILTER AND PRINT EPHEMERIS

PROGRAM INDEX

PkOGRAM INDEX

StE INPUT LISTING

45




VARIABLE
JSp
JSPDA
JSPMO
JSPSAV
JSPYR
JTYPRT
JYRPRT(2)
K
KARG
KARGSV
KBEG
KCLASS
KCOUNT
KDAOUT
KDECOB
KEY
KEYTAP
KFO
KF1
KF10
KF100
KF2

EQUA REF

DEFINITION

PROGRAM COUNTER FOR SPECIAL PRINT TIMES
SEE INPUT LISTING

SLtE INPUT LISTING

VALUE OF JSP AT THE PREVIOUS OBSERVATION TIME
SEE INPUT LISTING

SEE INPUT LISTING

StE INPUT LISTING

PKOGRAM INDEX

PROGRAM LUGIC CONTROL

VALUE OF KARG AT THE OBSERVATION TIME
PROGRAM INDEX

SATELLITE CLASSIFICATION ON OBSERVATION CARD
StE INPUT LISTING

CALENUAR DAY OQUTPUT

DECADE OF TIME IN YEAKRS(50¢600700¢¢0)
PROGRAM INDEX

SEE INPUT LISTING

0

1

10

100

46

VD ) kil e | @




VARIABLE EQUA REF

KF25
KF3
KF3i
KF4
KFS
KFob
KF60
KF7
KF8
KF9

KFILPR

KFILPT

KFIN
KHROUT

KITER

KLAMRA
KLONOS

KMIOUT

KMOOUT

DEFINITION
25

3

31

8

9

=0+PROGRAM IS FILTERING AND COMPUTING
EPHEMERIS

=1+PROGRAM IS COMPUTING ONLY THE EPHEMERIS

=0+PRUGRAM IS FILTERING

=1+/PROGRAM IS FILTERING AND COMPUTING

EPHEMERIS

PROGRAM INDEX

HOUR OF DAY!0UTPUT

=1+0BSERVATION CARD HAS BEEN SAVED FOR
SMOOTHING

=0+0BSERVATION CARD HAS NOT BEEN SAVED FOR
SMOOTHING

PROGRAM LOGIC CONTROL

PKOGRAM INDEX

MINUTE OF HOUR»OQUTPUT

CALENUAR MONTH!OQUTPUT




VARIABLE EQUA REF
KOBSPR
KONCE

KQ
KQ20
KTOT
KTOTM1
KTYPRT
KYROUT
L(7)
LASTCA

LFO
LINES
LINOUT
LMBDA
LOOKAN
LPAGE
LUP
LUV
LUv1
MBCD

DEFINITION

SEE INPUT LISTING

S0»THE FIRST SIX (OR LESS) OBSERVATION CARDS
HAVE BEEN SAVED FOR SMOOTHING

=1+,0OBSERVATION CARDS/,OTHER THAN THE FIRST SIX
HAVE BEEN SAVED FOR SMOOTHING

PROGRAM INDEX

INTERMEDIATE VARIABLE

PROGRAM INDEX

PROGRAM INDEX

(SEE JTYPRT)

CALENDAR YEAR(»OUTPUT (LAST 2 DIGITS OF 19xX)

PROGRAM INDICES AND STORAGE CELLS

LAST VALUE OF JFILP AT WHICH AN OBSERVATION
CARD HAS BEEN ACCEPTED

LINE COUNTER INCREMENT

LINE COUNTER FOR FILTERING OUTPUT

LINE TOUNTER FOR EPHEMERIS OUTPUT

PROGRAM INDEX

PROGRAM LOGIC CONTROL FOR EPHEMERIS OUTPUT
PAGE COUNTER FOR EPHEMERIS OUTPUT

PKOGRAM INDEX

PROGRAM INDEX

PROGRAM INDEX

BCD OUTPUT TAPE REQUESTED BY CUSTOMER
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VAKIABLE EQUA REF

MBIN

MEQ(J)
J=1reeer9

MERASE (20)
MMTAPE
MOBS (1)
MOBS (2-4)

MOLD
MSTHR

MSTMIN

N

N2 A.230C
N3 A.23V
NAT

NCARSV

NCOL

NDI 2V

ND1M

DEFINITION

BINARY OUTPUT TAPE REQUESTED Y CUSTOMER

=0rCOMPUTE TRANSFORMATION MATRIX TO THE MEAN
EQUINOX AND EQUATOR OF THE CELESTIAL REF-
ERENCE SYSTEM

=1+ TRANSFORMATION MATRIX HAS BEEN COMPUTED

(SEE PPRIME(3¢30J)

ASSIGNED VARIABLES

STORAGE TAPE USED BY PROGRAM

SATELLITE NUMBER ON OBSERVATION CARD

StE INPUT LISTING
OR YEAR/MONTH» DAY OF OBSERVATION

STORAGE CELL
HOUR OF GREENWICH MEAN SIDEREAL TIME.OUTPUT

MINUTE OF GREENWICH MEAN SIDEREAL TIME.
OUTPUT

PROGRAM INDEX

INTEGRAL VALUz OF BN

INTEGRAL VALUt OF BNO

StE INPUT LISTING

TOTAL NUMBER OF OBSERVATION CARDS

COLUMN ERROR UVESIGNATUR

=¢'THE MATRIX PLTR{SEE P1TR) HAS BEEN RECOM=-
PUTED/HENCE PN1 MUST BE RECOMPUTED

=1+P1TR MATRIX HAS NOT BEEN RECOMPUTED

FORTRAN DIMENSION OF A SQUARE MATRIX
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VARIABLE EQUA REF
NDIR

NE2

NEQG

NEQ1
NF
NFIRST
NG

NHM
NHMSCL
NMS
NNEQ
NNTP

NO
nNOB
NOSAT

NOSPRI

OEFINITION

=1+FILTER AND COMPUTE EPHEMERIS

=2:COMPUTE EPHEMERIS/NO FILTERING

=3+,COMPUTE EPHEMERIS/NO FILTERING.SET
NDIR=1

YEAR OF OHBSERVATION

CODE OF THE CELESTIAL REFERENCE SYSTEM ON
THE ObSERVATION CARD

STORAGE CELL FOR NEQ

PROGRAM IWNDEX

INITIALIZATION SECTION CONTROL (INTEGER)
PKOGRAM INDEX

NOe OF ALTITULES IN DNP TABLE = 89 (INTEGER)
INDEX FOR HIGH ALTITUDE BRANCH

SEE INPUT LISTING

PROGRAM INDEX

IF NTP =1.NNTP =2

IF NTP =1+ NNTP =NTP

NNTP REPRESENTS THE NUMBER OF SIMULTANEOUS
OBSERVATIONS ON AN OBSERVATION CARD.

NNTP 1S ALSO USED AS THE DIMENSION OF A MATRIX
TO BE INVERTED(SEE HPHTR)

STORAGE CELL

SEE INPUT LISTING

SEE INPUT LISTING

SEE INPUT LISTING. NOSPRI IS DECREASED BY 1

EACH TIME THE PROGRAM PRINTS AT A SPECIAL
PRINT TIME
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VARIABLE EQUA REF

NOSPRS

NRE

NS

NSG(1) 16017
1=100000NMS

NSTPRT
NTIME
NTM

NTP

NTPOLD
NUMBER(111)

NUMSTA(I)
1210000 NMS

NWORDS

08sC(7) 120~
141

o8sM(7)

e A S - m!‘ AR G 8 T T T T T T EC T PR RO G, s v vl
" ]

DEFINITION

VALUE OF NOSPRI AT THE PREVIOUS OBSERVATION
TIME

=1+ INITIALIZE PROGRAM LOGIC FOR COMPUTATION
OF DECLINATION AND RIGHT ASCENSION
=2+ INITIALIZATION HAS BEEN DONE

PROGRAM INDEX

SEE INPUT LISTING

SEE INPUT LISTING
STORAGE CELL
NO. OF TEMPERATURES IN DNP TABLE = 37 (INTEGER)

CODE WHICH DESIGNATES TYPE OF SIMULTANEOUS

OBSERVATIONS

S1oDECLINATION,RIGHT ASCENSION

=2 ELEVATION/AZIMUTH

S3+,ELEVATION,AZIMUTH» RANGE

SUoELEVATION/AZIMUTHeRANGE »RANGE RATE

=7+SAME AS =4 AND ELEVATION RATE,AZIMUTH
RATEs, RANGE ACCELERATION

STORAGE CELL.VALUE OF NTP
EQUIVALENT TO ANGDAT(111)
SEE INPUT LISTING

PROGRAM INDEX

COMPUTED OBSERVATIONS.THESE SEVEN VARIABLES
REFER TO ELEVATION OR DECLINATION,AZIMUTH OR
RIGHT ASCENSION.RANGE »RANGE RATE+ELEVATION
RATE+,AZIMUTH RATE AND RANGE ACCELERATION/RES-
PECTIVELY.

MEASURED( INPUT) OBSERVATIONS ON THE OBSER-

VATION CARD.THESE SEVEN VARIABLES ARE ANALO-
6OUS TO OBSC(7).
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VARIABLE
VUBSNO
OINCL
OINCLI
OKINT1
OLAMO
OLAMS
OLAMSP
OLDDAY

OLOTIM

OMEANA
OMS
OMSAT
oMy

ONE
ONUM

P

PO
P12(3,3)
P1TR(3+3)
P2(3:3)

P2TR(3+3)

EQUA REF
A.37
193 1
A.64
A.64
A.64
A4
180 1
4 2
15,20 1
15 1

DEFINITION

COLUMNS 73-78 OF OBSERVATION CARD
SEE INPUT LISTING

INCLINATION (DEG) »OUTPUT
INTERMEDIATE VARIABLE

SATELLITE LONGITUDE (DEG)»OUTPUT
SATELLITE LONGITUDE (RAD)
SATELLITE LONGITUDE (RAD)

VALUE OF MODIFIED JULIAN DATE(DJULN) AT WHICH
AN OBSERVATION CARD HAS BEEN ACCEPTED

VALUE OF TNORMN CORRESPONDING TO
OJULN (SEE OLODAY)

MEAN ANOMALY (DEG) »OUTPUT
INTERMEDIATE VARIABLE

SLE INPUT LISTING

SEE INPUT LISTINGs M

1.0

INTERMEDIATE VARIABLE

20943951 RADIANS

INTERMEDIATE VARIABLE

ASSIGNED VARIABLES

TRANSFOSE OF NUTATION-PRECESSION MATRIX
ASSIGNED VARIABLES

NUTATION-PRECESSION MATRIX (COMPUTED AT DJULN)
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VARIABLE
PASS
PERIGE

PERIOD

PERMUT (7)

EWUA

A.4}

PHl(br0) 51,108

PHII(707)

PHILAT(I)
‘:IOQQQONMS

PHITk(orb)

PMAT\6¢6)

PN1(3¢3)

PN1TR( 30 3)

PNODAL

FPRIME(3030¢J)

J=1reee?9

w(?7)

wP(2)

SV

50~
52

2V

129
131
A2

2V

53

59

REF

DEF INLITION
StE INPUT LISTING
ARGUMENT OF PtRIGE (DEG)»OUTPUT

PERIOU OF SATELLITE AT THE EPOCH UF THE
INPUT ORBITAL ELEMENTS(SEC)

STORAGE CELLS
STATE TRANSITION MATRIX
INTERMEDIATE MATRIX

StE INPUT LISTING

ASSIGNEDL VARIABLES

CUVARIANCE MATRIX

TRANSFORMATION MATRIX FROM THE TRUE EQUINOX
AND EQUATOR OF DATE TO THE MEAN EQUINOX AND
EQUATOR OF THt PARTICULAR CELESTIAL S\YSTEM

TRANSPOSE OF THE PN1 MATRIX

NODAL PERIOD OF SATELLITE AT THE EPOCH
OF THE INPUT ORBITAL ELEMENTS (SEC.)

TRANSFORMATION MATRICES TO THE MEAN EQUINOX
AND EWUATOR OF THE CELESTIAL REFERENCE SYSTEM

ScE INPUT LISTING (THESE ARE RECOMPUTED AND
PRINTED OUT AT THE END OF EACH FILTERING PHASE.
SEE EWQUATION A.15)

SLE INPUT LISTING (THESE ARE RECOMPUTED AND
PRINTED OUT AT THE END OF EACH FILTERING PHASE
StE EWUATION A.15)

3
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VARIABLE

R2
RADIUS

RADPRT

RALON
RANGES
RANRAT
RARATE
RASAT
RASE(6)

RDPP

REARTH
RER

RER2

RESULT
RFC(6)

RHI(707)

RHO

EQUA
99

A.24

18
140
141

170A=-
170C

158
159

158
159

%00
52

170A=-170C

REF

DEFINITION

INTERMEDIATE VARIABLE

DISTANCE OF THE SATELLITE FROM THE CENTER OF
THE EARTH AT THE EPOCH OF THE INPUT ORBITAL
ELEMENTS

DISTANCE OF THE SATELLITE FROM THE CENTER OF
THE EARTH (KM) »OUTPUT

RIGHT ASCENSION OF THE OBSERVING STATION
RANGE (KM)»OUTPUT

RANGE RATE (KM)»OUTPUT

RIGHT ASCENSION RATE (DEG/SEC)OUTPUT

RIGHT ASCENSION OF SATELLITE (RADIANS)
CORRECTION IN POSITION AND VELOCITY VECTOR
AT THE LAST OBSERVATION CARD WHICH HAS BEEN

ACCEPTED.THESE ARE COMPUTED WHENEVER THE
PROGRAM ITERATES,OUTPUT

INTERMEOIATE VARIABLE

SEE INPUT LISTING/R,
INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLES
INTERMEDIATE MATRIX

ATMOSPHERIC DENSITY (KG/M>)
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. VARIABLE EQUA
RMEAN
RT2 128
RTASC 126
RTC2 1220134~
147

RX 128
RX2 129
S )
SA1 80A
SA2 80d
SA3 80¢
SAPA 88A
SATRAD

|

l SAVE(3)
°0 80A-

80C

SDV(6r6)
SECOUT
SECPRT(2)
SHM
SIASC A.56

REF

DEFINITION
REARTH*(2.,0-F) /2.0
INTERMEUIATE VARIABLE

RIGHT ASCENSION (DEG) OUTPUT
RANGE SQUARED

INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE
(SINE(THETA))®®

INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE

DISTANCE OF THE SATELLITE FROM THE CENTER OF
THE EARTH (KM)

VALUE OF THE UPDATED POSITION VECTOR (XeYe2Z)
INTERMEDIATE VARIABLE

VALUES OF POSITION ANU VELOCITY VECTOR AT

S1X OBSERVATION TIMES. THESE wILL BE USED FOR
SMOOTHING.

SECUONDS OF MINUTE.OUTPUT

StE INPUT LISTING

LOWEST ALTITUDE IN DNP TABLE = 120.0 KM

INTERMEDIATE VARIABLE
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VARIABLE EQUA REF DEFINITION
SIET A.S4 INTERMEDIATE VARIABLE
SIGNA =1.00VALUE OF AN OBSERVATION INPUT IS POSITIVE
==1.00VALUE OF AN OBSERVATION INPUT IS NEGATIVE
SIGXX(6) AolA= ERRORS IN POSITION AND VELOCITY DUE TO A
A.2C STANDARD TIMING ERROR
SIINCL A.S6 INTERMEDIATE VARIABLE
SINALP 101 1 INTERMEDIATE VARIABLE
SINE(6) 26 1 INTERMEDIATE VARIABLES
SINEN A.188 INTERMEDIATE VARIABLE
SIPA 888 1 INTERMEDIATE VARIABLE
SIPERI A.56 INTERMEDIATE VARIABLE
SLAT(I) 6 1 GEOCENTRIC LATITUDE FOR EACH STATION
i 4210000t NMS
| SLON(I) 16 1 SEE INPUT LISTING
1:10 e o o ¢ NMS
| SMALLA A.32 COMPUTED SEMI=MAJOR AXIS (KM)
SMATS (60 6) VALUE OF PMAT(606) AT AN OBSERVATION WHICH
HAS BLEN ACCEPTED
SMDAY (6) VALUES OF DJULN CORRESPONDING TO THE STORED
VALUES OF THE POSITION-VELOCITY VECTOR (SEE
SDV(6+6))
SMTIM(0o) VALUES OF TNORMN CORRESPONDING TO SMDAY(6)
SOA 8¢ 1 INTERMEDIATE VARIABLE
508 85 1 INTERMEDIATE VARIABLE
S0C 8o 1 INTERMEDIATE VARIABLE
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VARIABLE
S0GA
5068
50680
$06C

S0K
SOKB
S0KC

S0KV

S0S
SPHR

SPMAT(606)

SPMI
SPSEC
SQTIME
SQTMUA
SQTOLR(7)

SRAD(1)

£Z10e00NMS

SSAT

EQUA
A.58
A.61
A.61
A.6U

90

90

93~
96

10VA-
1008

84

A.S54¢
A.S4
53

REF

DEFINITION

INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLE
SEE IMPUT LISTING

DIAGONAL ELEMENTS OF THE COVARIANCE MATRIX
(PMAT) CORRESPONDING TO SOV (SEE SDV)

SEE INPUT LISTING

SEE INPUT LISTING

INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLE

SQUARE ROOT OF DIAGONAL ELEMENTS IN R MATRIX
THESE SEVEN VARIABLES REFER TO ELEVATION

OR DECLINATIONe AZIMUTH OR RIGHT ASCENSION»
RANGE +RANGE RATE,ELEVATION RATE,AZIMUTH RATE
OR RANGE ACCELERATION.RESPECTIVELY

GEOGENTRIC RADIUS OF EACH STATION

SEE INPUT LISTING

51

VA
ST
ST
ST
ST
ST
ST
Su

SU
SU

TA
1C
TE

TE
TE
IE

TH
11
11
[ ¢



VARIABLE EQUA REF DEFINITION

>TEP2 101 1 DSTEP + DSTEP OR VSTEP + VSTEP

>TM HIGHEST TEMPERATURE IN DNP TABLE = 2400.0 DEG K
>TOME ; 97A 1 INTERMEDIATE VARIABLE

>Tov INTERMEDIATE VARIABLE

>TOUSQ 97d 1 INTERMEDIATE VARIABLE

STSECO SECONUS OF GREENWICH M:AN SIDEREAL TIME.OUTPUT
SUM(9) A.160 TOTAL NUMBER UF EACH TYPE OFAOBSERVATIONS.

