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FOREWORD

The formulation for the Naval Surface Weapons Center SATRACK Multiple Sateilite
Processor (SAMSAP) was® conducted in support of the Johns Hopkins University/Applied
Physics Laboratory (JHU/APL) program to evaluate the accuracy of U.S. Navy fleet ballistic

missile systems.

This report has been reviewed and approved by S. J. Smith, Head, Satellite Geodesy
Branch, and R. J. Anderle, Head, Astronautics and Geodesy Division.

Released by:

M G.M

R. A. NIEMANN, Head
Strategic Systems Department
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INTRODUCTION

This report presents the formulation for the Naval Surface Weapons Center (NSWC)
SATRACK Multiple Satellite Processor (SAMSAP). SATRACK is a Johns Hopkins
University/Applied Physics Laboratory (JHU/APL) program to evaluate the accuracy of U.S.
Navy fleet ballistic ‘missile systems. The program uses data from the Global Positioning
System (GPS) satellites in conjunction with an APL-developed tracking system. The satellite j
data and missile telemetry data are combined to obtain an accurate estimation of the
missile’s trajectory.

SAMSAP is an orbit determination program designed to meet the special requirements

4 for generating satellite orbital data for use in the APL Post-Flight Processor (PFP) computer j
. prvgram. SAMSAP computes a multiple satellite solution for the GPS satellites using single :

satellite pass matricies (range and range difference) and perturbed trajectories from the ;
! single satellite orbit determination program CELEST.* The multiple satellite solution §

contains solutions for station and satellite clock timing, drift, and aging errors. It may also
contain solutions for up to 20 gravity parameters, four polar motion parameters, and
station positions (as well as the standard orbit constants). Once the solution is obtained,
the ephemeris for each satellite and the system covariance matrix are propagated as
required for the SATRACK tracked ephemeris data (TED) tape. These results are written
on a file that is reformatted and output on magnetic tape for transmittal to JHU/APL.

The CELEST files used by the program are

1. Pass Matrix Files — One for each data class for each satellite. This file contains
the pass normal equations which are expanded by the SAMSAP program, combined
with pass matrices of other satellites, and solved.

2.  Perturbed Trajectory Files — One for each satellite. The perturbed trajectory file
contains the partial derivatives which constitute the state transition matrix for the
satellite. The partials are used in expanding the pass matrices for gravity parameters
and for propagating the state vector and covariance matrix.

3. Polar Motion File — One per run. This file contains the polar motion parameters
needed to expand the pass matrices for polar motion.

4. ABCD File — One per run. This file contains the Greenwich hour angles and the
inertial-to-earth fixed transformation matrices for each time step in the integration. It
is used by the SAMSAP program to output the required values for APL’s use.

——— e e—

*James W. O'Toole, CELEST Computer Program for Computing Satellite Orbits, Naval Surface Weapons Center. Dahlgren
Laboratory Technical Report NSWC/DL TR-3565, Dahlgren, Virginia, October 1976.
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Figure 1 is a flowchart designed to illustrate the following discussion of the program’s
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The program takes the normal equations as written on the pass matrix files and
expands them to include station and satellite timing. If required, the pass matrices can be
expanded to include up to 20 gravity parameters and four polar motion parameters. The
bias section of the matrices are then eliminated.

Two different tests are performed to determine whether or not the matrices should be
included in the solution. The first test rotates the bias section of the pass matrix to the
radial, tangential, and out-of-plane directions to the satellite’s path. The rotated equations
are solved for the corrections to the stations’ positions (An;, An,, and An,). Each of
these are compared to an input tolerance and the pass is rejected if any one of the tests
fail. The second test consists of fitting, in a least squares sense, a straight line through the
data points corresponding to An, at TCA for each pass in each rotated direction. The
standard deviation of the fit is computed, and any pass which lies outside of some
specified multiple of this standard deviation in any of the directions tested is rejected.

All of the accepted passes are then summed for each satellite. The dynamic section of
the accumulated normal equations for each satellite is eliminated and the resulting equations
are summed.

At each matrix elimination, the reduced variance is computed. When the matrices are
summed, the variances are also summed.

After all matrices have been accumulated, the resulting normal equations are solved for
the parameter corrections (Ap’s). The Ap’s and covariance corresponding to the dynamics
section of the normal equations are then recovered. These Ap’s are used to adjust the
right-hand side of the bias section of the rotated normal equations used in the station
navigation section. The adjusted equations are solved for the correction to station position
(An)), and these are output for diagnostic purposes. Using the Ap’s and the partials from
the perturbed trajectory files, the satellites’ positions are propagated over the fit span and
output to the TED file as required. The covariance is also propagated over the fit span
and written to the TED file when required. For each time to which the covariance is
propagated, the satellite position section of the covariance is rotated to a reference frame
which is radial, tangential, and out-of-plane to the satellites’ trajectories at that time. The
resulting sigmas in the rotated frame, as well as the sigmas for the clock terms of each
satellite and station, are written on a Diagnostic Information File.

