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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 description* 
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. 

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 APCRL, 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 filtering 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 assures 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, 
nevertheless, 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 rejection criterion.   To cope with 
such problems, a rather elaborate rejection technique was developed 
which in outlined in Ref.  1 and further discussed in Sections C and D of 
the Appe.viix, 

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 
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^acchia1 s 1964 model atmosphere and six zonal harmonics.   The 
equations for additional harmonics and solar and lunar perturbations 
have been developed in Ref.  1 and can be easily included in the present 
program.   However, it was considered that a 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 program? (Ref. 3). 

n.    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 
and the filtering is performed in the forward direction for the last 
time. 

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 n-D) wherefrom 
the integration and ephemeris computation proceeds to the final time. 
It is obvious that in order to utilize this mods 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   I.     FIRST MODE OF OPERATION 

The second mode of operation involves triple filtering and is used 
whenever the standard deviations 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 ephemer is 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 operating 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 involve filtering and is used 
only for predicting the epheneris (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 estimates 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 pv?se8 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.   If the filtering 
has not progressed at time t. to the point »vhere the orbit is known 
with sufficient accuracy, the deviation of the estimated orbit from an 
observation at time t,    . after a long interval may be large.   Assuming 
a legitimate error in the observation at t.     ., tAs may, normally, 
indicate a perfectly legitimate error in the estimate of the orbit at 
time t..    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 t,   . - is caused by a relatively small error in the orbital 
elements at time t,.   This error at t. 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 t.  . j 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 t.     - are transferred to t.  by use of the 
state transition matrix 

x(tk)  = I (Vtk + l>x<tk+l
) 

(1) 

or its inverse 
-1 ^V a   •    W V^^W (2) 

whichever is more convenient.    The corrections to the orbit are made 
at t. and the orbit integrated again to t,     ..   If the orbital process 
would, indeed, be linear, the iterated orbit *t t.    . would correspond 
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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 &t t.     . 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. 



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 substi action 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 necessarv. 

P.    COMPUTATION OP EPHEME RES 

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

mn 
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III.  PROGRAM INPUT 

A. NOTE ON THE INPUT 
ALL VARIABLES ARE. FLOATING POINT (REAL) NUMBERS UNLESS OTHER- 

WISE SPECIKItD.FLOATING POINT NUMBERS ARE NUMBERS WITH A DECIMAL 
POINT. MOST of  THE VARIABLES WHICH ARE FLOATING POINT NUMBERS HAVE 
bEEN ALLOTTED 13 OR 15 COLUMNS.  IF  A FLOATING POINT NUMBER MUST 
BE WRITTEN IN ITS EXPONENTIAL FORM (E.G. ±.XXXXXXXXEIXX OR EQUI- 
VALENTLY t.XXXXXXXX±XX)»THEN THE EXPONENT MUST BE RIGHT MOST AD- 
OUSTLD IN THE COLUMNS ALLOTTED. 

FIXED POINT VARIABLES MUST BE RIGHT MOST ADJUSTED IN THE COL- 
UMNS SPECIFILD.IF ON CARD 2» NOSAT =1» THEN 1 MUST BE PUNCHED IN 
COLUMN 5. XF NOSAT ri2»THEN 1»2 MUST BE PUNCHED IN COLUMNS <*»5 
RESPECTIVELY. 

10 
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CARD VARIABLE 

i TITLE 

k   A) NOSAT 

B) NMS 

C) NOH 

D) NAT 

E) MERASE 

F) KOrtSPR 

G) KCOUNT 

H) ISMOOH 

I) 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.  liNMS*60 (FIXED POINT)  7-8 

=1»REJECT ANY OBSERVATION CARD WITH ELEVATION        11 
ANGLE LESS THAN  ELEMIN  OR GREATER THAN  ELEMAX. 
=0»üO NOT REJECT ANY OBSERVATION CARD 

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

=1»INPUT ZONAL HARM0NICS(2-6)»REARTH»F»0MU. 17 
=0»DO NOT INPUT ZONAL HARM0NlCS(?-6)»REARTH»F»OMU. 
***♦  SEE CARDS 11 AND I?  *♦*♦ 

=1»PRINT OUT FILTERING OUTPUT 20 
=0»ÜO NOT PRINT OUT FILTERING OUTPUT 

NUMBER OF OBSERVATION CARDS TO BE FILTERED       21-23 
MORE THAN ONCE. OtKCOUNTt20Ü  IF KCOUNT IS 
ZERO THE PROGRAM «ILL FILTER ALL OBSERVATION 
CARDS ONLY ONCE. IF KCOUNT IS NOT EQUAL TO 
ZERO  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 EPHEMER IS TIME EXTENDS BEYOND 
THE TIME OF THE LAST OBSERVATION CARD 
=0» NO SMOOTHING 

NUMBER OF STATIONS TO BE CONSIDERED DURING       28-29 
EPHEMERIS PRINTOUT. OfNSTPRTfcNMS 
IF NSTPRT EOUALS ZERO NO OBSERVATION DATA WILL RE 
COMPUTED. 
IF NSTPRT IS NOT ZERO» THE FIRST  NSTPRT  STA- 
TIONS INPUT(SEE CARD 3) WILL BC CONSIDERED FOR 
OBSERVATION DATA COMPUTATION. NOTE» IF KEYTAP 
EQUALS Ü OR -1» AND  JTYPRT EQUAL 3»*» OR 5» THEN 
NSTPRT MUST NOT EQUAL ZERO. ( KEYTAP AND JTYPRT 
ARE DEFINED ON CARD 13) 

11 
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CARD   VARIABLE 

J) PASS 

K) TNtXOS 

L) iRtVU 

OtFlNlTION COLUMNS 

=1.0» SINGLt CORRECTION OF RANGE FOR REFRACTION.  30-32 
=2.0' DUUbLL CORRECTION OF RANGE FOR REFRACTION. 

IF POSITIVE» NlbHT EXOSPHERIC TEMPERATURE (0E6 K) US-SQ 
IF NEGAIIVE* 10.7 CM SOLAR FLUX. PROGRAM WILL 
SET IT POSITIVE AND CONVERT IT TO NIGHT EXOSPHE- 
RIC TEMPERATURE. 

REVOLUTION NUMBtR AT THE TIME OF THE INPUT 
ORBITAL ELEMENTS (FIXED POINT) 

M) TIMTOL    SYSTEM TIMING ERROR (SEC) 

STATION DAI A 

60-65 

66-74 

A) NUMSTAU) STATION NUMBER. MUST AGREE WITH CORRESPONDING 
COLUMNS OF OBSERVATION CARDS (FIXED POINT) 

B) NSo(l) 

C) SLON(I) 

=1»ELEVATION ANÜ AZIMUTH ARE MEASURED WITH 
RESPECT TO GEOCLNTRIC SYSTEM 
=2>ELEVATI0N AND AZIMUTH ARE MEASURED WITH 
RESPECT TO GEODETIC SYSTEM 

STATION LONGlTUuE (DEGREES) POSITIVE TO WEST 
FROM GRtENWiCH 

D) PHILAT(I)  STATION GEOUETK LATITUDE (DEGREES) 

E) ALT(l)     STATION ALTITUDE (METERS) 

»♦• 1=1»...»NMS.  ALL STATIONS DEFINED ON THE OBSER- 
VATION CARUS MUST bE RcPRESENTED IN THIS SET. 

SATELLITE uATA 

A) OMbAf 

b) SSAT 

C) CDHAG 

MASS (Kb) 

REFtRENCE AREA (METERS SQUARE) 

DRAG COEFFICIENT 

2-5 

8 

9-23 

2<»-38 

39-53 

1-15 

16-30 

31-45 

12 
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■CMU 

CMRU   VAKIMRLE   ntFINITAON 

*> UATF: AND UNIVEHSAL TIMt OF THE INPUT OKRITAL ELFMENTS 

A) MOMS{2)    YtAK»LAST 2 OIGlTS OF mxx (FIXtD POINT) 

MONTH  (FIXtD POINT) 

DAY  (FIXtD POINT) 

HOUK    OF THE KORM XX.U 

MINUTt  Or THE FOKW XX.Ü 

SECOND  OF THt. hOHM XX.XXX 

ORHITAL ELtMENTS 

A) AXSFMI     SEMI-MAJOR AXIS (KILOMETERS) 

B) tCLEN      EtCLNTRlCITr 

C) OINCL INCLINATION    (DLGREES) 

D) «lASC RIGHT   ASCtNClON  OF   ASCENOIMO   NODE   (DEGREES) 

E) toPKRl AkGUMtNT   OF   PERiGtE   (DEbREFb) 

B) MOHS(3) 

C) MOHSU) 

D) ZDAT(l) 

E) ^DAT(?) 

F) ^DAT(3) 

F)   XMtAN MtAN ANOMALY (DtGHEtS) 

/     INITIAL FSIIMAIE OF POSITION AND VtLOClTY LRRORS 

A) HMAT(1»1) FSTiMATtD ERROR IN X(0) COOKDINATE (KM) 

B) PMATC?»?) FST1MATLD ERROR IN Y(U) COORDINATE (KM) 

C) PMATCS»SI ESTlMATtD EKROR IN ^(U) COOHDINATE (KM) 

0) PMATUfU) ESTlMATtD ERROR IN X(0) COORDINATE (KM/SEC) 

E) HMAT(5»S) ESTlMATtD ERWOR IN Y(ü) COORDINATE (KM/SEC: 

F) PMAT(ft»ft) ESTlMATtD ERROR IN /(()) COOHDINATE (KM/SEC) 

COLUMNS 

2-3 

5-6 

8-9 

11-1U 

16-1Q 

21-26 

1-13 

l«*-26 

27-39 

40-52 

53-65 

66-7fl 

1-13 

14-26 

27-39 

40-52 

53-65 

66-7« 

13 



CARD  VAHIARLE   DEFINITION COLUMNS 

8      INITIAL ESTIMATE OF MEASUREMENT ERRORS (STANDARD DEVIATIONS) 

A) OP(l) 

B) QP(2) 

C) 0(1) 

D) 0(2) 

E) 0(3) 

F) 0(4) 

6) 0(*>) 

H) 0(6) 

I) 0*"M 

CT(l-9) 

1U A) LLFMIN 

B) ELEMAX 

ERROR IN DECLINATION (SECONDS OF ARC) 

ERROR IN RIGHT ASCENSION (SECONDS OF ARC) 

ERROR IN ELEVATION (SECONDS OF ARC) 

ERROR IN AZIMUTH (SECONDS OF ARC) 

ERROR IN RANGE (KM) 

ERROR IN RANGE RATE (KM/SEC) 

ERROR IN ELEVATION RATE (SECONDS OF ARC/SEC) 

ERROR IN AZIMUTH RATE (SECONDS OF ARC/SEC) 

ERROR IN RANGE ACCELERATION (KM/SEC2) 

NUMBER OF SIGNAS CONSIDERED FOR REJECTION 
OF OBSERVATIONS DURING THE FIRST FILTERING. 
CT(l-9) REFER TO DECLINATION»RIGHT ASCENSION» 
ELEVATION»AZIMUTH.RANGE»RANGE RATE»ELEVATION 
RATE»AZ1MUTH RATE AND RANGE ACCELERATION»RES- 
PECTIVELY 

MINIMUM ELEVATION ANGLE ALLOWED (DEGREES) 

MAXIMUM ELEVATION ANGLE ALLOWED (DEGREES) 

1-8 

9-16 

17-2«» 

25-32 

33-«fO 

«H-<*8 

U9-56 

57-64 

65-72 

1-8 
9-16 
17-24 
25-32 
33-40 
41-48 
49-56 
57-64 
65-72 

1-15 

16-30 

*** INPUT CARD 10 IF AND ONLY IF NOB IS EQUAL TO 1 

11 Z0NHAR(2-6)  COEFFICIENTS OF ZONAL HARMONICS J(2) 1-15 
J(3) 16-30 
J(4) 31-45 
J(5) 46-60 
J(6) 61-75 
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CARD     VARIABLE 

12  A) REARTH 

B) F 

C) OMU 

DEFINITION 

MEAN EQUATORIAL EARTH RADIUS (KM) 

FLATTENING OF THE EARTH 

EARTH S GRAVITATIONAL NUMBER (KM**3/SEC**2) 

COLUMNS 

1-15 

16-30 

3131-«f5 

*♦*« INPUT CARDS 11*12 IF AND ONLY IF MERASE IS EQUAL TO 1 
IF CARUS 11»12 ARE NOT INPUT THEN THE PROGRAM WILL SET 
Z0NHAR(2-6) =.10827E-2» -2.^E-6» -1.6E-6» -.02E-6» .7E-6 

RESPECTIVELY» AND 
REARTH =6378.185» F =«00335233» OMU =398603.20 

CARDS 13  AND 14 REFER TO EPHEMERIS PRINTOUT 

13 A) DPRINT    PRINT INTERVAL (SECONDS) 

♦♦♦ THE FOLLOWINb 6 VARIABLES REPRESENT THE INITIAL PRINT TIME 
(DATE»TIME OF DAY) OF THE EPHEMERIS. 

B) JMUPRT(l)  MONTH (FlXEU POINT) 

C) JDYPKT(l)  DAY   (FIXED POINT) 

DJ JYRPRTd) YEAR »LAST 2 DIGITS OF 19XX (FIXED POINT) 

E) HRPRT(l) HOUR    OF THE FORM XX.0 

F) XMIPHT(l) MINUTE  OF THE FORM XX.0 

G) SECPRT(l) SECOND  OF THE FORM XX.XXX 

»«* THE FOLLOWING 6 VARIABLES REPRESENT THE FINAL PRINT TIME 
(DATE»T1ME OF DAY) OF THE EPHEMERIS. 

H) JMOPRT(2) MONTH (FIXED POINT) 

I) JDYPRT(2) DAY   (FIXED POINT) 

J) JY«PKT(2) YtAK»LAST 2 DIGITS OF 19XX (FIXED POINT) 

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

1-15 

17-18 

20-21 

23-2U 

26-29 

31-34 

36-41 

43-44 

46-47 

49-50 

52-55 
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*RÜ   VARIABLE 

L) XMIPRT(2) 

M) SECPRT(2) 

DEFINITION 

MINUTE OF THE FORM XX.0 

SECOND  OF THE FORM XX.XXX 

COLUMNS 

57-60 

62-67 

»** EXAMPLE IF THE VARIABLES  A) - M) ON CARD 13 WERE 
60.0  6 21 65  2.Ü  5Ü.Ü 0.0  6 21 65 23.0 50.0 10.0 

THIb WOULD MEAN TO PRINT EVERY 60 SECONDS (DPRINT) 
FROM  JUNE 21t1965  AT  2(HR)  50(MIN)  0(SEC.) 
TO    JUNE 21*1965  AT 23(HR)  50(MIN) 10(SEC.) 

N) NOSPRI 

0) JTYPRT 

P) KEYTAP 

NUMBER OF SPECIAL PRINT TIMES REQUESTED. 69-70 
MUST BE LESS THAN 21 (FIXED POINT) 

INDICATES TYPE OF EPHEMERIS PRINT-OUT REQUESTED     73 

=0»NO EPHEMERIS. IN THIS CASE ALL VARIABLES ON 
CARD 13 MAY BE INPUT AS ZERO. 

=1»PRINT POSITION AND VELOCITY 
=2»PRINT POSITION»VELOCITY AND OSCULATING 

ELEMENTS 
=3»PRINT P0SITION»VEL0CITY»0SCULATIN6 ELEMENTS 

AND STATION OBSERVATION DATA. 
=H»PR1NT POSITION»VELOCITY AND STATION OBSERVA- 

TION DATA. 
=b»PRINT STATION OBSERVATION DATA 

INDICATES TYPE OF EPHEMERIS TAPE REQUIRED        75-76 

=-l»BCD TAPE ONLY 
= 0»BINARY AND BCD TAPE 
= 1»BINARY TAPE ONLY 

THE tiCU TAPE IS WRITTEN ON U02» 
THE BINARY TAPE IS WRITTEN ON U08(USE 800 BPI DENSITY TAPE) 
IF KEYTAP =0 OH 1» THEN THE BINARY TAPE WILL CONTAIN ALL THE 
POSSIBLE DATA AT ANY PRINT TIME I.E. IT ASSUMES JTYPRT =3 
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CARD  VARIABLE   DEFINITION 

1*    SPECIAL PRINT TlMEb (DATE»TIME OF DAY) INPUT IF NOSPRI IS 
GREATER THAN Zb.RO. 

COLUMNS 

A) JSPMOU) 

B) JSPDA(l) 

C) JSPYK(i) 

D) SPHR(I) 

E) SPMKI) 

F) SPSEC(l) 

MONTH (FIXED POINT) 

DAY (FIXED POINT) 

YEARtLAbT 2 DIGITS OF 19XX (FIXED POINT) 

HOUR  OF THE FORM XX.0 

MINUTE OF THE FORM XX.0 

SECOND OF THE FORM XX.XXX 

2-3 

5-6 

8-9 

ll-l*f 

16-19 

21-26 

«*« 1=1»...»NOSPRI 
THtSE SETS OF SPECIAL PRINT TIME MUST FALL WITHIN THE 
TIME INTERVAL DEFINED BY VARIABLES B) - M) ON CARD 13 

**« tXAMPLt» IF UN THE AbOVE EXAMPLE NOSPRU1  AND CARD 14 
CONTAINS  6 21 65  5.0  6.0 12.398»THEN A PRINTOUT WOULD ALSO 
OCCUR FOR JUNE 21>1965 AT 5(MR) 6(MIN) 12.396(SEC) 

lb    OBSERVATION CARDS.MUST BE INPUT IN INCREASING ORDER WITH 
RESPECT TO TIME. CARDS OUT OF SEQUENCE WILL BE REJECTED. 
DECIMAL POINTS ARE NOT PUNCHED ON THESE CARDS.THEY ARE 
IMPLIED BY THE FORTRAN FORMAT. 

A) MERAbE(l) 

B) MOUS(l) 

C) M0BS(2) 

D) DAYS 

E) tt)AT(l) 

F) ZDAT(2) 

SATELLITE NUMBER 

STATION NUMBER 

LAST 2 DIGITS OF YEAR 19XX 

DAY OF YEAR 

HOUR OF DAY 

MINUTE OF HOUR 

2-6 

7-9 

10-11 

12-14 

15-16 

17-16 
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CARD VARIABLE 

G) *0AT(3) 

H) ME*ASE(5) 

I) OBbM(l) 

J) tRASt(l) 

K) tRAStU) 

L) tRASL(J) 

M) UBSH(3) 

N) lEx 

0) 0BbM(4) 

P) tRASL(b) 

Q) 0BSM(5) 

R) tRASL(o) 

DtFlNlTION COLUMNS 

StCONO OF M1NUTL. DECIMAL POINT IMPLIED 19-23 
BtTwEEN COLUMNS 20 AND 21 

FIRST DIGIT OF ELEVATION OR DECLINATION,(DEG)        24 
USE AN OVtRPUNCri (11 PUNCH) FOR NEGATIVE 
QUANTITIES 

REMAINING DIGITS OF ELEVATION OR DECLINATION.     25-29 
DECIMAL POINT IMPLIED BETWEEN COLUMN 25 AND 
26. 

FIRST 2 DIGITS OF AZIMUTH (ÜEG)» OR 31-32 
HOUR OF RIGHT ASCENSION 
NEXT 2 DIGITS OF AZIMUTH.DECIMAL POINT IMPLIED    33-34 
BETWEEN COLUMNS 33 AND 34»     OR 
MINUTE OF RIGHT ASCENSION 

LAST 3 DIGITS OF ELEVATION»üR 35-37 
SECONDS OF RIGHT ASCENSION.DECIMAL POINT 
IMPLIED BETWEEN COLUMNS 36 AND 37 

RANGE (KM) 39-45 

EXPONENT 46 
AN EXPONENT OF ZERO (Ü) IMPLIES THE DECIMAL 
POINT BETWEEN COLUMNS 40 AND 41»AN EXPONENT 
OF ONE (1) IMPLIES THE DECIMAL POINT BETWEEN 
COLUMNS 41 AND 42 ETC. THE MAXIMUM ALLOWABLE 
EXPONENT IS FIVt (5) 

FIRST DIGIT OF RANGE RATE (KM/SEC). USE AN 48 
OVEhPUNCH (11 PUNCH) FOR NEGATIVE QUANTITIES 

REMAINING DIGITS OF RANGE RATE.DECIMAL POINT      49-54 
IMPLIED BETWEEN COLUMNS 49 AND 50 

FIRST DIGIT OF ELEVATION RATE (DEG/SEC). USE 56 
AN OVERPUNCH FOR NEGATIVE QUANTITIES 

REMAINING DIGITS OF ELEVATION RATE.DECIMAL       57-60 
POINT IMPLIED BETWEEN COLUMNS 56 AND 57 
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CARD  VAKIABLE   DEFINITION COLUMNS 

S) 0BSM(6)    FIRST DIGIT OF AZIMUTH RATE (DE6/SEC)  USE 62 
AN OVERPUNCH FOR NEGATIVE QUANTITIES 

T) ERASE(7)   REMAINING DIGITS OF AZIMUTH RATE.DECIMAL 63-66 
POINT IMPLIED BETWEEN COLUMNS 62 AND 63 

U) ORSMm    FIRST DIGIT OF RANGE ACCELERATION (KM/SEC2) 68 
USE AN OVERPUNCH FOR NEGATIVE QUANTITIES 

V) ERASE(H)   REMAINING DIGITS OF RANGE ACCELERATION.OECI-     69-72 
MAL POINT IMPLIED COLUMNS 67 AND 66 

W) OBSNO     CODE WHICH DESIGNATES TYPE OF SIMULTANEOUS       75-76 
OBSERVATIONS IS IN COLUMN 75.THIS CODE WILL 
BE REDEFINED AND STORED IN THE VARIABLE NTP. 
(SEE NTP IN LIST OF SYMBOLS) 

COL.75 TYPES OF OBSERVATIONS NTP 
=1     ELEVATION AND AZIMUTH 2 
=2     ELEVATION»AZIMUTH AND RANGE 3 
=3     ELEVATION*AZlMUTH»RANGE AND <f 

RANGE RATE 
=4     ELEVATION»AZIMUTH»RAN6E»RANGE RATE»  7 

ELEVATION RATE»AZIMUTH RATE AND 
RANGE ACCELERATION 

=5     DECLINATION AND RIGHT ASCENSION 1 

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

OBSM(2)=(ERASE(I) ♦ ERASE(2)/60.0 ♦ 
ERASE(3)/3600.0)*15.0*.017453292 
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CODt OF 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 IS AS FOLLOWS 

DATE (MOBS(2)) 
COL.76 YEAR 
=0 YEAR OF 
=1 1900.0 
=2 1920.0 
=3 1950.0 
=^ 1975.0 
=5 2000.0 
=6 1650.0 
=7 1855.0 
'b 1875.0 
=9 1960.0 
THIS COUE NUMBEK WILL BE STORED IN THE VARIABLE 
NEQ (SEE NEQ IN LIST OF SYMBOLS) 

16 A CAKD WITH THE WORD ENOOAT IN COLUMNS 73-78. THIS CARD      73-76 
FOLLOWS THL LAST OBSERVATION CARD 

17 A CAHD WITH THE PHKASE:END (IN COLUMNS 1-3) OF (IN COLUMNS    1-1«* 
b-ö) RKOBLtM (IN COLUMNS a-i«*) 
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IV.  PROGRAM OUTPUT 

A.OUTPUT Of- THt INHUT(tXCEPT FOR THE ObSERVATION CARDS) 

THE OUTPUT FOR THIS SECTION IS DONE IN MAIN PROGRAM AFILT?. 

INITIAL CONDITIONS 

REVOLUTION NUMBER-lKEVO 
DATE AND TIME 
M0bS(2)   HObS(3)   MObS(U)   ZOAT(l)   ZDAT(2)   ZDAT(3) 

ORbllAL ELEMENTS 
AXSEHI    LCCEN OINCL MASC      MPERI 

PMAT(U»<f) 

Q(2)      QO) 

NUMBtR OH SlbMAS TOLtRATtD  CT(l-9) 

CDRAO 

POSITION AND VELOCITY ERRORS 
PMAT(lrl)   PMAT(2»2)  PMAT(3»3) 

MEASUREMENT ERKOKS 
QP(1)     0P(2)     U(l) 
0(5)      O(fa)      U(7) 

XMEAN 

PMAT(5»5) 

0(4) 

PMAT(6»6) 

SATELLITE DATA 
OMSAT     SSAT 

EARTH DATA 
HEARTH   F OMU 

ZONAL  HAKMONICbU-6) Z0NHAR(l-5) 

PROGRAM CONTROLS     NOb     NAT     HERASE(l)     KOBSPR     KCOUNT     ISMOOH     NSTPRT 
PAbS       TIMTOL 

STATION UATA 
NUMSTA   NSG SLUN SLAT PHILAT   ALT SRAD 

EPHEMERIS PRINTOUT DATA 
JMOPKT(I)  JüAPRT(l)  JYRPRT(l)  HRPRT(l)   XMIPRT(l)  StCPRT(l) 
JM0PHT(2)  JüAPRI(2)  JYRPRT(2)  HRPRT(2)   XMIPRT(2)  StCPRT(2) 

PRINTOUT CODE- JIYPRT   TAPE INDICATOR- KEYTAP   PRINT INTERVAL- DPRlNT 

SPMI     SPSEC 
SPECIAL PRINTOUT TIMES (IF ANY) 
JSPMO    JSPDA    JSPYK    SPHR 

INITIAL COMPUTATIONS 
PERIOD    EKAsE(l)    TNEXOS 
PNODAL 
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HEMANKS  II TH£ DIMENSION OF ALT»STATlON ALTITUDE»IS IN KlLOMETERS(IT 
IS INPUT IN WETEKS) 

?) THt. VAWIARLES SLAT»SKAD»HERlOn AND PNODAL ARt COMPUTED. 
(StE THE LISTING OF SYMBOLS FOR THEIR DEFINITIONS) 

3) FRASF(t) IS THE COMPUTED ECCENTRICITY (DEFINLD IN SUBROU- 
TINE KKPLEH) 

U) THE KFMAiNING VARIABLES ARE DEFINED IN THE INPUT LISTING. 