THESE REFER TO DECLIMATION/RIGHT ASCENSION.
ELEVATION,AZIMUTHs, RANGE»RANGE RATEELEVATION
RATE+,AZIMUTH RATE AND RANGE ACCELERATION

SUNDEC DECLINATION OF SUN

SUNRAS RIGHT ASCENSIUN OF THE SUN

1 b 2 EXOSPHERIC TEMPERATURE (DEG K)

TABLE INTERMEDIATE VARIABLE

TC 13 1 MODIFIED JULIAN DATE DIVIDED 8Y 36525.0

TEm1 DECLINATION Ok ELEVATION (DEG) ON OBSERVATION
CARL

TEMP ASSIGNED VARIABLE

TEMPE ASS1GNED VARIABLE

(EMTHD 9 1 INTERMEDIATE VARIABLE

TEMTHN 90 1 INTERMEDIATE VARIABLE

THET 9u 1 INTERMEDIATE VARIABLE

11 TC (SEE TC)

112 TC*TC  (SEE TO)

113 TC=TCxTC (SEt TC)
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VARIABLE EQUA REF

TIEQUI(I)
l=1000009

TIMFLR

TIMREG
TIMSEC(2)

TIMSSS (1)
TIMTOL

TINI A.22

TITLe(11)
TN2PHI A.6V
TNEXOS

TNO A.21

TNORMN
TNORMO

DLFINITION

YEARS OF STANVARD CELESTIAL REFERENCE SYSTEMS.
TIEQUi(1) - YtAR OF DATE (ON THE OBSERVATION

CARD)
TIEQUL1(2) = 1900.0
T1EQUI(3) = 1920.0
TIEQUI(4) - 1975.0
TIEQUI(5) - 2000.0
TiEQUI(6) = 1850.0
TIEQUI1(7) - 1855.0
TIEQUI(8) - 1875.0
TIEQUI(9) - 1960.0

THE JULIAN DAYS CORRESPONDING TO THESE EPOCHS
HAVE BEEN CONVERTED TO MODIFIED JULIAN DAYS
AND DIVIDED BY 36525.0

TIME OF DAY IN SECONDS CORRESPONDING TO
DAYFLR

TIME OF DAY IN SECONDS CORRESPONDING TO DJREG

TiMe OF DAY IN SECONDS CORRESPONDING TO THE
INITIAL AND FINAL PRINT TIMES(SEE OJUPRT)

EQUIVALENT TO TIMSEC(1)
SEE INPUT LISTING

DJULN*86400.0 + TNORMN. TIME IN SECONDLS
CORRESPONUVING TO THE INPUT DATE AND TIME

SEE INPUT LISTING
INTERMEDIATE VvARIABLE
SEE INPUT LISTING

TIME(SEC) TO THE FIRST EQUATORIAL CROSSING
FROM THE TIME OF THE INPUT ORBITAL ELEMENTS

TiME OF DAY IN SECONDS CORRESPONDING TO DJULN
TiME OF DAY IN SECONDS CORRESPONDING TO DJUULO
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VARIABLE
TNORNS
TNOROS
IOLER(7)
TOTSEO

TRIGE (o)
TSEC
TSPI(I)

EQUA REF

24=25 1

1210600¢?NOSPRI

v
UMEAN1
UMEAN2
VN
vSeD
VSTEP

VTUTPR
wASC

WEARTH

wiBD(7.2)
wPERI
wX

9¢ 1

94 1
Ao17
A.25

10¢ 1
A.25

17 1
108A 1

DEFINITION

EQUIVALENT TO TNORMN

EQUIVALENT TO TNORMO

REJECTION TOLERENCES (DEG)OUTPUT

OLDDAY * y640U.0 + OLUTIM. TIME IN SECONDS
OF OBSERVATION LASTCA (SEE LASTCA) WHEN THE

PROGRAM CALLS SUBROUTINE ORBINT FOR THE FIRST
TIME.

INTERMEDIATE VARIABLES
STORAGLE CtLL
TIME OF DAY IN SECONDS CORRESPONDING TO DSPI

INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLEMEAN ANOMALY
INTERMEDIATE VARIABLE,MEAN ANOMALY
INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE

VELOCITY PERTURBATION =.01(KM/SEC)+IN STATE
TRANS1TION MATRIX

VELOCITY (KM/SEC),OUTPUT
SEE INPUT LISTING

RATE OF ROTATION OF THE EARTH (RAD/SEC) .weg
=.000072921150

BLO INFORMATION
SEE INPUT LISTING

INTERMEDIATE VARIABLE
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VARIABLE
wXyz
wYy

ABAR

XIG(600)
XIMET
XINCHM

XINCTM

XIPET

XISCLH

AISUN
XLuEn

XLST

AM(3,3)
XMEAN
AMINUN
XMIPKRT(2)
AMN

AMN1
XMNTRU

AMTR (30 3)

EQUA
169
1688

89A,
97A

107

177A

A.57

A.19

122~
139

REF

DEFINITION

INTERMEDIATE VARIABLE
INTERMEDIATE VARIARLE
INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLES
INTERMEDIATE VARIARLE
INCREMENT OF ALTITUDE IN ONP TABLE = 10.0 KM

INCREMENT OF TEMPERATURE IN DNP TABLE = =50.0
DEG K

INTERMEDIATE VARIABLE

CONTANT USED TO COMPUTE POINTS TO BE USED
FOR HIGH ALTITUDE EXPONENTIAL EXTRAPOLATION
=50,0

NIRECTION COSINE OF SUN

INTERMEODIATE VARIABLE

EXOSPHERIC TEMPERATURE BELOW WHICH THE DENSITY
wlLL NOT BE COMPUTED = 500 DEG K

ASSIGNED VARIABLES
SLE INPUT LISTING
.31623%10 ~ 12

SEE INPUT LISTING
INTERMEDIATE VARIABLE
INTERMECIATE VARIABLE
INTERMEDIATE VARIABLE

TRANSPOSE OF THE XM MATRIX (SEE XM.DEFINED
IN SUBROUTINE TRANSF)
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VARI
XMy
XN2(
ANB

XWo

AWUP

AWl

XW1P

Xwe2

XwW20
XwW2p
KwW2P
XWK

AWKP
AWYW
XYsQ
XYZ0
XYzS
XYZ2S

AY¢T



- S

B e

RIABLE EQUA
v
2(309) 14
B
v BUr,1U30
105
P 820103
105
1 84
1P 82084
2 YBA
20 98A0 103
2P 1u0A
2P0  10VA »105
K A.24
KP A.20
YWMU A.28
SGRT
20(3) 15
£S(3) lo
2S0(3) 126~
133
cT(3) lo

REF

OEFINITION

INTERMEDIATE

VARIABLE

NUTATION MATRLX

3.0/ INTERVAL BETWEEN EPOCHS OF BASIC REFERENCE

SYSTEM
INTERMEDIATE

INTERMEODIATE

INTERMEDIATE

VARIABLE
VARIABLE

VARIABLE

PERTUKBED VALUE)

INTERMEDIATE

VARIABLE

PERTURBED VALUE)

INTERMEDIATE
INTERMEDIATE
INTERMEDIATE
INTERMEDIATE
INTERMEDIATE
INTERMELIATE
INTERMEDIATE
INTERMEDIATE

VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLE

SATELLITE COORDINATES

STATIUN COORDINATES

(UNPERTURBED

(UNPERTURBED

(UNPERTURBED

(UNPERTURBED

(UNPERTURBED

(UNPERTURBED

IN CELESTIAL

VALUE)

VALUE)

OR

OR

VALUE)

VALUE)

SYSTEM

STATIUN COORDINATES IN CELESTIAL SYSTEM

SATELLITE COORDINATES (X»Ye2Z) IN A TOPOCEN-

TRIC SYSTEM
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VARIABLE EQUA
RYZTP () 17
YBAR 89b8¢97b
YWO 85
YWOP 82¢103-100
YW1P b2 84
Ywe 980
YWN20 988,103,104
TWe2P 1008
YW2PO 100B.,105~
106

YWKP A.27
ZDAT (3!

ZETSUN 177¢
ZH

ZONHAR(5) 1580159
ZR1 158-159
ZR2 158=159
ZR) 158-159
;34 158=159
ZRUXT 1349130
ZSECL(3) 149A-

149C

REF

DEF INLTION

SATELLITE COORDLINATES
TRIC SYSTEM

INTERMEOIATE VARIABLE
INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLE
PERTUKBED VALUE)

INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLE
SEE INPUT LISTING

(XeYe2) IN A TOPOCEN=-

(UNPERTURBED VALUE)
(UNPERTURBED VALUE)
(UNPERTURBED OR

(UNPERTURBED VALUE)

(UNPERTURBED VALUE)

OR HUUR/MINUTE»,SECOND OF OBSERVATION

DIRECTION COSINE OF SUN

ALTITUDE OF SATELLITE (KM)

SEE INPUT LISTING

INTERMEDIATE VARIABLE
INTERMEDIATE VARIABLE
INTERMEUDIATE VARIABLE
INTERMEUIATE VARIABLE
INTERMEDIATE VAKIABLE

ACCELLRATIONS Xo¥eZ (KM/SEC?)
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VI. FLOW CHARTS

A. MAIN PROGRAM LOGIC
MAINZ

THIS IS THe mAIN PROGRAM OF THE MAIN LINK.NOTE!.THE PROGRAM IS
CHAINEDU AND wRATIEN IN FORTRAN &4,

VARIABLE EwUA REF DLF INALTION
MEKASE (1) SUeFIKST TIME THROUGH THE PROGRAM LOOP
S1/MULTIPLE PROBLEM

OR
=1¢7ALL DATA HAS BEEN READ<NO LISABLING
DATA £RROKS
S =1» DATA INPUT ERROR.PRUGRAM WILL GO TO
NeXT PROBLEM
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NIGH = ONIM3Y
| = OM3yl
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AFILT2

TH4S IS THe MAIN PROGRAM OF THE FIRST DERPENDENT LINK.AFILT2 READS
THE UATA (EXCEPT FOR THE OBSERVATION CARDS) »PRINTS OUT THE INPUT DATA»
CHECAS FOR ANY INPUT DATA ERROR AND COMPUTES CERTAIN INITIALIZATION.
IF THERE ARE ANY DATA ERRORS+THE PROGRAM WILL PRINT OUT AN APPROPRIATE
ERROK MESSAGE ANu WILL CONTINUE wITH THE NEXT PROBLEM.

VARIABLE EQUA REF DEF INITION
ERASL(1-2) INTERMEDIATE VARIABLES
tRASE (1=4) INTERMEDIATE VARIABLES
MERASE (1) =UsF IRST TIME THROUGH THE PROGRAM LOOP
=1°NOT THe FIKRST TIME THROUGH THE PROGRAM LOOP
OR
StE INPUT LISTING
OR

=1+ INPUT ERROR/PROGRAM WILL NOT CONTINUE
=1oNO DISARLING INPUT ERRUR(PROGRAM WILL
CONTINUE
AL

MERASE (2=3) STORAGLE CtLLS
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JACK =
1ONE »

CALL
SETCON

0
0
{JACK)

JACK =

CrIN (6) - 95
PHAT, j" 0.0

i e l',.... 6:jal,..., 6

READ:

KOBSPR,
PASS, TNEXOS,

TITLE (1-11), NOSAT, NOB, NAT, MERASE | .

ISMOOH, NSTPRT,
IREVO,

KCOUNT,

TiMTOL

._.lmm: NUMSTA . NSG,, SLON,, PHILAT,, ALT,: i = l,u..u, unsl

| |READ: OMSAT, SSAT, CDRAG, MOBS (2-4), IDAT (I- 3).
AXSEMI, ECCEN, nomu'e')“ss (»'wc?n. x“ TP
L (PAT, i ie hueel, 6) Q 2}, Q
IPAGE = 1
WRITE: |
TITLE (1-11)
READ: ELEMIN, READ: ZONHAR (1-5)
ELEMAX REARTH, F, OMU

i
XMIPRT,, SECPRT,, | =

i The
1, 2) NOSPAI,

JTYPRT, KEYTAP

“ERROR™

REWIND MBLCD
IONE = |

IHERAS[z = 10UT I

WRITE (ON 1JKL)
OINCL, WASC,

WPERI, XMEAN,

.t

1,...6),

IREVO, MOBS (2-4), ZDAT (I 3), AXSEMI, ECCEN,
(PMAT

e -2y @' 1-m)

1JKL = MERASE
a1, we

+1

[ CALL SETCO

N (JA(ﬂ

WRITE (ON 1JKL)

1 CT (1-9), OMSAT, SSAT, CORAG, REARTH, F, OMU, ZONHAR (1-5),

NO3, NAT, MERASE,, KOBSPR, KCOUNT. IS'OOH. NSTPRT, PASS TIMTOL

ERASE, = SLON|/FLIAD

[MSE, a PHILAT

WRITE (ON JKL):

/FLRAD

ERASE,

- SLA'”/'LRAD

ERASE, = ALT, * REARTH

NUMSTA,, NSG;, ERASE (1-4), SRAD,

}i —

FI1G.
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v i

WRITE (ON 1JKL): (JMOPRT,, JOAPRT,, JYRPRT,, HAPRT,, XMITRT,,
SECPRT 1 | = ), 2), JTYPRT, KEVIAP, OPRINT

*CONVERT INITIAL & FINAL PRINT TIMES TO

MOD. JULIAN DATE, TIME OF DAY IN SECONDS" 0 < JYAMT, < 99
CALL JOATE (JOAPRT,, JMDPRT,, JVAPRT,, DJUPRT,) 1< oMY, < 12 ™)
TIMSEC, = HAPRAT, * 3600.0 + XMIPAT,#60.04SECPAT, 1< JoARRT, < 31
s e 0 < TINSEC, < 86400.0)
AND TOTAL TIME IN SECONDS" ST

Ims:c, = JUPRT, * 86400.0 + TIMSEC, ].