Since the TED file format is discussed in several documents as well as this report, it
will not be detailed here. The TED file written by this program must be reformatted by a
second program into a form usable by JHU/APL. Appendix A contains a description of the
final tape format.

-




SOLUTION

Appendix B contains a list of parameters which should be included as input. It also
contains a list of the files which will be required by the program. Appendix C contains a
description of the standard CELEST files that will be used by the SAMSAP program. The
logic flowchart (Figure 2) has been numbered to correspond to the numbered steps (1
through 29) in this report.

On the pass matrix file, the parameters will be in the following order:

Position

Velocity

Thrust (if present)

Radiation Pressure (if present)
Station Position

Refraction

Bias

Drift

Aging

For the purpose of this report, position, velocity, thrust, radiation pressure, and
satellite clock parameters (to be discussed later) will be referred to as orbit or dynamic
parameters. Station position will be considered both a bias parameter and an arc parameter.
Refraction will always be considered a bias parameter. Bias, drift, and aging (range data
only) when multiplied by c, the speed of light, become the satellite clock parameters and
when multiplied by minus ¢, become the station clock parameters. Satellite clock
parameters will be considered dynamic parameters, and station clock parameters will be
considered arc parameters. For range difference data, aging is not present; and bias and
drift refer to frequency bias and frequency drift, respectively. Frequency bias and frequency
drift are always considered bias parameters.

STEP (1)

Input values of times A6A, A6B, ASA, and ASB (defined in Appendix B) are packed
as follows:

(YEAR - 1900) * 1000 + DAY + SEC * 1073 0))

Epoch of solution is ASA.




———= POLAR MOTION FILE

—— PSS MATRIX FILES
ceLEST ) ——= PERTURSED TRAJEC rue @

—easc0 riLE @

- ]
€x
IneuT £ouaTions ror |, )
POLAR MOTION
PARAMETER
UNPACK WORDS ANETERS
CONTAINING {
TIMES 7[00 w sias
o's PERFORM
e ; ELININATION
A
MATRIN FILE T
COMPUTE SE-
CONOS TO TCA COMPUTE
REDUCED
VARIANCE
. 1
ROTATE 8IAS
s€crion of
a1 NORMAL
unpaCK EQUATIONS
MATRICES, —T
FORM NORMAL
EQUATIONS soLve
ROTATED

{EQUATIONS FOR
NULTIPLY BiAS LA

ORIFT B ASING
ar ¢

1

£xXPaND
Llo«umms ror (D

SRAVITY
PARAMETEARS

ON 8148 @
ELIMINATES
FiLE

+1’

COMPUTE
LEAST SQUARES —1:)
FIT 8 o

2

ACCUMULATE
PASSES 8
VARIANCES
RESPECTING
TAGS

YAG PASS
840

4

aADD @'y TO

DYNAMICS

SECTION OF

EQUATION
F

ELIMINATE
ri iU

YN,
SECTION. COMPUTE|
REDUCED
VARIANCE

1

WRITE EQUATIONS
ON DYNAMICS -.@
ELIMINATED FILE

17
19

1

ACCUMULATE

DYNAMICS
ELIMINATED
MATRICES 8
VARIANCES

1

ADD IN O
SOLVE NORMAL
EQuUATIONS

L

RECOVER 4p's
& ruit
COVARIANCE
MATRI X

1

COMPUTE TOTAL
REDUCED
VARIANCE

0

Figure 2. Detailed Logic Flowchart




' ; 2
AQJUSTED AIGHT WRITE TED
MAND SIDE 81AS NEADER,
3 NOAMAL EQUATION AECORD T
SOLVED ADJUSTED E
3 EQUATIONS FOR -
an 8 PRINT ;
1 20 ves WRITE RECORD :
(9 Z & ForTiME |o(3) .
ats
27728 ~o
1 PROPAGATE
EPHEMERIS &
COVARIANCE
waITE RECORD
4 1 B 4 PORTINE [—o(F) 4
Lid reovi1)
ROTATE POSITION
SECTION OF
COVARIANCE
7oncov™ T
WAITE EPNENER'S
1 & o'vONDIAG - ¥ .
NOSTIC INFORMA- :
TiON FILE (DT I i
el ‘
3
WaITE RECORD
T 4 #OR TINE | o(T)
asa
-
|
] rrOMGATE
74 r
| (O wareonreo =@
L___]eolFiEs
23 ;
s aen] o
COMPUTE TINES !
WRITE RECORD ;
masme

2et27) il

USE PROPAGATEI
STATE, COMPUTE
CLOCK ERRORS ;
WRITE RECORD

Xa.IXe
N
PROPAGATE
COVARIANCE TO
TIME T
wRITE
COVARIANCE 7

TO TED FILE

ROTATE POSITION

— ] secrion s wmire
| s on 02 FicE ®

| D

( ‘ Figure 2. Detailed Logic Flowchart {Continued)




—tst——

———

Unpack ASA, A6A, and A6B and compute seconds from ASA to A6A, A6A to A6B,
and ASA to A6B.