?>) IF ANY EKRORS IN THE INPUT»THE PROGRAM WILL PRINTOUT AN 
APHRuPRlATE MESSMGE AND CONTINUE TO THE NEXT PROBLEM. 

O.FlLTtRING OUTPUT 

THE ULTtRlNd OUTPUT IS DONE IN MAIN PROGRAM BFILT2.EACH PAGE IS PRO- 
PERLY LAttELEU AND THt PHRASE FOHWARU FlLTERlNto (OR BACKWARD FILTER- 
INb) IS WRITTEN ON IT. 

UJULN   M0bS(2)  MOBS(3)  MOHS(U)  ZÜAT(l) 
DV (1) 
ERASc(l) 
tRAStm 

Dv(^) 
ERASE(2) 
ERASEI«) 

ELLVHTION OR 
DECLINATION 
AZIMUTH OR 
RIGH1 ASCENSION 
RANGt 
RANGt RATE 
ELtVMTION RATE 
AZIMUTH RATE 
RANGt ACCELEKATION 

DV(3)      DVP(l) 
ERASE(3)   ERASE( 
FRASt(^)   ERASE( 

MEASURED  COMPUTED 
OHSM(l)   OBSCd) 

oRSM(?) 

ORSM(3) 
ORSMU) 
ORSM(5) 
ORSM(6) 
ORSM(7) 

ÜBSC(2) 

OBSC(3) 
OBbC(U) 
OBSCCS) 
OBSC(6) 
OBSC(7) 

/DAT{?) 
DVP(P) 

«♦)   FRASt(5) 
10)  FRAStdl 
DIFKFRENCE 
DIFR(l) 

DIFR(2) 

DIFR(3) 
DIFRCt) 
DIFR(5) 
DIFR(6) 
DIFR(7) 

7DAT(3)  NUMSTA 
DVP(3) 
ERASE(6) 

)  ERASE(12) 
TOLERANCE 
TOLER(l) 

T0LER(2) 

T0LER(3) 
T0LER(4) 
TOLER(S) 
T0LER(6) 
T0LER(7) 

REMAKKS  1) DJULN IS THE MODIFIEO JULIAN DATE OF THE OBSERVATION. 
MOttS(?-*♦) REPRESENT THE OATE OF THE OBSERVATION. 
/DMT(1-3) REPRESENT THE TIME OF DAY OF THE OBSERVATION. 
NUMSTA lb THt STMTION NUMBER. 
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2) ÜV(l-3) ARt THt X»Y»Z COÜRUINATES OF THE UPDATED POSITION 
VEtTuR.dN KiLüMLTtRb) 
ÜVH(l-3) ARE THE X»Y»^ CüORDINATtS Of-   THE UPUATED VELOCITY 
V/ELT0R.(1N KiLOMtTtRb/SEtONO) 

3) tRASc(l-o) ARE THE CüRHECTIONS TO THt POSITION AND VELO- 
CITY VtClOKS.dN KILOMtTtRb ANÜ KlLOMETERS/StCONÜ»RES- 
PECTiVELT) 
tRASt(7-12) ARt THE STANüARD DEVIATIONS OF THE POSITION 
ANU VELOCITY ERRüRS.ClN MLOMETEKS AND KILOMtTERS/SECOND» 
KEbPtCTIwELY) 
tRMSc(l-12) ARt üEhlNED IN BFILT2. 

«U THt MNüULAK UATA OF THE ÜBSEHVATIONS ARE OUTPUT IN OtG- 
KEtS OR uEoRLtS/SECOND. 
THt rtANGt. IS IM KlLOMETEKS. 
THc KANGt RATE Ib IN KILUMETtRS/bECOND. 
THt KÄNGt ACCELERATION lb IN KlLOMETtRS/bECOND2. 

5) iF An ORbERVATlOlM CARD lb REJECTED» THE FüLLOlwlNG MESSAGE 
*ILL BE PRINIEü uUT: 

1-OLLüWlNO CARD DiSCAnOtD.ObStRvAFION DEVIATES FROM THEORETICAL 
VALUt dEYOND AuLOWABcE LIMIT. 

rHtN THE PROORAM PRINTS THE bAME INFORMATION AS ABOVE» 
EXCEPT FoR THE VMRIAöLES ERASE(1-12) 

6) lF TME PhObRAM IlERATES»THtN THE PKOORAM WILL PRINTOUT: 

ITtRMTiON CHtCK uN DtLTA POSITION ANÜ VELOCITY FAILED. 
POb=uV(l)    DV(^)    ÜV(3)      VEL=DVP(1)   ÜVP(2)   DVP(3) 
üEL=LRASb(l) ERAbE(2) ERASt(o)   DEL=EKAbE(4) tRASE(b) EHASE(f)) 
PObIlIÜN»VtLoClTl»ANü CORRtCflÜN FOR PREVlOUb TIME 
UV(1)     UV(2)     uV(3)      OVP(l)    DVP(2)    DvP(3) 
KAbE(l)   KAbE(2)   KAi,E(3)    RASE(^)   PASt(5)   RASEIö) 

RAbEll-6) ARt THt CORRECTIüNb TO THE PREVlOUb POSITION 
MNü VELOCITY VECTOR.(IN KILOMETERS AND KlLOMtTERb/SECOND) 

7) AT TUE EIMD Oh EACH FILTERING PHAbE THE PROGRAM PRINTS: 
COVAKlANLE MATRIX 
PMMT(I»J)  I-l»...»6   J^l»...»6 
NE*   hEASoREMtNT   LRROrcS 
tRASt(l-9) 
NUMBtR OK bloMAS TOLtRATtD  CT(l-9) 
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PMAT IS THE COVARIANCE MATRIX. 
ERASt(l-9) ARE THE IMPROVED STANDARD OBSERVATION ERRORS. 
(SEE EQUATION A.15) 
CT(l-9) ARE THE RECOMPUTED NUMBER OF SI6MAS.(SEE EQUATION 
A.16r>) 
THE PROGRAM ALSO PRINTS THE COMPUTING TIME FOR THIS PHASE 
IN MINUTES 

TIME FOR THIS PHASE= ERASE(l) 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 

DENS1T SUBROUTINE ERKOR NO.RHO.  PROGRAM WILL GO TO NEXT PROBLEM. 
IF RHO =-1.0»THE EXObPHERIC TEMPERATURE IS OUTSIDE 

OF THE 500°K - 2U00oK 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 BECAME NEGATIVE. 
IF THIS NUMERICAL PROBLEM REOCCURS AFTER DIAGONALI2ATION* 
THEN THE PROGRAM WILL DUMP CORE»AND GO TO THE NEXT 
PROBLEM, 
(SEE EQUATION 51»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»OLOTIM 
EACH TIME THE PROGRAM COMPUTES THE SMOOTHING EQUATIONS 
THE PROGRAM PRINTS 

MOO.JUL.DATE S DJULN    TIME S TNORMN(SEC) 
DIFFERENCES BETWEEN STORED AND INTEGRATED VALUES IN POSITION AND VELOCITY 
ERASE(l)   EHASE(2)   ERASE (3)   ERASEU)   ERASE(5)   ERASE(6) 
CORRECTIONS IN POSITION AND VELOCITY AT THE INITIAL DATE (I.E.OLDDAY.OLDTIM) 
ERASE(l)   ERASE(2)   ERASE(3)   ERASEU)   ERASE(5)   ERASE(f)) 
NEW POSITION AND VELOCITY AT THE INITIAL DATE 
DV(1)      DV(2)      DV(3)      DVP(l)     DVP(2)     DVP(3) 

OLODAY IS THE MODIFIED JULIAN DATE OF THE LAST OBSERVATION 
CARD WHICH HAS BEEN STORED FOR SMOOTHING 
OLDTIM IS THE TIME OF DAY IN SECONDS CORRESPONDING TO 
OLODAY. 
THIS   IS  PRINTED   IN SUBROUTINE ORBINT 
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t,EPHEMERlb OUTPUT 

THIS OUTPUT IS WKlTTtN ON A BCD TAPE(WHEN KEOUESTEO BY CUSTOMER) AND 
IS PKlNTtD OUT IN SUbROUTlNE PROUT.EACH PAGE IS PROPERLY LABELED AND 
THb NORD LPHEMEKIS  IS WRITTEN ON IT. 

DAYJL KMüOUT KüAOUT KYROüT KHROUT KMIOUT SECOUT TNORMO IKEV 

THt KEM/MNUEH OF THE OUTPUT IS A FUNCTION OF THE VARIABLE JTrPRT.(SEE 
1NHU1 LIbTlNb) 

POSITION AND VELOCITY OUTPUT 
UV(1)      DV(2)      ÜV(3) DVP(l) OVP(2) DVP(3) 
ALTIU  RADPRT  VTCTPK  GLOCEN  GEODET  OLAMO  MSTHR  MSTMIN  STSECO 

OSCULATING ELEMENTS OUTPUT 

ASCNOO    PERIGE AXIMAJ     ECCtNT     OINCLI 

STATION ÜBSEKyATlON DATA OUTPUT 

NUMSTA 
ELtVAT AZIMUT 

ELKATE 
RANGES 

A2RATE 
RANRAT 

RARATE 
RTASC 

OMEANA 

DCRATE 
OECLIN 

REMARKS  1) THE bINAKY TAPE FORMAT PRODUCED BY THE PROGRAM IS AS 
FOLLOWS 

FIKS1 RECORD 

WOKD 

i. Ki-7 
2. NOSAT 
3. TAMSEC(I) 
*. DüUPRT(l) 
b. TiMSEC(2) 
b. DuUPRT(2) 
?• DPRINT 
8. NOSPR1 

IDENTIFICATION RECORD 

DEFINITION 

7»NUMBER OF WORDS REMAINING IN THIS RECORD 
SATELLITE NUMBER 
TIME OF DAY OF INITIAL PRINT TIME (SEC) 
MODIFIED JULIAN DATE OF FINAL PRINT TIME 
TIME OF DAY OF FINAL PRINT TIME (SEC) 
MODIFIED JULIAN DATE OF FINAL PRINT TIME 
PRINT INTERVAL (SEC) 
NUMBER OF SPECIAL PRINT TIMES 
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SECOND RtCURi) 

toOKD 

1. MtRASt(l) 

2. 
3. 
<*• 

b. 
6. 
7. 
6. 
9* 

10. 
11. 
12. 
Id. 
11. 
lb. 
lb. 
17. 

OMYJL 
KMOOUT 
KUAOUT 
KtROUT 
KhROUT 
KMIOUT 
StCüUT 
TNORMU 
DV(1) 
DV(2) 
DV(3) 
D^P(l) 
DvP(2) 
0VP(3) 
ALTIO 
RMDPRT 

lö. VTOTPK 
19. GtOCEN 
20. GcOüET 
21. OLAHO 
22. MbTHR 
23. MbTMlN 
2H. S1SEC0 
2b. AAlHAJ 
26. EuCENT 
27. OiNCLl 
2b. AbCNOU 
29. PtRIGL 
30. OhEANA 
31. IKEV 

üATA RECORD 

DEFINITION 

NUMBER OK MOKDS REMAINING IN THIS KECOKD 
=3<i ♦ ll*Io 
MOUIFIED JULIAN DATE OF THE EPHEMERIS PRINT TIME 
CALENDAR MONTH 
CALENDAR DAY 
CALENDAR YEAR (LAST 2 DIGITS OF 19XX) 
HOUR OF DAY 
MINUTE OF HOUR 
SECONDS OF MINUTE 
TIME OF DAY IN SECONDS CORRESPONDING TO DAYJL 
X COORDINATE OF POSITION VECTOR (KM) 

OF POSITION VECTOR (KM) 
OF POSITION VECTOR (KM) 
OF VELOCITY VECTOR (KM/SEC) 
OF VELOCITY VECTOR (KM/SEC) 
OF VELOCITY VECTOR (KM/SEC) 

SATELLITE ALTITUDE (KM) 
DISTANCE OF THE SATELLITE FROM THE CENTER 
OF THE EARTH (KM) 
VELOCITY (KM/SEC) 
GEOCtNTRIC LATITUDE (DEG) 
GEODETIC LATITUDE (DEG) 
SATELLITE LONGITUDE (DEG) 
HOoR OF GREENWICH MEAN SIDEREAL TIME 
MINUTE OF GREENWICH MEAN SIDEREAL TIME 
SECONDS OF GREENWICH MtAN SIDEREAL TIME 
SEMI-MAJOR AXIS (KM) 
ECCENTRICITY 

Y 
Z 
X 
Y 
Z 

COORDINATE 
COORDINATE 
COORDINATE 
COORDINATE 
COORDINATE 

INCLINATION (DEG) 
RIOHT ASCENSION OF 
ARGUMENT OF PERIGE 
MEAN ANOMALY (DEG) 
REVOLUTION NUMbER 

ASCENDING 
(DEG) 

NODE (DEG) 

26 



32. Iü 

33. HYPE 

34. NUMSTA 
35. ELRATk. 
3o. A^RATL 
37. RARATt 
3b. DLRATt 
39. ELEVAT 

UÜ. AZIMUT 
m. RANOES 
U2. RANRAl 
43. RIAbC 
44. OLCLIN 

NUMBER Oh bTATiONS IN THIS DATA RECORD OBS- 
ERVING THE SATELLITE (IJilO) 
=lfFiNAL DATA RECORD FOR THIS EPHEMERIS PRINT 

TIMt 
=-1»ANOTHER UATA RtCORü TO FOLLOW FOR THIS 
EPHEMERIS PRINT TIME 
STATION NUMBER 
ELtVATION RATE (DEO/SEC) 
AZIMUTH RATE (UEG/SEC) 
RlbHT ASCENSION RATE (DEG/bEC) 
DECLINATION RATE (DEG/bEC) 
ELtVATION (DEG) 
AZiMuTh (OLG) 
RAIMGL (KM) 
RANGE KATE (KM/SEC) 
RIOHT ASCENSION (DEG) 
DELLINATION (DEG) 

A; 
11 

IHt SEQUENCE OF *ORDb 34 TO 44 lb REPEATED U TIMES. 

THIRu RECORD 

MORD 

1. MtRASL(l) 

2. Iü 
3. HYPE 
4. - 14. 

DATA KECORD WHICH CONTAINS STATION OBbERVATION 
DATA ONLY.THIS RECORD IS WRITTEN WHENEVER THE FIRST 
DATA RECORD DoES NOT CONTAIN ALL OF THE STATION 
OdSERvATIUN DATA. 

DEFINITION 

NUKRER OH WORDS REMAINING IN THIS RECORD 
=2 ♦ U*IJ 
SEE WORD 32 ABOVE 
SEt WOKD 33 ABOVE 
SEt WORDS 34 - 44 ABOVE 

I HE SEOUENCE OF WORDb 4 TO 14 IS REPEATED IJ TIMES.IH ITYPE IS 
bTILL EQUAL TO -1»THEN THIS DATA RECORD IS REPEATED. 

1HE SECOND RtCORU (AND THE THIRD RECORD WHENEVER NECESSARY) 
IS RtPEATEü hOR EVERY PRINT TIME. 

27 
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FOURTH  RECORD 

WORD 

1. Kf-1 
2. BLANKS 

10FNTIFICATIÜN RECORD FOR THE END OF THE PROBLEM. 

OEFINITION 

I 
OCTAL   NUMBfcR   6060606060f>Q 

AN  END OF  FILE FOLLOWS  THIS  RECORD. 

MXIMAJ 
iREV 

2) IF A BINARY TAPE HAS BEEN REQUESTED»THE PROGRAM WILL 
PRINT ON THE SYSTEM OUTPUT TAPE 

tCCEN   OINCLI   ASCNOD   PER IGE   OMEANA 

THESt ARE THE OSCULATING ELEMENTS AND REVOLUTION NUMBER 
FOR THE FINAL PRINT TIME. 

3) IF ANY ERROR MESSAGES» THE EPHEMERIS OUTPUT WILL NOT BE 
COMPLETE. 

4) IF THERE IS MORE THAN ONE FILTERING AND ALL OBSERVATION 
CARDS WERE REJECTED»THEN THERE IS NO EPHEMERIS COMPUTA- 
TION. 

28 
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V.  LIST OF SYMBOLS 

THE FOLLOWING IS A LIST OF SYMBOLS.THE METRIC SYSTEM OF UNITS 
IS USED IN THE PK06RAM—KILOGRAMS»KILOMETERS»METERS AND SECONDS. 
ALL ANbULAK 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 EOUATlON(OR PART OF AN 
EQUATION) USED FOR INTERMEDIATE CALCULATION. 

2) ASSIGNED VARIABLE—THE VARIABLE HAS SEVERAL DEFINITIONS.IT IS 
PROPERLY DEFINED IN THE MAIN PROGRAMS OR SUBROUTINES WHERE IT 
IS USED. 

3) SEE INPUT LISTING—INPUT VARIABLE DEFINED IN THE INPUT LISTING. 

<t) MOOIhlED JULIAN UATE—THE NUMBER OF INTEGRAL DAYS SINCE JANUARY 1» 
1950 (OhUT). 

5) EQUA—EQUATION. IF NO REFERENCE IS GIVEN»THE EQUATION WILL BE 
FOUND IN THIS REPORT. 

6) KEF—REFERENCE. 
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VARIABLE 

A(l) 

EWUA  REF   DEFINITION 

A(2-7)  A.33-A.3Ö 

Al 

A1M1 5 ? 

A1P1 b ? 

A5 « 2 

AELIP A .2a 

AH 

ALP 

S-7 ALT(I) 
i=l>...»NMS 

ALT I 

ALT10        A.58 

ANbDATllll) 

ARG 27 

ASCNOD A.38 

ASTIME A.54 

AXIMAJ A.32 

AXSEHI 

AZIMUT 151 

=1,Ü»HIGHER ORDER TERMS OF THE EARTH S GRA- 
VITATIONAL POTENTIAL FUNCTION ARE INCLUDED 
IN THE MATHEMATICAL MODEL. 
=0.0» NOT INCLUDED 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

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

ASSIGNED VARIABLE 

SATELLITE ALTITUDE (KM).OUTPUT 

STORAGE ARRAY FOR COMPUTED STATION OBSERVATION 
DATA 

REFRACTION CORRECTION FACTOR FOR RANGE RATE 

RIGHT ASCENSION OF THE ASCENDING NODE(DEG)» 
OUTPUT 

INTERMEDIATE VARIABLE 

SEMI-MAJOR AXIS (KM)»OUTPUT 

SEE INPUT  LISTING 

AZIMUTH (ÜEG)»OUTPUT 
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VARIABLE 

AZKATE 

b 

dl 

d3 

bELlP 

bJK(l-Ö) 

bLANKS 

bLOCK(b»200) 

m 
UNO 

MNl 

bOX(b»V) 

t 

Cl 

EUUA  REF 

13b  1 

M 

b 

b 

A.29 

A.23A 

A.22 

A. 23b 

A.16A 

b 

b 

b 

CDKAG   17ÜA-170C 

CELIP 

tOASC 

COtT 

COINCL 

tON(i-ö) 

A.3U 

A.5b 

A.54 

A.5b 

2 

2 

2 

2 

2 

2 

1 

DEFINITION 

AZIMUTH RATE (DEG/SEC)»OUTPUT 

-•7853981b RAUIANS 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

STORAGE CELLS 

THE OCTAL NUMbER 606060606060 

STORAGE CELLS FOR X»Y»Z»X»Y»Z (FOR 200 CON- 
SECUTIVE PRINT TIMES) 

INTERMEDIATE VARIABLE 

APPROXIMATION TO THE NUMBER OF REVOLUTIONS 
SINCE THE FIRST EQUATORIAL CROSSING 

INTERMEDIATE VARIABLE 

STORAGE CELLS 

(COSINE (ET A))2'5 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

SEE INPUT LISTING 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

ASSIGNED VARIABLES 

■■■■■■■■ 
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VARIABLE     EUUA  RFF   DEFINITION 

C0N(4-h)  122-134   1    INTERMEDIATE VARIABLES 

CON(fa-7)       17   t    INTERMEDIATE VARIABLES 

CON(8) 

CON(9-10) 

LOPERI 

COSALP 

LOSEN 

L0TAU2 

LSAS1 

CT(9) 

LTAU 

LT1N(6) 

LTNEM(9) 

üATES(ä) 

üATSEC(I) 
l = lr2 

UAYFLR 

UAYJL 

141» 
147 

A.SO 

101 

A.1AA 

b 

98A»MAd 

A.16U 
A.16L 

A.14 

ASSIGNED VARIABLE 

INTERMEDIATE VARIABLES 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

SEE INPDT LISTING (THbSE APE HFCOMPUTED ANO 
PHlNTtD OUT AT THE END OF FACH FILTERING PHASE, 
SEE EUUATION A.16U) 

(COSlNE(TA(l/2)) 2.5 

3.0*4.0»6.0»A.0*11.0 AND 
.95 

INTERMEDIATE VARIABLES 

STORAGE CELLS 

DJUPRT(I)*«84U0.0 ♦ TIMSEC(I). TIME IN SEC- 
ONDS CORRESPONDING TO INITIAL AND FINAL 
PRINT TIMES 

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

MODIFIED JULIAN DATE OF THF EPHEMERIS PRINT 
TIME»OUTPUT 
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VARIABLE 

OAYREF 

DAYS 

ÜCRATE 

UECLIN 

OELAT(i) 
1:1»•••»NMS 

OELRT 

UELS 

OELTAM 

ÜELT0R(6) 

OENLO) 

ÜENTEM 

ÜlA6(6»6) 

0IFR(7) 

UJO 

ÜJfaGN 

ÜJREF 

ÜJRE6 

EQUA REF   DEFINITION 

MODIFIED JULIAN DATE OF RIGHT ASCENSION AND 
DECLINATION OF SUN 

DAY OF YEAR ON OBSERVATION CARD 

DECLINATION RATE (DE6/SEC)» OUTPUT 

1    DECLINATION (DE6)»OUTPUT 

1    GEODETIC LATITUDE - GEOCENTRIC LATITUDE (FOR 
EACH STATION) 

REFRACTION CORRECTION FOR RANGE 

1    REFRACTION CORRECTION FOR ELEVATION 

INTERMEDIATE VARIABLE 

127 

19 

25 

A.20 

49 

• • • 
CORRECTION TOLERANCES FOR X»Y»Z»X»Y»Z. 
THESE SIX VARIABLES ARE EQUAL TO 10.0»10.0» 
10.0»ü.01»0.01»0.01»RESPECTIVELY 

ARRAY OF INTERMEDIATE VARIABLES 

DENSITY IN G/CM**3 

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»RESPECTlVELY 

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 

OJULN 

OJULO 

0JUPRT(2) 

0L06 

UNP(37»89) 

ÜPRINS 

OPRINT 

ÜPRR 

OSAVEO) 

ÜSPKI) 
i=l»...tNOSPRI 

ÜSTEP 

0TH1 

ÜUM(3) 

OVO) 

UVE0(12) 

ÜVH(3) 

ÜVH2(3) 

102 

194 

DEFINITION 

CURRENT MODIFIED JULIAN DATE 

PREVIOUS MODIFIED JULIAN DATE 

MODIFIED JULIAN DATES OF INITIAL AND FINAL 
PRINT TIMES 

INTERMEDIATE VARIABLE 

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

EQUIVALENT TO DPRINT 

SEE INPUT LISTING 

INTERMEDIATE VARIABLE 

VALUE OF THE UPDATED VELOCITY VECTOR (X»Y»Z) 

MODIFIED JULIAN DATES OF THE SPECIAL PRINT 
TIMES 

POSITION PERTURBATION =.«KKM).IN STATE 
TRANSITION MATRIX 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLES 

POSITION VECTOR X»Y»Z (KM) 

DVEO(l)»DVEO(3)»0VEQ(5) ARE EQUIVALENT TO 
DV(1)»DV(2)»DV(3)»RESPECTIVELY. 
0VEQ(7)»0VEQ(9)»DVEQ(11) ARE EQUIVALENT TO 
DVP(1)»DVP(2)»DVP(3)»RESPECTIVELY 

FINAL INTEGRATED VALUES OF X»Y»Z IN INTE- 
GRATION SUBROUTINE 

INTERMEDIATE VALUES OF X»Y»Z IN INTEGRATION 
SUBROUTINE 
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VARIABLE    EOUA REF 

UVH2P(d) 

ÜVHP(3) 

ÜVHPPO) 

OVOO) 

UVPO) 

OVPOO) 

ÜVP00(3) 

OVPPO) 

ECA      91A-97B  1 

tCAD     91A-97B   i 

ECANOM      A.42  1 

ECC 

ECC2 

ECCEN 

ECCENT 

EELIP 

EELIP2 

EHH 

87 

A.31 

A.31 

DEFINITION 

INTERMEDIATE VALUES OF X»Y»i IN INTEGRATION 
SUBROUTINE 

FINAL INTEGRATED VALUES OF X»Y»Z IN INTE- 
GRATION SUBROUTINE 

INTERMEDIATE VALUES OF X*Y»2' IN INTEGRATION 
SUBROUTINE 

INITIAL VALUES OF X»Y»Z AT START OF INTE- 
GRATION SUBROUTINE 

VELOCITY VECTOR X»t*Z (KM/SEC) 

INITIAL VALUES OF X»Y»Z AT START OF INTE- 
GRATION SUBROUTINE 

INTERMEDIATE VALUES OF XfY»Z IN INTEGRATION 
SUBROUTINE 

INTERMEDIATE VALUES OF X»Y«Z IN INTEGRATION 
SUBROUTINE 

ECCENTRIC ANOMALY El OR E2 

ECCENTRIC ANOMALY El 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 

} 

38 

* 



VAKlAHLF FwllA PhF 

LLtMAX 

LLtMlN 

LLtVMT \?ü 1 

cLKAIE \** 1 

bNUOAT 

t-PS 174 1 

LHASiXin) 

cRAStC^O) 

tT 

LTA(n) ^«♦-?n 

cTASUN W7rt 1 

t.TM 

CXT^IM 

»-CA 

»-CUMST 

»•£AK1H 

»-iLniRi?) 