TIMMEG = TIMSEC, DJREG = DJUPAT, DATES, « OJREG
IREC = | ISAVE = 0 JSP = |

“CONVERT SPECIAL PRINT TIMES TO MOD. JULIAN DATE,
TIMC OF DAY IN SECONOS"

&

n JSPMO, JSPOA, JSPYR, SPHR, SPMi,SPSEC

'l:ﬁ: o SPHR'® 3600.0 + SPHI % 60.0 + SPSEC EX < XS

CALL JOATE (JSPOA, JSPMD, JSPYR, DSPI;) | 2 JSPDA 2 u“

WRITE (ON 1JKL): JSPMO, JSPDA, JSPYR, 0 Z TSPI; T 86400.0
SPHR, SPMI, SPSEC T

e

“ELIMINATE ANY SPECIAL PRINY
TIMES NOT WITHIN INITIAL &

FINAL PRINT TIMES"
lelaed

KLONCS = |

0SP), = OSPI

TSPIJ - TSPIJ" J

1
J = KLonos, %sm

"VERIFY THAT ALL SPECIAL PRINT TIMES ARE
IN ASCENDING ORDER WITH RESPECT TO TIME"

ERASE, = OSPY . |
ERASD, = TSPI )
TSPL gy » TSPLLyy
TSPy « emaso,

08?1 vy = OSPI \yy
0SPI v = ERASE,




KDECOD = (NDBS,/10) * 10 f" .
CALL JATE (1OBS,, 1DBS,, 1D8S,, DJULN) — |
THORN - Z0AT, #3600.0 « 20AT, ¢ 60.0 o ZUAT, )

TSEC = 0.0 OIICI. = 0INCL * FLRAD s
WASC = WASC ® FLRAD WPERI = WPERI * FLRAD Y
XMEAN = *F

LRAD

DELTOR (1-3) - 10.0 umu b-s) = 0.0}
CTiN (1-5) = 3.0, Ao, .0, 11.0
OLDOAY = DJULN: .i L
st 2 0 2?255 uws) 0.0 “VARTOUS
ISECO (1-3) = 0.0 SMATS, | = PAT, ;, e tyebs o lueens 6 INITIALIZAT 10N

OEFINE WIBD; |, WIBD; o He s
“BCD_INFORMAT ION"

L’Olﬂllx bV (1-3), OVP (1-3) l.e., X, ¥V, I, il Gl i"
[gll POSVEL (XMEAN, AXSEM), TSEC, ECCEM, WASC, WPERI, OlICI.i

YN o 2¢ - ¥PERI

eosen « (-5 5 lom-+ 0

emase, - cos™' (cosen)
ERASE, = SIN (VN)

ERASE, = 2¢ - tnscd

RIS « (v & ov? o+ pv)!/2

1% 0vp + Vg
< N RADIVS * EMSE, )
[ oeuran - orutan o 2+ (us:m ® (1.0 - ECCEN * ECCEN) /2
K00 = ERASE, - ECCEN'® SINEN

DELTAM o XMN - XMEAN

)

™ (m_ ’:) "COMPUTE - TNO - TIME TO NEXT EQUATORIAL CROSSING*
TiNI = OJtrlLl * 36400.0

"COMPUTE - NIGHT ENOSPHERIC TEMPERATURE"

TNEXOS = - TNEXOS : EAASE, = TNEXOS - 150.0

ERASE, = 974.0 + ERASE, * (4.203 + .00h2 * EMASE,)

CALL JOATE (1, 6, MODS,, ERASE,)

CALL JOATE (1, 3, MOBS,, ERASE,)

LRASE, = 2¢/365.0

THEXOS « ERASE, + (.39 o .15 * SIN (ERASE, * (DJULN - ERASE,)))
© THENOS @ SIN (2.0 * ERASE, + (DJULN - ERASE,))

J

“O8TAIN PERIOD"

“COMPUTE - PNODAL - WODAL PERIOD™
KMSE, = ECCEN * ECCEN ERASE, + 1.0 - ERASE
PNODAL » 3.0 - EMS(,IZ .0 - (SII‘ (OINCL) * (4.0 - .75 * (MS!’)

PHODAL = PERIOD ¢ (l.o - 15 e 2owuR, gfmr) . mw.)

WRITE (ON 10UT): PERIOD, ERASE, TNEXOS,

“AEAD ALL OBSERVATION
CARDS & STORE ON &'

TNORMN = OLOTIM
1 19088 OJULN « OLDDAY

WRITE (ON MOCD):
PERIOD, EMASE,,

TNEXDS, PNODAL

MERASE, = -1

"DATA INPUT
ERROR"

CALL

CHEXIT

FlG. 7.




ubFILT2

THIS IS THE MAIN PROGRAM OF THE SECOND DEPENUVENT LINK.THE MAIN
FUNCTION IS TO CUMPUTE THE FiLTERING EQUATIONS TO PRINT THE OUTPUT»
TO ReJECT ANY UBSERVATION CAKDS AND TO ITERATE.

VARIABLE EWUA
VIAG(6+6) 52
2l
tRASL(L)
t.RASE(1=-20)
tRASE(1-9) A.l>
tRASE(1-b) 19
LRASE(7-12) 52
tRASE(7) A.lo
tRWSE(19) As1HA
tRASLE (20) Ael6A
HPHTR(707) %53
HPHTK(oro0) l
LsCOUNT
MERASE (1)
P12(300) 15

REF
1

DEFINLITLION

INTERMEUIATE MATRIX OR
THE INVERSE OF THE PHI MATRIX

INTERMEVDIATE VARIABLE
INTERMEOIATE VARIABLES OK

IMPROVED STANUARD OBSERVATION ERRORS COMPUTED
AT THtE tNU OF EACh FILTERING PHASE OQUTPUT

CORRECTION TO PUSITION AND VELOCITY VECTOR.
ouTPUI ‘

STANDARU DEVIATIONS(SGUARE ROOT OF THE DIAGONAL
ELEMENTS OF PiAT) OF THE POSITION AND VELOCITY
ERROR» OUTPUT

INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLE

INTERMEUIATE VARIABLE
R MATRIXe OR LTS INVERSE OR
PHI MATRIX OR ITS INVERSE

ITERATION COUNTER

==20+ALTITUDE BELOW 1z0.0(KM)» OR EXOSPHERIC
TEMPERATURE OUTSIVE OF S00°K - 2400°K
RANGE « PROVRAM WILL NOT CONTINUE

=1+COMPUTE HIGHER ORDER TERMS OF THE EARTH'S
GRAVITATIONAL POTENTIAL FUNCTION AND THE
URAG TERM IN THE DIFFERENTIAL EQUATION
SULROUT INE

NUTATION=PRECESSIUN MATRIX (COMPUTED AT DJULN)
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i 4
P2(3:3) 13 1 PRECESSION MANIX (COMPUTED AT DJULN)
PHI1TR(or0) 5 1 INTERMEDIATE MATRIX
i
71




T 5

WOIM = 3 CALL WTAT)

CALL miTep (012, w2, P2,
ALt Tanse {pith, 002,73 3 3

JFIRST = O “CHECK OVKUW mn

CALL TIMING

NTIME) : LASTCA = O : KFILPT = O
25.0 CALL EXROT (TC. r2)

IFIRST =0

]
o Dyouus

e s

—

CTHEN, = |.259CTHEW /SUN,
w. -v, crune]

-ﬂuﬂ =1

= EMASL,, + 80K,
mu“ = ERASE, /UM,

&,

mu, - ERASE, /.NBAB1368 # 10°°
_m oiidets, ] ®

nu. Tin "JI""L X

I'"I = Hl‘

IFIRST = IFINST o 1|

HTOTAL = (DJULN = DJULO) * 86400.0
+ TNORMN - TNORMO

"INTEGRAT DN INTERVAL™

"INTOGRATE"

CALL INTEG

Iom lyevas 3] = lovss §
1COUNT = |
JFILF = LASTCA

Sigux

= ISECD, , *TINTOL

I =k, 5 &
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SIGXx, = ove, * TINTOL
1al, 2,3

NOIN = 7
CALL TRANSP (HTR, W, WNTP, 6)
m"l,] - m'l.j t 14

Hlll" - MY'. 0$l‘lll *siQ; ;s 1ej

1o J,0000 & ® lyeee, &
CALL MULTIP (RHY, PHIT, MTR, 6, 6, wwTP)
&!l.:'ntuusr ML, W, RHI, NNTP, &, WNTP)
-

KekKol

LN IRy

mTﬂle -mllhj Qi
Joliiaas b b___i

sgrow, - fERTR, [

TOLIR, = CT, * SQTOLA,

DIFR, = DBSH, -

CALL INVIRE
LTI R I PO B IES S |
eavt Wurip (RHF’ MHIL, HTR, 6, 6, WTP)

Il'. . \{ - 1, .‘;j-l.....‘
eaut Wuree HIR, RHI, PHII, 6, WNTP, WNTP)
CALL MULTIP (ERASE, WTR, DIFR, 6, WP, 1)

KeK o1 £al
EMSE, = [OIFR | /SQTOLR,
CTHEW, = CTNEW, + ERASE,

V) = OV, + ERASE,
OVP, = OVP, o ERAST,,

CALL MULTIP (RHI, HTR, H, &, WNTP, 6
DIAG | = Miy e Vovooks Jou Ve

- "o N [
WDIM = 6 J.
CALL MULTIP (PHITR, DIAG, PMAT, 6, 6, 6)
CALL SYMMET {PHITR)
CALL\SUSTRA (PMAT, PMAT, PHITR, 6, 6)
umﬁ NORMN
ST

lel,2, 3

) = DJULN OLOTIMN = T
(7Y « JFILP 1 =}
1 el el
>0 2 _[sMATS, . = PIAT
AT ‘ (% i
i Ui A A
<0

MY'J - w‘sld 3' e 1,...6
J - '.ou.‘
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w “FILTERING DUTPUT®

Q ¢ e o = TPWT, D #55 %ﬁ:?m-«:l .
Iom byoves 1] WRITE (0N WOUT )
“HEADING," TITLE

Fi r
ﬂ'ﬁ E-lu'?!h T, 3" - SMTS, J|
DIFR, . TOLER b - I
I : ¥iiia I;‘" h{' "'L“"
LINES = LiNES » maTP H

WRITE IH i

Tisin
B B,

085M, = OBSA, /TLRAD

’® g« ongvas || e

o “ml - I'II.IIIJII-MI
| I = J.p

m,l.mu‘l.l vibe ] m i, b
mu nl mni a[lt T.""H PONATF = &
1=3), Illlhj -m,d I ® liness & )= livess L
“m 'JI. HIHH H“ IIHI Il.lllhi; 6 1)

o loeuns ]

DV, = SavE, + MasC, ;
ove, = 0sAvE, + mase,, ' " 10 0
NRTE (00 1ouT): ovCi-

et 1B i
TEOUNT = 1COUNT + |

+ THORMN - !H'II.“

"SAVE SMOOTHING DATA™

SMDAY, Lpp = DSULN

::I-mn” -rlun-l RONCE = |
“Tl.m -“1|..|
- [
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B. SUBROUTINES
SUBRUUTINE CDATE AND SUBROUTINE JOATE

LDATE CALCULATES THE CALENDAR DATE (DAY MONTHeYEAR) GIVEN THE

MOUIFIED JULIAN VLATE.
wDATE CALCULATES THE MODIFIED JULIAN DATE GIVEN THE CALENDAR

DATE (DAY eMONTHe YLAR)
NOTE 1) THE MODIFIEL JULIAN DATE IS THE NUMBER OF INTEGRAL
DAYS SINCE JANUARY 101950 (0"UT)
) THE YEAR 1S DEFINED TO BE THE LAST 2 DIGITS OF 19XX.

3) THE VALLID CALENDAR DATES FOR THIS SUBROUTINE ARE
JANUARY 101950 (0"UT) T0
DECEMHEK 101999 (0MUT)

4) THE VARIABLES USED IN THE 2 SUBROUTINES HAVE NOT BEE!
DEFINED IN THE LIST OF SYMBOLS.
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WYY 0ud

INITTIVI
0L NYNL3Y
4 IAVOW = AVOW
_ INOW = NOW
| s
IYAW = YAW L + 1YAW = AW MUA Y
e € + INOW = INOW 6 - INOW = INOW ol zwmm
#0281 - (AVAW
ON S3A + (S/(Z + INOW * £51)) oo
+ (4/(19%1 » 1YAW))) = INrAva
| = YAW = |YAW YAW = 1¥AW
] S/ 6 + NOW = INOW € - NOW = INOW
(€S1 % INOW - TVLIOLIW + S) = |AVAW
€S1/IVLIOLN = INOW
€ = INOW = TVIOIW
S x (%/
(1941 x I1MAW = TVLIOLW + #))= INOW
19%1 /IVIOIN = 1 YAW S3A ON
Il - (4 » (40281 + INMW)) = IV1IO0IW
" INFAVAE = INMW

[InrAvG ‘YAW ‘NOW AvawW] [INrAva “YAW ‘NOW ‘Avaw]
31VQ2 Y3IN3 JLvar ¥3IN3I




kon B el

SUBROUTINE DENSIT

THIS SUBROUTINE COMPUTES THE DENSITY AS A FUNCTION OF ALTITUDE
AND EXOSPHERIC TEMPERATURE.

VARIABLE EQUA REF DEFINITION

ERASE (¢) DISTANCE OF THE SATELLITE FROM THE CENTER OF
THE EARTH(KM)

ERASE(20) S 2 EXOSPHERIC TEMPERATURE (DEG K)

TEMP i;;go 1 INTERMEDIATE VARIABLE




DENSIT (ALTI)

"INITIALIZATION"

NFIRST = 123456 DAYREF = 0.0 R=0.3
XMINDN = .31623*10° 19 B = -.78539816

IRST = /
23456 P = .20943951 G - .78539816
'“y M NTM = 7 STM = 24
X
)

00.0 XINCTM - -50.0
EXTRTM = 100.0 NHM = 89 SHM = ;20.0
XINCHM = 10.0 ISCLH = 50.0
ETM = STM + (NTM-1) * XINCTM
EHM = SHM + (NHM-1) * XINCHM
XLST = ETM - | EXTRTM |
XILSCH = |X1SCLH|
ISCLH = (X1SCLH/X1NCHM)
NHMSCL = NHM - 2 * |SCLH
IST = STM ISH = SHM
INCTM = XINCTM INCHM = X1NCHM

3 < '
“COMPUTE: DECLINATION OF THE SUN, SUNDEC EVERY
IH = ALTI RIGHT ASCENSION OF THE SUN, SUNRAS | NEW DAY

DAYREF = DJULO

EPS = .40920619 - .6218433 * 10°8 » pAYREF

OMS = 6.2482906 + .0172019697 * DAYREF

o GAM = 4.8883394 + .017202791 * DAYREF + .03345 * SIN (OMS)
XISUN = COS (GAM) ~ TEMP = SIN (GAM)

ETASUN = TEMP * COS (EPS)

SUNRAS = AATAN (ETASUN, XISUN)

CALL QUAD (XISUN, ETASUN, SUNRAS)

ZETSUN = TEMP % SIN (EPS) |/,

Al = (1.0 - ZETSUN * ZETSUN)

SUNDEC = AATAN (ZETSUN, Al)

XIMET = XISUN - ETASUN XIPET = XISUN + ETASUN

AIPT = 1.0 + Al AIMI = 1.0 = Al

HCOEFF = .70710678/Al

XYSQRT = (DV, * DV, + OV, * ovz)"2
RASAT = AATAN (OV,, OV,)

RASAT = RASAT + 277

RASAT = RASAT + Tr

"ALTITUDE LESS
THAN 120.0 KM"

———4 DENSIT = 0.0

t "COMPUTE: EXOSPHERIC TEMPERATURE, T"

HDRAS = RASAT - SUNRAS
A5 = HCOEFF * (XIMET * OV, + XIPET * DVZ)/XYSQRT

COTAUZ = 1 | €OS (.5 * (HDRAS + B + P * AS5))|

CTAU = (cOTAU2)5/2 “TEMPERATURE OUT OF

500.°K - 2400.°K RANGE"

BI = XYSQRT/ERASE, B3 = DV,/ERASE,
Cl = 5% ((AIP1%(1.0 + 81))/2 « (aIMI*(1.0 - B1))/2) DENSIT = -1.0
c = (c1)%/2 C2 = | (ZETSUN + B3)/(2.0% C1) |

s = (c2)/2

T = TNEXOS * (1.0 + R* (S + (C-S) * CTAU))

ERASE,q = T

FIG. 12.
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1A

(T-ETM)/XINCTM

>

I = MAXO { (T-STM)/XINCTM, 1)
U= {T - FLOAT (1ST + i * [NCTM

XINCTM

IH < EHM

U= 1.0 +
i = NTM-2

2

K = ISCLH * L + NHMSCL

L=1,2

l

AH = 2.30258509 * (OENL|
DLOG = DENLz

PO = (10.0)0L0G

DENTEM = (PO - XMINDN) * gxp{(EHM - ZH) * AH
+ XMINON

0 DENLZ)/XISCLH

J = MAXO{(ZH - SHM)/XINCHM, 1)

I

K=j+L-1I
DEN, = INTERP (DNPI,K’ ONP, .,

, K ONPp o k)
L=1,2,3

I

U= (ZH - FLOAT (ISH + j * INCHM))/XINCHM
XLDEN = INTERP (DENLI. DENLZ. DENLB)

DENTEM = (10.0)XLDEN

R

"DENSITY" v

DENSIT = 1000.0 * DENTEM

RETURN

INTERP (ARG!, ARG2, ARG3) =

ARG2 + 7%3 * ‘ARGB - ARG! + U* (ARG3 - 2.0 * ARG2 + ARGlu

FIG.

13.




SUBROUTINE DIACHK

THE MAIN FUNCTION OF THIS SUBROUTINE IS TO COMPUTE EQUATION 51
REFERENCE 1.