Let

DAY5A = day number of time ASA
YRS5A = year of ASA
SECSA seconds of time ASA

and so on to SEC6B.

ASA to A6A: If YR6A = YRSA,

SEC5T6 = (seconds from ASA to A6A) = (DAY 6A - DAY 5A) * 86400
+ (SEC6A - SEC5A) 2)

If YR6A > YRSA, check for leap year [i.e., Mod (1900 + YR5A) with 4]: if it is O, then
YRS5A is a leap year.

For leap years,

SEC5T6 = (366 - DAYSA + DAY6A) * 86400 + (SEC6A - SEC5A) 3)

For non-leap years,
SEC5T6 = (365 - DAYSA + DAY6A) * 86400 + (SEC6A - SEC5A) 4)

Similarly for A6A to A6B. ASA to A6B is then, of course, the sum of the two
preceding calculations.

STEP (2)

This program must be set up to process range and/or range difference data. Although

the order of processing is up to the programmer, it will be assumed in the following
discussion that the order will be

L 4

//




Range data for first satellite
Range difference data for first satellite
Range data for second satellite and so on

Read in pass from i'P satellite from pass matiix file. Time-of-closest-approach (TCA)
on the file is given in seconds from the beginning of the day in record type 2 of the file.
Compute the seconds from A5A to TCA [same as Step (1)]. Check to see if this is within
the time span during which the data-are to <besused If not, skip -t0 mext pass.c = - *+* ¢

STEP (3)
Unpack the pass matrix and form single satellite normal equations (BAp = E).

1. Range data

Station Position-‘
B = Station Clock
Dynamic
L *Bias

pomms

Station Position?
E = Station Clock
Dynamic
L *Bias

*Bias section consists of refraction and station position.

5]

Range difference data

[ Station l’osition1

B = Dynamic

L *Bias _

-Station Position-w
E = Dynamic
L *Bias

*Bias section consists of station position, refraction, and frequency terms.

8




At this point, the values stored in the station clock positions should be the negative
of the terms read in for bias, drift, and aging (range data). The values stored in the
satellite clock positions should equal those values read in for bias, drift, and aging. The
suggested order for arranging dynamic parameters is

A S

Position

Velocity
Radiation Pressure
Thrust

Clock Bias

Clock Drift

Clock Aging

P . ..

STEP (4)

. Multiply all rows and columns of B and rows of E that contain clock parameters by
b c. (Note: Diagonal elements of B are thus multiplied by c2.)

STEP (5)

Expand the normal equations for gravity parameters specified (from 0 to 20
parameters). Now consider the normal equations partitioned as

Ba a Bad Bab Apa Ea
By, Baa Bay Apy | =| Ea (5)
Bya Boa  Boo ) Apy, Ey

where

sub a = arc parameters
dynamic parameters
bias parameters

g g
<
o a
T

2 10

Note that B is symmetric. Thus,

’ = mT
| B, = By,. etc.




B ——

e r——

e O

Now, letting sub g indicate gravity parameters and d indicate the first six dynamic
parameters,

B = 3Xrca T 3Xpca T B 0Xrca ! 3Xpca
88 og X, 44 93X, g

T ~
Bd=BT=a_).(_LQA_ Xpea T
g deg ag X, dd

B =pT = Xrca T 3Xpca T B (6)
ga ag ag axo da
B =gl = Xrca T 3Xgca T B
gb  Tbe 3 38X, db
E = Xrca T Xgea T E
e B 3%, d

where

X, = epoch elements

superscript T = transpose of matrix
superscript -T = transpose, inverse of matrix

aX aX

3 1CA '3 XTCA partials obtained from the perturbed trajectory file for the

& 0 satellite;” and, X represents the state vector of the
satellite

.An interpolation soutine, NTRPS, must be used to obtain all values from the perturbed trajectory file (Appendix D).

10




Thus, the normal equations can now be written

- - ~

aa Bag Bad Bab Apg '-Ea_
ga B'ss Bs‘f" Bsb Ap, Eg
Bda..Bds...B.ddq. Bdb . caw .-..Apd - - N Ed.. . -T2 . e e
| By. By, By By, | | 8oy, | By |

STEP (6)

Expand normal equations for polar motion, if indicated.