171JA- 
17I»C 

DtFlNlTION 

SfcF   INPUT  LISTING 

9,tF.   lUPUJ   LISTING 

ELFVATIUN (C)Eb) »OUTPUT 

ELEVATION HATL (DtG/SeC)»OUTPUT 

HLf) WORD -FNDuAT (StE INPUT LISTING) 

MLAN OBLIWUITY OF ECLIPTIC 

AbSlGhFu VARlAHLEb 

ASSIGNEU VARIABLES 

COMPUTEU tCCENTRlC ANOMALY AT THF EPOCH OF 
TUE INPUT ORBITAL ELEMENTS 

INTLRKEUIATE VARIABLES 

OiRtClION COSINE OF SUM 

EXOSPMFRIC TEMPERATUR!- UFLOi^ wHICh DENSITY IS 
CoWpUTEl) oY EXTRAPOLATION = ftOO.n PEG K 

INCREMENT OF cXOSPHLRIC TtvpERATURF BELOW 
LOWEST TEMPERATURE OF ONP DATA ALLOWED FOR LO 
TLMHEKATUKE BKANCU = ino.u DEO K 

StE INPUT LISriNG 

INTERMEUIATE VARIABLES 

INTERHEUIATI- VARIABLE 

INTERMEUIATK VARIABLE 

(l.U - h)2» FE 

BLU INFORMATION USFU »-OR MFAOIMG OF EACH 
PAGE 
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VARIABLE    EOUA  REF  DEFINITION 

FLO 0-0 

FL1 1.0 

FL10 10.0 

FL12 12*0 

FL1P5 1.5 

FL2 2.0 

FL2(» 24.0 

FL2PI 2.0«PI 

FL3 3.0 

FL3600 3600.0»NUMBER OF SECONDS IN ONE HOUR 

FL3652 36525.0»NUMBER OF DAYS IN A JULIAN Cl 

FU 4.0 

FL5 5.0 

FL6 6.0 

FL60 6U.0»NUMBER OF SECONDS IN ONE MINUTE 

FL7 7.0 

FL8 8.0 

FL864H 86400.0»NUMBER OF SECONDS IN A DAY 

FL9 9.0 

FL96 96.0 

FLP001 0.001 

FLP01 0.01 

FLP1 0.1 
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V/AKIAHLE" F<JUA WF 

l-LHf> 

•-LHI 

»-LKAli 

»-SM1 1^0 i 

»■SM? 15^ i 

o H ? 

oAM 17rt i 

uAlwiS ?H i 

utOCtN A.S/ 

oEODtT A.61 

•KNMTP» hi i 

MCuKhF 4 ? 

MCüMM 23 1 

Müh Ab •* ^ 

MlNO in^ l 

itlNh^ 

MINI üf) 

MlND^H 

n.s 

• Ul7llSS?9^*CuNVeHS10r4 FACTOR nEGKFES TO 
RADIANS 

iNTtRN.FOlMTE VAHIMMLF 

INTFRI'.FDIMTF. VAKIMPLF 

.78S3^«lh WAOIANS cuNuseoi 

LoMbllUDE OF bUN 

TOTAL RfcFKACTlON hENPlMG THROUGH THh TRO- 
PUSHFHF (KAOIMNS) 

6tOCEl«TMlC LAIITUUF (DFG) »OUTHJIT 

ßkOüCTlC LATllUUr (()F(,) »OUTPUI 

H MATNtXvTKE MATRIX O»- THt PAHTIAL üFWlVA- 
TlVhS WITH HEbPtCf TO THF SIX ORRITAL 
FLFMEnTS AM TMF FuRM (;F POSITION AMD VELOCITY 
CüOKDI'JATLS 

lUTtRN-EDlATt VAKIAHLF 

INCHE...FIJT LAYLRS USED Ifj HFFRACTIO^ CO«- 
RtClIOfJ SUMROiJTlNt 

DiFhEMFNCL OF RASAT - SUMHA 

VARiAhLK iNTFoRATiON IMTFKVAL(^EC.) 

(hlhf))2 

2 
ihiNor/f>«u 

itiiMir/M«u 
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VARIABLE 

hlN029 

HIN002 

HIN006 

MINOÜU 

HNOM 

HPMTR(7»7) 

HRPRT(^) 

MTOFLR 

HTOT1 

HTOTAL 

HTOTAS 

MTK(b»NNTP) 

EOUA  REF 

U2345 

1AM 

1B(7) 

9b 

5U 
5Ü 

1 
1 

DbFINlTION 

(HlND)2/96.0 

H1NÜ/2.0 

HINO/b.O 

HlNÜ/2<f«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.) 

EQUIVALENT TO HTOTAL 

THE WEIGHTING MATRIX OR 
THE TRANSPOSE OF H 

PROGRAM INDEX 

PROGRAM LOGIC CONTROL 

INTERMEDIATE VARIABLE 

STORAGE CELLS 
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VARIABLE 

XCOUNT 

1CT 

IDIR 

iEQUAL 

IEX 

IFF(7) 

iFILSV 

iFILTR 

EQUA  REF 

1FINIS 

iFIRST 

16(7) 

160 

II 

UN 

IJ 

DEFINITION 

ASSIGNED VARIABLE 

ITERATION COUNTER 

Sif FILTER IN BACKWARD DIRECTION 
=0» FILTER IN FORWARD DIRECTION 

PROGRAM LOGIC CONTROL 

EXPONENT OF RAN6E 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 OBS- 
ERVATION TIME 

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

=1»FINAL LPHEMERIS PRINT OUT 
=0*EPHEMERIS PRINT OUT TO CONTINUE 

=0»1 FILTER ONLY 
=2» FILTER AND PRINT EPHEMERIS 

PROGRAM INDICES AND STORAGE CELLS 

=-1»TRANSFORMATION OF COVARIANCE MATRIX 
RESULTED IN NEGATIVE DIA60NAL ELEMENTS. 
PROGRAM WILL NOT CONTINUE. 

=0*1  TRANSFORMATION WAS SUCCESSFUL 
(SEE EQUATION 51» REFERENCE 1) 

PROGRAM INDEX 

SYSTEM INPUT TAPE 

NUMBER OF STATIONS IN A BINARY DATA RECORD 
OBSERVING THE SATELLITE(IJA 10) 
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VARIABLE 

IJFILP 

1JKL 

IL 

EOUA  REF  DEFINITION 

ILIMIT 

iLMTO 

1NCHM 

iNCTH 

INTEND 

iONE 

A OUT 

iPAGE 

iPHl 

IREC 

IREV 

1REVO 

1REWD 

iSAVE 

=1 »INCREMENT JFILP BY 1/I.E.FILTER FORWARD 
=-1»INCREMENT JFILP BY -1»I.E.FILTER BACKWARD 

STORAGE CELL» EQUALS IOUT OR MBCD 
(SEE IOUT AND MBCD) 

=1»EPHEMERIS PRINT-OUT IS AT A SPECIAL 
PRINT TIME 

=0»EPHEMERIS PRINT-OUT IS AT A REGULAR 
PRINT TIME 

=0»DIFR ARI WITHIN THE TOLERANCES 
=1»DIF-R ARE NOT WITHIN THE TOLERANCES 
(SEE DIFR) 

VALUE OF ILIMIT AT THE FINAL OBSERVATION CARD 

INTEGRAL VALUE OF XINCHM (INTEGER) 

INTEGRAL VALUE OF XlNCTM (INTEGER) 

=-1»INTEGRATION IS COMPLETE 
90$   INTEGRATION IS NOT COMPLETE 

=0»REWIND  TAPE MBCD 
=1»00 NOT REWIND TAPE MBCD 

SYSTEM OUTPUT TAPE 

PAGE COUNTER FOR FILTERING OUTPUT 

PROGRAM INDEX 

PROGRAM INDEX 

REVOLUTION NUMBER»OUTPUT 

SEE INPUT LISTING 

=0»REWIND TAPE MBIN 
=l»DO NOT REWIND TAPE MBIN 

PROGRAM INDEX 
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VARIABLE 

1SCLH 

ISH 

iSMOOH 

1ST 

ITCT 

ATlMt 

iTYPt 

EüUA  REF 

o 

JACK 

JB 

ÜDAPKT12) 

JEKR 

JF1LP 

oFiHbT 

oJ 

JM 

OMÜPKT12) 

DEFINITION 

INTEGRAL VALUE OF XISCLH / XlNCHM (INTEGER) 

INTEGRAL VALUE OF SHM (INTEGER) 

SEE INPUT LISTING 

INTtGRAL VALUE OF STM (INTEGER) 

ITERATION COUNTER 

STORAoE CELL 

=lfFINAL UATA RECORD AT AN EPHEMERIS 
PRINT TIME 

=-1»ANOTHER DATA RECORD TO FOLLOW AT AN 
EPMEMERIS PRINT TIME 

PKOORAM INDEX 

=U»STORE PROGRAM CONSTANTS 
=1»CALCULATE INITIAL VALUES 

PROGRAM INDEX 

SEE INPUT LISTING 

PROORAM LUGIC CONTROL 

ObSERvATlON CARD COUNTER 

=U»REAO OBSERVATION CARDS IN INCREASING ORDER 
ANu FILTER 

=1'READ OBSERVATION CARDS IN DECREASING ORDER 
ANU FILTER 

=2»READ OBSERVATION CARDS IN INCREASING ORDER 
»FILTER AND PRINT EPHEMERIS 

PROGRAM INDEX 

PROGRAM INDEX 

stE INPUT LISTING 
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VARIABLE 

JSP 

OSPOA 

oSPMü 

JSPSAV 

JSPYH 

JTYP«T 

JYHPKT42) 

K 

KARG 

KARGbV 

KBtG 

KCLASS 

KCOUNT 

KOAOUT 

KDECOB 

KEY 

KEYTAP 

KFO 

KF1 

KFIO 

KFlOü 

KF2 

EUUA REF DEFINITION 

PROGRAM COUNTER FOR SPECIAL PRINT TIMES 

SEE INPUT LISTING 

SEE INPUT LISTING 

VALUE OF JSP AT THE PREVIOUS OBSERVATION TIME 

SEE INPUT LISTING 

SEE INPUT LISTING 

SEE INPUT LISTING 

PROGRAM INDEX 

PROGRAM LOGIC CONTROL 

VALUE OF KARG AT THE OBSERVATION TIME 

PROGRAM INDEX 

SATELLITE CLASSIFICATION ON OBSERVATION CARD 

SkM.   INPUT LISTING 

CALENUAR DAY»OUTPUT 

DECADE OF TIME IN YEARS(50»60*70»•••) 

PROGRAM INDEX 

SEE INPUT LISTING 

0 

1 

1Ü 

100 

2 
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VARIABLE    EOUA REF   DEFINITION 

KF25 2b 

KF3 3 

KF3i 31 

KFi* i* 

KFb 5 

KFb 6 

KFöO 6Ü 

KF7 7 

KF8 6 

KF9 9 

KF1LPR =0'PRÜGRAM 

KFILPT 

KF1N 

KHROUT 

KITEK 

KLAMKA 

KLONUS 

KMIOUT 

KMOOUT 

=Ü#PRÜGRAM IS FILTERING AND COMPUTING 
EPHEMERIS 

=1»PROGRAM IS COMPUTING ONLY THE EPHEMERIS 

=ü»PROGRAM IS FILTERING 
=1»PROGRAM IS FILTERING AND COMPUTING 
EPHEMERIS 

PROGRAM INDEX 

HOUR OF DAY»OUTPUT 

=1»OBSERVATION CARD HAS BEEN SAVEU FOR 
SMOOTHING 

=0»OBSERVATION CARD HAS NOT BEEN SAVED FOR 
SMOOTHING 

PROGRAM LOGIC CONTROL 

PROGRAM INDEX 

MINUTE OF HOUR»OUTPUT 

CALENDAR MONTH»OUTPUT 
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VARIABLE EUUA REF DEFINITION 

KOBSPR SEE   INPUT LISTING 

KONCE =0»THE FIRST  SIX 

KOüO 

KTOT 

KTOTM1 

KTYPRT 

KYROUT 

L(7) 

LASTCA 

LFO 

LINES 

LINOUT 

LMBOA 

LOOKAN 

LPA6E 

LUP 

LUV 

LUV1 

MBCD 

HAVE BEEN SAVED FOR SMOOTHING 
=1»OBSERVATION CAROS»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 

PROGRAM INDEX 

PROGRAM INDEX 

PROGRAM INDEX 

BCD OUTPUT TAPE REQUESTED BY CUSTOMER 
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VAKlABLE 

MB1N 

MEti(J) 
JSif, • . »9 

EtiUA  REF DtFlNlTlON 

BINARY OUTPUT TAPE REQUESTED bY CUSTOMER 

=ü»tOMPUTt TRANSFORMATION MATRIX TO THE MEAN 
EQUINOX ANU EQUATOR OF THE CELESTIAL REF- 
ERENCE SYSTEM 

=1»TRANSFORMATION MATRIX HAS BEEN COMPUTED 
(SEE PPRIME(3»3»J) 

MEKASE(2Ü) 

MMTAPE 

MOBS(1) 

MOBS (2-«*) 

MOLD 

MSTHR 

MSTM1N 

N 

N2 

N3 

NAT 

NCARbV 

NCOL 

NOl 

NOiM 

A.Ü3C 

A. 230 

2U 

ASSIGNED VARIABLES 

STOKAbE TAPE USED BY PROGRAM 

SATELLITE NUMBER ON OBSERVATION CARD 

SLE INPUT LISTING 
OR   YEAR»MONTH»DAY OF OBSERVATION 

STORAbE CELL 

HOUR OF GREENWICH MEAN SIDEREAL TlMEtOUTPUT 

MINUTE OF GREENWICH MEAN SIDEREAL TIME» 
OUTPUT 

PROGRAM INDEX 

INTEGRAL VALUE, OF BN 

INTEGRAL VALUL OF BNO 

SEE INPUT LISTING 

TOTAL NUMBER OF OBSERVATION CARDS 

COLUMN ERKOR DESIGNATOR 

=2»THE MATRIX P1TR(SEE P1TR) HAS BEEN RECOM- 
PUTED» HENCT PN1 MUST BT RECOMPUTED 

ri»PlTR MATRIX HAS NOT BEEN RECOMPUTED 

FORTRAN DIMENSION OF A SQUARE MATRIX 
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VARIABLE 

NDIR 

EöUA  REF   DtFlNlTION 

NEU 

NEQ 

NEQ1 

NF 

NFIRST 

N6 

NHM 

NHMStL 

NMS 

NNLO 

NNTP 

NO 

NOB 

NOSAT 

NOSPRI 

=1»FILTER AND COMPUTE EPHEMERIS 
=2»C0MPUTE EPHEMERIS»NO FILTERING 
=3.COMPUTE EPHEMERIS»NO FILTERING.SET 

NDlKsl 

YEAR OF OBSERVATION 

CODE OF THE CELESTIAL REFERENCE SYSTEM ON 
THE OBSERVATION CARD 

STORAGE CELL FOR NEQ 

PROGRAM INDEX 

INITIALIZATION SECTION CONTROL (INTEGER) 

PROGRAM INDEX 

NO. OF ALTITUDES 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 IS 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 

NOSPRS 

NRt 

NS 

NS6(1) 
i=lf•••»NMb 

EüUA  REF   DtFlNlTION 

16*17 

NSTPRT 

NTIMfc 

NTM 

NTP 

NTPOLD 

NUMBER(111) 

NUMSTA(I) 
i=l*...»NMb 

NWORUS 

ÜBS>C(7) 120- 
141 

OBSM(7) 

VALUE OF NOSPKl AT THE PREVIOUS OBSERVATION 
TIME 

=lrINITIALIZE PROGRAM LOGIC FOR COMPUTATION 
OF DECLINATION AND RIGHT ASCENSION 

^•INITIALIZATION HAS BEEN DONE 

PROGRAM INDEX 

SEE INPUT LISTING 

SEE INPUT LISTING 

STORAGE CELL 

NO. OF TEMPERATURES IN DNP TA»LE = 37 (INTEGER) 

CODE WHICH DESIGNATES TYPE OF SIMULTANEOUS 
OBSERVATIONS 
=l»ÜECLINATION*RIGHT ASCENSION 
=2 ELEVATIONtAZIMUTH 
=3»ELEVATION»AZIMUTH»RANGE 
=4»ELtVATiON»AZIMUTH»RANGE»RANGE RATE 
-7»SAME AS SH AND ELEVATION RATE»AZIMUTH 

RATE» RANGE ACCELERATION 

STORAGE CELL»VALUE OF NTP 

EQUIVALENT TO ANGDAT(lll) 

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- 
GOUS TO ObSC(7). 
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VARIABLE EQUA REF 

UBSNO 

OINCL 

OINCLI A.37 

OKINT1 193 1 

OLAMO A.60 

OLAMb A.64 

ÜLAMSP A.64 

OLDDAY 

ÜLDT1M 

OMEANA A.43 

UMS 18U 1 

OMSAT 

ÜMU 

ONE 

ONUM 

P 4 2 

PO 

P12(3»3) 

PlTRlStS) 15*2U 1 

HtCStSI 

P2TR(3»3) lt> 1 

DEFINITION 

COLUMNS 73-78 OF OBSERVATION CARD 

SEE INPUT LISTING 

INCLINATION (UE6)»OUTPUT 

INTERMEDIATE VARIABLE 

SATELLITE LONblTUOE (ÜE6)»OUTPUT 

SATELLITE LONGITUDE (RAD) 

SATELLITE LONGITUDE (HAD) 

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

VALUE OF TNORMN CORRESPONDING TO 
DJULN (SEE OLDDAY) 

MEAN ANOMALY (OEG)»OUTPUT 

INTERMEDIATE VARIABLE 

SEE INPUT LISTING 

SEE INPUT LISTING»/J 

1.0 

INTERMEDIATE VARIABLE 

•20943951 RADIANS 

INTERMEDIATE VARIABLE 

ASSIGNED VARIABLES 

TRANSPOSE OF NUTATION-PRECESSION MATRIX 

ASSIGNED VARIABLES 

NUTATION-PRECESSION MATRIX (COMPUTED AT DJULN) 
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VARIABLE 

HASS 

HEKlüE 

PEKlüD 

HEKMUT(7) 

HHi(o»o)   51*108 

HH1I(7»7)      5Ü 

HHILAT(I) 
i-it,..»NMS 

HHlTK(o»b) 

HMAT.6»6) 

HN1(3»3) 

EUUA  REF 

A.U1 

b0- 
b2 

2U 

HNÜDAL A.2J 

HPRIME13»3»J) 
J=l*...»9 

U(7) 

UP(2) 

2U 

54 

54 

1 

1 

PN1TR(4»3)   1^9»   1 
161 

DLFlNiTION 

SEE INPUT LISTING 

ARGUMENT OF PtRIGE (DEG)»OUTPUT 

PERIOü OF SATLLLITE AT THE EPOCH OF THE 
INPUT ORBITAL ELEMENTS(SEC) 

STORAbE CELLS 

STATE TRANSITION MATRIX 

INTERMEDIATE MATRIX 

SEE INPUT LISTING 

ASSIGNED  VARIABLES 

COVAR1ANCE MATRIX 

TRANShORMATIOH MATRIX FROM THE TRUE EQUINOX 
AND EUUATOR OF DATE TO THE MEAN EQUINOX AND 
EtiUATOR OF THt PARTICULAR CELESTIAL SYSTEM 

TRANSHOSE OF THE PN1 MATRIX 

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

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

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

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

R2 

RADIUS 

RAOPRT 

EQUA    REF 

99       1 

A.24 

RALON 18 1 

RANGES 140 1 

RANRAT 141 1 

RARATE 

RASAT 

RASE(6) 2 

ROPP 17ÜA- 
170C 

1 

REARTH 7 1 

RER 156» 
159 

1 

KER2 156» 
159 

1 

RESULT 

RFC(6) 

RHI(7»7) 50» 
52 

1 

RHO 170A-170C 1 

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 WHENEVFR THE 
PROGRAM   ITERATES»OUTPUT 

INTERMEDIATE  VARIABLE 

SEE   INPUT LISTIN6»RC 

INTERMEDIATE   VARIABLE 

INTERMEDIATE  VARIABLE 

INTERMEDIATE  VARIABLE 

INTERMEDIATE  VARIABLES 

INTERMEDIATE  MATRIX 

ATMOSPHERIC  DENSITY   (KG/M3) 

■^r -  —" 

54 



VARIABLE 

KMLAN 

KT2 

KTASC 

KTC2 

KX 

KX2 

b 

bAl 

bAj 

bAPA 

SATRAD 

bAvEO) 

bD 

bDVCbrb) 

bEtOUT 

i>ECPKT(2) 

bHM 

blASC 

EUUA  REF 

126 

12b 

122»134- 
147 

12d 

129 

t> 

ÖOA 

öOd 

80C 

Ö8A 

8üA- 
8üC 

A.5b 

DEFINITION 

REARTH«(2.0-F)/2.0 

INTERMEUIATE VARIABLE 

RIGHT ASCENSION (0E6)»OUTPUT 

RANbE SQUARED 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

(SINE(THETA))25 

INTERMEDIATE VARIABLE 

INTERMEUIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

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

VALUE OF THE UPDAlED POSITION VECTOR (X»Y»Z) 

INTERMEDIATE VARIABLE 

VALUES OF POSITION ANU VELOCITY VECTOR AT 
SIX OBSERVATION TIMES. THESE MILL BE USED FOR 
SMOOTHING. 