VARIABLE EQUA REF DEFINITION

DIAG(606) 51 1 INTERMEDIATE MATRIX

ERASD(1) INTERMEDIATE VARIABLE

ERASE (1) INTERMEDIATE VARIABLE

MERASE (1) STORAGE CELL

PHITR(6+6) 51 1 TRANSPOSE OF THE PHI(606) MATRIX
80
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e ha ol

( stat ) CALL DIACHK (1w

1G0 = 0
HTOTAL = (DJULN - OLDDAY) * 86400.0 + TNORMN - OLDTIM

CALL
P125SUB

;{"LAsr CARD }
WAS REJECTED"

SAVE,; = ov,
HTOTAL =

DSAVE; = OVP, HeaTA
i=1, 2,3 /
A 0.0
_REDEFINE: X, Y, Z, X, Y, 2
¢
ERASD, = OV,
ov; - s:wsi
SAVE, = ERASD
i I .
ERASD, = DVP, 0 2.3
OVP; = °5‘“" “COMPUTE STATE TRANSITION
DSAVE, = umsnl * MATRIX - o"
MERASE, = O
.o CALL TRAMAT
WRESTORE CURRENT X, Y, 2, X, ¥, 2"

ERASD, = SAVE,

SAVEl -0V,
DV, = ERASD, "
ERASD, = DSAVE, (| = 1. 2.3 -
osmi - ovP,
AL TS :nnsu,
"REDEF INE COVARIANCE
MATRIX - P
. =0.0 : i #
fnrcraL | < J
2.0 * PERIOD = SMATS; . I =]
6 j =l,..., 6
160 = 1
"COMPUTE : NDIM = 6
e CALL MULTIP (DIAG, PHI, PMAT, 6, 6, 6)
P =o.Po CALL TRANSP (PHITR, PHI, 6, 6)
CALL MULTIP (PMAT, DIAG, PHITR, 6, 6, 6)

“COVAR IANCE
MATRIX |5
NEGATIVE"

(uu SYMMET tmn:-

N T

FIG. 14,
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SUBROUTINE EXROT

THIS SUBROUTINE COMPUTES THE PRECESSION MATRIX (EQUATION 13+REF-
ERENCE 1.)




"St *914

Nini3y

£t |

€11 % , 0l x 2 + 211 %, 0l x 12y - 071 = & &

L M

€1L % , Ol » € - ZIL » ¢ Ol » 65801° - = £ %x

€11 % o Ol x S1° - ZIL x . 0l % 9L6wz" - 0°1 = © %x

€1L % g Ol x 96" + ZIL % ¢ Ol » LOZ* + IL x , Ol » L1L1L6> - = €'y
L oo

€1L % ¢ Ol % 122" + ZIL % ¢ Ol » 9/9" - 1L x gg6nezz0” - = © !x

€11 % g Ol x €£1° - ZIL x £6962000° - 0°1 = ! !x

%

Lx2Il=¢€1L

Lxl=2I1

L =11

2 (X ‘1) 104X3 1IV) 1Y¥V1S

e b




SUBROUTINE HMATRX

THIS SUBROUTINE COMPUTES THE DECLINATION ,»RIGHT ASCENSION AND

THE H MATRIX (SECTION V11 B+REFERENCE 1)

VARIABLE EQUA

CON(1=3) 16+126¢
127

CON(8) 17,147

ERASE(1-8) 122~
148

MERASE (1)

REF
1

DEFINITION
INTERMEDIATE VARIABLES

INTERMEDIATE VARIABLE,2 OR Z
INTERMEDIATE VARIABLES

=1+STATION CAN SEE THE SATELLITE
==1+STATION CAN NOT SEE THE SATELLITE
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— .

NDIM = 3
KMSEl a |

CALL TRANSF

0BSM, = onscl t e b,eee, b

CALL JDATE (1, I, MOBS,, 0J0)

TC = DJO/36525.0
NE2 = MOBS

CALL EXROT (TC, PPRIME)
MQ' - |

NEQ, = NEQ
NDI = |

CALL EXROT (TIEQUIyyrqs """“l.l.nmzq’
"QM!Q - |

""l.J -PIYRI.J
|-'.2.’3J'|.2.’

¢
Icm MULTIP (PN), PPRIME, | \\eo PITR, 3.3.37]

o, 4. 30, 3

CALL TRANSF (PNTTR, PNI, 3, - =
ERRSR & é""3"""" il Z:::Ep'uu?:' ;v;o :;uz'u,us: 3, 3, 1
ERASE, = CON*ERASE, CALL MULTIP (XY2S0, PN}, XYIS. 3. 3, 1
ERASE, = CON *ERASE, ] CON, = XY20 - XYZ$5, 1 i = 1,'2,"3
ERASE, = RX/RT2

CALL MULTIP (ERASE,, PNITR, ERASE, 3, 3, 1) v

"|'| - EMSE“’ 1 e, 2,3

" Tn e
> % . COMPUTE DECLINATION, RIGHT ASCENS!ON
"COMPUTE : %;. .5. .z.‘i' RX2 CON'”2C0N| + (:ONz CONZ OISCl.d * oascz' %
s RX = (RX2)
ERASE, = - CON,/RX2 A, RT2 = RXZ + CONy % CON,
ERASE, = CON/RX2 2 0BSC, = AATAN (CON,, CON,)
CALL MULTIP (ERASE,, PNITR, ERASE, 2, 2, 1) 0BSC. = ATAN (GON}, AX)
Hp,i = ERASE; 5 : 1 =1, 2, 3 - CALL QUAD (CON,, CON,, 0BSC,)
FIG. 16.
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comeute: 3f, 26, 2%

ERASE, = XYZT,/(RTC2 * CONg)
ERASE, = XYZT, * ERASE, .
ERASE, = - XYIT, * ERASE,

ERASE, = CONG/RTC2

CALL MULTIP {ERASE,, XMTR, ERASE;, 3, 3, )
Hy,p = EMSE, 3 ¢ 1 =1, 2,3

P —

wcomeute: §4. 8. §4 M, M. M, W, oW, W
weomputE: —1, =1, =1
b ox'w'u':)'(l':v'l'rl

ERASE, = XYZT,/CON,
ERASE, = - XY2T,/CON, > | "3,1 = cowsossc,
CALL MULTIP (ERASE,, XMTR, ERASE,, 3, 2, 1) My jg) = 0:0
My @ ERASE o 1 1 =1,2, 3 e, 2,3

2 WP = b

: foak ik ol o &
cowmﬁ-r , 2, 2% 2f 0% \

8Y 87 ax Yy 2

tllst| - XVZT’ICONS; ERASEz - OISCS + O'SCS

tlASt, - ((XYlT'; * XY17| - ERASE| * (lYlT’l - CONS - IRDXT XVlT'))/CQNS
. XVZT| - [RAS‘Z)/RTCI

ER‘SEB - ((XVZT" » !Vsz - ERASE' * (XVIT'Z * CONs - IRDXT * XVZTZ))/CONS
- x'sz - (RASE:)/IYCl

ERASES = (- ZROXT + XYlT, * ERASE:)/RTCZ

CALL MULTIP (ElASEs. XMIR, ERASE,. 3, 3, )

Hg, | = ERASE, o

i=1,2 3
Ho ja3 = My 4

ncoMPUTE: LA, 2A 24 24 04
aX dY 82 X dY

5.

»
~
-

ERASE) = 08SC, + 085C,

ERASEz - - (XYHPz + ERASE, * XYZT')/CON“
ERASE, - (XYlTPi - ERASE, * XYZTZ)/CON“
CALL mULTIP (EIASE“. XMTR, flASEz. 3,2, 1)
"6.! - ERASEl”

|l e ln 2-
He, 143 = 3,5 t :

"COMPUTE : " » ]

|=-
|=
|
:L; :
< :L; 2
iz

ERASE, = 0BSC,/RTC2

ERASE, | = CON, * ERASE,

My, | = CON; /0BSCy - ERASE, ,
\

My, ie3 = My,

>
>
)
-
L 2
~N
[
»
[
~

i=,2 3

ERASE, = OBSC, + OBSC, : CONg = ZSECD,
Hp,i = (08SCy @ (CONj - EMASE, * Wy ;) -
- 08SC, * CON;)/RTC2 = i Wy, = 0.0

- 2.0 * (OVP,/0BSC, - ERASE;, ) } J ° ek, 5, 6; )=, 2

M7, i3

FIG. 17. '
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SUBROUTINE INOBS

THIS SUBROUTINE READS ALL THE OBSERVATION CARDS»CHECKS FOR ANY
DATA ERRORS AND STORES ALL ACCEPTED CARDS ON A DISK.

VARIABLE EQUA REF DEFINITION

ERASD(1) STORAGE CELL

tRASE(1-3) INPUT CELLS FOR AZIMUTH OR RIGHT ASCENSION
ERASE (D) INPUT CELL FOR RANGE RATE

ERASE (o) INPUT CELL FOR ELEVATION RATE

ERASE(7) INPUT CELL FOR AZIMUTH RATE

ERASE (&) INPUT CELL FOR RANGE ACCELERATION

MERASE (1) INPUT CELL FOR SATELLITE NUMBER OR

=1+ALL OBSERVATION CARDS WERE NOT IN ERROR.
==1»ALL OBSERVATIONCARDS WERE REJECTED BE-
CAUSE OF ERRORS.

MERASE (5) INPUT CELL FOR ELEVATION OR DECLINATION
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@ “READ ONE OBSERVATION CARD"

-

REWIND & READ (1IN): MERASE,, MBS (1-2), DAYS, IDAT (1-3),
MERASE (g = O E} MERASE;, OBSM,, ERASE {1-3), odsM (3), (EX,
CALL BCDSTO (ENDDAT, GHENDODAT) (0BSM,, ERASE, ,; | = &4, 5, 6, 7), 0BSNO

I

TNORMD = TNOAMN
DJULD = DJULN

“"ALL CARDS
REJECTED"

"COMPUTE JULIAN DATE, TIMF OF DAY IN SECONDS"

TNORMN = IDAT, * 3600.0 + INT2 * 60.0 « IDAY’
OJULN = DAYS + DJBGN - |
CALL CDATE ('OISB. mls,. HJlSz. DJULN)

CALL JDATE (1, 1, mlsz. DJBGN)

ML0 - poeS,
$0 "TIME
— 8 MoecreAsinG: 13
- 0
“OBSERVATION CARD
lel REJECTED DUE TO
ERROR"

KMSE,, - KMS[lg + 1

TNORMN = TNORMD
DJULN = DJULO

“STATION NOT
AVAILABLE"

INCORRECT CHARACTERS

IN COLUMNS - 76
KCLASS = 0 73 -7

" INCORRECT
SATELLITE
WUMBER

CALL BCDFX (OBSNO, KFl, NTP, J:n)}

YIS
7::
k.au. OVPUN (MERASE,, ONUM, .lm)] ; s s

WTP - (NTP/100) * 100
NTP/10

NTP - 1AM * 10
1AM

"MOSATT MAY "OBSERVATION TYPE CAN-
BE WRONG

NOT BE USED BY PROGRAM

0 10
1006

IN COLUMN NCOL"

‘ * |NCORR TER
e 2 b INCORRECT CMARACTE

“DEFINE RIGHT ASCENSION"

OBSM, « (ERASE, + ERASE./60.0 +
* el 2 1 2
TEM) = (OBSM) + ONUM * 10.0) * SIGNA] ER/SE,/3600.0) * .26179938
08BN, = TEMI % FLRAD o1

“DEF INE ELEVATION NNTP = 2
OR DECLINATION"

Ca

FIG. 18.
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"DEFINE AZIMUTH"

OBSM, = (ERASE, * 10.0 + ERASE, * .1 + ERASE, % 0.001) FLRAD

NNTF = 2
'-l

*DEF INE_RANGE"

i.Lolsn, - 0BsH, ¢ 10.'EX

ELEVATION ANGLE T00 -
UARGE OR TOO SMALL

v

NP < 3 CALL OVPUN (OBSM,, ONUM, JERR) ]

NNTP = 3
NP = 3

SIGNA = -1.0

NNTP = &

““DEF INE RANGE RATE" "

0BSM, = (ONUM * 10.0 + [MSES) * SIGNA

CALL OVPUN (OISNS. ONUM, JERR)

. NTP, NS, NEQ,
m',"',"{",",,,”,’&‘,
OBSH  (1-NNTP)

WRITE (N &): NNTP,

(1-3)

. 1

[NCAISV = NCARSY

0

NCOL = 56 T0

q "OEF INE ELEVATION RATE"

OISHS = (ONUM + iMSts) * SIGNA * FLRAD
CALL OVPUN (OlSHs. ONUM, JERR)

SIGNA = -1

+ -
JERR NCOL = 62

SIGNA = -1.0

o

"DEF INE AZIMUTH RATE"

0BSH = (ONUM + EMS!,) * SIGNA * FLRAD
CALL OVPUN (OlSMI. ONUM, JERR)

SIGNA = 1.0

o¥

T} "OEF INE RANGE ACCELERATION"

0!5"7 = (ONUM * 0.1 + ERASEQ * 1) * SIGNA
NNTP = 7, NTP = 7

FIG.
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SUBROUTINE INTEG

THIS IS THE INTEGRATION SUBROUTINE

VARIABLE EQUA

ERASE (¢) 155A

LRASE (4=0) 149A~
149C

1COUNT

MEKASE (1)

TEMP(6)

REF

DEFINITION

DISTANCE OF THE SATELLITE FROM THE CENTER OF
THE EARTH (KM)

ACCELLRATIONS Xo¥oZ (KM/SEC?)

ITERATION COUNTER

==20+ALTITUDE BELOW 120.0(KM)» OR EXOSPHERIC
TEMPERATURE OUTSIDE OF S00°K - 2400°K
RANGE « PROGRAM WILL NOT CONTINUE
=1+COMPUTE HIGHER ORDER TERMS OF THE EARTH'S
GRAVITATIONAL POTENTIAL FUNCTION AND THE
DRAG TERM IN THE DIFFERENTIAL EQUATION
SUBROUT INE

INTERMEDIATE VARIABLES

90



“SAVE INITIAL CONDITIONS"

HNOW = 0.0

INTEND = O

ovo, = DV, lel, 2 3
DVFOl - Wll&

“OIFFERENTIAL .. ..

EQUATIONS - X, ¥V, 2

AT START OF

INTERVAL " HINDG = 1.0

v

- HIND
HIND = OKINTI % ERASE, gy

"DETERMINE, HIND, INTERVAL"

(.3

HTOTAL
o

HNDW = HEDW = WIND

CALL INTEG

HIND « - HIND
HNOW = HNOW + HIND

!

1COUNT = 0

HIND2 = HIND * RIND
HIND26 = HIND/6.0
HIND28 = HIND2/8.0
HIND29 = HIND/96.0
HINDOG = HIND/6.0
HINDO24 = HIND/24.0
HINDD2 = HIND/2.0

*INTERPOLATE FOR POSITION"
(X, Y, Z) AT MID-POINT

HIND = HTCTAL - HNOW
+ HIND
INTEND = ]

“INTERPOLATE
(x, v, ) AT

FOR POSITION"
END POINT

""Io} =DV, + OVP, * HIND DWH2, - TEMP, + DUN,
OvVPOO,; = OVP,
over, - [RAS(“,

TEMP, = OV, + DVP, ® HINDOZ DUM, = ERASE, o % HIND28 OUW, = DUM, * 4.0
OV, « TEMP, o o DUM,

e, 23—

DEVERMINE "X, ¥, 2 AT MID POINT"

OVHPP, = ERASE, TN
oV, = oMz, HOT 10N

iel, 2 3

ovP, - ovi2P, 1 - 1, 2, 3]

INTERPOLATE FOR X, Y,

4
AT MID-POINT, END-POINT"

“DETERMINE X, Y, 1
AT MID-POINT*

DUM, - DVPP, * HINDOZ

OVHZP, = DUM, + DVP,

DU, = DVPP, * HIND bel, 2,3
VP, - OVP, + OUN,

“INTERPOLATE FOR X, ¥, Z

AT MID-POINT, END-POINT"

“INTERPOLATE |FOR X, Y, Z AT END POINT® OUM, = HINOZ4 * (5.0 * oveP, + 8.0 fﬂsfl’, - OvHrP;)
OVH2P, = OVPOO; + DUM,
DUM, = HIND26 * (DV"l 420 [MSEI") DUM, = HINDOb * (OVPP, + b.0 * ERASE; 4 ¢ owHeP, )
oV, = TE"“, + DUM, DVe, = OVPOO, + DUM,
a1, 2,3 le1,2,3

[woum = ICOUNT + |]

“INTERPOLATE FOR X, Y, Z AT MID-POINT"

OUM, = HIND29 * (7.0 over, « 6.0
DVH2, = TEMP, + DUM,
l=1,2,3

* [MS!“, - Dwrp,

= 7
“ INTERPOLATE FOR X, ¥, 2 AT END POINT™

DUM, = HINDO6 * (DVPP, + 4.0 * ERASE + DYHPP
1 i ie3 i iel, 2 3
OVP, = DVPOO, + DUM, DL

FIG. 20.
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SUBROUTINE INVERS
THIS SUBROUTINE INVERTS A MATRIX

VARIABLE EQUA REF DEFINITION

ERASD(1) DETERMINANT OF HPHTR=- MATRIX TO Bt INVERTED
MERASE (1) RANK OF MATRIX TO BE INVERTED

HPHTR(1sJ) MATRIX TO BE INVERTED. THE INVERSE OF HPHTR
1=10e00NNTP IS STORED IN HPHTR

J=1reeeotNNTP
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m CALL INVERS

Ke |l KQ=0@
MERASE | = O
ERASO, = 1.0
16, = i
o AL S TP TR ™ [
15, =0
IFF, = ©
“DETERNINE ELEMENT OF COLUMN KQ"
XW = 0.0
KQ = KQ + |
e
L4
2
<
>
KeokKel