Compute
1 — W, w,
A(TCA) = | w, 1 -w,
S W, w,
where
wl = Aq =y
w, = Ap = x
w; = W(At +tAt)

- At = UT1 - UTC
E t = time in seconds from beginning of year
rotational rate of the earth

IR
n

@ should be read from input. Ap, Aq, and At are available for the start of each day
from the Polar Position File (Appendix E). A six-point Lagrangian interpolation should be
used to obtain Ap, Aq, and At at TCA of the pass. At should currently be defaulted to
zero, however, provisions should be made to read it from the Polar Position File and
interpolate for At(TCA) using the six-point Lagrangian interpolator.

5t

Read station coordinates[sz] from pass matrix file and compute
s
3

11




- -Then campute .

§PP

B,

BSP

&bp

T v v v

h-]

~

Ap
Ap
Ap
Ap,
Ap

.

B,, = QTATB AQ

station-station section of Bbb (or B

Thus, the normal equations can now be written as

—

P

a

g

bl




STEP (7)

Now consider the equations partitioned as

= an

where Bbb, Apb, and Eb are defined as before and B,, contains all nonbias terms.

Compute 1/02 for bias o’s and add to diagonal terms of B,,- Compute the
bias-eliminated normal equations and reduced variance:

Ak A neinie Sk

E| - _ -1 ;
B*1 = Bnn Banbban (12) :
- -1 13
EF1 = E - B, yByp Ey (13)
VE1 = V- ETB;lE, (14)

Write the reduced variance, bias-eliminated normal equations, and TCA of the pass on a
bias eliminated file.

STEP (8)

Perform station navigations. Looking at the bias section of the normal equations

B,pAp, = Ey
partition the matrices as
‘ BGS BSG Aps _ ES
1 i BOS BOO Apo EO :

13 i




where

s:

o}

station position parameters
all ather parameters in the bias section

Rotate the equations to the radial, along track, and out-of-plane directions at TCA. The
rotation matrices can be found on the pass matrix files. Let r be the 3 X 3 rotation matrix
from the pass matrix files, then define

The rotations are then

Now compute

R - RT
By, = R'B R

R = RpT
ER = RTE,

an = (B,)'ER

Output An, ¢’s from (BY,)"! (0’s = Vdiag (BR,) ).

Store (ng)‘l, Eg, R, Bsp, and Bsd. for future use.

B

B

STEP (9)

sd’

= station position — polar motion submatrix

= station position — dynamic parameters submatrix without the station
clock terms

Perform the absolute tolerance test.

14

(16)

17

(18)




S

Tt —

An, > (absolute toler:mce)l

4An, > (absolute tolerance), (19)
or

An, > (absolute tolerance),
tag the pass bad {(absolute tolerance), should be read from input]. Write tag (An, , ;) on
bias eliminated file.
STEP (10)

Return to Step (2) and process the next pass. When all passes from the it satellite
of data class being processed have been completed, go to Step (11).

STEP (11)

Perform the straight line test. Read from the bias-eliminated file TCA, An; , ; for
each pass. Form the following matrices:

— —
TCA)paSS 1 1 nl )puss 1 5
M= TCA)pass 2 1 Nl = Anl)puss 2 ("0)
LTCA)pass n _l_ fn\)va~\ no
AnZ)pass 1 An} )pu“ !
N, = | - N, = - Q2N
Ai12)pass n An3 )p.'n\ n
15




Now solve

to form equations

Let

Test

m:]
= MTM)" '(MTN,)
| O]
. '—mj - . . - - ar e L] ¢ o we OB
2
= (M"™M) 'MTN,)
| P2
iy
= (MTM)y '(MTN;)
b3

y, = mlt'i'bl

<
~
|

= m2t+b2

yy = m3t+b3

t = TCA) i=12,,n

pass j

and compute y,, y,, and y, from Equation (23).

|&n, - Yig ass j| < sig mult, *oi] i= 12, ,N

i=1,2,3

where sig mult; is read from input

16

AR X c. * > - - .

(22)

(23)

(24)




N
sig mult, = input quantity

total number of passes

If for i = 1,2,3 the pass fails the test, tag it bad. The option should be available to test

oni= 1,2, or 3 or any combination thereof.

E
t

STEP (12)

Accumulate (paying attention to station and timing terms) pass matrices, respecting
tags, for the satellite being processed. Sum elements of BE1, EEF1 and VE! as indicated
for the satellite being processed:

= pE E e E
Bs =B l)pass I+B 1)pass 2 + +B 1)pass N
S - pE oo E
E* = E l)pass 1 + tV l)pass N (26)
S _ yvE oo E
V=V l)pass l+ +V 1)palss N

STEP (13)

Return to Step (2) and begin processing next data class. When all data for a specific
satellite has been processed, go to Step (14).