SECONDS OF MINUTE»OUTPUT 

SEE INPUT LISTING 

LOWEST ALTITUDE IN DNP TABLE ■ 120.0 KM 

INTERMEDIATE VARIABLE 
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VARIABLE EöUA REF 

bltT A.54 

SIGNA 

SlfaXX(b) A.1A- 
A.2C 

SIINCL A.56 

blNALP 101 1 

blNE(6) 2b 1 

blNEN A.18b 

blPA 88b 1 

blPEKl A.5b 

bLAT(I) 
1=1»•••»NMb 

b 1 

bLON(I) 
i=l»...»NMb 

18 1 

bMALLA A.32 

bMATb(b»6) 

bHüAY(b) 

bMTlH(b) 

bOA 84 1 

bOB 8b 1 

bOC 8b 1 

DEFINITION 

INTERMEDIATE VARIABLE 

=1.0»VALUE OF AN OBSERVATION INPUT IS POSITIVE 
=-1.0»VALUE OF AN OBSERVATION INPUT IS NEGATIVE 

ERRORS IN POSITION AND VELOCITY DUE TO A 
STANDARD TIMING ERROR 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLES 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

GEOCENTRIC LATITUDE FOR EACH STATION 

SEE INPUT LISTING 

COMPUTED SEMI-MAJOR AXIS (KM) 

VALUE OF PMAT(6*6) AT AN OBSERVATION WHICH 
HAS BEEN ACCEPTED 

VALUES OF DJULN CORRESPONDING TO THE STORED 
VALUES OF THE POSITION-VELOCITY VECTOR (SEE 
SDV(6»6)) 

VALUES OF TNOKMN CORRESPONDING TO SMDAY(6) 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 
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VARIABLE EQUA REF DEFINITION 

bOGA A.5d INTERMEDIATE VARIABLE 

bOGB A.61 INTERMEDIATE VARIABLE 

bOGBO A.61 INTERMEDIATE VARIABLE 

SOGC A.6U INTERMEDIATE VARIABLE 

bOK 90 1 INTERMEDIATE VARIABLE 

SOKB 90 1 INTERMEDIATE VARIABLE 

bOKC 93- 
96 

1 INTERMEDIATE VARIABLE 

bOKV IGUA- 
100B 

1 INTERMEDIATE VARIABLE 

bOb 64 1 INTERMEDIATE VARIABLE 

bPHR SEE INPUT LISTING 

bPMATCb.b) DIAGONAL ELEMENTS OF ' 
(PMAT) CORRESPONDING ' 

bPHl SEE INPUT LISTING 

bPSEC SEE INPUT LISTING 

bQTlME A.54 INTERMEDIATE VARIABLE 

bQTMUA A.5H INTERMEDIATE VARIABLE 

bQT0LR(7) 54 1 SQUARE ROOT OF DIAGON/ 
THESE SEVEN VARIABLES REFER TO ELEVATION 
OR DECLINATION» AZIMUTH OR RIGHT ASCENSION» 
RAN6E»RANGE RATE»ELEVATION RATE»A2IMUTH RATE 
ON RANGE ACCELERATlONtRESPECTIVELY 

bRAD(I) 
1=1»...»NMb 

GEOCENTRIC  RADIUS OF  EACH STATION 

bSAT SEE INPUT LISTING 
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VARIABLE EQUA REF 

>TtP2 101 1 

sTM 

sTOMt 97A 1 

bTOU 

*TUUbQ 97b 1 

bTSECO 

SUM(9) A .160 

bUNDEC 

bUNRAS 

I 

TAbLt 

TC 

TEMI 

TEMP 

TEhPL 

lEMTHD 

TEMTHN 

THLT 

TI 

T12 

na 

b  2 

li       1 

DEFINITION 

DbTEP ♦ DbTEP   OR VSTEP ♦ VSTEP 

HIGHEST TEMPERATURE IN DNP TABLE = 2400.0 DE6 K 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

SECONDS OF GRLENM1CH ML^N SIDEREAL TIME»OUTPUT 

TOTAL NUMBER OF EACH TYPE OF OBSERVATIONS. 
THESE REFER TO OECLIMATION»RIGHT ASCENSION» 
ELEVATION»AZIMUTH»RANGE»RANGE RATE»ELEVATION 
RATE»A2IMUTH RATE AND RANGE ACCELERATION 

DECLINATION OF SUN 

RIGHT ASCENSION OF THE SUN 

EXOSPhERlC TEMPERATURE (DL6 K) 

INTERMEDIATE VARIABLE 

MODIFIED JULIAN DATE DIVIDED BY 36525.0 

DECLINATION OK ELEVATION (DEG) ON OBSERVATION 
CARD 

a     • 

ASSIGNED VARIABLE 

ASSIGNED VARIABLE 

9ü 1 INTERMEDIATE VARIABLE 

90 1 INTERMEDIATE VARIABLE 

9Ü 1 INTERMEDIATE VARIABLE 

TC  (SEE TC) 

TC*TC  (SEE TO 

TC*TC»TC  (SEE TO 



VARIABLE EUUA  REF   DtFINlTlON 

TItQUltl) 
1=1».••»9 

TIMFLR 

TIMREG 

riMSfeCiti 

riMSbS(l) 

TIMTOL 

TINI 

TITLfc(ll) 

TN2PhI 

TNEXOS 

TNO 

TNORMN 

TNORHO 

A.2Ü 

A.6Ü 

A.21 

YtARS OF STANUARD CELtSTIAL REFERENCE SYSTEMS. 
TlEQUKl) - Yt-AR OF DATE (ON THE OBSERVATION 

CARD) 
TlEüUl(2) - 1900.U 
TIEQUIO) - 1920.0 
TIEQUIU) - 1975.0 
TIEüUKb) - 2000.0 
TlEOUKb) - löSO.O 
T1E6IU1(7) - 1655.0 
TIEQUKS) - 1675.0 
T1EQUI(9) - 1960.0 
THE JULIAN DAYS CORRESPONDING TO THESE EPOCHS 
HAVE bEEN CONVERTED TO MODIFIED JULIAN DAYS 
AND DIVIDED BY 36525.U 

TIME OF DAY IN SECONDS CORRESPONDING TO 
DAYFLK 

TIME OF DAY IN SECONDS CORRESPONDING TO DJRE6 

TLMT UF DAY IN SECONDS CORRESPONDING TO THE 
INITIAL AND FINAL PRINT TIMES(SEE DJUPRT) 

EQUIVALENT TO TIMSEC(L) 

SEE INPUT LISTING 

DJULN«B6<Fü0.0 ♦ TNORMN. TIME IN SECONDS 

CORRESPONDING TO THE INPUT DATE AND TIME 

SEE INPUT LISTING 

INTERMEDIATE VARIABLE 

SEE INPUT LISTING 

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

TIME OF DAY |N SECONDS CORRESPONDING TO DJULN 

TIME OF DAY IN SECONDS CORRESPONDING TO DJULO 
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VARIABLE 

TNORNS 

TNüROS 

IOLEK(7) 

TOTStO 

EWUA  REF 

rRiGfc(b) ÜU-2b 1 

TStC 

rspi(i) 
l = l»...»NOi>PRl 

ü 

UMtANl 9ü 1 

UMEAN2 9H 1 

VN A.17 

VS(xO A.2b 

VSTEP ita 1 

VTüTPR A.2b 

MAbC 

*EARTH 17 1 

MlB0(7»2) 

MPER1 

MX I08M 1 

DEFINITION 

EQUIVALENT TO TNOKMN 

EQUIVALENT TO TNORMO 

REJECTION TOLtRENCES (DEG)»OUTPUT 

OLDUAY * b6(fOU.O ♦ OLüTlM. TIME IN SECONDS 
Oh OBSERVATION LASTCA (SEE LASTCA) WHEN THE 
PRObRAM CALLS SUBROUTINE ORBINT FOR THE FIRST 
TIME. 

INTERMEDIATE VARIABLES 

SlORAbE CELL 

TIME OF DAY IN SECONDS CORRESPONDING TO DSPI 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE»MEAN ANOMALY 

INTERMEDIATE VARIABLE»MEAN ANOMALY 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

VELOCITY PERTURBATION =.01(KM/SEC)»IN STATE 
TRANSITION MATRIX 

VELOC1TY (KM/SEC)»OUTPUT 

SEE INPUT LISTING 

RATE OF ROTATION OF THE EARTH (RAD/SEC)»«** 
=.000ü7292115Ü 

BCD INFORMATION 

SEE INPUT LISTING 

INTERMEDIATE VARIABLE 
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V AH I ABLE EUUA REF 

*XY2 169 1 

WY l(SAb 1 

AHAR fl^A» 
97A 

1 

AlG(hrb) 107 1 

XIMET 

XINCHM 

AINCTM 

AIPET 

AISCLH 

AI SUN 177A 1 

XLüEN 

XLST 

AM(3»3) 

AHEAN A.57 

AMINUN 

AM1PKH2) 

AMN A.19 

AMN1 

AMNTRU 

AMTR(3»3) 122- 
139 

I 

DEFINITION 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLES 

INTERMEDIATE VARIABLE 

INCREMENT OF ALTITUDE IN DNP TABLE = 10.0 KM 

INCREMENT OF TEMPERATURE IN DNP TABLE = -50.0 
OLG K 

INTERMEDIATE VARIABLE 

CONTANT USED TO COMPUTE POINTS TO BE USED 
FOR HIGH ALTITUDE EXPONENTIAL EXTRAPOLATION 
=b0.0 

DIRECTION COSINE OF SUN 

INTERMEDIATE VARIABLE 

EXOSPHERIC TEMPERATURE BELOW WHICH THE DENSITY 
WILL NOT BE COMPUTED ■ 500 DEC K 

ASSIGNED VARIABLES 

SEE INPUT LISTING 

-19 
•31623*10  * 

SEE INPUT LISTING 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

TRANSPOSE OF THE XM MATRIX (SEE XM»DEF1NED 
IN SUHROUTINE TRANSF) 
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LIABLE 

J 

2(3»o) 

EvJUA     REF        DEFINITION 

14   1 

u b4rlU3> 
1Ü5 

UP b2»lÜ3> 
1U5 

1 84 

IP ö2»84 

1 MA 

10 9eA»i03 

2P 1U0A 

2PÜ lOuA »10b 

K A.24 

\P A.2o 

YWMU A.2d 

bQKT 

20(3) lb 1 

*S(3) lb 1 

iSOiä) 126- 
133 

1 

dT(3) lo 

INTERMEDIATE VARIABLE 

NUTATION MATRIX 

3.o»INTERVAL BETWEEN EPOCHS OF BASIC REFERENCE 
SYSTEM 

INTERMEDIATE VARIABLE (UNPERTURBED VALUE) 

INTERMEDIATE VARIABLE (UNPERTURBED VALUE) 
■ 

INTERMEDIATE VARIABLE (UNPERTURBED OR 
PERTURBED VALUE) 

INTERMEDIATE VARIABLE (UNPERTURBED OR 
PERTURBED VALUE) 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE (UNPERTURBED VALUE) 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE (UNPERTURBED VALUE) 

INTERMEDIATE VARIABLE 

INTERMELIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

SATELLITE COORDINATES IN CELESTIAL SYSTEM 

STATION COORDINATES 

STATION COORDINATES IN CELESTIAL SYSTEM 

SATELLITE COORDINATES (X»Y»2) IN A TOPOCEN- 
TRIC bYSTEM 
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VARIABLE 

ÄY2TP(J) 

EüUA  REF   DLFIN1TI0N 
•   • 

YBAR 

YWO 

ö9b»M7b 

TWOP   82*105-106 

YW1P        b2»B4 

IM SBo  1 

YW20  98d »103*104   1 

YW2P lüOb   1 

YW2PÜ   ICüBflÜS-   1 
1U6 

YWKP A.27 

ZDAT(3) 

ZETSUN 177C   1 

ZH 

Z0NHAR15) 15ö»l5y   1 

ZR1 15Ö-159   1 

ZH2 15Ö-159   1 

ZR3 15Ö-159   1 

ZR«* 15Ö-159   1 

ZRUXT 134»13o   1 

ZSECü(3) m^A-   1 
1*WC 

SATLLLITE C00KD1NATES (X»Y»Z) IN A TOPOCEN- 
TRlC SYbTLM 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE (UNPERTURBED VALUE) 

INTERMEDIATE VARIABLE (UNPERTURBED VALUE) 

INTERMEDIATE VARIABLE (UNPERTURBED OR 
PLRTUKBED VALUE) 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE (UNPERTURBED VALUE) 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE (UNPERTURBED VALUE) 

INTERMEDIATE VARIABLE 

SEE INPUT LISTING 
OK  HOUR»MINUTE*SECOND OF OBSERVATION 

DIRECTION COSINE OF SUN 

ALTITUDE OF SATELLITE (KM) 

SEE INPUT LISTING 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

ACCELERATIONS X*V*2 (KM/SEC2) 
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VI .     FLOW CHARTS 

A.     MAIN  PROGRAM LOGIC 

MAlNü 

THIS lb THt MAIN PKObRAM OF THE MAIN LlNK.NOTErTHE PKOGRAM IS 
LHAluEü AND MRiTiEN IN FORTRAN H, 

VARIABLE 

MEKAbEll) 

EwUA  REF   DLFINiTION 

=Ü»FIKST TIME THROUGH THE PROGRAM LOOP 
=1»MULTIPLE PKOBLEM 

OR 
-1»ALL UATA HAS BEEN READ.NO ulSAbLlNb 

DATA ERROKS 
= -1» DATA INPUT ERROR.PROGRAM WILL GO TO 

NEXT PROBLEM 
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AFILT2 

1H1S lb THt MAIN PROfaRAM OF THE FIRST üEPENDtNT LINK.AFILT2 READS 
THt UATA (LXCEPT FOR THE OBStRVATION CARDS)»PRINTS OUT THE INPUT DATA» 
tHtCr.S FOR ANY INPUT DATA LRROH AND COMPUTES CERTAIN INITIALIZATION. 
IF THERE ARE ANY DATA tRKONS»THE PROGRAM WILL PRINT OUT AN APPROPRIATE 
LRKOK MEbSAGt ANu WILL CONTINUE WITH THE NEXT PROBLEM. 

VARIABLE 

tRASüd-ü) 

tRASL(i-4) 

MERAbEil) 

EviUA  REF 

MEKAbE(2-3) 

DLF1N1TION 

INTtRMEülMTE VARIABLES 

INTERMEDIATE VARIABLES 

=Ü»I-IKST TIME THROUGH THE PROGRAM LOOP 
=1»N01 THt FIRST TIME THROUGH THE PROGRAM LOOP 

OR 
StE INPUT LISTING 

OR 
=-1»INPUT ERROR»PROGRAM WILL NOT CONTINUE 
= l»NO OISAHLIiMG INPUT ERROR»PROGRAM WILL 

CONTINUE 
» ■ 

STOKAbE CtLLS 
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f STAUT   J 

f. 

MERASE 

JACK • 0 
I9NE  • 0 
CALL 
SCTCON (JACK) 

READ:     TITLE  (Ml),   NOSAT,  NOB,   NAT.  HERASE 

KOBSPft,  KCOUNT,   ISMOOH.   NSTPRT. 
PASS.   TNEXOS,    IREVO.   TIMTOL 

JACK -   I 
CTIN  (6)  - 95 
PHAT,   .   • 0.0 

I  •   I',....  6: j   .   I, 

YES 

READ:     NUMSTA,.   NSC,   SLON..   PHILAT,,   ALT,:   I  ■  I M'   """i 

LINES • 60 
I PACE •  I 
WRITE: 
TITLE  (l-ll) 

READ:    OMSAT,   SSAT,   CPRAG.   MOBS  (2-1«),   2DAT   (1-3). 
AXSEMI.   ECCEN,  OINCL.  WASC.   WPERI.   «MEAN, 
(PMAT i.r I t) QP  (1-2).  Q  (1-7),  CT   (1-9) 

READ:     ELEMIN. 
ELEHAX 

READ:   ZONHAR  (l-S) 
REARTH.  F.  OMU 

»MB:    6MIMT. (JHBMT^ JMWT.. JVRWT,. HRPIIT^  
XHIPRT,.  SECPRT..   i  -  I.   2)   NOSPRI.   JTYPRT.  KEYTAP 

"ERROR V—^7| 

MERASEj -   I OUT 

HERASEj - MBCD 

WRITE   (ON   IJKL):      IREVO.  HOBS  (2-1«).   ZDAT   (1-3),   AXSEMI,   ECCEN, 
OINCL,  WASC.  WPERI,   XHEAN.   (PhAT.   .1   I  •  I,...6),  QP  (1-2)  Q  (1-7) 

IJKL - HERASE. 

J  -   I,   LUP 

CALL SETCON  (JACK) 

WRITE  (ON   IJKL):     CT   (1-9), OMSAT,   SSAT,   CDRAG,  REARTH,  F,  OMU,   ZONHAR   (1-5), 
N03,   NAT,  HERASE,,   KOBSPR,  KCOUNT,   ISMOOH,  NSTPRT,   PASS,   TIMTOL 

ERASEj  •  SLAT,/FLRAO ERASE,   •  SLONg/FLRAD 

ERASE j  •  PMILU./FLRAD ERASE,, .ALT,  * REARTH  I I ■  I, 

WRITE   (ON   IJKL):     NUMSTA.,  NSC;,   ERASE  (l-M,   SRAD{ 

NMS 

FIG.   5. 
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BH MKITI (ON  IJKDi     (JMOMT.,  JMMT,,  JYHWT . .  HRPRT. ,   XMIKf 

■COMVERT  INITIAL t FINAL MINT TIMCS TO 
MO. JULIAN BATC. Tl>€ Of PAY  IN StCONOS" j 

CALL JMTE  (JOAMT,,  JNOMT 'I JYdMtT,.  OJUPNT,) 

TIHSCC,  • HHMT,  • )6O0.0 «  XMIWT, «60.0 ♦StCMT, 

\.i( 
AMD TOTAL TINt   IN SECONDS" 

SO < JYHMTi  < M 

I < JMDPRT, < 12 

I  < JOAMT,  < 31 

0 <  TINSEC,  < 8M00.0 

DATSEC,  • iMUMT,  • BMOO.O * TIMSEC, 

TIMIEC • TINSEC,     OJREC - DJUMT.    DATES, • DJREG 

IMC - I     ISAVE - 0    JSP .   1 
•l 

"CONVERT  SPECIAL PRINT  TINES TO HOD. 
TINE OF  DAY   IN SECONDS" 

JULIAN DATE, 
r8^ 

JSPMO 
.  SPHR 

JSPDA, JSFYR, SPHR, SPMi.SPSEC 
* 3600.0 4 SPMI * 60.0 ♦ SPSEC 

OSPI,) CALL JOATE  (JSPDA,   JSPW.  JSPYR 

WRITE  (ON  IJKL):     JSPMO,  JSPDA.  JSPYR, 
SPHR,   SPMI,  SPSEC 

SO < JSPYR < 99 
I < JSPMO <  12 
I 7 JSPDA ? 31 
0 7 TSPI,  7 86<< -00.0 

-I'-'-'K- 

I KLONOS .  I  | 

♦  I 

"ELIMINATE  ANY SPECIAL  PRINT 
TIMES NOT WITHIN  INITIAL 6 
FINAL PRINT  TIMES" 

E 
I   ■ KLONOS 

KLONOS •  I 

OSPI - OSPI 

TSPI - TSPI 

J  - KLONOS,  NOSPRI 

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

LUV 

ERASE, 

ERASD, 

DSP I 

TSPI 
Mi 
LUV I 

T$PILUV|  . TSPILUV 

TSPI 
'LUV • ERASD, 

OSPI 

OSPI 
LUV I 

LUV ' 

• DSP I 

ERASE 
LUV 

I 

FIG.   6. 
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E> 
KOCCOI • (HOISj/IO)  •   10 

ULL JMTE  (M>IS%,  MMSj.  HMSj,   CMUIM) 

imnm • IMT, • jtoo.o * zMTt • (o.o ♦iMt 

SO < HDiSj < 99 
I < HOiSj < II 
I < «IS,, < 31 
0.0 < TWW« < 86*00.0 

TSCC • 0.0 OINCL • OINCL • FLMD 
MSC • MSC • FUWD    WfHI  • WKRI  * FUWO 
IMUH • IMUM • FUUO 
OELTO«  (I-})  >  10.0    MLTOR  (%-») - 0.01 
CTIN (l-S) -  30,  k.O.  i.O,   8.0,   II.0 
OLOMT • OJUUt:    OLOTIN • TMWMN 
■ LIMIT • 0    PJftET • OJULN 
HCMSV • 0    SIUX  («•«) »0.0 

0.0   Mm,  , • WIT,  .: 
WIM,   .1   i  •  3   7 

ZSICO (I-)) 
OCFINE WHO 

I   .  I....*,  J 

I.I 
"ICO  INFOWWTION" 

1.1' 

YES 

"VMIOUS 
INITIALIZATION" 

"08TAIN; 

CALL FOSVEL  («MEAN.  AXSEMI,   TSEC,  ECCEN,  MASC,  MKRI, OINCL 

ov (i-j). OVF (i-j) i.«., i. T, z. x, t. r 

] 

VN • 2t  ■ PFERI 

w'*1"      ^1.0* ECCEN • COS 

ERASE) 

ERASE, 

COS   '   (COSEN) 

SIN  (VN) 

M—r\ 

OELTAM - OFLTAM ♦  J. 

ERASE. 2« -  ERASE. 

RADIUS - (Ovf  ♦ 0V| ♦ OVJ)1'1 

.                    RADIUS • ERASE, 
SIHCN -I *- 

XMN - ERASE, 

DCLTAM • XMN 

kAXSEMI  •  (1.0 •  ECCEN •  ECCEN) m 
•   ECCEN • SINEN 

XMEAN 

TNO ./JÜUÄJL     \ 

\VAXSEMI* /    / 
TINI  •  OJULN * SMOO.O 

♦ TNORNN 

'COMPUTE -  TNO  -  TIME  TO NEXT EQUATORIAL CROSSING" 

"COMFUTE -  NICHT EXOSFHERIC TEMFERATURE" 

TNEXOS • - TNCXOS  ;  ERASE,   • TNEXOS  -   ISO.O 

ERASE,  • )7*.0 * ERASE,   •   (4.203 *   .0042 • ERASE,) 

CALL  JOATE (I,  «,  «l$j.   ERASE,) 

ULL JDATE (1,3.  «ISj,   ERASE j) 

ERASE^ • J./36S.0 

TNEXOS • ERASE,   *  (.39 •   -IS * SIN  (ERASE,, • (OJULN -  ERASE,))) 

• TNEXOS • SIN (2.0 •  ERASE,, *  (OJULN -  ERASEj)) 

OBTAIN  FERIOD" 

FNODAL • NODAL FERIOD" 

ERASE j • ECCEN • ECCEN    ERASE,, •   1.0 -  ERASEj 

FNOOAL •  3.0 -  ERASE,/2.0 -  (SIN2  (OINCL)  • (li.O 75 * ERASE,) 

2 
FNODAL - FERIOD *  M.O  -   I.J •  ZONHAR,  • (A)(»Rt*IT{|U5{   )    *  FNOOALj 

MRITE  (ON  IOUT):     FERIOD,  ERASE.  TNEXOS,   FNOOAL 

"READ ALL OBSERVATION 
CARDS  8 STORE ON k" 

WRITE  (ON HBCO): 
FERIOD,  ERASE,, 

TNEXOS,  FNODAL 
RCOUNT  •  200 

<CALL   N 
I NOBS J^ 

TNORMM • OLDTIM 
OJULN • OLDDAY 

MERASE,  • 

"DATA   INPUT 
ERROR" 

FIG.  7. 
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bFiLT2 

THIS IS TH£ .^IAIN PROOWAM OK THE SECOND OtPLNUENT LINK.THE MAIN 
»-UNC1IÜN IS TO CoMPUIE THE FiLTEKlNG E0UATI0N5»T0 PRINT THE OUTPUT» 
TO RtJtCT ANY OBSERVATION CAKDS AND TO ITERATE. 