ERASD, = XMy ¢ ERASD,
MERASE) = MERASE, + |

18ypyy = !
IFF, = 1PHI

HFHTIl'KQ - - Hmn,'m/xm I 4 I1PHI
"’“"‘l,xq « 1.0/XMU i « IPHI
i » 1,..., NNTP

“COMPUTATIONS ON ROWS AND COLUMNS"

- |
Jﬂl“-l

J-J¢|P

ALP = HPHTR .,

HMTRL = ALP/X I = IPHE

H'NVI"J - HFHTIl. + ALP * MMYR“KQ
i 1,..., NNTP

“PERMUTATION OF
ROW: K, LMDA
W - Nﬂﬂlx'
HPHTR, | = HPHTR 0y
Hﬂﬂlm.' -« XMU
i »1,..., NNTP
COLUMN NF, NG "

XMU = HPHTR, o

HPHTR, o = HPHTR, o

HPHTR, (o = XM
iwlyenns NNTP

t =K fye - LMOA
'GLNA = NG : |Gy = NF
ERASD, = - ERASD,

FIG. 21.
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SUBROUTINE KEPLER
THE MAIN FUNLTION OF ThIS SUBROUTINE IS TO CUOMPUTE ThHE PERIOD
AND THE CONSTANT K (£QUATIUN 193,REFERENCE 1)
VARIABLE EQUA REF DEFINLITION

tRASE(1) A.31 CUMPUTED ECCENTRICITY AT THE EPOCH OF THE
INPUT OrRBITAL ELEMENTS»OUTPUT
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»

SUBROUTINE MOTION

1HIS SUBROUTINE LOMPUTES THE EGUATIONS OF MOTION (SECTION Vi1l A-
Vi1l CoREFERENCE 1. WOTE»THE TERMS INVOLVING THE TESSERAL HARMONICS
ARE NOT USED IN THE PROGKAM)

VARIABLE
ALTI
tRASE(1=8)
tRASE (1)

LRASE (¢)

tRASE (4=6)

MERASE(1)

EGUA REF
155A 1
155A 1
149A- 1
149C

DEFINITION
°
SATELLITE ALTITUDE (KM)
INTERMEDIATE VARIABLES(EQUATIONS OF MOTION)

ERASE (2)*ERASE(2)

DISTANCE OF THE SATELLITE FROM THE CENTER OF
THE EARTH (KM)

ACCELERATIONS Xo¥eZ (KM/SEC?)

==200ALTITUDE BELOW 120.0(KM)s» OR EXOSPHERIC
TEMPERATURE OUTSIDE OF S00°K = 2400°K
RANGE « PROGRAM WILL NOT CONTINUE
=1+COMPUTE HIGHER ORDER TERMS OF THE EARTH'S
GRAVITATIONAL POTENTIAL FUNCTION AND THE
DRAG TERM IN THE DIFFERENTIAL EQUATION
SUBROUT INE
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oo e andiiE

m CALL MOTION

ERASE, = DV, * OV, + DV, * OV,
ERASEg = OV, * OV,

EMSEl - EFASE O'EMSEG EMSE‘.’ - ovi * [MS[;W

ERASE, = (EmasE)!/2 '| ial, 2,3

ERASE rgﬂt—rzmr
J ( 1 z)

A

IR] = ()VJIERAS[2

i . ZR2 = 2R} * ZRI
Fl, = - 39.375 * ZRb + 26.25 * IR2 1.875 IR3 = ZR2 * 2RI

Flg = 28] & (- 86.625 ¢ IM + 18.75 * 02 FI) = 3.0 * ZRI
| (F1, = -7.5% 2R2 + 1.5
Flg = 2R '12)187.6875 + 2m4 + 216. 5625 * A RS2 Shans PRl
IR2 - 59.0625) + 2.1875 Fly = -17.5 % 2R3 + 7.5 * IR
2R = 282 * ZR2 <

A RER2 = RER * RER2
:::z ":::“‘/ EmARE, IR2 = RER2 * ZOMHAR,

FSHT =00 " Frsmi-Fsm o m2eFr, 0 T = tieeen S
FSM2 = 0.0 FSM2 = FSM2 + ZR2 * F1,

[zaz . 1.0 + rsm]

"POTENTIAL FUNCTION
IN EQUATION OF MOTION"

ERASE; = ERASE; * ZR2 : ieh,5 6

)]

ERASE, = ERASE, + OMU * FSM2/ERASE, | ¥

"COMPUTE ALTITUDE"

TN2PHI = ERASEBIEMS£7 < 1500.0 (KM)

ALTI = ERASE, - {L‘P—m} . REARTH [&—

“DETERMINE p, DENSITY"

[mo = DENSIT (ALTI)J

DENSITY ERROR!
PROGRAM STOPS'
MERASE, = -20

A

A 4

“ATMOSPHERIC DRAG IM
EQUATIONS OF MOTION" |°

WX = DVP, + WEARTH * DV,

WY = DVP, - WEARTH * DV,

WAYZ = (WK ® WX + WY * WY + DVP; * ovr,)"2

RDPP = CORAG * FCONST * RHO * WXYZ
ERASE, = ERASE, + WX * ROPP

EMSES - ERASES + WY * ROPP
ERASE, = ERASE, + DV'; * ROPP ‘ RETURN ,

FIG. 23.
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SUBROUTINE NUTATI

THIS SUBROUTINE COMPUTES THE NUTATION MATRIX (EQUATION 14»
REFERENCE 1)

VARIABLE EQUA REF DEFINITION
ERASE(1-10) 14 1 INTERMEDIATE VARTABLES
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SUBROUTINE ORBINT

THE MALN FUNCTION OF THIS SUBROUTINE IS TO DETERMINE THE PRINT
TIME OF THE EPHEMERIS: TO INTERCONNECT THE FILTERING AND EPHEMERIS

COMPUTATLION®
VARIABLE EQUA
VIAG(6+6) A.10
LRASE(1~-12)
tRASE(1-6) A.11
H(6006)

HPHTR(606) A.10°
A.l1l

MERASE (1)

SMATS (01 6) A.11

REF

AND TO EXECUTE THE SMOOTHING OPTION.

DEFINLITION
INTERMEDIATE MATRIX
INTERMEDIATE VARIABLES

CORRECTION IN POSITION AND VELOCITY DUE TO
SMOUTHING. OR

D1FFERENCES BETWEEN STORED AND INTEGRATED
VALUES IN POSITION AND VELOCITY

STORAGE CELLS USED AS A MATRIX
MATRIX TO BE INVERTED OR ITS INVERSE

==20»ALTITUDE BELOW 120.0(KM)» OR EXOSPHERIC
TEMPERATURE OUTSIVE OF S00°K = 2400°K
RANGE . PROGRAM WILL NOT CONTINUE ,
=1+COMPUTE HIGHER ORDER TERMS OF THE EARTH'S
GRAVITATIONAL POTENTIAL FUNCTION AND THE
DRAG TERM IN THE DIFFERENTIAL EQUATION
SUBROUT INE

INVERSE OF THE MATRIX
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CALL ORBINT (KARG)

KARG = |
TOTSEO = OLDDAY * 86400.0
+ OLOTIM

JEILP = JFILP + 1 IG = )

HTOTAL = DATSEC, -

DJULN * 86400.0 - TNORMN
TNORMN = TIMSEC,

OJULN = DJUPRT,
KFILPR « 0 (FILTR = 1|

“ALL CARDS
| REJECTED"

IFILTR = O

"INITIALIZATION"

= IFILTR = -

5 AN

TNORMN = OLOTIM
DJULN = OLDDAY
TNORMO = OLDTIM
DJULO = OLDOAY

NOIR = 1 KFILPR = 1

IFINIS = O

CALL PROUT (JTYPRT)
BJK, = TIMREG
JSPSAY = |

NOSPRS = NOSPRI
IFILSY = IFILTR
ILIMIT = O

ILimiT
= 0

OV, = SAVE,

DVP, = DSAVE, i 2 Flo 2b It

DATES, = DJUPRT, BJK, = TIMSEC, 8JK, = DATSEC,
DATSEC, = TOTSEO DJUPRT, = OLODAY TIMSEC, = OLDTIM

FIG. 25.
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“"DETERMINE PROPER PRINT TIME"

TIMREG = TIMREG + DPRINT ]

s TIMREG <
86400.0

1

DJREG = DJREG + |
TIMEG = TIMREG - 86400.0

DJULM = DAYFLR
THORMN = TIMFLR

TNORMN = TSPI ;o
OJULN = DSPI yep

IFILTR = |
THORMN = TIMREG ———-——-JT
DJULN = DJREG

2

JSP = JSP + |

NOSPRI = NOSPRI - I

DJULN = DJUPR":
TNORMN = TIMSEC,
1EQUAL = |

1EQUAL = O}J'-.[ IFINIS = I_]

IR

HTOTAL = (DJULN - DJULO) *

86400.0 + TNORMN - TNORMO

HTOTAL
= 0.0

FIG. 26.




“DO IG TIMES"

READ: WNTP,
AT [1-3),

DAYFLR, TIMFLR, MOBS (2-4)

NTP, NS, NEQ

OBSM,: 1 = 1,..., NNTP

DJULN = WT‘
THORMN = Sll'l’lrl‘
CALL Dincwx (1GD)

< 129600.0 (SEC)

TNORMN = TIMFLR
OJULN = DAYFLR
CALL DIACHK (160)
HTOTFLR = HTOTAL

i .
ILIMIT = © "SMOOTHING"*

K o KBEG NNTP = 6
OLDDAY = SH’MVK"G

OLOTIM = SMTIM 4,

WRITE (ON 1OUT):
OLODAY, OLOTIM
DV“-SDV”'K.[G itel,.c., 6

Mg = PTG plal et 6

KFIN = KBEG + |

ERASE | - g'wil. KBEG

MTl'J-O.O J e ‘
SNTSL = 0.0 retee
SNTS"‘ = ERASE,

MT"l = ERASE,

| @ J,000,

HPNTR”' j- PMT“. j? il é])

MERASE, = |  CALL INTEG

WRITE (ON 1OUT):
DJULN, TNORMN, ERASE (1-6)

nn::n“i j - r:u”. { o SPAT| il e ) HPHTR | e P s e 1G] e Fe, 6
vy Kol L I CALL INVERS
CALL INVERS NOIM = & I - HPHTR T 6 jj =1 6
. .l i", i,
TSyy, g = WAHTR gy die b, 6 ot lne emases b, ERASE,,6. 6, 1)

TP 1,0,
CALL MULTIP {01AG, PMAT, SMATS, 6, 6,

ERASE,;; = SDV“' POLATE it al,.

CALL MULTIP (ERASE, DIAG, ERASE, 6, 6, I)
OVH,, = OW,, + ERASE,, c: il = [,.0.,

6)

SOV, keec = SOVii,kaec ¢ EMASE; } il lyeens 6
o 6 OV = SOVi{,xpec

WRITE (ON 1OUT):
ERASE (1-6), OV (1-3), OVP (1-3)

iR e R

TNORMD = OLDTIM
DJULO = OLDDAY

KARG = -1
TNORMN = OLDTIM
DJULN = OLDDAY

FIG. 27.
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Mt- I1SAVE + q._d

BLOCK; ysave = oYy
suocx,
le

+3,15AvE * OVP,
1.°2, 3

1A

E.'.j

IREE = IREC » |
ISAVE = 0

WRITE (ON MMTAPE X

SLocK, |

X

ISP = JSPSAV
NOSPR| = NOSPRS
TIMEG = DK,

DJREG = DATES,

WRITE :
PHAT

i,
i e |.‘!...‘j e l,,..0 &

Ju -2

CALL PROUT ())
KARG = O

“END OF PROBLEM

NM', = DATES,
TIMSEC, - K,
DATSEC, = BJK,

ISAVE = O
IREC = 1

NOSPR) = NOSPRI - |
JSP = JSP + )

FIG. 28.
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|lSlV£ e ISAVE - |

b f

IFILTR = = |

ovH, = OV,
OVHP, - DVP,
fel,2,3

IFILSV = IFILTR




SUBROUTINE P125UB

THIS SUBROUTINE COMPUTES THE TRANSFORMATION MATRIX BETWEEN
TWO BASIC REFERENCE SYSTEMS. (SEE EQUATION 15.REFERENCE 1)

VARIABLE EQUA REF DEFINITION

P12(3,3) 15 1 TRANSFORMATION MATRIX OF THE RECTANGULAR CO-
ORDINATES BETWEEN TWO SYSTEMS OF ARBITRARY
DATES

P2(3,3) 13 1 PRECESSION MATRIX (COMPUTED AT DJULN)
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START CALL P12 SuB

NDI = 2

NDIM = 3

TC = DJULN/36525.0

CALL EXROT (TC, P2)

CALL NUTATI

CALL MULTIP (P2TR, XN2, P2, 3, 3, 3)
CALL MULTIP (P12, P2TR, PITR, 3, 3, 3)
CALL TRANSP (PITR, P2TR, 3, 3)

DJREF = DJULN

DV, T DV,
ov, | = [Pi2ff ov,
OV, L LY
DVP, [ DVP,
ovp, |= |[Pi2|( DVP,
DVP, ] \ove,

RETURN

FIG. 29.
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SUBROUTINE POSVEL

THIS SUBROUTINE CONVERTS THE CLASSICAL ELEMENTS TO POSITION AND
VELOCITY COORDINATES.(APPENDIX 6)

VARIABLE EQUA REF DEFINITION

ERASE (1) INTERMEDIATE VARIABLE
MERASE (1) ITERATION COUNTER
P2(3,3) A.56 INTERMEDIATE MATRIX
XM(2+2) A.540A.506 INTERMEDIATE MATRIX
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m CALL POSVEL (XMEAN, AXSEMI, TSEC, ECCEN, WASC, WPERI, OINCL)

SQTMUA = {0MU/AXSEMI)"2
XMNTRU = (SQTMUA/AXSEMI) * TSEC + XMEAN
MERASE, = O ET = XMNTRU

2

XMN1 = ET - ECCEN * SIN (ET)

ERASE, = XMNTRU - XMN1 -
"|TERATE FOR ECCENTRIC ANOMALY"
ERASE
ET = ET +( T EEE'TETT) MERASE)
o < 25
MERASE, = MERASE, + | s

COET = COS (ET) SIET = SIN (ET) ;28532:v§§?$25E -

SQTIME = (1.0 - ECCEN * ECCEN)'/2
ASTIME = AXSEMI * SQTIME
XM, | = AXSEMI * (COET - ECCEN)

xnz: | = ASTIME * SIET

ERASE, = SQTMUA/(1.0 - ECCEN * COET)
XM, , = -SIET * ERASE,

XM, , = SQUIME * COET * ERASE,

COASC = COS (WASC) SIASC = SIN (WASC)
COPER! = COS (WPERI) SIPER! = SiN (WPERI)
COINCL = COS (OINCL) SIINCL = SIN (OINCL)

:

P2|'| = COPERI * COASC - SIPERI * SIASC * COINCL
PZ"z = SIPERI COASC - COPERI * SIASC * COINCL
PZz" = COPER! SIASC + SIPERI * COASC * COINCL
Pzz.z =-SIPERI COASC + COPERI * COASC * COINCL
P23'| =« S|PERI SIINCL
'23.2 = COPERI SIINCL

* % * * *

COMPUTE: POSITION - X, Y, Z
VELOCITY - X, Y, 2

ov; - '2|,| **xn,., + ’21.2 * xﬂz,l % 1 1, 2, 3
OVPy = P2y | * XMy o + P2 , * XM, , v o
RETURN
FIG. 30.
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SUBROUT INE PROUT

THIS SUBROUTINE C(OMPUTES THE EPHEMERIS AND STORES IT ON A 8CD
ANU/UR BINARY TAPE.