STEP (14)

Partition the summed normal equations (BS, ES) as

Ap E

mm md m m

‘ B, Bi4 AP, E

17




where

d = dynamic parameters
m = all nondynamic parameters

Add l/ai2 to the diagonals of the dynamic section of the matrix. Eliminate the dynamic
section of the equations.

E = — ~1
B*2 = Bmm BmdebBﬂm
Ey = _ - |
E*2 = E, EmddeEd

Ey = S Tp-1
VE2 = vS - ETBIE,

Write the reduced normal equations and the variance on a dymamics eliminated file. Save

B;l, B3iB and B3}E, for future use.

dd’ dm°

Return to Step (2) and begin processing data for next satellite. When all satellites have
been processed, go to Step (15).

STEP (15)

Accumulate matrices and variances as before; i.e.,

A _ RpE E «oo RE

B® =B 2)sat I+B 2)sat 2t B 2)83‘ n
EA = EEz)sat XD +EE2)sat 0 29)
vA = VE2) RN +VE2)

sat | sat n

i 18




The equations are now

— . - — — — . -
Polar motnon)Aq APpola, motion hpola[ motion
(if present)
Polar motion), , AP ation ptAlfon (== - Fstation position; - --e e "t ce e
Position)stal 1 4
* [k
4 .
Position) . = 30) 3
ClOijsta 1 Al:’station clock Etation clock 3
G
Clock) .. o
Gravity), L_Apgravity L.Egmmy
(if present)
Gravity)k
_ -

STEP (16)

Add in the appropriate ¢’s (1 /oiz) to the diagonal terms and solve
= (RAY-1EA
Ap, = (BA)'E

Print Ap_, (BA)y L.

STEP (17)

Recover the remainder of Ap’s and the full covariance:

(APg)at i = BaaEdsae i~ By iByp )iy AP, for satellite i

19




STEP (18)

Represent the full covariance, B!, as

K MT
B! =
M N ;
® o LA - . L XY | - & g -8 0@ + CE « o ;1
Then, ?
K= BA)! (33)
— —
-1
“ByaBym )
-B;!B, ) : n = number of
= dd “dm 72
M * K satellites (34)
_B;;Bdm)n
- -1
Bd;)l 0 [_deBdm)l
_l -
Bia)2 ByaBam )2
N = . - . MT 35)
-1 -
__0 de )n_ Bdtlinm )n
Output and save B!, and
r— —
Apm
Ap = Apd)sat 1

Apd )sat n_‘1
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Bt o o

Compute and print total reduced variances for all satellites used in solution:

(VE2)pred = gF2_pE2pAp (36A)

sat i sat i sat i

(VAYFred = yA _EAAp (36B)

where
Pred = predicted values
Let Ap -
m
Apd)sat i
Apn)sat i = N
Apd)sat i
STEP (19)

Perform station navigations, Adjust the right-hand side of the rotated equations

[Step (9)] for each phase of each satellite by

. _ Ap,
Epyadi = By~ Bspld[Ap ,]m i
d pass j

where
Bsp'd = [Bsb Bsd']
App = corrections to the polar motion parameters
Ap a' = corrections to the dynamic parameters (without the clock

terms
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Solve for Ani)adj:

= R y-1ER toi
Ani)adj —[(Bbb) Eb )adj]s:as; j (38)

Print Ani)adj .

STEP (20))

There are two options to be considered at this point that depend on whether or not
a TED file is to be written:

1. Propagating the satellites’ ephemerides over a specified interval and writing the
propagated ephemerides to a TED over a portion of this interval. Propagating the
covariance matrix over another specified interval and writing the covariance to the
TED file at specified times within the interval.

2. Propagating the ephemerides and covariance over the specified intervals and not
writing a TED file.

In order to propagate the ephemerides and covariance, a start and stop time and step size
should be input for each. In addition, a start and stop time and a step size should be
input for the interval over which the propagated ephemerides are to be written to the TED
file. It can be assumed that this interval will always be a subinterval of the time span over
which the ephemerides are to be propagated. The step size can be assumed to be an
integer multiple of the step size used in propagating the ephemerides. The times at which
the covariance matrix is to be written to the TED file should be stored in an array
(TCOV, Appendix B), and can be assumed to always be within the interval over which the
covariance is being propagated. The times at which the covariance is to be written on the
TED file will always be integer multiples of the step size, except for the first time the
covariance is to be written. This time corresponds to missile launch time, and may not lie
on an integer multiple of the step size. In this case, a separate propagation must be
performed. At each time line of the covariance propagation, an option should be included
to write a diagnostic reference file similar to Tape 73, Appendix C. The propagated
ephemerides and the covariance matrices written to the TED file should also be printed.
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TED FILE

STEP (21)

The first record written on the TED file consists of two words: (1) the number of
satellites being processed, and (2) the number of time lines to be output in the ephemeris
section. The number of time lines, NTL, is given by

NTL = IFIX[(A6B - A6A)/output interval] + 1 (39)

and all quantities are in seconds.