VARIABLE 

ulAG(6»6) 

cKASud) 

tRASc(i-20) 

t.RA5t(l-9)   A.la 

EUUA  REF   DEFINITION 

5if   1 

LRAStd-b) 

LRASt(7-12} 

tRASt(7) 

CRMSEU«») 

cRASE(^O) 

riPHTK(l»7) 
HPHTK(o»o) 

iCOUNT 

MEKASE(l) 

iy  i 

5^ 

A.lb 

A.16A 

A.16A 

4 

HlÜ{4»o) lb 

INTERMEDIATE MATRIX  OR 
THE INVERSE OF THE PHi MATRIX 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLES  OK 

IMPHOVEU STANDARD OBSERVATION ERRORS COMPUTED 
Al THE LND OF EACh FILTERING PHASE»OUTPUT 

CDRKECTION TO POSITION AND VELOCITY VECTOR» 
OUTPUT 

STANDARD DEVIATIONS(SOUARE ROOT Of-   THE DIAGONAL 
ELEMENTS OF PMAT) OF THE POSITION AND VELOCITY 
ERROR»OUTPUT 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

R MATKIX» OR ITS INVERSE   OR 
PMI MATRIX OR ITS INVERSE 

ITERATION COUNTER 

=-2Ü»ALTlTUDE BELOW IkO.O(KM)» OR EXOSPHERlC 
TEMPERATURE OUTSIDE OF SOO^K - Z^00oK 
RMNbE.PROGRAM WILL NOT CONTINUE 

=1»COMPUTL HIGHER ORDER TERMS OF THE EARTH'S 
GRAVITATIONAL POTENTIAL FUNCTION AND THE 
DRAG TERM IN THE DIFFERENTIAL EQUATION 
SUbROUTlNE 

NUTATION-PRECtSSION MATRIX (COMPUTED AT DJULN) 
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H2(3»3) 

HHlTR(o»o) 

1^   1    PhECEbSiON MA.MX (COMPUTED AT DJULN) 

54        1    INTERMEDIATE MATRIX 
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CALL TIMING    NTIW)   :   USTCA - 0  :  «I LPT  • 0 
TC • DJULH/36525.0    OtLL »HOT  (TC,  P2) 
MOIH . 3    CALL NUTATI 
CALLMULTIP Tpil,  XN2.  PI.  3.   3.  3) 
CALL TRANSP  (PITH,   PI2,   3.  3)   I   IFIRST ■ 0 
JFIRST . 0     "CHCCK OVeRfLOM CONDITIONS" 

£773- 

^ 

HTOTAL  -  (OJULN   -   OJULO)  • 86*00.0 
♦ TNOMW ■  TNOR» — 

^oT 

FIG.  8. 
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SISU,  • DVP|  * TIMTOL 

I  -  I,  1.  ) 

1 • r 

MIM . 7 
ULL TMIKP (HTH. H, WltP.  6) 
«11,   ,  • MNTJ >   I * J 
mil'    • n«?' • SIUI, • SI6M,   :  I • J 

I •   ■ »  '] -  I   » 
ULL NULTIP (Ml, mil,  MT»,  i.  t,   MTP) 
CALL NULTIP (mil,  H, UNI,   MTP,  b.   HMTP) 
ILIMIT  • 0 

I  •   I 

K • R *   I 
HPHTR,   ,  • mil,   ,   ■   I 4 J 
Hmu,', • mii,', * Qp. i • j 

I ■ I * I 

CALL MULTIP  (AH'     mil,  HTA,  i.   6.  NNTP) 
«II,   ,  • MMTA,,   i   .   I, 

MULTIP   " 

* J 
• i    6 ,    m   i l-F 

i; J • I, 
CALL MÜLTIP  (HTA,  Ml,   Mil,  i,  MTP, MTP) 
CALL MULTIP  (CAASE,  HTA,  DIFA,  6,   NNTP,   I) 

K • K  «  I    I •  I 
tMSE,  >   (DIFA,! /SQTOLA, 
CT)IEHK  •  CTNCNK  *  IMltj m K • K  -  MTP 

I  .   I 

I  .   I   ♦  I 

*» »|SUiy .  SUty ♦  l.0| »^1  <  MTP 

I . I 

DV,  •  DV,  * EAASE, I 
0¥P,  - OVP,  ♦ IAA$^,+j j   •••#••! 
CALL NULTIP (MI,  HTA,  H,   (,  MTP,  6) 
DIA6,   ,  • MI,   ,     1  -  I....6, J  •   l...>i i 

mm - i ,   M   ** 
CALL MULTIP (PHITA, 0IA6.  PWT, 6,  6,  6) 
CALL SYMET  (miTA) .     mm 
ULL  SUITA*  (PMAT,  PWT,   PMITA,  6.   6) 
OLOOAjf . OJULN    OLOTIM ■  TMOAMH 
USTU • JFILP     I  >  I 

I   .  I  ♦   1 

<^1U^>^*<^J<  '^^ 
SKATS, | - PMAT, ,         i 

1 - !,.... 6 j'. 1 6 | 

I-0 

|PMT, , - MATS, , f 1 - I.---' 
i        "              "h  - 1,...6 

-1 L—J55""T5| ^3 
FIG. 9. 
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B.  SUBROUTINES 

iUBROUllNE CDATE  AND bUbROUTlNE JüATE 

cDATt CALCüLMTES THE CALLNDAR DATE (DAY»MONTH»YEAR) blVEN THE 
MOüIhltD JULIAN UATE. 

oDATt CALCULATES THE MOD1FIEÜ JULIAN DATE GIVEN THE CALENDAR 
üATE(DAY»MüNTH»YtAH) 

NOTE  1) THE MODlFiEu JULIAN DATE IS THE NUMBER OF INTEGRAL 
OAYb SINCE JANUARY l»19b0 (OhUT) 

k)   THE YEAK IS DEFINED TO dE THE LAST 8 DIGITS OF 19XX. 

3) THE VALiD CALENUAK DATEb FOR THIS SUBROUTINE ARE 
JANUARY l»195ü  (OhUT) TO 
DECtMöEk 1»1999 (OhUT) 

4) THE VARIABLES USED IN THE 2 SUBROUTINES HAVE NOT BEEt 
DEFINED IN THE LIST OF SYMBOLS. 
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bUbRUUTlNE   DtNbIT 

THIS  SUBKOUTANE   COMPUTtS  THE  DENSITY   AS  A   FUNCTION   OJ-   ALTITUDE 
ANU  LXOSHHERXC   TcMPEKATUHE. 

VARIABLE 

cRASt(^) 

tRASt(k:0) 

TEMP 

EUUA     R£F        DEFINITION 

177B» 
177C 

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

EXOSPHEKIC   TEMPERATURE   (DEC K) 

INTERMEDIATE   VARIABLE 
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■ HBHl^BH^B 

' 

DENSIT   (ALTI) 

INITIALIZATION1 

NFIRST -   123^56 0.0 0.3 DAYREF 

XMINDN - .3l623*10■,9    B - -.78539816 
P - .20943951    G - .78539816 
NTM - 7    S>TM - 2U00.0    XINCTM - -50.0 
EXTRTM - 100.0    NHM - 89    SHM - 120.0 
XINCHM - 10.0    XISCLH - 50.0 
ETM - STM + (NTM-1) * XINCTM 
EHM = SHM + (NHM-1) * XINCHM 
XLST - ETM - I EXTRTM | 
XILSCH - IXISCLHl 
ISCLH - (XISCLH/XINCHM) 
NHMSCL « NHM - 2 * ISCLH 
1ST - STM    ISH - SHM 
INCTM - XINCTM     INCHM - XINCHM 

'COMPUTE:  DECLINATION OF THE SUN. SUNDEC 
RIGHT ASCENSION OF THE SUN, SUNRAS 

EVERY 
NEW DAY 

"DAYREF  -\ * 
DJULO 

6218433 *  10*8 * DAYREF 
0172019697 * DAYREF 
017202791   * DAYREF ♦ 

TEMP  -  SIN  (GAM) 
(EPS) 

DAYREF - DJULO 

EPS -   .40920619 - 
OMS . 6.2482906 + 
GAM • 4.8883394 + 
XISUN -  COS   (GAM) 
ETASUN - TEMP * COS 
SUNRAS - AATAN (ETASUN, XISUN) 
CALL QUAD (XISUN, ETASUN. SUNRAS) 
ZETSUN - TEMP * SIN (tPS)   .,, 
AI - (1.0 - ZETSUN * ZETSUN)1'* 
SUNDEC - AATAN (ZETSUN. Al) 
XIMET - XISUN - ETASUN    XIPET - XISUN + ETASUN 
A1P1 - 1.0 ♦ Al    A1M1 - 1.0 - Al 

HCOEFF - .707I0678/A1 

03345 * SIN  (OMS) 

XYSQRT -   (DV,   *  DV,   + DV2 

RASAT - AATAN   (DV2>   DV,) 
* DV2) 

1/2 

RASAT 
>0 RASAT - RASAT ♦ 2 77 

RASAT - RASAT + 77" 

I 'COMPUTE:     EXOSPHERIC TEMPERATURE.   T' 

HDRAS - RASAT   -   SUNRAS 
A5  - HCOEFF  *   (XIMET * DV,   ♦ XIPET *  DV2)/XYSQRT 

C0TAU2 -   1   |   COS   (.5 *  (HDRAS ♦ B  + P *  A5))| 

CTAU -   (COTAU2)5/2 

B3 -  DV3/ERASE2 

Ml ,1/2 
Bl - XYSQPT/ERASE2 

Cl - .5* ( (A1P1*(1.0 * Bl))'^ ♦ (A1MI*(1.0 - Bl))"'t ) 

C - (Cl)5/2    C2 - | (ZETSUN + B3)/(2.0* Cl) | 

S - {C2)5/2 
T - TNEXOS * {1.0 + R* (S + (C-S) * CTAU)) 
ERASE 20 

"ALTITUDE LESS 
THAN 120.0 KM" 

ZH< 
SHM DENSIT - 0.0 

"TEMPERATURE OUT OF 
500.,K - 2400."K RANGE 

NO 
DENSIT - -1.0 

FIG.   12. 
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I   - MAXO {(T-STM)/XINCTM.   I) 
U - [J   '  FL0AT UlLi   I  *   INC™ XINCTM 

K - ISCLH * L + NHMSCL 
DENL- INTERP (DNP, K. DNPI+) K. DNPi+2>K) 

L =   1,2 

I 
Ah »  2.30258509 *  (DENL,   -  DENL2)/XISCLH 
DLCG -   DENL2 

PO  -   (10.0)DLOG 

DENTIM - (PO - XMINDN) * EXP{(EHM ' ZH) * AH 

+ XMINDN 

U  -   1.0  +  (T-ETM)/XINCTM 
i   -  NTM-2 

j   -  MAXO((ZH  -   SHM)/XINCHMI 1} 

I 
K - j + L - I 

INTERP 

L -   1,2,3 

DENL.   INTERP  (DNP.>K,   DNP.+1>   R.   DNP.+2(   ,) 

U -  (ZH  -  FLOAT   (ISH  +  j   *   INCHM))/XINCHM 
XLOEN »   INTERP  (DENL,,   DENL2,   DENLj) 

DENTEM -   (I0.0)XLDEN 

"DENSITY' 

DENSIT  -   1000.0  *  DENTEM 

^RETURNJ 

INTERP  (ARGI,   ARG2,   ARG3)  - 

ARG2   + j^g ♦ JARG3  -   ARGI   + U*  (ARG3   -   2.0 * ARG2   ♦  ARG1){ 

FIG.   13. 
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SUBROUTINE D1ACHK 

1H£ MAIN FUNCTION OF THIS SUBROUTINE IS TO COMPUTE EQUATION 51» 
REFEKENCb 1. 

VARIABLE 

ÜIAG(6*6) 

LRASO(l) 

tRAStU) 

MERASE(1) 

PHITR(b»6) 

EQUA  REF 

51   1 

51 

DEFINITION 

INTERMEDIATE MATRIX 

INTERMEDIATE VARIABLE 

INTERMEDIATE VARIABLE 

STORAGE CELL 

TRANSPOSE OF THE PHI(6»6) MATRIX 
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r START   ) 

w 
1 IGO  • 0 
HTOTAL -  (DJULN  -  OLOOAY)  * 86A00.0 *  TNORMN   -  OLDTIM 

CALL   OIACHK   l HJU / 

^ ("LAST CARD  I 
' -^7 WAS REJECTED 

SAVE, - OV, 

DSAVEj - OVPi 

i - I. 2. 3 

*  0.0 

"REDEFINE: X, V, I,  X, Y. Z" 

ERASD, - OV, 

DV, • SAVE. 

SAVE, ■ ERASD, 
ERASD, - DVP. 

DVP. - OSAVE, 

OSAVE. ■ ERASD, 

>i   -   I.   2.   J 

"RESTORE   CURRENT  X,  Y,   Z,  X,  Y,   Z" 

ERAS 

SAVE 

'COMPUTE  STATE  TRANSITION 
MATRIX  - •" 

MERASE 

CALL TRAMAT 

ERASD,   -  SAVE. 

DV. 

DV.   -  ERASD 

ERASD,   ■   OSAVEi 

OSAVE.   -  DVP. 

DVP 

>  i   -   I.   2.   3 

i   ■  ERASD 

IT 

(RETURNJ 

"REDEFINE   COVARIANCE 
MATRIX   -   P" 

IHTCTAL l<     ii^ 
2.0 *  PERIOD -**-* 

PMAT,   .   - 0.0   :   i *  j 

PMAT,;.   -   SMATSi(j    :    1 

1   6    j   -   I.. 

"COMPUTE: 

P . ••P* T" 

I IGO - I 

NOIM ■ 6 
CALL MULTIP (OIAG. PHI, PMAT. 6. 6, 6) 
CALL TRANSP (PHITR, PHI, 6, 6) 
CALL MULTIP (PMAT,   DIAG,   PHITR,   6,   6,   6) 

c 

"COVARIANCE 
MATRIX IS 
NEGATIVE" 

, 

mmm 

FIG. 14. 
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SUBROUTINE  tXROT 

THIS SUBROUTINE COMPUTES THE PRECESSION MATRIX (EQUATION ^»REF- 
ERENCE 1.) 
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SUBROUTINE HMATRX 

THIS SUBROUTINE COMPUTES THE DECLINATION »RIGHT ASCENSION AND 
THt h MATRIX (SECTION Vll B»KEFERENCE 1) 

VARIABLE EQUA REF 

C0N(l-3) 16»126» 
127 

1 

CON(tt) 17»1M7 1 

LRASEd-B) 122- 
1^8 

1 

MERASE(l) 

DEFINITION 

INTERMEDIATE VARIABLES 

INTERMEDIATE VARIABLE»Z OR Z 

INTERMEDIATE VARIABLES 

=1»STATION CAN SEE THE SATELLITE 
=-1»STATION CAN NOT SEE THE SATELLITE 
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GED 
NDIM .  J 
MERASE,   -   I 
CALL TRANSF 

OBSM,   . OBSC,   :   I   •   I <» 

NNEQ  -   I 

|   HETI   - MEQ      |— 

j   MWEQ - NEQ 

CALL EXROT  (TIEQUINNEQ,   ,>PRIME | , | >NNEQ 

MtQMWE0 '  '  

•COMPUTE:    |j|, J^. f| 

I 
CALL TRANSP(PNITR,   PNI,3.3) 
ERASE,  - - COMj/CRX* RT2) 

ERASE, CON2*ERASE, 

ERASE,   • CON,«ERASE, 

ERASE, - RX/RT2 
CALL HULTIP (ERASE,,.  PHITR,  ERASE,  J.   3,   1) 

'1.1 ERASE l±3 I -  I.  2,   3 

-■COMPUTE:  f|.  ||.  |f 

ERASE,   -  •  CONj/RX2 

ERASE2  • CON|/RX2 
CALL MULTIP (ERASEj,   PNITR,   ERASE,  2,   2.   I) 

"2.1 ERASE U2   :   I I.   2.   3 

CALL  JDATt   (I.   I.   MOBSj.   DJO) 

TC . DJO/36S2S.O 
NE2  ■  MOBS2 

CALL EXROT  (TC.   PPRIME) 
MCQ,   -   I 

NRE .  2 

NEQ,  - NEQ 

NDI  •  1 

CALL HMATRX 

""l.J   *  P,TRl.j 
i  •  I.   2.   3:  J  •  I.  2.  3 

I CALL MULTIP  (PHI.   PPRIME,   ,  MN|Q PITR.   3,3.3) 

.1. 

ERASE,   -  DV, I   •   I.   2,   3 
CALL MULTIP  (XYZO.   PNI.   ERASE.   3.   3.   I) 
CALL MULTIP  (XYZSO.   PNI.   XYZS.   3.   3.   D 
CON,   -  XYZO  -   XYZSO, i   -  I.   2.   3 

NTP -   100 

|JP| 

E 
RX2   -  CON,   •  CON.   ♦  CON,  *  CON, ' "IMPUTE  DECLINATION.   RIGHT  ASCENMON 

RX  -   (RX2),/2 

RT2  - RX2   * CONj * CON, 

OBSCj  •  AATAN  (OONj.   CON,) 

OBSC,   •  AATAN  (CONj.  RX) 
CALL QUAD (CON,,  CONj,  OBSCj) 

OBSC,.4 OBSC2.   ■ 

FIG.   16. 
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* 

0 
mmmti {|. ^. ^ 

ERASE^ • XVZT}/(RTC2 * CONj) 

ERASE,  • XYZT, • ERASE,, 

ERASE2 • - XVZT2 • ERASER 
ERASEj • CON,/RTC2 

CALL MULTIf  (ERASE,,.   XMTR,   ERASE,,   3,   },   I) 

1,1 ERASE u,  ,   I I.  2.   } 

"COMPUTE: |f |f |^ 

ERASE,  - XVZTj/CON^ 

ERASE, ' XYZT,/COM^ 
CALL MULTIP  (ERASEj,   XMTR.   ERASE,.   3,  I,   I) 

"2.1 ERASE, I.  2.   3 

Ww       ^T      ^^T       ^^T       ^^T       ^^T 
"COMPUTE t   L. —I,  —L.  -nr1-.  -r1.  -A 

»X       8Y      (Z       »X       8Y       «Z 

Hj   ,  •  CONJ/OBSCJ 

Hj^^.O.O 

i - I. 2.  3 

>> 

ax     »Y     »Z    8X     «Y     82     , i 

1 ERASE,  •  XYZTj/CONji   ERASEj ■ OBSCj ♦ OBSCj 

ERASEj -  ((XYZTPj • XYZT,   -  ERASE,  •  (XYZTP, *  CONj  •   ZROXT • XYZT,))/CON5 

- XYZT,  * ERASE2)/RTC2 
ERASEj -   ((XYZTPj • XYZTj  -  ERASE,  *  (XYZTPj *  CONj  -  ZRDXT ♦ XYZTj))/COM5 

|                     -  XVZTj * ERASEj)/RTC2 
ERASE5 -   (-   ZROXT ♦ XYZTj * ERASE2)/RTC2 

CALL MULTIP  (ERASE6.   XMTR.   ERASE,,   3.   3.   D 

5.1*3     "l.l       1 

" 
"COMPUTE:  ^  aA,  **. 

r                         8X    8Y    8Z 
4, i*. M" 
8X    8Y    8Z 

ERASE,  • 08SC6  * 0B$C6 

ERASEj -  -   (XYZTPj  ♦ ERASE, •  XYZT,)/COM^ 
ERASE, -   (XYZTP,   -   ERASE,   * XYZT-)/COHt 

CALL MULTIP (ERASE..   XMTR,   ERASE,,   3,   2,   1) 

»6.1  •"ASIU3(   ,       ,     j 

»6.1*3     »3.1      * 
3 

NTP - <• 

ERASE,   • 0BSC^/RTC2 

ERASEU|  - CON,   *  ERASE, 

»'».1*3 

CONU5/OBSC3  -   ERASE, 

COMPUTE: 
JRT 

8X 

8R. 

II. 
8R, 

JJL. 

I, 2, 3 

'COMPUTE: 
ax 

«I 
8Y 82 

8RT    8RT 

ax   ' 8Y 

8^ 

82 

ERASE,   • OBSCk  * OBSC. 

- (OBSC, 

CON. 2SECO, 
(CONj 

- OBSC7 * CONi)/RTC2 

ERASE,   • H^,) 

H,   |+3 -  2.0 •  (OVPj/OBSCj  - ERASEU,) 

1  -  I.  2,   3 
j  -  II  -   1 »J.l  •0-0 

1   -  <«,   S,   6;   j   -   '.   2 

I 
FIG.   17 

^RETURNJ 
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SUBROUTINE INOUS 

THIS SUBHOUT1NE READS ALL THE OBSERVATION CARDS»CHECKS FOR ANY 
DATA ERRORS AND STORES ALL ACCEPTED CARDS ON A DISK. 

VARIABLE 

LRASU(l) 

tRASta-3) 

LRASE(b) 

tRASt(b) 

LRASE(7) 

LRASE(O) 

HERASE(1) 

EQUA  REF 

HERASE(5) 

DEFINITION 

STORAOE CELL 

INPUT CELLS FOR AZIMUTH OK RIGHT ASCENSION 

INPUT CELL FOR RANGE RATE 

INPUT CELL FOR ELEVATION RATE 

INPUT CELL FOR AZIMUTH RATE 

INPUT CELL FOR RANGE ACCELERATION 

INPUT CELL FOR SATELLITE NUMBER OR 
=1»ALL OBSERVATION CARDS MERE NOT IN ERROR« 
r-l»ALL ObSERVATlONCARDS WERE REJECTED BE- 

CAUSE OF ERRORS. 

INPUT CELL FOR ELEVATION OR DECLINATION 
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■ - I 

STAUT 
"HUD ONE OBSEKVATION  CARD" 

REWIND t 
NEIUSE,, • 0 

CALL ICDSTO  (ENOOAT, iHENOOAT) ^> 

MAO  (UN):  MERASE,,  MOBS   (1-2),  DAYS,   ZOAT  (1-3). 

MERASEj, OISM,,   ERASE  (1-3), OBSM (3).   ID, 

(OBSM,,  ERASEu|i   I • *,   S, 6,  7).  OBSNO 

(^RETURN ^ 1» HEUSE,  -  I 

TNORMO .  TNORMN 
DJULO -  OJULN 

[►»RASE,  . -![< /wäU— "ALL  CARDS 
REJECTEO" 

■COMPUTE  JULIAN  DATE,  TIM'  OF  DAY   IN SECONDS' 

TNORMN -  ZOAT,   •  3600.0  .   ZIMT2 • 60,0 *  ZDATj 

OJULN • DAYS  * OJBCN -   I 
CALL COATE  (HOBSv  N>tS},   HDBSj,   DJULN) 

*0     ,, 

CALL   JDATl   (I,   I,   MOBSj.   DJBGN) 

MOLD -  MOBS, 

^ "TIME 
-• OECREASINC" 

"STATION NOT 
AVAILABLE" 

Jüp 
"OBSERVATION  CARD 

REJECTED DUE   TO 
ERROR" 
MERASE|9 • MCRASE|()  ♦  I 

TNORMN - TNORMO 
OJULN • DJULO 

NS •   I 
KCLASS  -  0 

INCORRECT  CHARACTERS 
IN  COLUMNS   73  -  76 

CALL BCDFX   (OBSNO.   KF<t,   NTP,  JERR) JERR 

CALL OVPUM  (MERASE,,  ONUM,   JERR) 

<  0 

NTP - NTP -  (NTP/100)  *   100 
1AM - NTP/10 
NEQ  - NTP -   1AM •   10 
NTP • 1AM 

NO 

"OBSERVATION  TYPE  CAN- 
NOT  BE USED BY  PROGRAM" 

SIGNA . -1.0 NCOL  -  2I> ^> "INCORRECT   CHARACTER 
IN COLUMN NCOL" 

'DEFINE  RIGHT ASCENSION" 

TEMI  •  (OBSM,   * ONUM *   10.0)  * SIGNA 

OBM.  -  TEMI  • FLP'.D 

"DEFINE   ELEVATION 
OR  DECLINATION" 

OBSM2 ■ (ERASE,   » ERASE?/60.0 

ER/SEj/3600.0) *  .26179938 

NTP •  I 
NNTP - } 

FIG.   18. 
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k VI 

T "DEFINE AZIMUTH" 

OISM2 ■ (ERASE,  *  10.0 * ERASEj *   .1   * EMSE} • 0.001)   FUUO 

ELEVATION ANGLE TOO 
LARGE  OR TOO  SHALL iiiiy 

■PCf INE MM6E 

-=_>    OBSHj • OBSMj •  10.'tX -1 J  CALL OVPUN  (OBS»^, ONUH,   JERR) 

liooo I 

WRITE   CN l»)i  NNTP. 
NTP,   NS,  NEQ. 
DJULN.   TN0RMN, 

MDBS (2-*).  20AT    (l-J) 
OBSh    (I-NNTP) 

NCARSV • NCARSV  +   11 

NNTP •  3 
NTP -  3 

SIGNA •  -1.0 NCOL  -  1*6 

SIGNA •   1.0 

NNTP •  4 
NTP - k 

DEFINE RANGE RATE" 

OBSM^  -  (ONUH *   10.0  * ERASER  • SIGNA 

CALL OVPUN (OBSMj,  ONUH,   JERR) 

SIGNA . -I NCOL -  56 TO 
29 

DEFINE   ELEVATION  RATE" 

OBSMs •   (ONUH * ERASE6) * SIGNA * FLRAD 

CALL OVPUN  (OBSM6,  ONUH,  JERR) 

SIGNA ■ -I •  NCOL • EHD 
SIGNA -  -1.0 

i "DEFINE AZIMUTH RATE" 

OBSM6 - (ONUH *  ERASE7) * SIGNA * FLRAD 
CALL OVPUN (OBSH7. ONUH. JERR) 

L.aNA -   -1.0 • NCOL - 68 HD 
SIGNA  -   1.0 

DEFINE  RANGE  ACCELERATION" 

OBSH7 •   (ONUH * 0.1   4-  ERASEg *   .1)  *  SIGNA 

NNTP -   7,   NTP -  7 

FIG.   19. 
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1 
'      1 

bUbROUTlNE iNTtG 

THIS lb THE INTEbRATlON SUBROUTINE 

VAKlABi-E 

tRASb(^) 

LRASL(H-o) 

1COUNT 

MEKASE(l) 

EUUA  REF 

lb5A   1 

149A' 
1U9C 

DEFINITION 

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

TEMP(6) 

AtCELtRATIONS  X»Y»Z (KM/SEC ) 

ITERATION COUNTER 

=-2ü»ALTlTUDE BELOW 120.0(KM)» OR EXOSPHERIC 
TEMPERATURE OUTSIDE OF 50üoK - 2<*00*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 
SUBROUTINE 

INTERMEDIATE VARIABLES 

. 
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. *»*. 