VARIABLE
ALT1
CON(1i=9)
LON(b)
vJul O
ERASUL(1-10)
ERASU(«)
ERASU ()
tRASD(10)
LRASE (1~-20)

tRASE (2)

tRASE (D)
MERASE (1)
TNORMO

EQUA
A.61

lo

17

1v

11

10

A.24

A.25

REF

DEFINITION

NORMALIZED SATELLITE ALTITUDE

INTERMEDIATE VARIABLES

INTERMEDIATE VARIABLE2

MODIFIED JULIAN DATE OF THE PRINT TIME
INTERMEDIATE VARIABLES

GREENWICH HOUR ANGLE OF THE VERNAL EQUINOX
INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLE

DISTANCE OF THE SATELLITE FROM THE CENTER
OF THE EARTH (KM)

VELOCITY SQUARED (KM/SEC )
STORAGE CELL

TIME OF DAY IN SECONDS CORRESPONDING TO DUULO
(SEE OJULO»ABOVE)
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“END OF PROBLEM'|
END FILE M8CO

KEYTAP

<0

CALL PROUT (JTYPRI)

LINOUT = 100 LPAGE = |
KTYPRT = JTYPRI

WRITE (ON MBIN): KF), BLANKS
END FILE MBIN
WRITE (ON 10UT): AXIMAJ

ECCENT, OINCLI, ASCNOD,
PERIGE, OMEANA,

IREV

“EPHEMERIS COMPUTATION"

REWIND

e = 200

605

MMTAPE

>
IREC = |

CALL BCUSTO (BLANKS,6H)
ITYPE = | DAYJL = 0.0

“INITIALI2E"

e iy

WRITL (ON MBIN): KF7, MOSAT,
TIMSSS;, DJUPRT,, YIMSS,.

OJUPRT,, DPRINS, NOSPR)

READ (FROM MMTAPE):

lLOCK|
Teol,ouey 6, J»m1,...

‘s

, LuP

610

e

OV, = BLOCK, |,
ovk; = BLOCK; 5

B

12,3

LUP « |SAVE

GO
685

T -
NORMO 's"jsp
DJULO = OSPI

IL =

Jsp

o st -

JSP = JSP ¢+ )

DJULO = DJREG
TNORMD = TIMREG
TIMREG = TIMREG + OPRINT

“DETERMINE EPHEMERIS

PRINT TiME"

e

DJREG = DJREG + 1

TIMREG = TIMREG - 86400.0

TNORMO = TIMSEC,
0JULO = DJUPII2

FIG. 31.
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N2 = -MERASE,

ERASD, = DJULO ¢ 86400.0

+ TNORMD - TIN}
N0 = [EMASD, - mo)

L
BN = BNDO + 1.0
:us:, = |BN]
u(us:' - EMSE'

N2 - memase) LoBal w3 . rewol

BN« [on| - FLOAT (MEmaSE,)

“"COMPUTE REVOLUTION NUMBER'

ltmr = IREVD + N2

l IREV « IREVO o K2 ]

[ mev = imevo o w3 -

[ nn.mw.;H
R’

“OBTAIN: DAY, MONTH, YEAR"

TAVIL = DJULO ’ DAYJL =
CALL CDATE (KDAOUT, KMDOUT, KYROUT, DAYJL buLo

KHROUT Lmonos;;eoo.o COMPUTE: HOURS
ERASD, = 600.0 * FLOAT (KHROUT):

ERASD, = TNORMD - ERASD, S

KMI0UT = [ERASD,|/60.0
- 0"

ERASD, = 60.0 * FLOAT (KMIOUT) St

ERASD, = ERASD; - ERASD,

SECOUT - [ERASD,|

FIG. 32.
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ERASE7 = 0V, * DV, + DV
ERASES - I)V3 * l)\l3
TN2PH! = EMSESISRASE7

1/2
ERASE, = (uus:7 + uusca)

2 2 2
ERASES - DVP' + DVP2 + DVP,

* DV

2 2

ALTIO = ERASEz = REARTH*
ALTI = ALTI0/REARTH

RADPRT = ERASE,
VIOTPR = (ms:s)'/2

(et e

RADIUS

ALTITUDE
1/2

"POSITION-VELOCITY COMPUTATION"

VELOCITY (TOTAL)

ERASE. = (ERASE7)'/2

GEOCEN = AATAN (DVS’ 0.0)

GEODET = GEOCEN

"{TERATE FOR GEODETIC i‘

GEOCEN = AATAN (DV3. ERASE7)

| SOGA = DV;/ERASE7
SOGBO = SOGA
SOGB = SOGA ITCT = 0

GEOCENTRIC LATITUDE

LATITUDE"

172
1.0 + SOGB * SOGB
SOGC = (13- PEARTH + SC8 + 308 GB)

ALTI + SO
S0GB = \ALTi+ A socc)

* SO0GA

S0GBO = SOGB

ITCT = ITCT + |

|2t ggoee < 1.0+ 1078

I

OLAMS = AATAN (DV,, DV,)
CALL QUAD {DV,, DV,, OLAMS)
KLAMRA = O

“GREENWICH HOUR ANGLE"

GEODET = TAN"' (50GB)

EllASD3 - -.7665‘086!*101* (SIN (.21140824 - .92422165) * 1073 » DJULO)
-.567232*l0-5* (SIN (9.7766782 + .03440557 * DJULO)

ERASDIO = 1.746647719 + .01720279145097297*DJULO
* DJULO * DJULO + .000072921158 * TNORMO

+ 5064 * 10714
ERASD = ERASD, o + ERASD,

GEODETIC LATITUDE

“SATELLITE LONGITUDE"

"GREENWICH
TO - HOUR,

OLAMS = ERASD, - OLAMS
HERASElo = OLAMSP/2x

OLAMSP - 2¢ * FLOAT (HERASE,O)
OLAM) =

FLRAD
GEODET = GEODET/FLRAD
GEOCEN = GEOCEN/F LRAD

MEAN SIDEREAL TIME
MINUTE, SECONDS"

)

NERASElO = ERASDlO/zl
ERASD6 - MERASE'O
ERASD6 = ERA506 * 2g
ERASD - ERASD
10 6) * 24.0

2w

ERASDlO =
MSTHR = ERASD'O

ERASDo = MSTHR

ERASDlo - ERASDIO = ERASD6
MSTMIN = ERASDlo * 60.0

ERASD6 = FLOAT ( MSTMIN ) / 60.0
ERASD'O = ERASDlo o ERA506
STSECO » ERASDlo * 3600.0

e Rp—— e -




ERASE, = (DV' * OVP, 4 IJVz » DVPz

EMSE7 - (EMS(S - ERASE, * (MS£6)|/2
ERASEg = ERAS!z * [RASE,/OW
(RASE, =1.0 - ERASEQ * EMSE7

ERASE, = ERASEg % ERASE,  ERASE,) = (ERASEg)?
ERASE,, = ERASEg % ERASEg + ERASE;, * ERASE,

ECCENT = (ERASE),)'/2  AXiMAJ = ERASE, /(1.0 -
) 1”2
ERASE,, = (1.0 - ERASE,,)

[ )—s

Az = OV, * DVP, = W, - I)VP2

Ay = OV * DVP, - DV, * OVP,
Ajy3 = A[/ERASE, Lt s
Ay = DV /ERASE, + 2

A3 - DV; * ove,

+ I)V3 . DVP;)/[IAS!z

2 2 2,V/2
ERASEU - “2 . A, « A

* OMU
*'COMPUTE
ECCENTRICITY,
[RAS(”) SEMI-MAJOR AXIS"
- oy * DVP

"RIGHT ASCENSION OF ASCENDING NODE"

INCLINATION

ERASE ¢ = As ERASE” = -Ag
ASCNOD = AATAN ([MSE|6. [RAS[”)

[ 3

CALL QuAD (EMS[”. ERASEIG. ASCNOD)

72
ERASE |, = (1.0 - A7 * A7) {RASI'S - A7
OINCLI = AATAN ((RAS!M. ERASE'S)
CALL QuAD ((lAS[ls. ERASE ), . OINCLI)

ASCNOD = ASCNOD/FLRAD OINCLI « OINCLI/FLRAD

"ARGUMENT OF PERIGE"

ERASE|, = A, * ERASE ) + Ay * ERASE, ¢

ERASE g = A, * (A; * ERASE), - Ay * ERASE () + A, * (Ag * ERASE(
ERASE g = TAN"' (ERASE, c/ERASE,,)
CALL QUAD (ERASE,,, ERASE;, ERASEq)
ERASE (= -ERASE, /ECCENT ERASE  ,
ERASE)g = AATAN (ERASE,q, ERASE ;)
CALL QUAD (ERASE,,,ERASE ¢, ERASEg)
PERIGE = ERASE g + ERASE, MERASE, . = PERIGE/27
PERIGE « (PERIGE - 2 * FLOAT (MERASE,.))/FLRAD

- - ERASE9/(CCENT

< A * [RASE”)

"MEAN ANOMALY"

~ERASE, * ERASE
emse, = | aITR SRS
L] 12
ERASE ,, + ECCENT
ERASEjg) = (WT!I&WT‘EITEE,'; |

ECANOM = AATAN (EMSE“.. ERASEls)
CALL QUAD (ERASEls. ERASE,,. ECANOM)

<] OMEANA = OMEAN + 21 |

OMEANA « ECANOM - ECCENT * ERASE,,

LPAGE = LPAGE + |
LINOUT = 3

WRITE PROPER
HEADING

“BCD TAPE-EPHEMERIS OUTPUT"

[ omeana - omeana/FLRaD]

KEYTAP
£0

LOOKAN = | LINOUT « LINOUT + &
WRITE (ON MBCO): DAYJL
KMIOUT, SECOUT, TNORMS

MSTHR, MSTMIN, STSECD

KMOOUT  KDAOUT, KYROUT, KHROUT,
» IREV, OV(1-3), DVP{)-3),
ALTIO, RADPRT, VTOTPR, GEOCEN, GEOOET,

OLAMOD,

| LinouT = LiNOUT + |
WRITE (ON MBCD): AXIMAJ, ECCENT,
QINCLI, ASCMOD, FERIGE, OMEANA

FIG. 3L4.
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mnw ne el e
1) e NS o |
61 ur . |oo ERASE) = SLON, -1
OU'US : ERASE, RALON = OLAMS - ERASO,
* CALL HMATRX
. .
RTASC = 0BSC,/FLAAD DECLIN = OBSC,/FLRAD
CALL RFCOR
ELEVAT = OBSH|/FLRAD  AZIMUT = 0BSM,/FLRAD .
RANGES = OBSM, RANRAT = OBSH, ¢
AZMATE = OBSCE/FLRAD  ELRATE = O85C,/FLRAD
EMASE, = CON, * CON, + COM, * CONM,
RARATE = (CON, * COM, - CON, * CON_})/(ERASE, * FLRAD)
lt.ls[ 3 .‘co..~ * CO COMPUTE :
porate o ) DMg @ ERASE, - CON, @ (CON, @ CONg + COMp * CONI IRV@T ascemsion
RTC2 * FLRAD » (ERASE,)'? L e Chwiiey
LOOKAN = 1  LINOUT = LINOUT +
WRITE (ON MBCO): DAYJL, noouv. KDAOUT,
KYROUT, KHROUT, KMIOUT, SECOUT, TNORMD, IREV
srmon DATA - BCD TAPE - OUTPUT
LINOUT = LINOUT +
4 WRITE (ON MBCD): uunsu,,s. ELRATE, AZRATE, RARATE,
DCRATE, ELEVAT, AZIMUT, RANGES, RANRAT, RTASC, DECLIN
NUMBER, = 1TYPE MERASE, = MWORDS + | .
WRITE (ON MBIN): MEMASE,. 1),
ANGDAT): } = 1,..., NWORDS
“WRITE EPHEMERIS ON
BINARY TAPE" o
MERASE, = NWORDS + 31 NUMBER, = 1TYPE
WRITE (ON MBIN): MERASE,, DAYJL, KMOOUT, KDAOUT,
KYAOUT, KHAOUT, KNIOUT, SECOUT, TWOROS, OV(1-3), OVP(1-3),
ALTI0, ‘RADPRY, 'VIOTPR, "GEOCEN, 'GEODET, OLAMD, “MSTHR,
MSTHIN, STSECO, AXIMAJ, ECCENT, OINCLI, AScHOD, PERiGE,
OMEANA, IREV, [], (ANGDAT : j = I,..., MWORDS)
E % /‘I‘H
1j =1 = '\lf_q
TEXURIE
‘\n o) = NOMSTALC ANGDAT; |, = ELAATE
Anr.w, . 3 = AZMATE ANGDAT, |, = RARATE
ANGDAT; | o = DORATE ANGOAT) | ¢ = ELEVAT
ANGOAT | 5 = AZiWIT ANGDAT, . o = RANGES
ANGOAT) | o = RAWAT ANGOAT 1o = RTASC
ANGOAT| | |, = DECLIN

_r.—r.ﬂ -y w—ﬂts?: o . -
—— Ol - —— - e ]
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SUBROUTINE RFCOR

THIS SUBROUTINE COMPUTES THE REFRACTION CORRECTIONS.(SEE
SECTION IV D.REFERENCE 1)

VARIABLE EQUA REF DEFINITION

ERASE(1-20) INTERMEDIATE VARIABLES

TEMPE INTERMEDIATE VARIABLE
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CALL RFCOR

SATRAD = (DV, # DV, + OV, # DV, + OV, * ov,)"2 HCOR, = ALT, ¢ * REARTH
HCOR, = 1.0 HCORg = SATRAD - RMEAN
HCORy = 3.0 RFC, = RMEAN + HCOR,
HCOR, = 12.0 RFCg = SATRAD

HCOR, = 60.0 j a0 I @2

-

falel

<
¥
- - < )
:;g;uu f K107 - I" J=) e TEMPE = HCOR, - HCOR,

“tl - HE.I + TEWPE

K= 4]
» | HCOR; = HCOR,
RFC, = RFCy,

i e« 2,..., KTOT

]

ET = 1.0 -(.163865 * NCORl)
TR'GE' = COS (OISH') ["A‘ -« ).0 ¢ .0003l3e

ERAS[,, - o.sn‘ I = 1,..., KTOTMI
ElAStzo = TRIGE,

[ I

SR O Thice;) /2 Lo RFC|;{ * TRIGE, ,
R WoYs g i ave TRIGE, - ( b )
ETA, = ETA, - 1.

: : - esey

e l,..., KTOT I = 2,.... KIOT

GAMS = 0.0

2.0 * (ETA; - ElAl"))
int el
GAMS = GAMS + TEMPE

TEMPE = (

GAMS * TRIGE - ETA, + ETA + GAMS?/2.0
K101 1 0
DELS = CAFS + =
KTOT \

i 1,..., KTOTM}

"ELEVATION CORRECTION"
08SM, = OBSM; - DELS WTP = 100

OBSM, = 0BSM, + DELS

(")

FIG. 36.
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ERASE, - xvzre 2 o xvmz2 . xvm,2
ERASE, = (ERASE,)'/?

[RASE|7 = 0.0 ‘

ERASEI - XYlTlIOISH3 l
ERASEI’3 = XYZTPIIERASE7 i=1,2,3
ERASE|7 = ERASE|7 + ERASE; * ERASE;.; s

ERASEG = ERAS[z * ERASE, - ERASE5 * ERASE3
ERASE9 = ERASE, * ERASE; - ERASE; * ERASE,
ERASE,, = ERASE, * ERASES - ERASE, * ERASE2

ERASE, | = (ERAStg? + ERASE92 + erase, o 2)'/2
ERASEg = ERASEQ/ERASE,,  ERASEy = ERASEg/ERASE,|

2 2,1/2
ERASE‘z - (ER‘S[| + fRASEz ) "COMPUTE
RANGE RATE
{RASE'3 --ERASEZ/ERASE|2 ERASE'“ = ERASE'/ERAS£|2 CORRECTION

ERASElS - [RASEl’ & [RASEB'; ERASE,, * ERASE9
2,1/2
ERAS£|6 = (1.0 - ERASE|7 ) ARG = RFC/RFCy rny

ERASE g = COS.' (ARG * COS (ERASE|9 - DELS))

- €0s”! ((ETA| + 1.0) * ARG * ERASE,)
ARG = ERASE, * ERASE,o * ERASE  * ERASE,q

- 4444;1 OBSM, = OBSM, + ARGI

TP = 100

[ 0BSM, = OBSM, - ARG |

DELRY = 0.0

""COMPUTE RANGE CORRECTION"

§(ETA; + ETA; |) * (HCOR, | - ncon,)}

TEMEE =} TSINE, + STRE,, )
DELRT = DELRT + TEMPE
i = 1. KTOTHI

HTP = 100 DELRT = -DELRT

OOSH3 - OBSH3 - PASS * DELRT 100 ) =< RETURN >
FIG. 37.
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SUBROUTINE SETCON

THIS SUBROUTINE COMPUTES PROGRAM CONSTANTS AND CERTAIN INITIAL-
IZATLON FROM THE INPUT DATA.