All other records will be written as described in Appendix F. This pari of the report
will cover only the computations required to obtain the desired values.

I Header record — no computations required
IIA Ephemeris file header record — words 1 and 2 can be determined from input:

Word 1 = IFIX(A6A)
Word 2 = decimal part of A6A * 10° (40)

il

The program must write records A and B for the first satellite, then the second. and
so on. The position and velocity of the satellite must be propagated to time A6A (see the
PROPAGATION section). The right ascension of Greenwich and the transformation matrix
at the start of each day can be obtained from the ABCD file (Appendix G). A six-point
Lagrangian interpolation should be used to determine the values of the hour angle and
transformation matrix at the time needed. Words 11 and 12 are simply read from input.
For the first satellite, the header record is repeated for each time that the covariance
matrix is to be output in part IV of the TED format [NCOV times, TCOV (1) contains
the times]. The only words that must be changed when the record is repeated for
satellite 1 are words 10 and 13 through 21. The words must be read in from the ABCD
file for each time at which the records are to be written.

STEP (22)

Record 1IB contains satellite position, velocity, and clock error for every time line
between AGA and A6B. The step size to be used is an input value. Time is written on the
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file as elapsed time in seconds from AG6A; however, all calculations must be done in
seconds from epoch, ASA., The position and velocity must be propagated to the output
time and the clock error is computed by

At = “t+1/2 - Ap. 2 41)

clock aging sat i

BP1ock bias ¥ APeiock drift

where
t = time in seconds from epoch

Record I11B is repeated for each time line until A6B is reached. Record 11A, and then IIB
are written for the next satellite, and so on. If records IIA and B have been written for
all satellites, an end-of-file is written.

STEP (23)

Record Type IlI: Station Files — One file must be written for each station, and the
files should be ordered so that the stations occur in the same order as the station numbers
are input (i.e., in the MSAT array).

All words contained in the header record are read from input except word 12 (the
total number of passes), which must be computed.

To write the station files, all data from the pass matrix files must be sorted by
station, accepted or rejected based on TCA of each pass, and counted. This, at the option
of the programmer, may take place during the solution part of the program.

From the pass matrix files, which are satellite ordered, read (for each pass) year, day,
station number, and number of points in the pass from record type 2; start (rise) and
stop (set) time of passes from words five and six of record type 4, and TCA of the pass
from record type 5. As in the solution portion of this program, the time in seconds from
ASA to TCA of the pass should be compared to the time -spans over which the data are
to be processed. Those passes which lie outside the interval are to be discarded. For those
passes which are accepted TCA, rise, and set times must be converted to seconds from
A6A and the number of passes accepted for each station must be counted. When
processing range or range difference data, all passes which lie in the acceptable time span
arc to be counted. When processing both range and range difference data, only range
difference passes are to be tested und counted. Output would then be a header record
followed by the appropriate number of data records for the first statica (an end-of-file),
and then the header record for the second station, and so on.




STEP (24)

Record Type IV: Solution Parameters and Multiple Satellite Covariance — These records
are written for each time specified in input (TCOV array).

IV A Records — The time written in word one and stored in the TCOV array is with
respect to time A6A. To propagate the state vector, it is necessary to reference this time
to epoch. If a parameter does not appear in the satellites’ state vector (i.e., radiation
pressure and/or thrust), default values (9.9999E9) must be written for each absent
parameter.

To compute the appropriate values for radiation pressure coefficients and thrust, the
initial values of the parameters must be read from the perturbed trajectory file header
record. To this value is added the computed correction (Ap) for the parameter; ie.,

K1(I) = K1(D), + Ap, (D
K2(1) = K2(I), + Ap, ,(D)
K3(I) = K3(I), + Ap, 3 (D)
TI(1) = TI(D, + Ap,, (D)
T2(1) = T2(D), + Ap,,(D)

T3() = T3(I), + Ap,5(D)

where

K1, K2), K3(1) = x, y, and z components of the radiation pressure coefficients,

respectively, for the i'" satellite

X, y, and z components of thrust, respectively, for the ith

satellite

initial value, as read from the perturbed trajectory file of the

satellite being processed

Ap.(I) = computed correction for the j'" component for the i
satellite.