Cs™") CALL   INTEC 

HNOW • 0.0 
INTEND > 0 
DVOi   -  DV, 

OVPO.  •  OVP 

"SAVE   IN'.TIAL CONDITIONS" 

I  •  I.   2.   3 

"OIFFERCNTIAJ,    ..    .. 
EQUATIONS  •   X,   Y,   Z 
AT  START OF 
INTERVAL" 

HIND • OKINTI  * ERASE. HIND -  -  HIND 
HMM - HNOM » HIND 

"DETERMINE, HIND.   INTERVAL' 

ICSUNT • 0 
HINDI  • HIND * HIND 
HIND26 • HIND/6.0 
HINDIS • NIND2/8.0 
HIH0J9 • HIND/96.0 
HIND06 - HIND/6.0 
HIN002li - HIHOm.O 
HIND02 • HIN0/2.n 

HIND -  HKIAL   •   HNOW 
• HIND 

INTEND   •   I 

"INTERPOUm FOR POSITION" 
(X, T.   Z) AT MID-POINT 

"INTERPOLATE FOR POSITION' 
(X,  Y.   Z) AT  END POINT 

TEMP.   .  DV.   «  DVP,  * HIN002       HUM 

TtMfU3 - DV,   ♦ OVP,  * HIND 

OVPOO.  • DVP 

'I ERASE Uj * HIND28      OUM,  •  DUM,  • it.O 

I  • "»'l 
l)VfP|  - ERASE 

OVHI,  - TEMP,   * DUM, 

♦-I  -  1.   2.   3 —I 

DV, TEMPuj  ♦ DUM, 

U3 

DETERMINE "X,  Y.   Z AT MID POINT" 

OVHPP,  ■  ERASE u3 

OV,  • DVH2, 

I  •  I.   2,   3 

/CALL     \, . 
•y MOTION^*—V 

DVP,  • 0VH2P.     I   -   I,  2.   31 

"DETERMINE X,  Y,  Z 
AT MID-POINT" 

'INTERPOLATE FOR X,  Y,   Z AT  END POINT" 

DUM,  • HIN026 * (DVPP,   * 2.0 * ERASE,,j) 

1  - T"»U3 
I  -   I.   2.   3 

DV,  - TEMPUJ ♦ DUM, 

>"INTERPOLATE FOR X,  Y,  Z 
AT  MID-POINT,  END-POINT" 

DUM, - DVPP, * HIND02 

0VN2P, • DUM, *  OVP 
DUM, • DVPP, * HIND I, 2,  3 

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

DUM,  • HINOZl)  * (S.O * DVPP,   • 8.0 * ERASEU]  -  OVHPP,! 

DVH2P,   •  OVPOO,   * DUM, 

DUM,   - HIND06 *  (DVPP,   * li.O *  ERASEuj  * OVHPP,) 

" P|  - OVPOO, 

I  -   I.   2.  3 

ICOUNT  •   ICOUNT  ♦   I 

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

DUM,  - HIND29  *  (7-0 * DVPP,   • 6.0 * tRASt|)}  •  OVHPP, 

DVH2|  - TEMP,   ♦ DUM, 

i  -   I,  2,   3 

Mt RASE, 

INTERPOLATE FOR j,  Y,   j AT  END POINT" 

DUM.  - HIND06 * (OVPP,   « <i.O * ERASE.    .  * OVHPP 
i»3 I 

I •  I,  2,   3 

INTEND ^ 
^ 

DVHP, 

OVM, 

• DVP, 

OV, 

Hov, 
DVP 

)1  -   I,   2,   3 
OVPO 

ZSECO,  -  DVHPP 

 ^RETUHNJ 

FIG.   20. 
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bUBRÜUlINE  INVEKS 

1H1S SUBHOUTiNE INVERTS A MATRIX 

i 

VARIABLE 

tRASU(l) 

MERASE(l) 

HPHTR(1»J) 
1 = 1» ...»NNTP 
J=1»...»NNTP 

EQUA  REF DEFINITION 

DETERMINANT OF HPHTR- MATRIX TO BE INVERTED 

RANK UF MATRIX TO BE INVERTED 

MATRIX TO BE INVERTED. THE INVERSE OF HPHTR 
lb STORED IN HPHTR 
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K • I    KQ - 
Mt(USli   ■ 0 

EKASO,  •  I  0 

CALL   INVCRS 

16,  -   i 
I, -   1 
II, - 0 
IFF, ■ 0 

I  ■  I   NNTF 

I ■DETEKMINE  ELEMENT OF  COLUMN KQ" 

XMU - 0 0     1 

■V • KQ 
- 1 • ' 

• K ♦  I 
"1  

-•T*- KQ . I 

J - KQ ♦  I 
JM - NNTP 

HFHTK|(KQ 

HFHTK,   KQ ■   I .O/XWJ 

I  .   I,. 

HPMTR,   KQ/XMU     i   ^   IPHI 

I PHI 

NNTP 

EMSD, •XMU * ERASO, 

MCRASE, • MERASE, * I 

IB IPHI   ■   ' 
IFFK  -   IPHI 

•COMPUTATIONS ON ROWS AND  COLUMNS" 

C RETURN ) 

ALP.HPHTR|rH,   , 

HPHTR,   ,   - ALP/XMU 
HFHTR *   j   ■  MFHTR■   » 

i - i.!. 

j . j ♦ i y 

i   ■   IPHI 

* ALP * HPHTR 

.  NNTP 
I.KQ 

NF •  IFFK 
N6.  1^ 

J <  JM 

> 

"PER» JTATION OF 
ROW:  K.   LMOA 

HPHTRK XMU 

HPHTRj^   ,   •  XMU 

I   ■   I,.'...   NNTP 

COLUMN  NF,   NG 

XMU • HPHTR 

HPHTR 

HPHTR, 

I.NF 

,NF  " MPHTRI.NC 

■  ■  I, 
NG XMU 

NNTP 

'NF ' K   'NC " LH0* 
ICLMOA " «•  '   »S " 
ERASO ERASO 

FIG.   21. 
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«MM SHHMMHMBitfP 

^UbROUllNE KtPLEK 

IHt MAIN FUNCTION OF Thlb SUoROUTlNE lb TO COMPUTE THE PERIOD 
AND THE CONSTANT K (LluATlON 193»REFtRtNCE 1) 

VARIABLE     EQUA  REF   DLFINITION 

tRASE(l)     A.31        COMPU1EU ECCENTRICITY AT THE EPOCH OF THE 
INPUT ORBITAL ELEMENTS»OUTPUT 
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I 

bUbRüUTlNE MOTION 

IHiS SUBHOUTINE LOMPUTE.S THE ECJATIONS Oh MOTION (SECTION Vlll A- 
VI11 C.RtFtRtNcE I. NOTE»THE TERMS INVOLVING THE TESSERAL HARMONICS 
ARE NOT USED IN THE PROGRAM) 

VARIABLE 

ALT I 

tRASE(l-ö) 

cRASt(i) 

LRASE(^) 

LRASE(H-b) 

MERAbE(l) 

E(-UA  REF 

lb5A 

IbSA 

lUSA- 
149C 

1 

1 

DEFINITION 

SATELLITE ALTITUDE (KM) 

INTERMEDIATE VARIABLES(EOUATlONS OF MOTION) 

ERASE(2)♦ERASE(2) 

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

ACCELERATIONS  X»Y»Z (KM/SECfc) 

=-2U»ALTITUDE BELOW 120.0(KM)» OR EXOSPHERIC 
TEMPERATURE OUTSIDE OF 500°K - 2U0()oK 
RANbE.PRObRAM MILL NOT CONTINUE 

=1»COMPUTE HlbHER ORDER TERMS OF THE EARTH'S 
GRAVITATIONAL POTENTIAL FUNCTION AND THE 
DRAG TERM IN THE DIFFERENTIAL EQUATION 
SUBROUTINE 
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CED CALL HOT ION 

ERASE7 - DV,   * OV,  ♦ OVj * OVj 
ERASEg - OVj • DVj 
ERASE,   -  ERASE7  *  ERASEg 

ERASEj - (ERASE, )l/1 

ERASE, - f^**- 

ERASE U3 
i   . 

- OV.   ♦ ERASE 

I.   2.   3 

F1. 39.375 ♦ ZR* ♦ 26.25 * ZR2  -   1.875 
Flt - ZRI ♦ (- 86.625 * ZRl» ♦ 78.75 ♦ ZR2 '5 - 13.125) 
Fl, . ZR2 * (- 187.6875 * ZRI» * 216.5625 

•  ZR2 - 59.0625) ♦ 2.1875 

ZRI 

ZR2 
ZR3 
F,l 
Fl, 
F,3 
1*1* 

OVj/tRAStj 

ZRI • ZRI 
ZR2 * ZRI 
-3.0 ♦ ZRI 
-7.5 * ZR2 * 

-17.5 * ZR3 

ZR2 * ZR2 

1.5 

♦ 7.5 • ZRI 

RER - REARTH/ERASEj 

RER2 - RER 
FSMI - 0.0 
FSM2 - 0.0 

RER2 - RER * RER2 
ZR2 - RER2 * ZONHAR 

FSMI • FSMI * ZR2 * Fl 

FSM2 - FSM2 > ZR2 * FI 
Uli 
I 

i   •   1,. .   5 

ZR2 • 1.0 + FSMI 

■POTENTIAL FUNCTION 
IN  EQUATION OF  MOTION" 

ERASE,  • ERASE,  • ZR2   :   I   • <«,   5.  6 

ERASE6 - ERASE6 + OMU * FSM2/ERASE, 

•COMPUTE ALTITUDE* 

TN2PHI  - ERASE8/ERASE7 

ALT I  - ERASE, m 
1/2 

* REARTH 

< 1500.0 (KM) 

'DETERMINE p.   OEN'ITY" 

JRHO ■ DENSIT  (ALTI)"] 

"ATMOSPHERIC DRAG   I 
EQUATIONS OF MOTION 

WX 
WY - DVP 

WXYZ 

DENSITY ERROR'. 
PROGRAM STOPS'. 
MERASE, . -20 

DVP, + MEARTH 

2  -"""" - -l 
(WX * WX ♦ WY * WY + OVPj * DVPj) 1/2 

RDPP - CDRAG * FCONST * RHO * WXYZ 
ERASE.. - ERASE. + 

ERASE. ERASEg * 

♦ RDPP 
* RDPP 

ERASE6 - ERASE6 • DVP, * RDPP (RETURN) 

FIG.   23. 
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*   • 

SUBROUTINE NUTATI 

THIS SUBH0UT1NE COMPUTES THE NUTATION MATRIX (EQUATION !<♦» 
HEFEKENCE 1) 

VARIABLE     EUUA  REF   DEFINITION 

ERASE(1-10)    14   1    INTERMEDIATE VARIABLES 
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I ^^ 

t- CTN 
< UI 
1- 0> CO 
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CO 
< 

ON 
UJ 
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UJ 

-1 oc to *—^ 
-1 UI < 
< oc CO u 

3 

Q 

I 
O 

—I 

o 
•* 

CO 

-1 
3 
-> 
Q 

00 
LA 
lA 

Q 

* 

ON 

CM 
vO 
NO 

• 
UN 

1 

00 
UJ 
CO 

2 
UI 

* 

0 
ON 

• 

1 

UJ 
to   « 
< 
oc 
UI 

* 

ON 
CM 
ON 

• 

sO 
1 
0 

•K 

0 
• 

■K 

UI 

¥ 

«N 

• 
CM 

1 

00 
UI 
to 
< 

UI 

•»c 

ON 
CO 

• 
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UI    ' 
to 
< 
oc 
UI 

-a- 
• 

+ 

.0 
1 
0 

■K 

0 
• 

8 
•K 

00 
CM 

• 

+ 

CM 
UJ 
CO 

2 
UI 

COvO 
0 1 
0  0 

* 
00 
<VN    O 

1     -K 

UI    UJ 
CO    CO 

2 2 CM J- O O + vO ^^» 
CM ON -S- OJ *"■* UI 0 UI    UI 
CM ON -d- r>» NO 0 CO •- - *—*    *-* 
-d- tn cr^ «_ UJ •— < UI 
CM -* O o *->, to UJ oc CO CO    CO 
a\ •      • • • <—V «•■s ,*■—N *-> tn< to UI < 0  0 

• UJ ^. ■     CM    CA   J- UJ oc < oc 0  0 
00 + + + UJ UJ UJ UJ CO UI oc ■K UI 

i < to to to to < UJ •K    * 
oc r-^ a\ ^— < < < < oc * — ON * •— ■ CM 

00 UJ CM r** o\ oc oc oc oc UJ ■K • 0 *-*   vO ** 
o w— vO CM UJ UJ UJ UI ^   - r^ CM 0 — CTM/N   r^ WN 
-d- •K r>* \0 00 «^^ *** »^<• s^ • vO CM • -*CM NO     NO CM 
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^ o CM r^ CM z J» z 2 ^ r^ • X o^N • X -d-     CM X 
CM • • • • ^ —1 __ _ CO 1 1 -* 

• CM CM a\ vO to (^ to to >-^ + 1 ■».^ + 1 ^^   + 1 f\ II II II ii II II II II II 
II 

II II II II II » 
f\ 
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CM 
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MJBRUUTINE ORBiNT 

IHfc MAIN FUNCTION ÜF THIS SUBROUTINE IS TO DETERMINE THE PRINT 
TIME OF THt tPHEMERlS» TO INTERCONNECT THE FILTERING AND EPHEMERIS 
COMPUTATION» AND TO LXECUTt THL SMOOTHINb OPTION. 

VARIABLE 

ülAG(6»6) 

EQUA  REF 

A.IU 

tRASE(l-12) 

tRAStCl-b)   A.11 

H(b»b) 

hPHTR(b»6) 

MERASE(l) 

A.10» 
A.11 

iMATb(o»b)   A.11 

DEFINITION 

INTERMEDIATE MATRIX 

INTERMEDIATE VARIABLES 

CORRECTION IN POSITION AND VELOCITY DUE TO 
SMOOTHING.      OR 
DIFFERENCES BbTMEEN STORED AND INTEGRATED 
VALUES IN POSITION AND VELOCITY 

STORAbE CELLS USED AS A MATRIX 

MATRIX TO BE INVERTED OR ITS INVERSE 

=-2Ü»ALTlTUDE BELOW 120.0(KM)> OR EXOSPHERIC 
TEMPERATURE OUTSIDE OF 500oK - 2<»00ÄK 
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 
SUBROUTINE 

INVERSE OF THL MATRIX 
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GEE) CALL ORBINT  (KARG) 

OjGO TO> 
1}60 

KARG •  I 
TOTSEO - OLOMY* 86400.0 

♦ 0LOT IM 
JFILP  •  JflLP  ♦   I      IG  -   I 

"ALL  CARDS 
REJECTED" 

HTOTA*   . OATSEC.   -   TOTSEO 

|G0 T0| 

•INITIALIZATION" 

-»jiriLTR -Tj 

HTOTAL • OATSEC,   - 

OJULN * 8M00.0  -   TMORMN 
TNORHN • TIMSEC, 

DJULN • OJUPRT I 
KFILPR - 0    IFILTR •   I 

NDIR •   I     KFILPR •   I 
TNORHN - OLOTIM 
DJULN - OLDDAY 
TNORNO - OLOTIM 
OJULO - OLDOAY 

IFINIS • 0 
CALL PROUT  (JTYPRT) 
BJK,   - TIHREG 

JSPSAV • I 
NOSPRS • NOSPRI 
IFILSV • IFILTR 
ILIMIT • 0 

DV: • SAVE 
DVP, - OSAVE, I. 2, 3 

DATESj ■ DJUPRTj  BJK2 . TIHSECj BJK, ■ OATSEC, 

*   DATSECj • TOTSEO     DJUPRTj - OLDOAY    TIMSEC, • OLOTIM 

FIG.   25. 
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OCTERMINE   PROPER  PRINT  TIME" 

TIMREG -  TIHREG  ♦  OPRINT 

A. 
TIHREG <Ss 5 " 1 OJREG -  DJREG  ♦ 1 

861.00.0   | 86400.0^ TIHREG ■  TIHREG  - 

TNORHN • TSPI 

DJULN  -  OSPI 

—|   IFILTR -   I    \ 

JSP -  JSP ♦   1 
NOSPRI   •  MOSPRI   -   I 

DJULN •  DJUPRTj 

TNORHN • TIHSECj 
I EQUAL .  I 

IFILTR 
< 0 

|    JMLP . JFILP ♦   I |  

DJULN 'TNORHN 

r < < 
J 

j 

i HTOTAL -  (DJULN -   OJULO)  * 1 
8M00.0  ♦ TNORHN -   TMORMO     | 

IFINIS - I 
IFSLTR • 0 
NDIR ■   | 

^| 

x   »«NB ^ 

DV,   • DVH, 

OVP,  - OVMP, 
I  •  I,   2,   3 

FIG.   26. 
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KFILPR   .   0 H—r 
"00   IC TIHCS" 

RUD:     NNTP,   NTP.   NS,   NCQ 
MVFLR.   TIWLR,  MOBS  (2-'») 
ZDAT     (1-3). OBSN,:   <  -   I NNTP 

KFILPR - 0 
ILMTO -   ILIMIT 
ILIMIT  -  0 

TNORMN •  IIMFLR 
OJULN  .  DAYFLR 
CALL  DIACHK   (IGO) 
HTOTFU • HTOTAL 

"SMOOTH INC" 

KFIN ■  KBtG   ♦   I 

K • KBEG      NNTP • 6 
OLDOAY ■  SMOAYKaEG 

OLOTIM -  SMTI»yBtG 

WRITE   (ON   IOUT): 
OLDOAY,   OLOTIM 

D¥ li 

I",JJ 

S0VII.MEG   ("  •  '•• 
" fM*TII.JjiJi *  ," 

., 6 

.. 6 

ERASE TTOT 
PHAT 
SHATS 

SMATS, 

PMAT,   , 

I   .   I 

1   "  ''""I, 
j.O.O. 

I.J   "0-0l 

I,   KBEG 

ERASE 

ERASE 

  

HPHTR,,      .   -  'MAT,,     j:   il   * i 
HPHTR,,;   .   . PHAT,,]   .   ♦ SPmT,^  k=   M   - J 

11  -  1 6    J • 1,.... 6 
CALL   INVERS    NO IM - 6 
SMATS.,      ,,   - HPHTR,, i  JJ :   11   -   1 6 

CALL MULTip'ioiAG,  PHAT,  SHATS. «, 6,  6) 
ME RASE 

ERASE, 

I 

sov, 
CALL  INTEG 

DVH, II   "   '""11,   R  "   "'"II- 
WRITE   (ON   IOUT): 
OJULN,   TNORHN,   ERASE  (1-6) 

II 1  6 

CALL HULTIP  (ERASE,  OIAG,  ERASE.  6,   6.   I) 
DVH,,  • DVH,,   * ERASE, u6: II  -  I 6 

HPHTR,,   ,,   ■ Ml ||   ••   :   II   •   I 6JJ   .  I, 
CALL  illVERS 

PHI,,   ..  - HPHTR,,   ,,   :   II   -   1 6    JJ   . 
CALL HÜLTIP  (ERASE i   PHI,   HMM.««,   6,   I) 

$0VII,IIBEG-S0VII,KBEG+ EMSIII    \     „ 

"»»Il   •"''IMUEG i 
WRITE   (ON   IOUT): 

ERASE  (1-6),  DV (1-3).  DVP (1-3) 

1   6 

PHATT   II,   Jl   - HI I,  JJ 
II  -  I   ... t   J • I,  ...6 

TNORMO - OLOTIM 
OJULO - OLDOAY 

KARG - -I 
TNORMN - OLOTIM 
OJULN - OLDOAY 

FIG.   27. 
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s 
lUVE •   IUVC *   I H •u,«..u*vi-oyi 

,LOa,UJ.IS»¥l • ""l 
I  •  I.  1.  ) 

® 

JSP •  JTPSAV 
NOSMI • rnsms 
TIMC6   -UK, 
DJRCG   - DATES 

MRIU  (ON MMT«K> 
■LOCK.   ,     I.I 6 

ISAVC  •   ISAVE  •   I 

n  
PMHIT   (KFO 

jriLP • JFILP •   IJfILP 
IFINIS - 0 
KMG •  I 
IFILTft •   IFILSV 

MITE 
fH»T 
i ■ i!....« j • i * 

ifILTR  •  0 

<~) 

DJUPNT, • OATtSj 

OATStCj • OJKj 
NOIR >  I 
KFIint •  I 
if mis • o 

J - •» 
ULI PROMT  (J) 
KARG • 0 
"END OF  PROBLEM" 

€3 

NOSPRI  • NOSPRI   -   I 
JSP . JSP ♦  I 

I  -   I.   2.   3 

I 
IFILSV -   IFILTR 

FIG.   28. 
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SUBROUTINE P12bUb 

THIS SUBKOUTINE: tOMPUTtS THE TRANSFORMATION MATRIX BETWEEN 
TWO bASIC REFERENCE SYSTEMS.(SEE EQUATION 15»REFtRENCE 1) 

VARIABLE     EQUA  REF   DEFINITION 

H12(3»3)       15   1    TRANSFORMATION MATRIX OF THE RECTANGULAR CO- 
ORDINATES BETWEEN TWO SYSTEMS OF ARBITRARY 
DATES 

H2(3»3)        16        1    PRECESSION MATRIX (COMPUTED AT DJULN) 
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( START ) 

CALL PI2  SUB 

NDI  - 2 
NDIM - 3 
TC - DJULN/36525.0 
CALL EXROT   (TC,   P2) 
CALL NUTAT1 
CALL MULTIP  (P2TR,   XN2,   P2,   3,   3,   3) 
CALL MULTIP   (P12,   P2TR,   PITR,   3,   3,   3) 
CALL TRANSP  (PITR,   P2TR,   3,   3) 
DJREF *  DJULN 

FIG.   29. 
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SUBROUTINE POSVEL 

1HIS SUBROUTINE CONVERTS THE CLASSICAL ELEMENTS TO POSITION AND 
VELOCITY COOROiNATES.(APPENDIX 6) 

VARIABLE 

tRASt(l) 

MERASE(1) 

P2(3r3) 

EUUA  REF 

A.56 

XM(2»2) A.btrA.Sb 

DEFINITION 

INTERMEDIATE VARIABLE 

ITERATION COUNTER 

INTERMEDIATE MATRIX 

INTERMEDIATE MATRIX 
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START 
CALL POSVEL (XMEAN, AXSEMI, TSEC, ECCEN, WASC. WPERI. OINCL) 

I 
SQTMUA ■ (OMU/AXSEMI) 1/2 
XHNTRU - (SQTMUA/AXSEMI) * TSEC + XMEAN 
MERASE, - 0   ET - XMNTRU 

i 
XMN1   -  ET  -  ECCEN * SIN  (ET) 
ERASE.   -  XMNTRU -  XMN1 

ITERATE FOR  ECCENTRIC ANOMALY" 

ET  -  ET  ♦( ■ 
ERASE 

.0  -   ECCEN *  COS   (ET), 

MERASE,   - MERASE,   ♦  1 

CO ET COS (ET) 

- (1.0 - 
- AXSEMI 
- AXSEMI 

SIET SIN (ET) 
SOTIME _ l  '    " •"•■"Cli * Cf,rcu>'' 2 
AST I ME 
XMI. 1 
XH2. I 
ERASE, - SQTMUA/d.O - ECCEN 

- -SIET * ERASE 

ECCEN * ECCEN) 
* SQTIME 
* (COET - ECCEN) 

ASTIME * SIET 

COtT) 

XM 

XM„ 
I. 1 

SQTIME * COET * ERASE '2, 
COASC - COS (WASC) SIASC - SIN (WASC) 
COPERI - COS (WPERI) SIPERI - SIN (WPERI) 
COINCL - COS (OINCL)  SIINCL - SIN (OINCL) 

T 

"NO CONVERGENCE 
PROGRAM EXITS" 

P2 

P2 

P2 

P2 

P2 

P2 

1,1 
1.2 

2.1 

2.2 

3.1 

3.2 

- COPERI * COASC - SIPERI * SIASC * COINCL 
- SIPERI * COASC - COPERI * SIASC * COINCL 
- COPERI * SIASC ♦ SIPERI * COASC * COINCL 
- SIPERI * COASC + COPERI * COASC * COINCL 
- SIPERI * SIINCL 
- COPERI * SlINCL 

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

DV,  - 

DVP,   • 
P2..1*XM1.1   * "1.2*^2.1       ,     ,        , 

P2i.l   *XM1.2   +P2I.2*XM2.2   (     '   =   ' 5 

(  RETURN J 

FIG.    30. 
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• 

bUbROUllNE PKOUT 

THIS SUBROUTINE COMPUTES THE EPHEMERIS AND STORES IT ON A BCD 
ANU/OR BINARY TAPE. 