VARIABLE EQUA REF DEFINITION
MERASE (1) SEE INPUT LISTING

ERASE (1=)5) 5=7 1 INTERMEDIATE VARIABLES




CALL SETCON

HTOTAL = 0.0

ov;

ovP, = 0.0
XN8 = 3.0

WEARTH = .7292115 * 10

I =12,

-4
3

g "DEFINE FLOATING-POINT NUMBERS"
:tg - g.g FLI = 1.0 ZOMHAR, = -2.4 @ m':
- 2. FL3 = 3.0 IOMHAR, = - -
FLb = 4.0 FLS « 5.0 3 1.6 ® Iﬂ_‘
FLE - 6.0 ;u - 10 TONHAR, = - .02 * |
- l., -9, - %
FLIO = 10.0 = 12.0 TOMHAR 7% 10
:_t;;'- .2-03 llol59265 REARTH = 6378, 165 :
= oMU = 1.986032 * 10
FLRAD = .oms;ms
FLPOO! = .0 FLPOI = .0 f = .00335233
FL2b = 24, o FLPS = .5 N
i, e L
FL3600 = 3600. -0 CONSTANTS"
FLB6LH - B6MCO.O
FL3652 = 36525.0
|
"“"DEF INE FIXED-NINT'MERS" RMEAN = REARTH » (2.0 - F)/2.0
- 2
- - FEARTH = (1.0 - F)
::‘,’ - 2 ﬁ:; - ; FCONST = -SSAT * 500.0/OMSAT
: SLON, = SLON, * .017453295
KFd L KFS = § i i i ' -
KF6 = 6 KF7 =7 PHILAT, = PHILAT, * .017453295 = UGooog
KF8 = 8 KF9 = 9 Qr, - Q, * w.ausa ~ 1075 Pial,2 "CONVERSION TO DEGREES"
KF10 « 10 KF25 « 25 i i 5
KF31 = 31 KFé0 - 60 Q; = Q; * .48481368 * 1075 P=1,256
2 QP = QP v QP i, 2
| QG -q *q Pa ..,
PMAT, | = PHAT, | % PMAT, | P=1,...,6
1IN =S INPUT TAPE
I0UT = 6  OUTPUT TAPE “COMPUTE GEOCENTRIC LATITUDE,
MMTAPE = | :Z%"?EE;"" GEOCENTRIC RADIUS"
MBCD = 2
MBIN = 3 BINARY TAPE ALT' - ALTl * _001/REARTH

XN2"| - XN22.2 - XN23.3

ERASE, = (OS (PNILAT,)
EMSE = SIN (PHILAT )/EMSK'

1.0
! i) T 0o+ rearth » emased) /2 o tns:,)
TIEQUl, = 0.0 ‘:::‘u - ‘:' st
TIEQUI, = -.49998631 ERASEg ~ ( LTy o FEARTH % ERASE,)/ERASE,,
TIEQU; = -.30001369 sut, = TaN! (eraseg ¢ Emase,)
TIEQUI, = .24999315 DELAT, = PHILAT, - SIAT,
TIEQUI, = .50001369 R LU ms:' . nmm)
TIEQUI, = -.99997262 i L (T )
TIEQUI, = -.94997947 sy
TIEQUIg = -.74997947
TIEQUIg = 099986311 ‘:;:
MEQ =0 1 = 1,...,9 sl

l

w-—-«wm
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SUBROUTINE TRAMAT

THIS SUBROUTINE COMPUTES THE STATE TRANSITION MATRIX (SECTION

VI B/REFERENCE 1)

VARIABLE

PHITKR(br6)

TEMP

1EMPL

EWUA REF

9% 1

DEFINLITION
INTERMEDIATE MATRIX
INTERMEDIATE VARIABLE

INTERMEDIATE VARIABLE
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i - (ov,? . ovzz . ov,z)"z CALL TRAMAT

XIG, | = OV, /M XIG, = XIG)
(sanr ) XIG, | = DV, XIGg y = XIG,

XIG,", - OVy/N XiGg, - xuc, .

SAI"S 0V, * OVP, - DV, ¢ DVP,

SA2 = OV, % DVP, - DV, * OVP,

SA3 = DV, % OVP, - DV, * DVP,

S0 « (su2 o sa2? o sa3?)/2

A1/S0 XIG,. 6" XIGL’
XIGL’ - SAZ/SD “65.6 - ll(iz'3
XIGL3 = SA3/SD "66,6 . XIGL,

XIG, 5 = X1G 3 ¥ KIGy | = XIGy 5 * XIG,
XiGy 5 = KIG3 3 # XIG | = XIG) 3 * XiGy
2385 = 12 XlG“ 3 - IIG' 2 X6 - XIGZ 2
VSTEP = .01 o ] ' '3 C
DSTEP = b XIGy = X6, 5 XIG, (- XIG, ¥ XIG)
XiG, ;= 0.0 XiGg ¢ = XIGy
bom Novien @& Jom Vosies 6
XWIP = OVP, # XIG, | + OVP, * KIG, | + OVP; * XIGy
YWIP = DVP| * XIG, , + DVP, * XIG, , + DVPy * XIGj
WO = XWI YWO = 0.0
XWOP = KWIP  YWOP = YWIP
[ '
SAPA -(' A SIPA -~ g
XBAR = XWI * SAPA YBAR: -XWl * SIPA
- sy Tl L TEMTHN = ECC + SOK *# XBAR  TEMTHD = YBAR *+ SOKB
SOA = 1.0 - SOS * YWIP THET = AATAN (TEMTHN, TEMTHD)
SOB = SOS * XWIP
€cc? = soal 4 sos?
£° 1 55 e -
~ = (1.0 - €cC2 _5_.{__-"3:27""'“
ECA - - THET]
sokB = (sok)'/2 2
SOKV = 1.0/50S
SOKC = :
UMEAN] = ECA-ECC * TEMTHD
€CA = UMEAN! + HTOTAS/SOKC
ECAD = ECA  ICT = |
J by

FCA = SIN(ECA)
FUMEAN2 = ECA - ECC * FCA
HTOT) = SOKC * (UMEANZ - UMEAN!}

1ICT « ICT « )

HTOTAS - HTOTI
rewee - fget IO ersream |

ECAD= ECAD + TEMPE ECA = ECAD

SAPA = -1.0/50C
SIPA = 0.0 1
€CA = HTOTAS/SOKC
ECAD =~ ECA

CSAS) = 1.0/(SAPA * SAPA + SIPA * S|PA)
XW2 = (XBAR * SAPA - YBAR * SIPA) * (SASI
YW2 = (XBAR * SIPA + YBAR * SAPA) * (SASI

STOME = COS (ECAD)
STOU = 1.0 - STOME * STOME

sToUsQD = (stou)'’?
XBAR = (STOME - ECC)/SOK
YBAR = STOUSQ/SOKB

FIG.

R2 = (XW2 * XW2 + YW2 * VH2)|,2
XW2P = (SOB * R2 - YwW2) * SOKV/R2
YW2P = -(SOA * R2 - Xw2) * SOKV/R2
NeN+

XW20 = XW2

YW20 = YW2

XW2PO = XwW2P
YW2P0 = YW2P

XW! « XwO + DSTEP

XWl = XwWO - OSTEP

= |
TEP2 = 2.0 * DSTEP

-
L]

39.
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M= XW0 j a2

12
™ < (ool « psTEr?)

[svmer « -simaLe]

SINALP = DSTEP/XW)
COSALP « nu,nu

L ad

L3

XWIP = XWOP * COSALP + YWOP * SINALP
YWIP = -XWOP ® SiNALP + YWOP * COSALP

W) = XWO
WIP = YWOP

XWIP « XWOP + VSTEP

SINALP = -SINALP

-3

TEMP « XW2 * COSALP ¢+ Yh. * SINALP
YW2 = -XW2 * SINALP + YW2 * COSALP
W2 = TENP

TENP « XW2P & COSALP + YW2P * S|NALP

YW2P « -XW2P * SINALP ¢+ YW2P * COSALP

WP = TEMP

|

XWIP = XWOP - VSTEP YWIP = YNOP + VSTEP
F, XWIP « XWOP [Lwr - YWOP - VSTEP
TEP2 = 2.0 % VSTEP je5
l K 3

P

19 )T}

ML '(ﬂ‘iﬁnﬂu)

|- 1,2,4,5

MIl.J = XwW2
mlz.J = YW2
PHI,.. - XW2P
""S.j - YW2P

+

Iw

ml,'s = YW20/YWOP Hﬂl', = 0.0
""6.6 - YHZPO/MP m".s = 0.0
TEMP = XWOP/XWO ""3.| = 0.0
PHIy 3 = XW20/XWO - TEMP * PHI, ¢ MIg' | = 0.0
PHIG 3 = XW2PO/XWO - TEMP & PHi¢ o 128
NOIM = 6

[eaLL muLtie (puiTR, X1G, PHI, 6, 6, 6) |

TEWP = XIG, |,

TEMP = XI1G,_, |

XIGl.',z - l'ﬁl.z.'
XIGy., | = TEWP
| = 3,6

XIG ),y = X16; 4y
XI1G = TEMP
-1

| =-2,35,6

| caLt mueTer (i, pHiTe, xi16, 6, 6, 6) |

FIG. 4O.
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SUBROUTINE TRANSF

THE MAIN FUNCTION OF THIS SUBROUTINE IS TO COMPUTE THE ELEVATION.
AZIMUTH,RANGE + RANGE RATE/ELEVATION RATE,AZIMUTH RATE AND RANGE ACCE-
LERATION. (SECTION VIlI BsREFERENCE 1)

VARIABLE EQUA REF DEFINITION
COn(1=9) 16 1 INTERMEDIATE VARIABLES
CON(8) 17 1 INTERMEDIATE VARIABLEZ
MERASE (1) =1» STATION CAN SEE THE SATELLITE
==1+STATION CAN NOT SEE THE SATELLITE
XM(3+3) igv 1 INTERMEDIATE VARIABLES
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CALL TRANSF

ERASE, « SLOM,¢
ERASE, = -.76650861 10°% « SIm (.20100824 - .926221651 + 1073 * DJULN)

-.567232 * 10°% « SIN (9.7766782 + .03MAO0557 * DJULN)
RALON = 1.7866A7719 - ERASE, + .017202791450973 % DJULN +

(00uLn)? #,5064 # 10°'% & .72921158 + 107" » THOMM + ERASE,

"COMPUTE STATION COORDINATES"

XM, | = SIN (RALON): XM, , = COS (RALON): XM, 4 = COS (SLAT,)
g3 = SIN (SLATLh XMy | = XN o ® XN, 4
XVZS) = SRAD,C * XMy | KMy o = XMy o % XN,
XYZS, o SRADL % XMy',  XYVISy w SRAD,. * XMy o
ml.l ":';l.l ERASE, = XMy | - DELAT\c * XMy |
1,30 XMy ; = XMy ; + DELAT . * XM,
o N N NS o
e XMy ) = XMy Y XMy xu:', g uu’ns:, e
XMy g = XM | * XM, 4 1'e 1,2,3

#
CALL TRANSP (XMTR, XN, 3, 3)
i.%2, 3

CON; = DV, - xvls, i =
CALL MULTIP (XYZY, XM, CON, 3, 3, |

N, o XYIT] + Xy2Tj | “COMPUTE RANGE"

TC2 = CON, + xvn§
nscy = (A1c2)'/2

“COMPUTE RANGE RATE"

= WEARTH #= "n‘
min = WEARTH & ““I
m‘ - "l * %
N, = WP, - 0N,
- ",
"“ﬁ - m. - l.'ﬂ. - :ﬂ' L CON-, + Cou’ * DVP,)/OISC’
CALL MULIP{XYITP, XM, :III‘. 3. L 1)

"COMPUTE RANGE ACCELERATION"

onsc, = ove] - cond + ove? - cond, + ovel
+ CONy * ISECD, - ODSC, * OBSC,

=l GO,y = I5ECD, - COM,y * WEARTH

COMy = 2SECD, - CONg * WEARTH

> ossc, - {"'“? : ”'%';CT“JQ e ““9

l “COMPUTE ELEVATION RATE, AZIMUTH RATE"

IRDXT = (XYl'l’l * XV2TP, + XYsz * XVl‘I’Pz)/Ms
()IS!:s - (XY!‘I’P, * CON. -~ XYIT, * ZRDXT)/RTC2
OOSC‘ - (XYITP. hd XYsz . XYITPz * xvzt,)/m.

“COMPUTE ELEVATION, AZIMUTH®
08SC, = TAN"| (XVZT,/CON)
] ossc, - ! (xvar/xvety)
CALL QUAD (XYZT,, XY2T,, 0BSC,)

FIG. 4.
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SUBROUTINE ADDITL OR SUBROUTINE SUBTRA
THIS SUBROUTINE ADDS OR SUBTRACTS 2 MATRICES.

SUBROUTINE MULTIP

THIS SUBROUTINE MULTIPIES 2 MATRICES. (NOTE.IT IS ASSUMED THAT
THE FORTRAN DIMENSION OF EACH MATRIX IS EQUAL)

SUBROUTINE TRANSP
THIS SUBROUTINE OBTAINS THE TRANSPOSE OF A MATRIX.

SUBROUTINE AATAN

THIS SUBROUTINE COMPUTES THE ARCTANGENT.(GIVEN THE SINE AND
COSINE)

SUBROUTINE QUAD

THIS SUBROUTINE OBTAINS THE PROPER QUADRANT OF AN ANGLE AFTER
1T HAS BEEN OBTAINED BY THE ARCTANGENT SUBROUTINE.
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CALL ADDITI {A.B,C.MB.NCB OR

CALL SUBTRA

LAY

R s = @G

CALL MULTIP (A,B,C,NRB,NCB,NCC)

al

‘I.J'Z Bx* &,

|l = l.lﬂli' HRB: j - I;--o[ MCC

CALL TRANSP (A,B,NRB,NCB)

&l

A'. s B i
Dbyl o RETURN. )

AATAN (ANUM, ADEN)

A,B,C,NRB,NCB

RESULT = %

RESULT = -RESULT

CALL QUAD (X,Y,ALPHA)

P AATAN = RESULT

FIG. L2,
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SUBROUTINE BCOFL OR SUBROUTINE BCDFX

SUBROUTINE BCOFL CONVERTS A BCD WORD TO A REAL(FLOATING POINT)
NUMBER. SUBROUTINE BLOFX CONVERTS A tCD WORD TO AN INTEGER(FIXED
POINT) NUMBER. THE FORTRAN CALLING SEQUENCE IS

CALL BCUFL (ARG1/NsARG2¢J)
OR
CALL BCOFX(ARG1/NrARG2¢J)

ARG1- WORD TO BE CONVERTED
N= NUMBER OF CHARACTER OF ARG1 TO BE CONSIDERED IN THE
CONVERSION
ARG2= THE CONVERTED NUMBER (REAL OR INTEGER) ALWAYS POSITIVE.
J= ==1+ERROR WORD CAN NOT BE CONVERTED
=0, WORD HAS BEEN CONVERTED

NOTE. THE WORD MUST CONSISTS OF NUMERICAL B8CU CHARACTERS.THERE IS NO
FLOWCHART AND VARIABLES OF THE SUBROUTINE HAVE NOT BEEN DEFINED.
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SUBROUTINE B8CDSTO

THIS SUBROUTINE 1S USED TO STORE BCD INFORMATION.THERE IS NO
FLOWCHART.

SUBROUTINE SYMMET

THIS SUBROUTINE SYMMETRIZES THE COVARIANCE MATRIX (EQUATION S1.»
REFERENCE 1) AND THE MATRIX KxH*P (EQUATION 52 REFERENCE 1.)
THERE IS NO FLOWCHARTY.

SUBROUTINE OVPUN AND SUBROUTINE NOVPU

SUBROUTINE OVPUN CONVERTS A BCD CHARACTER TO A REAL(FLOATING
POINT) NUMBER. SUBROUTINE NOVPU CONVERTS A BCD CHARACTER TO AN
INTEGER(FIXED POLINT) NUMBER. THE FORTRAN CALLING SEQUENCE IS

CALL OVPUN(ARG1+,ARG2¢J)
OR
CALL NOVPU(ARG1+,ARG2¢J)

ARGl= CHARACTER TO BE INVERTED
ARG2= THE CONVERTED NUMBER (REAL OR INTEGER)
J= ==1/+ERKOR,CHARACTER CAN NOT BE CONVERTED
S0, ARGZ2 IS POSITIVE
=1» ARGZ IS NEGATIVE

THE NET RESULT OF THESE SUBROUTINES 1S TO CONVERT AN OVERPUNCH(ON

OBSEKRVATION CARD) TO A NUMBER.THERE 1S NO FLOWCHART AND VARIABLES
OF THE SUBROUTINELS HAVE NOT BEEN DEFINED.
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APPENDIX
A. TIMING ERROR

A timing error introduces errors in satellite observation, which,
obviously, will appear along the direction of the satellite velocity vector.
Thus, they are distinctly different from normal observation errors.