TiD, T, T3M)

fl

Subscript 0

h

At for each satellite (station) is calculated by Equation (41), and At, At for each satellite
(station) are computed from

At = Ap,

clock drigt T AP

t]sat i (sta i) (42)

clock aging ’
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At =

]

Apclock aging "sat i (sta i)

The a priori o’s to be written for the master station are the input o’s corresponding to
the master station multiplied by 1000.

STEP (25)

Records IVB contain the station positions (x, y, and z) which can be read from the
pass matrix files. The refraction correction assumed is always equal to zero. The a priori
o’s in words 3M + 2 through 3M +4 are the input o’s multiplied by 1000 which correspond
to station positions x, y, and 2z, respectively, in the bias submatrix. Word 3M +5 is the
input ¢ for refraction.

STEP (26)

Records IVC contain the covariance matrix propagated to the output time. The matrix
is written in rows for the upper diagonal half. Each write record contains the upper
diagonal half of a row. The matrix is always written as a full matrix. i.e., it has locations
for all parameters whether or not the parameters are present in the solution. If the
parameters are not in the solution, default values are written in all rows and columns
allecated to that parameter.

PROPAGATION

STEP (27)

State — The equation for propagating the state is

~ n
X, = X, + T —ap, (43)

where

+ = corrected values at time t
. = uncorrected values at time t, from perturbed trajectory file
total number of parameters

o DA
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O

Ap.

, is obtained from the solution vector of the satellite, Apy, in Step (17), and axl/apit
0

are obtained from the perturbed trajectory file. If thrust is present in the solution, the
partials of the orbit parameters with respect to the thrust parameters that are read from
the perturbed trajectory files must be adjusted.

Let

\ba(t) = partials of the six orbit parameters with respect to thrust, as read from

the perturbed trajectory file for time t

partials of the six orbit parameters with respect to position and

velocity from the perturbed trajectory file for time t

t. = time at which thrusting starts, from perturbed trajectory file, for
satellite i

t = time at which thrusting ends, from perturbed trajectory file, for
satellite i

v(t)

Then, the thrust partials required for propagation of the state, axt/aTto, for time t are

o0 fr r<y (43A)
oT,, s
S = 4O YO, for f < < (43B)
aTtO a s'Va‘'s s e
gﬁt = VO W, () - v La I, ()] for t >t (43C)
to

It should be noted here that the order of the partial derivatives on the perturbed
trajectory files does not correspond to the ordering suggested earlier in this report. The
suggested ordering corresponds to the ordering required to write the TED files and was
assumed throughout this report. However, the ordering used is up to the programmer. If
the suggested ordering is used, care must be taken especially when propagating the state
vector and the covariance matrix to insure that the correct partial derivatives are used.
State in this case refers only to position and velocity.

STEP (28)

To propagate the covariance matrix, the complete state transition matrix, ¥, must be
formed. ¥ is constructed principally from the partials derivatives found on the perturbed
trajectory file for each satellite. The equations for propagating the covariance is, in general,
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P(t) = Y(OP(ty YT (1) (44)

where
P(t,) = covariance matrix to be propagated
In this instance, however, propagating the upper part of the covariance matrix containing

polar motion and station position is not desired. Therefore, P(to) will be defined as the
lower square partition of B! when it is partitioned as

-1 -1 |
Bp B |
B-! B;pl B B;sl |

where
B;s‘ = station position portion of B, a'
The station clock portion of B,, is contained in P(to ).

¥ will be a square matrix. It can be constructed as follows:
(@ ]
‘I'g

v

sta 1

v 2

sta

0 (45)




v, =1 (46A)

I is an n X n identity matrix where n is the number of gravity parameters present in the
solution

1/2 t2

t (46B)

1 t
wstajzg(l) 1

t = time from epoch to which covariance is being propagated

Vsa j Is the same for each station.

Vi o
Voar i = Vi (47)
0
Yis |
and
[ox, X,  aX, |
p, I, T 9p
3X, X, . 3%
wil = ap] apz aPL (48)
Xk ... X
ap, ap;.

The partials in ,, can be obtained from the perturbed trajectory file for satellite i; and
¥,; may or may not be square, depending on L (the number of parameters in the
solution). If thrust is a parameter, the partials with respect to thrust must be adjusted in
the manner described in Step (27), Equations (43A), (43B), and (430C).

¥;, = I, the identity matrix (49)




The dimensions of ,, are dependent on whether or not thrust and/or radiation pressure
parameters are present in the solution. If thrust or radiation pressure alone is present, ¥,
is a 3 X3 matrix; if both are present, ¥, is a 6 X 6 matrix

u,i3 = wsta j (50)
V3. like ¥, i is the same for all satellites.