DEFINITION 

NORMALIZED SATELLITE ALTITUDE 

INTERMEDIATE VARIABLES 

INTERMEDIATE VARIABLE»Z 

MODIFIED JULIAN DATE OF THE PRINT TIME 

INTERMEDIATE VARIABLES 

6KEENMICH 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)2 

STORAGE CELL 

TIME OF DAY IN SECONDS CORRESPONDING TO OJULO 
(SEE UJULO»ABOVE) 

VARIABLE EUUA REF 

ALT1 A .61 

LOi\j(i-,i) lb 1 

v-OMö) 17 1 

UJULO 

LRASUU-10) 

LRASuU) lu 1 

LRASLXJ) 11 1 

tRASUUO) 10 1 

ERASE(1-20) 

LRASE(^) A .2H 

LRASt(b) A .26 

MERAbE(l) 

TNORMO 
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0*0 

"END OF  PMILEK' 
FNO FILE  MBCO 

KEYTAP 
<0 

[IOOOI 

WRITE  (ON WIN):     KFI,  BLANKS 
END FILE MIN 

MUTE  (ON   IOUT):     AXIHAJ 
ECCENT, OINCLI.  ASCNOD, 
PER IGE, OMEANA,   I REV 

LUP - 200 

-»T-RETUIMA 

'EPHEMERIS COMPUTATION 

REMIND 
MMTAPE IREC •  I 

UoeV REAO (FROM MMTAPE):     BLOCK 
i.: 

t •  1 6.  J >  I    LUP 

I 610 U— 11  -  I    « •»- LUP ■   I SAVE 

.   -BLOCK,   ,, » 

>j ■ »-«Vs.iif 
OV,  • BLOCK 

ov J   -   1.2.3 

CALL PR0U7 (JTTPRI) 

LINOUT •   100 LPAGE •   I 
KTYPRT -  JTYPRI 
CALL BCuSTO  (BLANKS.6H) 
ITYPE •   I     OAYJL - 0.0 

"INITIALIZE" 

WRIT.   (ON MBIN):    KF7.   NOSAT, 
TIMSSS,,   OJUPRT,.   TIMSSSj. 

DJUPRTj.   OPRINS.  NOSPRI 

TNORMO  -  TSPI 
ft|   OJULO -  OSPI 

IL -   I 

J»P 
J»P 

-H'^° I- r^ JSP - JSP ♦ 1 
NOSPRI • NOSPRI 

IL • 0 

OJULO - OJREC 
TNORMO - TIMREG 
TINREG - TIMREG ♦ OPRINT 

DJREG - OJREG ♦  I 
TIMREG •  TIMREG -  BMOO.O 

"DETERMINE  EPHEHERIS 
PRINT  TIME" 

TNORMO > TI MSEC. 
OJULO -  OJUPRT, 

FIG.   31. 
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m 
ERASD,   ■  OJULO * 86400.0 

*  TMORMD   -  TIN) 

\TS55ri j 
BN  .  BMO   ♦   1.0 
ERASE,   -    |BN| 

HERASE,   • ERASE, 

-HE RASE J I"3'   -,'3I 1 

N2 • MCRASE. J^QT IBNOI 

'COMPUTE REVOLUTION NUMBER" 

IREV -   IREVO  . N3   -   I 

IREV -   IREVO *  3 

"OBTAIN;  PAY.   MONTH.   YEAR"  

OAYJL -  DJULO 
CALL CDATE   (KDAOUT,  KMOOUT,  KYROUT.  DAYJl) 

TNTTTI 
'      1 I        > 

I 
y DAYJL 

OJULO 

(KHROUT) 
KHROUT  • [TNOROS/JbOO.OI 
ERASD,   - 3600.0  *   FLOAT 

ERASDj - TNORHD  -   ERASD, 

KMIOUT  • |ERAS03|/6O.O 

ERASD,   • 60.0 * FLOAT   (KMIOUT) 

ERASD. • ERASDj  -   ERASD, 

SECOUT JERASOj 

COHfUTEi    HOURS 

MINUTES 

SECONDS 

-4^771—CT 

FIG.   32. 

BN 
<  0 

^ 

IREV -   IREVO  ♦ K2 
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(TJ "POSITION-VELOCITY  COMPUTATION" 

ERASE7 - DV,  *  DV,   ♦ DVj * DVj 

ERASEg - DVj *  DV3 

TN2PHI - ERASEg/ERASE7 

ERASEj -  (ERASE7  ♦  ERASEg)172 RADPRT . ERASE 

ERASEj - OVP^  ♦   DVPJ ♦ OVPJ 

ALT 10 -   ERASEj   -   REARTH* 

ALTI  -  ALTIQ/REARTH 

/l.O  ♦ \-o-r 

VTOTPR •  (ERASEg) 

TW2PHI \l/2 

TNZWI/fEAftTHJ 

1/2 

RADIUS 
VELOCITY  (TOTAL) 

ALTITUDE 

ERASE, (ERASE7) 1/2 

GEOCEN -  AATAN   (DV   ,   ERASER 

SOGA - DV3/ERASE7 

SOGBD 
SOGB - 

• SOGA 
SOGA ITCT ^ 0 

"ITERATE  FOR GEODETIC 
UTITUDE" 

GEOCEN  - AATAN   (DVj,  0.0) 

GEOOET  • GEOCEN 

I 

GEOCENTRIC  LATITUDE 

cnrr      (La  *  S0^  *   S0GB \ S0GC -(l.O * fEAfttH *  SÖGB *  SÖGBJ 
1/2 

so« - agf^Mfenrw) *  SOGA 

ITCT ITCT ♦   I 

I 
SOGBO   •  SOGB 

SOGB -   SOGCO 
 S5GB  

<   I.0 ♦   10 -8 

J 
GEODET  - TAN*1   (SOGB) GEOOÜTIC  LATITUDE 

CLAMS  •  AATAN   (DVj,   DV,) 

CALL QUAD  (DV,.   DVj,  OLAMS) 

KLAMRA  ■ 0     

-^n 
'GREENWICH HOUR ANGLE" 

ERASD,  -  ■Jbf>S'*8(>\*)0'k*  (SIN  (.2M't082'»  -   .92'»22l65l  *   10'3 * OJULO) 

-.567232*I0"5* (SIN (9.7766782 +   .03'»M)557 * DJULO) 

ERA$010 -  I.7466U77I9 +  .OI72O279l'«5097297*0JULO 

•f  .SOfA  *   lO"'1* * DJULO * DJULO +   .000072921158 * TNORMO 
ERASD -  ERASD10  +  ERASDj  

"SATELLITE  LONGITUDE" 
"GREENWICH 
TO -  HOUR. 

MEAN SIDEREAL TIME 
MINUTE,   SECONDS" 

OLAMS  -   ERASD. OLAMS 

MERASE 10 0LAMSP/2f 

OLAMO  . 

GEOOET 
GEOCEN 

/OLAMSP - 2» *   FLOAT (MERASE 
\ TLRäD  
GEODET'FLRAD 
GEOCEN/FLRAD 

IQ) ) 

M LFO . 6 

LFO . It 

MERASE 10 ERASD|0/2. 

ERASD6 - MERASE,0 

ERASD. ERASD6 * 2f 

ERASD 
(ERASD 10 ERASD. 

10 
ERASD, 10 
MSTHR 

MSTHR 

ERASD 

ERASD 

MSTMIN t ERASD 

2» 
* 2'».0 

10 - ERASDI0 

10 

ERASD6 

* 60.0 

ERASD. - rLOAT ( MSTMIN ) / 60.0 

ERASD,0 • ERASD|0 

STSECO * ERASD 10 

•   ERASD6 

3600.0 

FIG.   33. 
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E> 

ERASE.   • (OV,   * OVP, OVj •  DVPj ♦ OVj •   DVP3)/ERASE2 

ERASE7  •  (ElUSEj  -   tR*Slfc •  ERASE6) 
1/2 

ERASE. 

ERASE9 •   1.0 

ER*SE2 • ERASE7/OHU 

ERASEg * ERASE7 

ERASE |0 • ERASEg •  ERASE6 ERASE,,   •   (ERASEg)' * OMU 

ERASE 12 ERASE9 • ERA$E9 *  ERASE,,, ERASE 10 
1/2 ECCENT •  (ERASE,2) 

ERASE,2  •  (1.0  -   tRASt|2) 

AXIHAJ •  ERASE,,/(1.0 -  ERASE,2) 

1/2 

OVj * DVPj  -  OVj • DVPj 

OVj  *  OVP, 

"3 

ERASE 

OVj  *  DVP, DV,   *  OVPj 

'1+3 
*./ER*SE|3 

13 (», ♦  A, ♦ A.') 
2,1/2 

A,   -  0VM/ERASE2 
1-1.2.) 

"RIGHT ASCENSION OF  ASCENDING NODE" 

ERASE 16 -  A, ERASE 

ASCNOD 
17 ■«* 

AATAN (ERASE,6.   ERASE,7) 

CALL QUAD  (ERASE,7.   ERASE,i,  ASCNOD) 

ASCNOD - ASCNOD/FLRAO 

"COMPUTE 
ECCENTRICITY, 
SEMI-MAJOR  AXIS' 

INCLINATION 

ERASE, (1.0 *7 * V 
TTT ERASE, H -,...-  -y -  -7, ^„]s 

OINCLI   - AATAN   (ERASE,v   ERASE|5) 

CALL QUAD  (ERASE, j,   ERASE ll4,   OINCLI) 

OINCLI   - OINCLI/FLRAO 

"ARGUMENT  OF  PER IGE" 

ERASE 

ERASE 

ERASE 

"7 
TAN' 

ERASE 

(A 
17  r  '3 

♦   ERASE 

♦A, *  ERASE 16 
3      ■■"-"17      -2 

(ERASE, j/ERASE,,,) 

A, * ERASE,.)  ♦A.*  (A.  *  ERASE 

CALL QUAD  (ERASE,,,.   ERASE|$.   ERASE,g) 

ERASE|6 •  -ERASE|0/ECCENT ERASE 17 
ERASE,9 • AATAN  (ERASE,6,   ERASE,7) 

CALL QUAD  (ERASE,7,ERASE,6,  ERASE,9) 

PER IGE 
PER IGE 

ERASE|e *  ERASE 19 MERASE 10 

16 

■ERASER ECCENT 

PER IGE/21 

16 ERASE,7) 

(PERIGE  •   2* *  FLOAT   (MERASE10) )/FLRAD 

'MEAN ANOMALY" 

ERASE 1<« 
-ERASE,  *   ERASE 

1 * ERA« 

ERASE,j 

ECANOM • 

mm 
ERASE 

7 

11 

(r 1 m 
12 / 

,  ♦ ECCENT 

AATAN (ERASE,j,, ERASE,,) 
-,) 

CALL QUAD  (ERASE,,.   ERASE..,   ECANOM) 
15 lit' 

OMEANA  .   ECANOM  -   ECCENT  * ERASE,,, 

< OMEANA  •  OMEAN  .   2t 

1 

LPAGE -  LPAGE  *  I 
LINOUT  •  3 
WRITE PROPER 
HEADING        

HLF0 •5 K 

LFO -   7 

OMEANA  -  OMEANA/FLRAD 

'BCD TAPE-EPHEMER IS  OUTPUT" 

LOOKAN -   I LINOUT  ■  LINOUT   ♦  k 
WRITE  (ON HBCD):     OAYJL.  KMOOUT     KOAOUT,  KYROUT,  KHROUT, 

KMIOUT,   SECOUT,   THORNS,   IREV.   DV(l-3),   0VP;i-3). 
ALTIO,  RAOPRT,  VTOTPR,  GEOCEN,   GEODET, OLAMO. 
MSTHR,  MSTMIN,  STSECO 

f^ -^ 
nH^> ^^H1^11^^^ 

FIG.   3k, 
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ÜH 
NTKLD - NTP 

IJ  -  1 
NTP •  100 
OIAHS • ERASE 

I  • 0 

1   ♦  I 
I 

ERASE, - SUM, 

RAUM • OLAMS 

CALL HMATRX 

ERASD. 

RTASC • OBSCj/FLRAO DECLIH - OISC./FLRAD 

T ELEVAT • ORSM^FUUD 

RANSES 

AERATE 

ERASE^ - CON, 

RARATE -  (COM 

CALL RFCOR 

OISM, 

OBSCj/FLRAO 

0ISM2/FLRA0 AZIMUT 

RANRAT  • OISM^ 

ELRATE  • OlSCj/FLRAD 

• COM,   ♦ CON, * CON. 

OCRATE - 

I 
•  00N7  - 

•  ERASER 

2 - -"•} 
CONj *  CON6)/(ERASE^ * FLRAD) 

COM. * (CON, * CON, 

RTCI * FUUO *  (ERASE,,) T7T 
CON, * CON A COMPUTE: 

RIGHT  ASCENSION 
RATE,   DECLINATION 
RATE 

LOOKAN •   I       LINOUT .  LINOUT * 2 
-» MRITE  (ON MRCO);     OAYJL, KMOOUT,  «OAOUT, 

KYROUT,  KHROUT,  KMIOUT,  SECOUT, TNORMO,   I REV 

STATION DATA  -  ICO TAPE  -  OUTPUT 

L'NOUT • LINOUT * 2 
WRITE  (ON MBCO):   NUMSTAMS,  ELRATE, AZRATE.  RARATE, 

OCRATE,  ELEVAT,  AZIMUT,  RANGES,  RANRAT,   RTASC,  OECLIN 

NUMNCR,.  I TYPE ME RASE, NMORDS * 

WRITE   (ON «IN):     MERASE,,   IJ, 

ANGDATJ:  J  •  I    NNORDS 

*TYPE  -  -ll «MITE  EPHEMER IS ON 
' ' UNARY TAPE" 

MERASE,  ■ NMORDS *  31 NUMBER,   •  I TYPE 

MRITE  (ON MBIN):     MERASE,,  OAYJL,  KMOOUT,  KDAOUT, 

KYROUT, KHROUT, KMIOUT,   SECOUT,  TNOROS,  0V(l-3),  DVP(l-5). 
ALTIO, RADPRT,  VTOTPR,   GEOCEN,  GEODET,  OLAMD.  MSTHR. 
MSTMIN,  STSECO, AXINAJ,   ECCENT, OINCLI, ASCNOD,  PERIGE, 
OMCANA,   IREV,   IJ,   (ANGOAT,:  J  •   I NMROS) 

rrrry 

J - 11 * (1J-1) ♦ 1 
NUMBER, . | ■ NUMSTAyr 
ANGOAT. ¥ .m  AZRATE 
ANGDATj ^ j ■ OCRATE 
ANGOAT. ^ 7 ■ AZIMUT 

ANGDATj t „ - 

ANGOAT. ^ 2 . ELRATE 
ANGOAT. ^ ^ ■ RARATE 
ANGOAT, 4 ( . ELEVAT 
ANGOAT. 4 8 - RANGES 

ANGOAT. * 10 ' RTASC 

OECLIN 

FIG.   35. 
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SUBROUTINE RFCOR 

THIS SUBROUTINF COMPUTES THE REFRACTION CORRECTIONS.(SEE 
SECTION IV DEREFERENCE 1) 

VARIABLE     EQUA  REF   DEFINITION 

k.RASE(l-20) INTERMEDIATE VARIABLES 

TEMPE INTERMEDIATE VARIABLE 
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START 
CALL RFCOR 

SATRAO -  (DV.  * OV.   ♦ OV, * OV,  ♦ OW, * DV.) 'I 
HCOR2 •   I.0 

HCORj -3.0 

HCOR^  •12.0 

HCORj - 60.0 

1/2 
HCOR,  • ALTNS * REARTH 

HCOftfe • SATRAD -  RMCAN 

RFC,  • RHEAN • HCOR, 

RFC6 - SATRAD 

J  - 0       I  • 2 

-•   I i   ♦   I I 
KTOT • 6 - J 
KTOTHI   • KTOT  - 

IK - »J 
HCOR " HCORK 
RFC. RFCK 

1  ■ - 2   KTOT 

"*KTOT-   ''• 
TRIGE,   • COS  (OBSM,) 

ERASE,9 - OBSM, 

ERASE20 • TRIGE, 

SINE,   •  (1.0 •  TRIGE,  * TRIGE,) 

TRIGE,   •  SINEg/TRIGE, 

1/2 

1.0 

I   .   I KTOT 

ETA,   - ETA, 

GAMS  •  0.0 

TEMRE 
/2.0META,   •   ETAU,)\ 

^    TM«, ♦ TMetu|    ) 

GAMS  ■  GAMS  ♦  TEMPE 
I   ■   1.....   KT0TM1 

J   ♦  ' 

ETA,   •   I.0  ♦  .000313 e 
-(.11»3865 * HCOR,) 

I  -  I. KTOTMI 

TRIGE p*; * RFC,   ,   ♦ TRIGE,   / 

I  ■  2 KTOT 

«LS    f0*"5 * TRIGtKTOT DELS "^ StHTTTSTET 
ETA,   + ETA, 

KTOT 
TIT 

^OT: «jgviLSj 

"ELEVATION  CORRECTION" 

OBSM,   • OBSM,   -   DELS 
'l   " 

OBSM,   ■ OBSM,   * DELS 

|G0  TO] 

FIG.   36. 
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ERASE, XYZTP,2 ♦   XYZTPj2   ♦   XVZTP.2 

ERASE 7   .   (ERASE-,) 1/2 

ERASE 
17 

0.0 

ERASE,   ■   XYZT.'0BSM3 

ERASE 
U3 

XYZTP|/ERASE7 (, I. 7.   3 
ERASE,7 - ERASE,7 • ERASE, * ERASEU3 

ERASE 8 ERASE2 * ERASE6 ERASEj * ERASEj 

ERASEj - ERASE,, * ERASE3 - ERASE, * ERASE6 
ERASE 10 ERASE, * ERASES ERASE^ * ERASE2 

ERASE,, - (ERASi-g2 ♦ ERASEg2 ♦ ERASE|02),/2 

ERASE 

ERASE 

ERASE 

ERASE 

ERASE 

8 " 

12 

13 

15 

16 

ERASEg/ERASE,, 

2 ■ (ERASE, 

-ERASE,/ERASE 

ERASEg 

ERASE2
2),/2 

ERASEg/ERASEn 

12 ERASE \k ERASE^ERASEjj 

ERASE,j • ERASEg ♦ ERASE,u * ERASE, 

ERASE 18 

(1.0 ERASE,7
2)l/2 ARG 

COS ' (ARG * COS (ERASE 

- COS'1 ((ETA, + 

19 

RFC,/RFCKT0T 

DELS)) 

I.0)  • ARG  *  ERASE20) 

ARG -  ERASE7 *  ERASE,6  *  ERASE,$ *  ERASE,g 

[oELRT  -  0.0 j 

1 
"COMPUTE  RANGE COR 

r 

1   rmrr      M"*'  f "Vl' * (HC0R'*'   * HC0R')'   1 
OELRT  .  OELRT  * TEMPt 

|     i   -   1,   KTOTHI                                                                           | 

"COMPUTE 
RANGE   RATE 
CORRECTION" 

<. 
OBSM. OBSM^  • ARG 

*   OELRT -  -OELRT 

OBSMj - OBSMj -  PASS * OELRT -J IOOV -•^RETURNJ 

FIG.   37. 

117 



bUbRUUTlNE StICON 

THIS SUBROUTINE COMPUTLS PKObRAM CONSTANTS AND CERTAIN INITIAL- 
IZATiON FROM THE INPUT DATA. 

VARIABLE     EtfUA  REF   DEFINITION 

HERAbE(l) SEE INPUT LISTING 

ERASE(1-b)    5-7   1    INTERMEDIATE VARIABLES 
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CALL   SfTCON 

1 , "DEFINE FLOAT IN 

FLO -  0.0                        FLI   -   1.0 
FL2 -  2.0                      FL3 - 3.0 
FL«» - «».0                      FL5 - 5.0 
FL6 - 6.0                      FL7 - 7.0 
FL8 . 8.0                      FL9 - 9.0 
FLIC -   10.0                    FLI2 -   12.0 
FLPI   - . - 3.1*159265 
FL2PI   - 2.0 •» 
FLRAO -  .OI7<»532925 
FLPOOI   -   .001                FLPOI   -   .01 
FL2'» -  2<t.O                  FLP5 -  .5 
FLPI   -  .1                       FL60 . 60.0 
FL96 - 96.0                  FLIP5 -  1.5 
FL3600 . 360C 
FLSfe^H   .  8ML0.3 
FL3652 • 36525.0 

HTOTAL • 0.0 

WEARTH -  .7292115 
DVj  - 0.0 
DVP 

INB 

10 

2.3 

-<. 

NUHBERS" 

FIXED-POINT   NUHBERS" 

KFO     • 0 
KF2    • 2 
KFi«    • It 
KF6    • 6 
KF8    •  8 
KFIO •   10 
KF3I  - 31 

KFIOO 

KFI     •   1 
KF3    - 3 
KF5    - 5 
KF7    - 7 
KF9    - 9 
KF25 •  25 
KF60 - 60 

-  100 

1 i 

UN - 5 
IOUT ■ 6 
MHTAPE -   1 
HBCO - 2 
MBIN ■ 3 
XN2,   ,  •  XN 

INPUT TAPE 
OUTPUT  TAPE 
STORAGE TAPE 
BCD TAPE 
BINARY TAPE 

'2.2 " XM23.3 
•   1 .0 

i ' 
TIEQUI,  - 0 .0 

TIEQUIj -   - .1.9998631 
TIEQUIj -  - .30001369 

TIEQUI,, -   . 21.999315 

TIEQUIj -   . 50001369 
TIEQUIj -   - .99997262 

TIEQUI, -   - .91.99791.7 
TIEQUIg -   - .71.99791.7 
TIEQUIQ -   . 099986311 

HEQ,  • 0     i -  1 9 

"DEFINE 
PROGRAM 
CONSTANTS" 

-GUIJ]- 

|*i : 00| 

RMEAN  •  REARTH *    (2.0  -   F)/2.0 

FEARTH  -   (1.0  -  F)2 

FCONST  -  -SSAT *   SOO.O/OHSAT 
.0I7'.53295        I SLON,   -  SLON, 

PHILAT,   • PHILAT,  *  .OI7l.53295( 

QP| - QP| * .».81.81368 *  I0'S 

,NMS 

Q,  - Q,   *  .1.81.81368 *  I0'5 

QP,  - QP,  * QP,     1-1.2 

•Q, 

2 

2,  5, 

Q, -Q, 
PNAT 

i.i PmT, 
i I, 

,! *  PHkT 
I.I i   •   I. 

"CONVERSION TO DEGREES" 

"COMPUTE GEOCENTRIC  LATITUDE, 
GEOCENTRIC  RADIUS" 

ALT,   -  ALT.   *   .OOI/REARTH 

ERASE,   .  COS  (PHILAT,) 

ERASEj  -  SIN  (PHILAT.)/ERASE, 

ERASE 

ERASE,, 

ERASE, 

SLAT.   -  TAN 

DELAT,   -  PHILAT, 

_LLS_ 

ERASE*) TTTTT 

SRAD. 

1(1.0  ♦ FEARTH 

ALT,   *  ERASE3 

(ALT,   ♦  FEARTH  •  ERASED/ERASE^ 

(ERASE6  *  ERASEj) 
_ T,   -  SUT 

/ERASE^ 

ERASE 

I.. 

'I 
* ERASE, 

~WS (SLAT.) 
NMS 

REARTH) 

NRE   -   I 

J 
^RETURN J 

FIG.   38. 
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bUbROUTINE TRAMAT 

THIS SUBKOUTXNE COMPUTtS THE STATE TRANSITION MATRIX (SECTION 
VI B»REFLRLNCE 1) 

VARIABLE     EuUA  REF DEFINITION 

PHITR(ö»b) INTERMEDIATE MATRIX 

TEMP INTERMEDIATE VARIABLE 

1EMPE 9b   1 INTERMEDIATE VARIABLE 
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CED 

^> 

3.1 

XWI 

lit, 

■•s 
XIG 

SAI 

SA2 

SA3 

SO - 
XIG, 

XIG2 

XIG3 

XIG, 

XIG2 

XIG,, 

«IGj 

XIG- 

XWIP 

YWIP 

XWO  • 
XMOP 

(OV DV, 

I 

- DVj/XHl 

DVj/XWI 

. DVj/XWI 

OV2 * OVPj 

OVj  •  DVP, 

*DV3
2),/2 

XIG, 

XIG 

XIG, 
5,»» 

• XIG 

• XIG, 

DV 
OVI 

OVP. 

XIG, 

I    I 

I 

I 
DVj •  OVP2 

DV DVP, 

(SAI2 ♦ SA22 

SAI/SO 

SA2/SO 

SA3/SD 

♦SA32),/2 

XIG, 

XIG 

XIG 
S.6 

6,S 

>  XIG 

XIG, 

XIG, 

1.3 

3 
3 

XIG 
XIG 

XIG 

XIG 

.2 

2 

5 
2 

5 

- DVP, 

- DVP, 

•  XWI 
XWIP 

•  XIG 

2,3 

3.3 

1.2 

1.3 

3,2 

• XIG 

* XIG 

XIG 
XIG 

3.1 
I , I 

-   XIG 

XIG 
3.3 

XIG 

XIG 
5.5 

1.3 
XIG 

XIG 

XIG 
2.1 

3.1 

2,1 XIG 
2,2 

2.3 * XIG 

I.I 
1.2 

Y«  -  00 
VWOP -  YWIP 

♦ OVPj  «XIG 

* OVP,  *  XIG 

I , I 

OVPj * XIGj   i 
OVP, XIG 3.2 

CALL  TRAWT 

SOS •  XWI *  YWIP/OMU 
SOC • OMU *  SOS  *   SOS 
SOA -   1.0 -  SOS  *  YWIP 
SOB •  SOS * XWIP 

ECC2 •  SOA' 

ECC 
SO. 