If at the time of an observation, the components of the satellite ve-
locity vector are x, y, z and the components of the acceleration vector
are X, ¥, z, the error in position due to a standard timing error ¢ will be,

&x, = Ixol (A. la)

ay, = lyol (A. 1b)

Lz, = lzol (A. 1c)
and the error in velocity will be

ax, = |xol (A. 2a)

Ay, = |¥ol (A. 2b)

Az.t = |zol (A. 2¢)

which will give a covariance matrix of the position and velocity vector
due to the timing error:

Axt2 20 fea 0
0 Ay, :
P, = | azl (A.3)
A)'ctz :
: a; °
0... eee0 Aif-

Thus, the total covariance matrix at an observation time including the
timing error will be (see Ref, 1, Section V-D)
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T T
R=H(t,, )o(t, ., t) P () ot . ) H" (t, )

# H (ty 1) Py () HY () + Q () =

which can be rearranged

R =H () [° (s 50 P' () 07 (s 1)

T "‘k+1)] HY (1) + Q () - 5

This covariance matrix is expressed in terms of observations and re-
places the matrix inside the square brackets in Eq 50, Ref. 1.

It must be pointed out that the timing error o can be either for an
individual observation or a particular station or the whole system, In
a general case, when the timing error for a particular station will not
be known, the system standard timing error can be used which, gen-
erally, will be more easily estimated. The present program utilizes
a system timing error which is an input value.

B. SMOOTHING EQUATIONS
Smoothing can be considered a special case of filtering in the sense
that the observations are replaced by the state variables which in our

case are the six orbital elements in the form of position and velocity
vectors, Returning to Eqs (49), (50), (51) and (52) of Ref. 1:

X (epy) = K () [ ¥ ) - F' )] (A. 6)

T T
K (tgyy) = Pty ) HY () [H (teag) P ey q) HY ()
-1

+Q (4, )] (A7)
P (tp)) = (s 1) P' () 7 (. ) ke
Plltyy)) = P ity ) = Kty ) Ht, ) P ltyy,) k. )

We can consider that instead of a series of observations obtained at
discrete times, we have a series of estimates of the state variables
and their covariance matrices. These estimates of the state variables
and the corresponding covariance matrices are obtained in the process
of regular filtering and stored in the computer.
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Assuming that at time tn we have an estimate Q(tnltn) based on ob-
servations obtained up to and including time tn' we can update a previous
estimate at time te ?(tkltk) based on data which includes time t
(t, < t,). The updated estimate will be designated :?(tkl t ). The process

will now consist of computing the weighting matrices from the covari-
ance matrices of two sets of estimates at each data point, and cor-
recting one set of the estimates. ‘

Returning to Eqs (A.6), (A.7), (A.8) and (A, 9) we can make the
following deductions. Since the observations are now replaced by es-
timates of the state variables or the position and velocity vector, the
matrix H and its transpose will be a unit matrix because the compo-
nents of the position and velocity vector are independent variables.
The Q matrix will now be the covariance matrix P(tkltk) of the esti-

mate 'i(tkltk). Then we can obtain a weighting matrix

- -1
K (t) = P (t ]t ) [P (t 1t ) + P (| tk)] (A. 10)
The updated estimate at ty based on data up to and including t will
now be i
~ A ”~
2 @, ) = K (t) [x (1) =0 (b, t) % (tnltn)] (A. 11)

and the recursion equation for the updating of the covariance matrix
will be

P ity = [1- K] ot tdPlt o (1) (A12)

In the present application of the smoothing technique, we are interested
in obtaining the best estimate of the orbit at time tn. Therefore, after
each smoothing operation we do not update the orbit at time tk' but trans-
fer the corrections to time t n’ Then, with the improved orbit we pro-
ceed to time te-1 and repeat the smoothing until all points are processed.

Since this type of smoothing process may involve long time arcs and
cause numerical difficulties, only the diagonal elements of the covari-
ance matrices are stored during the filtering process, Similarly, only
the diagonal elements of the P (tnl tn) matrix are used in the transforma-

tion. In addition to avoiding numerical difficulties, this approximation
saves considerable storage space., However, it must be pointed .
out that the P (t, |t ) matrix is not a diagonal matrix.
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C. SYSTEM STANDARD OBSERVATION ERROR

One of the problems in a sequential orbit estimation technique is
the estimation of standard deviations of the observations. This is
somewhat complicated, as discussed previously in this report, because
the standard deviations of the system measurement error include un-
known bias errors as well as random errors. A solution to this
problem can be obtained by a method of successive approximations in
a multiple filtering process.

An approximation of the expected deviations of the measurements
from the estimated orbit at a time t, can be obtained from the diagonal
elements of the covariance matrix.

T
R=H (tk) | o (tk) H (tk) +Q (tk) (A.13)
which is expressed in terms of the observations.

If ASik is the deviation of the kth measurement from the estimated
orbit, then we can write
k=n IAS

1,25 —7-1;{|2 = C, (A. 14)

n
1 (Tik)

where n is the number of observations and Tik the diagonal element

corresponding to the particular type of observation in matrix R. Both

ASik and (rik )l /2 include the deviations in the estimated orbit and the

measurement, In the case of normal distribution of errors and if the
estimate of the standard deviation is correct, then Ci should approach

1 for a sufficiently large number of observations. If C, ¢ 1, the dis-

crepancy will be due to the incorrect estimates of the standard devia-
tions in the observations. Therefore, a better approximation can be
obtained assuming that the error in the estimate of the orbit is ap-
proaching the error in the observations. Under this assumption

improved
where (qi )1/ : is the standard deviation of the observation.

This method is used in the triple filtering mode, updating the stand-
ard deviations at the end of each filtering, It appears to be working
quite well,
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D. REJECTION CRITERION

The matrix R discussed in the previous section is composed of two

covariance matrices, Matrix I-IPH'r is computed by the program itself,
The matrix Q is an input item for the first filtering, It is a diagonal
matrix composed of the variances of the estimated measurement errors
In case the errors are not known, they can be estimated by using the
triple filtering mode. However, an initial estimate is still required.

If the estimate is correct, it is usually standard practice to reject all
data that exceed 3-sigma accuracy. However, it is possible that the
estimate is low, in which case legitimate observations may be rejected.
To avoid this possibility, the following routine is used.

At each observation the quantity ny is computed:

1,25 1Asf[2 - ng (A. 16)
(*y)

where AS is the difference between the measured and estimated obser-

vations, and ry is the corresponding diagonal element in the R matrix,
The ny's are stored in six boxes according to their values

ey Ny B NN
ny=0-3 3-4 4-6 6-8 8-11 11<
At the end of each filiering phase, the quantities
N N, +N N, + +N
P _ /Sy 7 ey , Ty Tes 6
LS 2 el TR T o N (A, 180

are computed, where N,... N6 are the number of observations falling
into a particular box. N is the total number of observations.

N=N1+...+N6 (A. 16b)

The tlli's are then tested against a number ¢ to determine the number

of sigmas tolerated.
4’i < '~|J5. \pi'l'l (A. 160)

A representative value of ¢ = 0,95 was established by experiment
to give good results. The number of sigmas tolerated in the next
filtering phase is found from the following table.

i=1 2 3 4 5 6

6§=3 4 6 8 11 15 (A. 16d)
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E. REVOLUTION NUMBER

Revolution number is defined as the number of nodal crossings of
the equator from south to north, An initial revolution number is inputted
in the program and the first revolution is added at the first nodal
crossing, To save computer time, the nodal crossing is determined
from a second order nodal period and finally established by logical
tests which are described in the revolution number subroutine.

The time to the first nodal crossing is computed from the input or -

bital elements as follows.

The true anomaly of the node is

ON =27 - W (A.17)
Then the eccentric anomaly is obtained from
cos gy t+e N
Cos EN Y oan . (A. 18a)
< <
(1-¢€) 8in 6
Sin E, = (A. 18b)
N 1+ e cos eN y
and the corresponding mean anomaly
MN = EN - ¢ sin EN (A. 19)
AMy =My - M (A. 20)
where 0 £ AM £ 27
The time to the first nodal crossing is
i ty* —M (A. 21)
1 J‘—)
! ad
¥
i To determine the revolution number at any arbitrary time, T o we
obtain
T =% _~t¢
_ _pr in N
m, = 5 (A. 22)

N

135




where Tin is the initial time and P,, is the approximate nodal period

2
R 2
pN=¥{l-ngfz-[s-sz_-sinzi(4-g92)]} (a.29

N

The following values then are used in the logical tests (see sub-
routine PROUT).

m=m, + 1 (A, 23a)
|m1| = absolute value of fraction of m (A, 23b)
tm, = integer of m (A. 23c)
tm, = integer of m, (A. 23d)

F. CONVERSION FROM POSITION AND
VELOCITY VECTORS TO ORBITAL ELEMENTS

Given are the components of the position and velocity vectors x, y,
Z, X, ¥, %2, and the constanti,

Componenis in an orbital axes system (y = 0, 2 . 0) are

1/2
gy s b+ g2 e 2d (A. 24)
vie Vg =%+ 5'2+ 2% (A. 25)
;‘w=xx+1{y+zz (A.ZB)
(7]
1/2
o= (V3 -4 il

The planar orbital elements associated with the equations of conic
sections in Cartesian form (see Appendix of Ref, 1) are

Xy 3y
A=1- m (A-28)
B=x x y
_“’._’10_9’ (A-29)
(x 3 )2
C = ——“—Q— (A. 30)
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and eccentricity
2 9 1/2
e = (A° + B) (A, 31)
Semimajor axis is obtained from

a=—C 5 (A, 32)

l1-e

To obtain the remaining elements, we compute the direction cosines of
the x  axis

3 n, = x—-‘L g = 2 (A, 33)

= X
1 x,’ 1 w' 1 x4
The direction cosines of the z, axis are obtained by taking the vector
product of the position and velocity vectors

Eé=yz’-z§,ﬂ§=zi-xé,;é=x)"-y>°c (A, 34)
1/2
< 12 12 1 2
d (53 +n.% + §3 ) (A, 35)
t ] !
§3 N3 X!
33 M3 B 9 (A 36)
Consequently, the inclination is given by
gini= (l - §3) 1
0Sis T~ (A.37)
cos i = §3 ;

The right ascension of the ascending node is obtained from the vector
product of the normal to the orbital plane (z, axis) and the normal to

the reference plane (z axis), which gives

53 )

<E3+n3)
0L g=2r (A, 38)
o
cosQ=§N- z = 172
Eo+ 1
(63+72)
J
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The angle ¥ is obtained by taking first the scalar product of the x
axis and the line of nodes, and then the X, axis and an axis in the
orbital plane normal to the line of nodes

Yw

90°) Line of nodes

cos Y = El §N+'!1 N

(A. 39)
0< y<2r )
The angle 0 is obtained from the relationship
\
sin 6 = - lei
} 0<0< 21 (A. 40)
A
cos 6 = - 1
S

It is measured from the x  axis-positive counterclockwise. Then the
argument of perigee is simply

ws=¢+0 0<w< 27 (A. 41)

The eccentric anomaly is obtained from the familiar relationships

cos b +e
ccmE'l-i-ecose T
g 1/2 s 0< E, < 27 (A. 42)
sin E = -(1 -e%) gin 0
1+ecosb
P
From which
M=E -esin E (A. 43)
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It must be remembered that the X ¥, Z,8%es system is considered

here as an inertial axes system with the x axis pointing at the satellite
at the particular instant of time. =

G. CONVERSION TO POSITION AND VELOCITY COORDINATES

First, we find the transformation equations from the reference
axes system x, y, z to the orbital axes system X, Y, Z., The reference

axes sdystem will, normally, be the equatorial axes system with x axis
toward the vernal equinox, z axis pointing north and y axis in the

equatorial plane completing a right hand system.

Starting with the reference system we rotate about z axis through
the angle Q.

X, = cos Qx +8inQy (A. 44a)
sinfix + cosQy (A. 44b)
Z, =z (A. 44c)

Next the system is rotated about the new Xy axis through the angle i

Xy = X, (A. 45a)
yp*cosiy, +siniz, (A. 45b)
z, = - sin i y, + cos i z, (A. 45c¢)

Finally, we rotate the system about the z, axis through the angle w

X = cos w Xg + sin w Yo (A. 46a)
Y=- sinw x, + cos w y, (A. 46b)
The operation can be written in matrix form

®] [cosw sinwo [t 0o o ][cosqsing o][x]

Y -sinwcosw 0 Ocosi sini - 8in 2 cosf0 | |y

_Z‘ L0 0 1| hO-sinicosiJ _0 0 1_1 z |
(A. 47)
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Performing the matrix multiplication we obtain

X PP P | [x]
X'y z
Y- Qx Qy QZ y (A, 48)
VA R, Ry Rz z
o p L - e -
where

P =cosw cos 2 - sinw 8in N cos i
Py-coswsin0+sinwcosncosi
P, ssinwsini
Qx--sinwcosﬂ-cosw 8in Q cos i
st-sinwsinﬂ-i-cosw cos § cos i
Qz-coswsini

Rxssinﬂsini

Ry--cosﬂsini

R_=cosi

Since this is an orthogonal transformation

7l A = . B

x P, Q R, X]

y |= Py Qy Ry Y (A. 49)
-z | _Pz Qz R Tl 2:

Next we transform to an axes system where the new X, axis is in
the direction of the satellite at time t.

This means a rotation about Z axis through the angle 6 giving the
transformation equations

140




rx.1 pr Qx Rx- Fcos @ sin6 0 1 wa ]
y|s= Py Qy Ry -8in®cos 60 Yo (A. 50)
.z- LPzQz Rz_ | 0 0 1,- _zwd
Since

As=s-ecosb
B=-esin 6
C=a(1 - ez)
we obtain, in conjunction with Eqs (A. 12), (A. 13) and (A. 14) of Ref. 1,

2
a(l -e”)
X T+ecos 6 (A.51a)
y, =0 (A. 51b)
1/2
:Ew = ~-e 8in 0 [ ( )] (A.51c)
a(l ~-e

1/2
iw = (1 + e cos 0) [—-Lz-] (A. 51d)

a(l-e°)

Z, = Z, = 0 (A.51e)

Introducing the velocity coordinates and multiplying the last column
vector by the matrix in Eqs (A. 50), we obtain a column matrix

p= T p— 2
a(l-e“)cos 6
X 1+ecos b
2
a(l-e”)sin©
Y "1 +ecos o
Z|= 0 (A.52)
. 1/2
X sin 6 [_—LT]
a(l-ev)
- 1/2
Y (e + cos 0) [—L'z']
) a(l-e)
Z 0
L = -
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To introduce the eccentric anomaly, we use the relationships

. COSE -e
cos 0 T-ecos B (A. 53a)

1/2

Ly
sinp={l-¢€) __shnE (A. 53b)

which give
= = P -

a(cos E -e)

o 1/2
a(l1-e°) sinE

0 =

__sinE___ E1/2
l-ecosE (a

cos E 1/2 1/2 .
0 2
T-ecosE (1-¢) (%) Y

© w ™

(A-54)

Y-

0 0

b -

The transformation equations in matrix form can now be written

(x| [P, R0 00 T [X
y P QR0 0 0 b4
z P,Q R 0 0 0 0
i|=lo 00 P QR ) 4 (A. 55)
y 000 PQR b4
LZOJ 0 00 P,Q,R, 1o

which can be simplified to the following form
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= -
x X pQ | [xx

yy| = PyQy vy (A. 56)

z zJ PzQz

The advantage of forms (A, 55) and (A. 56) is that the elements which
determine the Keplerian orbit a, e, E and the elements which determine
the orientation of the orbit 2, i, w are completely separated.

H, COMPUTATION OF EPHEMERIS
In one part of the ephemeris computations, we determine the satel-
lite longitude, geocentric and geodetic latitude and altitude above the
reference ellipsoid from the position and velocity vector at a given
time.

The geocentric latitude is simply

¢ = arctan s (A.57)
e [(rz -zz) 1/2]

where
1/2
re (x2 +y2 +zz)
The approximate satellite altitude above the ellipsoid is then

1+tl.n2¢ 1/2
Hsr-RE ey (A.58)

tan” ¢
1+—!E—

where RE is the Earth's mean equatorial radius and

2
tp=(1-10 (A. 59)
where f is the flattening.
The geodetic latitude is obtained by a successive approximation

technique which is most suitable for an electronic computer. Com-
puting a value
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, 1 1/2
C = [l-i-tan 9 ] (A. 60)

1+fE tan“ ¢

we substitute tan ¢ for tan ¢ for the first iteration. Then the geodetic
latitude is

® = arctan [_hF-!-fC_C tan ¢:| (A.61)
E
where
H
h =B
Ry

An improved C is then computed using tan ¢ in Eq (A, 60) and the process
repeated to the desired accuracy. Convergence usually occurs in one or
two iterations.

Satellite longitude is determined as follows. The right ascension of
the satellite is

Ag = arctan (i’-) (A. 62)

The right ascension of the Greenwich meridian is
= 1.746647719 + 6. 30038809863056 d + 0. 5064 x 10 14 4% + ar
(A. 63)

Ag

where d are Julian days from the epoch 1950 January 1, 0h UT (see
Ref, 1, III-D), The satellite longitude is then

h 5 AG - As (Ao 64)
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