♦ SOB' 
,1/2 (£«2)' 

(1.0 -  ECC2) 
SOKB -   (SOU)"2 

SOKV  -   I.O/SOS 

SOKC 

i ' 
1 SAPA  .  -I.O/SOC 

SIPA  . 0.0 
ECA ■ HTOTAS/SOKC 

|£CAO  ■   ECA                  | 

STOHE ■  COS   (ECAO) 
STOU ■   1.0  -  STOHE  *  STOHE 

STOUSQD -   (STOU)1'2 

XBAR •  (STOHE -  ECO/SOK 
YBAR  .  STOUSQ/SOKB 

SAPA SIPA Toil '"    VEtd^ 5öc) 
XBAR -XWI • SAPA          YBAR: -XWI * SIPA 
TEHTHN - ECC ♦ SDK * XBAR   TEHTHO - YBAR * SOKB 
   THET - AATAW (TEMTHM, TEHTHO)  

•{let** SÖt) 

-•E 'A  - -ij-   -   THET] 

UHEANI   -   ECA-ECC *  TEHTHO 
ECA  ■  UHEANI   *  HTOTAS/SOKC 
ECAO •  ECA ICT -   I 

HTOTAS  -   HTOT, 

UTOUS 

1 
FCA  .  SIN(ECA) 
UHEAN2  -  ECA   -   ECC * FCA 
HTOTI   •   SOKC  *   (UHEAN2   -   UHEANI 

ICT  -   ICT  ♦   I 
.   Tr„Br     I        HTOTAS  -  HTOT I I 

-•  TEMPt "ISöKC • fl.ö - ttt * töifCdAni 
ECAO-  ECAO  *  TEHPE ECA  ■   ECAD 

CSASI   -   I.O/(SAPA  •   SAPA  *  SIPA   •  SIPA) 
XW2  -   (XBAR  *  SAPA   -   YBAR  *  SIPA)  *  CSASI 
YW2  •  (XBAR  *  SIPA   *  YBAR  *  SAPA)  *  CSASI 

R2  •  (XW2 * XW2  ♦  YW2  * YW2),/2 

XW2P -   (SOB  *  R2   -   YW2)  * S0KV/R2 
YW2P  •   -(SOA  *  R2   -   XW2)  *  S0KV/R2 
N  •  N  *   I 

[VJ— 
1    XW20  •  XW2                     1 

YW20   • .  YW2                      1 
XW2P0 •  XW2P 
YW2P0 - iw 
XWI   - XWO * DSTEP 

20 
XWI - XWO - OSTEP 

STEP2 - 2.0 * OSTEP 

J^} 

^fTJ 

FIG.   39. 
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1 
Ml - mo   J - 2 

mi • (mo2 • OSTCP2) 
SI MLP • DSTEP/mi 
COSALP •  XMO/mi 

1/2 

1 
SIUALP • -SIMLP 

5 mir • mop • COSALP • YMDP * SINALP 
YWIP - -mop • SIMALP ♦ WOP * COSALP 

1 
XWIP - mop ♦ VSTEP 
mi . «wo 
VWIP - WOP       1   - J 
SINALP ■ -SINALP 

UMP - m2 * COSALP ♦ YV,. * SINALP 
W2 - -m2 * SINALP ♦ W2 • COSALP 
m2 -  TEMP 
TEMP .  m2P * COSALP • W2P • SINALP 
W2P >   -m2P • SINALP • YW2P • COSALP 
XW2P ■   TEMP 

^ 

XWIP -  XWOP -  VSTEP 

1 ■ 5 STEP2 - 2.0 * VSTEP 

1 m 
WIP - VWOP ♦ VSTEP 
mip - xwop 

J - 5 
WIP - YWOP  -   VSTEPl 

I 
[j)—^nzH' 

PHI .J-l-C''^"''-1) 
■ -  l.2,<>.S 

NO IS N 
EVEN? 

YES 

PHI I.J XW2 

PHIJJ   -  W2 

PHI^I,  - m2P 
PHIJIJ  - VW2P 

PHI, 6 - W20/YWOP 

PHI6'6 - W2P0/YW0P 
TEMP'. XWOP/XWO 
PHIJ  J -  XW20/XW0  -  TEMP * PHIj j 
PHIj'j  .   XW2TO/XW0   -   TEMP *  PHIj 6 

PHI,   3  .  0.0 
PHI 

1.6 " 0.0 
PHIj  ,  ■ 0.0 
PHIj*!  - 0.0 

I   -   l.l.».i 

| NOIM . 6] 

[CALL MULTIP (PHITW,  XIC.   PHI,  6.   6.   6)   | 

TEMP ■ XIG,   ,.2 

,,,Gl.l-2-  i,Gl-2.l 
XIG,.,   ,   - TEMP 

1  - 3-6. 

TEMP. XIC,.,   , 

X,CI-I.I  ""'«M-l 
XIG,   ,.,  . TEMP 

t - 2.  3,  5.  6 

[CALL MULTIP (PHI,   PHITH.  Xlb,  6.  b,  6) | 

^RETURN ^ 

FIG.  kO. 
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SUBROUTINE TRANSF 

THt MAIN FUNCTION OF THIS SUBROUTINE IS TO COMPUTE THE ELEVATION» 
AZIMUTH»RANGE»RANGE KATE»ELEVATlON RATEtAZIMUTH RATE AND RANGE ACCE- 
LERATION. (SECTION Vli PREFERENCE 1) 

VAHIABLE 

CON(l-ö) 

CON(Ö) 

MERASE(l) 

XM(3»3) 

EQUA  REF 

16 1 

17 1 

16» 
17 

DEFINITION 

INTERMEDIATE VARIABLES 

INTERMEDIATE VARIABLE»Z 

=1» STATION CAN SEE THE SATELLITE 
=-1»STATION CAN NOT SEE THE SATELLITE 

INTERMEDIATE VARIABLES 
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•-» 

XM,   ,  - SIN  (KALON): 

XM ' 

CALL TRANSF 

EMSE, ■ SLOMMS 

EMSI, - -.lUSHH *  10"* • SIN (.2IH.082«. •   .921.221651 • I0"J * OJULN) 

-.$«72)2 * I0*S • SIN (9.7766782 • .03MiO$S7 * DJUUt) 

KALON    - l.7Wt77l9 -  EKASE.   •  .O172C279"i50973 * DJULN « 

,-l* (DJULN)2 •.5064 • 10'" ♦ .72921158 • 10 ' • TN08NN ♦ ERASE, 
•   * 

"COMPUTE  STATION OOORDINATES" 

)|2 - COS (RALOM):     XH2j j . COS (SLATHS) 

,J.2"«HI.J*,,M1.I 

'j.l     "»«J " ^»NS * ^J.S 

XYZS, 
XVZS, 

«"ONS*""}.! 
XM 

SMO NS XM 

4 

Xhl.l  ■■XHI.I 
XM,   ,.0.0 

««i.i •■**}.:•**: 

XM2.2 " XMI.I * **i.3 

i.i 
"S6NS 

EMSE,  -  XMj.i 
XNJ.I 
XM2 , • EMSE, 

Vm 1.2.3 

"^NS'^.I 
XMj^DEUT^XM^, 

MEMSE. 

I 
ICALL TMNSP (XMTR. XM.  3.   3) 
CON, - DV,   • XYZS,     1  •  1.  2.  3 

CALL MULTIP (XYZT,  XM.   CON.   3.   3, JU 

CONJ, - xYZTfTmrj 

CONs - (CONfc)
,/2 

■M 
DRSC 

CON^ ♦ XYZT* 

- (*TC2),/2 

•COMPUTE  RANGE- 

COMPUTE  RANGE  RATE" 

CON7 • CON, * DVPjj/OBSCj 

COMPUTE RANGE ACCELERATION" 

CON| • OVP: .       ""10 
, • 08SC4 * 
* WEARTH 

♦ OVPJ 
OBSC,. 

CON, * WEAftTH 

CON,  • CON 

—me 11Ä. + CON, * CO 

^_ 
9i 

"COMPUTE  ELEVATION RATE.  AZIMUTH RATE" 

ZRDXT 

OBSC. 
(XYZT,  • XYiTP,  + XYZT2 • XYZTP2)/CON$ 

5 - (XVZTP, * CONj XYZT, * ZRDXT)/NTC2 
OBSCj • (XYZTP,  • XYZTj - XYZTPj * XYZT,)/CON% 

"COMPUTE ELEVATION.  AZIMUTH" 

CISC,  - TAN'1   (XYZTJ/CONJ) 

DISC, TAN'1   (XVZT,/XYZT2) 

CALL QUAD (XYZT2.   XYZT,, OBSCj) 

^ RETURN1^ 

FIG.  k\. 
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SUBROUTINE AUDIT! OR  SUBROUTINE SUBTRA 
THIS SUBROUTINE ADOS OR SUBTRACTS 2 MATRICES« 

SUBROUTINE MULTIP 

THIS SUBROUTINE MULT1PIES 2 MATRICES.(NOTE*IT IS ASSUMED THAT 
TH£. FORTRAN DIMENSION OF EACH MATRIX IS EQUAL) 

SUBROUTINE TRANSP 

THIS SUBROUTINE OBTAINS THE TRANSPOSE OF A MATRIX« 

SUBROU1INE AATAN 

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

SUBROUTINE QUAD 

THIS SUBROUTINE OBTAINS THE PROPER QUADRANT OF AN ANGLE AFTER 
IT HAS BEEN OBTAINED BY THE ARCTANGENT SUBROUTINE. 
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*I.J "l.lx c 

I - I 

f START ^ 

I.J       "i.J  * "I.J 
..   NRB:     J 

CALL ADO I 
CALL SUBTRA 

Tl   (A.B.C.NRB.NCB) 
RA (A.B.C.NRB.NCB) 

OR 

I NCB 
RETURN 

) 

CALL HULTIP (A.B.C.NRB.NCB.NCC) 

 >r RETURN^ 

START 

I 
CALL TRANSP  (A.B.NRB.NCB) 

AI.J  " BJ.I —►(RETURNJ 

C^D AATAN (ANUH, ADEN) 

RESULT - ^ 

RESULT - TAN 

GED 

RESULT - -RESULT 

CALL QUAD (X.Y.ALPHA) 

+*—»fÄÄTAN - RESULT"] 

! ^(RETURN) 

FIG.  42. 
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SUBROUTINE BCDFL OK SUBROUTINE BCDFX 

SUBROUTINE BCDFL CONVERTS A BCD WORD TO A REAL(FLOATING POINT) 
NUMBtR. SUBROUTINE BtOFX CONVERTS A BCD WORD TO AN INTEGER(FIXED 
POINT) NUMBER. THE FORTRAN CALLING SLQUENCE IS 

CALL BCüFL(AR61»N»ARG2»J) 
OR 

CALL BCüFX(ARGl»N»ARG2»J) 

ARG1- WORU TO BE CONVERTED 
N- NUMBER OF CHARACTER OF ARG1 TO BE CONSIDERED IN THE 

CONVERSION 
AKG2- THE CONVERTED NUMBER (REAL OR INTEGER)»ALWAYS POSITIVE. 

J- =-1»ERROR WORD CAN NOT BE CONVERTED 
■tf WORD HAS BEEN CONVERTED 

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

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

SUBROUTINE SYMMET 

THIS SUBROUTINE SYMME.TRIZES  THE COVARIANCE MATRIX (EQUATION 51» 
REFEKENCL 1) AND THE MATRIX  K«H*P (EQUATION 52 REFERENCE 1.) 
THtRt IS NO FLUWCHAKT. 

SUBROUTINE OVPUN AIMD SUBKOUT1NE NOVPU 

bUBRUUTlNE OVPUN CONVERTS A bCQ CHARACTER TO A REAL(FLOATING 
P01N1) NUMBER. SUBROUTINE NOVPU CONVERTS A BCD CHARACTER TO AN 
INTEbERCFlXEU POINT) NUMBER. THE FORTRAN CALLING SEQUENCE IS 

CALL OVPUN(ARG1»ARG2»J) 
OK 

CALL N0VPU(ARG1»AK62»J) 

AKG1-  CHARACTER TO BE INVERTED 
AKG2-  THE CONVERTED NUMBER (REAL OR INTEGER) 

J- =-1»ERROR.CHARACTER CAN NOT BE CONVERTED 
=U» ARG2 IS POSITIVE 
=1» ARG<£ IS NEGATIVE 

THE NET RESULT OF THESE SUBROUTINES IS TO CONVERT AN OVERPUNCH(ON 
OBSERVATION CARD) TO A NUMBER.THERE IS NO FLOWCHART AND VARIABLES 
OF THE SUBROUTINES HAVE NOT bEEN DEFINED. 

128 



VII. REFERENCES 

1. Minka, K. "Orbit Determination and Analysis by the Minimum 
Variance Method.'' Martin Company, Baltimore Division, ER 13950. 
Prepared for AFCRL. OAR (CRMXA), USAF. AFCRL. 65-579, 
August 1965. 

2. Jacchia,   L. G. "The Temperature Above the Thermopause." 
Smithsonian Institution Astrophysical ObservLiory, Special Report 
No. 150. Cambridge, Massachusetts, 1964. 

3. Minka, K., Clemenz, B. E. and Fein, J. "Geophysical Constant 
and Observation Bias Estimation from Satellite Observations." 
Digital Computer Programs. Martin Company, Baltimore Division. 
To be published. 

129 



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, y, z, the error in position due to a standard timing error a will be. 

Axt = Ixal 

Ayt = |ya| 

Az.  = Izal 

and the error in velocity will be 

Axt = Ixal 

Ayt = |yff| 

Az.  = Izal 

(A. la) 

(A. lb) 

(A. 1c) 

(A. 2a) 

(A. 2b) 

(A. 2c) 

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

pt- 

Ax! 0 ... 

^y 

Az 2 

** 

^y 

o... .. .0 Az 

. 

0 

2 

(A. 3) 

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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R = H (tk+1)»(tk+1, tk) p- iy *Tukn. tk) HT (tk+1) 

♦ H (tk+1) Pt tt^,) HT (t^ j) ♦ Q (tk+1) (A. 4) 

which can be rearranged 

R « H (tk+1)[»   (t^,. tk) P' (tk)  ,T (tk+1, tk) 

+ pt(w]HT(W + «(W (A-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 a 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: 

5 <W ■K (W [y <W - y' (W] (A-6) 

K (W ■p (W HT (W [H <W P <W HT (W 

+ Q(tk+1)J (A. 7) 

p (w ■ ♦ (w v p' «w ♦T1W V (A-8) 

p,(W = p <Vi> ■K <Vi>H (Vi> p w (A-9) 

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 t   we have an estimate x(t |t ) based on ob- ^ n n   n 
servations obtained up to and including time t , we can update a previous 

estimate at time t^. ^i,'V based on data which includes time t . 
(tk< tn).   The updated estimate will be designated x(t. It).   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^iJt.) of the esti- 
mate ^(OO*   Then we can obtain a weighting matrix 

K (y ■p (w [p (tki v+ p (tki v] '* <A-io) 
The updated estimate at t, based on data up to and including t   will 
now be 

8 <tkltn) = K <tk) [i (tkltk) -» (tk, tn) i (tnltn)] (A. U) 

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

P' (tkltn) - [l - K (tk)]   I (tk. y P (tjy .» (tk, tn)        (A. 12) 

In the present application of the smoothing technique, we are interested 
in obtaining the best estimate of the orbit at time t ,   Therefore, after 
each smoothing operation we do not update the orbit at time t., but trans- 
fer the corrections to time t .   Then, with the improved orbit we pro- 
ceed to time t,   , 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 (t  11 ) matrix are used in the transforma- 0 n   n 
tion.   In addition to avoiding numerical difficulties, this approximation 
saves considerable storage space.   However, it must be pointed 
out that the P (t. 11 ) 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. 

R = H (tk) P (tk) HT (tk) + Q (tk) (A. 13) 

which is expressed in terms of the observations. 

If AS.k is the deviation of the kth measurement from the estimated 

orbit, then we can write 

k=n 
ASik 

(ri0 
YJ2   ' C. (A. 14) 

i 

where n is the number of observations and r.k the diagonal element 

corresponding to the particular type of observation in matrix R.    Both 
1/2 AS.,   and (r.. ^       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 C. 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 

K)1/2       =ci^iV2 (A-15) v
 1 improved       1 \  v 

1/2 where (q. ^       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 
T covariance matrices.    Matrix HPH    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 n   is computed: 

l-25lAS
1'/2   ■ nv (A. 16) 

(«v)1'2   y 

where AS is the difference between the measured and estimated obser- 
vations, and r   is the corresponding diagonal element in the R matrix. 
The n  's are stored in six boxes according to their values 

Nl N2        N3        N4 N5       N6 

n=0-3      3-4    4-6    6-8    8-11     11< 

At the end of each filtering phase, the quantities 

N. N. + N2 N, +... +NR 

Vir V    N   - ••• ^6 = -r?— (A-16a) 

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

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

The ^.'s are then tested against a number ^ to determine the number 
of sigmas tolerated. 

^I^&^lfl (A. 16c) 

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 

eN = 2t - w 

Then the eccentric anomaly is obtained from 

cos 6N + e 
Cos EN =   1 + e cos 6 

SinE 

« 1/2 
(1 - e^) 

N 

sin 9 

) 0<EN< 2ir 

N 
N 1 + e cos 9, N       ^ 

and the corresponding mean anomaly 

MXT = EXT - e sin E, lN 

AM, 

'N 

= M, 

'N 

- M 

where 0 < AM<  2ir 

The time to the first nodal crossing is 

AM 
tN = T[2 

(A. 17) 

(A. 18a) 

(A.18b) 

(A. 19) 

(A. 20) 

(?) 
To determine the revolution number at any arbitrary time, T 

(A. 21) 

obtain 
pr' we 

m0 = 

T      - T.    - IM pr        in      N 
PN 

(A. 22) 
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where T.   is the initial time and PN is the approximate nodal period 

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

m = m0 + 1 (A. 23a) 

ImJ - absolute value of fraction of m (A. 23b) 

±1*12   = inte8er of m ^A' 23c) 

tm«   = integer of m0 (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, y, z, and the constants. 

Components in an orbital axes system (yw =0, z   = 0) are 

xwMx2 + y
2
+2

2)1/2 <A-24> 

V2. ^2 = i2+y2+i2 (A.25) 

iu = xi + p+zi (A. 26) 

y«=(v2-i2)12 <A-") 

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

.2 

A-l- -& (A-28) 

B = x   x   y 
-*TP* (A-29) 

(x   y )2 

C =     Hf" (A. 30) 
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and eccentricity 

1/2 
e = (A' + B") 

Semimajor axis is obtained from 

C a ■ 

(A. 31) 

(A. 32) 
1 - e' 

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

m 

1      X.. '1       x^'     1      X,., 
(A. 33) 

"w       "      "**•       x     Äw 

The direction cosines of the z   axis are obtained by taking the vector 

product of the position and velocity vectors 

|'  « y z - z y, l'  a z x - x z, ?'= x y - y x (A. 34) 

^3 "3 ?3 
^3       d  '     3       d  '   ^3       d 

Consequently, the inclination is given by 

1/2 
sini 

cos 

Mr ] 
0< i< » 

(A. 35) 

(A. 36) 

(A. 37) 

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

the reference plane (z axis), which gives 

sin 0 =% = 

(€3+n3) 

cos n = ?M s 
-n. 

(«S"!) 
TU 

0< n 12» (A. 38) 

137 

■P 



The angle ^ is obtained by taking first the scalar product of the xw 

axis and the line of nodes, and then the a 
orbital plane normal to the line of nodes 
axis and the line of nodes, and then the x^ axis and an axis in the 

Line of nodes 

cos * ■ ^ ?N + ^ ^N 

0< «|i<2ir 

The angle 6 is obtained from the relationship 

%> 

(A. 39) 

sin 6 - - I- e 

cos e « - 4- e 

o < e < 2» (A. 40) 

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

w « + + e 0 < w< 2» (A. 41) 

The eccentric anomaly is obtained from the familiar relationships 

cos b + e cos E « 

sin E 

1 + e cos 9 

2 1/2 

- (1 - e )       sin 9 
1 + e cos 9 

0 < E0 < 2» (A. 42) 

From which ' 

M = E - e sin E (A. 43) 
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It must be remembered that the x , y , z   axes system is considered 
U        u)        h) 

here as an inertlal axes system with the «(, axis pointing at the satellite 
at the particular instant of time. u 

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 svstem 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 Ox + sinfty 

y   « - sin Ox + cos ft y 

z- « z 

(A. 44a) 

(A. 44b) 

(A. 44c) 

Next the system is rotated about the new x, axis through the angle i 

x2mxl 

y2 ■ cos i y* + sin 1 z. 

z2 « - sin i y* + cos i z- 

(A. 45a) 

(A. 45b) 

(A. 45c) 

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

X ■ cos w x« + sin w y« 

Y ■ - sin w x« + cos w yg 

Z-22 

The operation can be written in matrix form 

Y 

Z 

cos w sin w 0 

- sin w cos to 0 

0 0       1 

1      0       0 

0 cos i   sin i 

0 - sin i cos i 

(A.46a) 

(A. 46b) 

(A. 46c) 

cos Q sin Q 0 

- sinO cosflO 

0 0 1 

(A. 41) 

x 

y 
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Performing the matrix multiplication we obtain 

T 

Y 

T: 

PxPyV X 

%%*• y 

\RyRz z 

where 

P   ■ cos w cos n - sin w sin 0 cos i 

v * cos (o sin O + sin w cos 0 cos i 

Pz" * sin u) sin i 

«x" > - sin to cos 0 - cos u sin Q cos i 

S' • - sin w sin n + cos u cos O cos i 

«z- • cos w sin i 

«x' • sin n sin i 

R
y' 

• - cos 0 sin i 

R. • > cos i 

Since this is an orthogonal transformation 

x 

y 

z 

PxQxRx' 3r" 

P   Q   R 
y  y  y 

Y 

P   Q   R z    z    z _ -z 

(A. 48) 

(A. 49) 

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 
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P   Q   R 
XX     X 

Pz % Rz 

cos 0   sin e  0 

- sin 6 cos 6 0 

0        0        1 

w 

y« 

w 

(A. 50) 

Since 

A ■ - e cos 9 

B ■ - e sin 6 

C - a (1 - e2) 

we obtain, in conjunction with Eqs (A. 12), (A. 13) and (A. 14) of Ref.  1, 

x    «ti - o 
w     1 + e cos 6 

v   »0 

xw * - e sin 9 

yw = (1 + e cos 

z    - z    * 0 

[a (1 - eZ)J 

e)r—M [a(l -eZ)J 

1/2 

(A.51a) 

(A.51b) 

(A.51c) 

(A. 51d) 

(A.51e) 

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

X 

z 

Y 

Z 

a (1 - e ) cos 9 
1 + e cos 9 

a (1 - e2) sin 9 
1 + e cos 9 

sin 9 

(e + cos 

0 

[a (1 - eZ)J 
e)|—^1 

[a (1 - eZ)J 

1/2 

(A. 52) 

141 



To introduce the eccentric anomaly, we use the relationships 

cos E - e cos 6 ■ 1 - e cos E 
1/2 

**»- - ^r^cos rE 

which give 

a (cos E - e) 
1/2 

(A.53a) 

(A.53b) 

a(1 - e2) 

0 

sin E 

sin E 

1 - e cos E 

cos EA 

CO 
1/2 

(1 - e2) 
1/2 

00 1 - e cos E 

0 

The transformation equations in matrix form can now be written 

x 

" '1 
Y 

■ 0   1 
t 1 

1/2 
7 

0 

(A-54) 

x 

P   Q    R   0    0    0 
XX      X 

PyQyRy0    o   o 

P2QzRz0    0    0 

0    0    0    ^«xRx 

0    0    0    PyQyRy 

o   o   o   PZQ1RZ 

X 

7 

0 

Y 

0 

(A. 55) 

which can be simplified to the following form 
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X   X 

y y 

z   z 

■ [T tj (A. 56) 

The advantage of forms (A. 5a) 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 n, i, u 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 

r2 - z2) 
TTI (A. 57) 

where 

r.(x2
+y2

+z2) 
1/2 

The approximate satellite altitude above the ellipsoid is then 
1/2 

H • r - Rg (A. 58) 

where RE is the Earth's mean equatorial radius and 

fE • (i - f)2 

where f is the flattening. 

(A. 59) 

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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1/2 
Cs     *    imn    *    . (A#60) [1 + tan2 9   1 

1 +f    tan2tj 

we substitute tan 4> for tan * for the first iteration.   Then the geodetic 
latitude is 

[•rmjr ••♦] ♦ = arctan I ^n *   * tan 4> I (A. 61) 

where 

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 

(f) <A-62' 
The right ascension of the Greenwich meridian is 

Xg ■ arctan 

X^ « 1. 746647719 + 6. 30038809863056 d + 0. 5064 x lO-14 d2 + AX 

(A. 63) 

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

X • XG - Xs (A. 64) 
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