STEP (29)

Covariance Statistics — To compute the covariance statistics, the state of each satellite
must be propagated to the time at which the statistics are to be computed {Step (27)].

A A A N
The rotation matrices H, = (R, T', A); can be formed from the state vector

where .
- RXi - Rx,
Ry =| Ry; R, =] Ry,
Rzi Rzi
F.l = (ﬁixﬁi)xﬁi
A, = R XR,
Ry, = Xgp Ry, = X (51)
R)’] = ysat i Ryi = ysut i
RZi = Zsat i l{Zl = isat i
R = R, = 2 2 241/2
PR IRl = R+ Ry Ry
A T ’
fo= = ([2 +T2 +2)\/2
; T ir,l (l",.(i l"yi l"zi)
A A = (A2 2 241/2
A= I—_I Al \A"i+A¥i+Azi)

i=1,2, *** n
n = number of satellites




Using the rotation matrices, rotate the position-position part of the propagated covariance
matrix for each satellite,

S (0 = HTP, (OH,

where

Pp, = position-position part of P(t) for the i'" satellite
The rotated values should be printed. The square root of the diagonal terms of P,'fi and
the square roots of the diagonal terms corresponding to the clock bias, drift, and aging of

the satellites and the stations should be written on the Diagnostic Information File
(Appendix H).
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APPENDIX A

SATRACK FINAL TAPE FORMAT
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DK-10:JEJ :dw
13300
24 Jan 1977

MEMORANDUM

From; NSWC/OL (E. Johnson)
To: APL (R, J., McConahy)

Date: 25 January 1977
Subj: Comments on "SATRACK File Definition Sheet" |

Ref: (a) "SATRACK File Definition Sheet," Version 1, dtd 11/18/76 ‘
(b) "SATRACK Ephemeris Data Tape Binary Format," 1/20/77 Revision i

1. The "SATRACK File Definition Sheet" (Ref. (a)) as furnished to NSWC/DL

by APL exhibits several shortcomings which quite probably result from in-

compiete knowledge of the logic in the TED tape generating programs at

NSWC/DL. It was thus felt that it would be better to thoroughly document

%?15 logic for APL's use, rather than commenting on reference (a) line-by-
ne,

Those items in reference (a) which appear to be correct and should
not be affected by any required changes in APL's program are:

(a) the 1isting of the possible file sequences, and
(b) the formats of those records which are of fixed length.

In the following discussion of the tape format, tape records will be
referred to as denoted in reference (b). A diagram of the tape format
has been included to further clarify the tape structure.

Packing words used in records I-1IIB are either 6's or 7's. The 6's
are used only for header records, and the 7's are used for data records.
In part IV the packing word takes the form 747X7YY7ZZZZ where X = 1, 2 or 3
fndicatirg record IVA, IVB or IVC. respectively; YY = 01, 02..., NCOV in-
dicates the number of times record type IV has been repeated; and ZZZZ = 370
for parts IVA and IVB, In part IVC the covariance matrix is written row uise
for the upper diagonal half, and ZZZZ indicates that the values that follow
comprise that row of the upper diagonal half of the covariance matrix which
contains ZZZZ number of elements. Since the covariance matrix is square,
2711 is also equal to the total number of rows in the covariance matrix +]
minus the row number being written, i.e., 15N+3M+1-i,

A-3
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To facilitate further discussion of the tape format, it is convenient
to define a "packing record." A packing record consists of a packing
word and nine data or padding words. If the data being printed does not
completely fill the nine allocated words, the remaining words are filled
with padding words (.9999100000000E+10). Al1 data on the tape is con-
tained in packing records. It should be noted that the nine data words
are counted as per reference (b); thus, the fact that all alphanumeric
words in reference (b) are two element arrays and appear on the TED tape
as a single word must be accounted for.

The tape is written in blocks of 200 words. The blocks, however,
cannot be interpreted strictly as logical records or as representing a
particular portion of the TED tape. If the program writing the TED tape
encounters an end-of-life (as specified in reference (b)) and the data
being written has not filled a 200 word block, the remainder of the block
is padded out.

The header record (Part I) of the TED tape is a variable length
record depending only on the number of satellites. Packing records are
written until all of the data in Part 1 is written. If the last data
word in Part [ does not correspond to the 10th word of a packing record,
the packing record is padded out.

The next word written is the packing word for the 1st packing record
of Part IIA. This is a constant length record of 21 words; thus, three
packing records are written, the last of which is padded out. For
satellite #1, Part IIA is repeated NCOV times. The packing record follow-
ing the_ (NCOV+1) IIA record begins with a 7 and contains the eight data
words of IIB and one padding word. These records are repeated for each’
time line in the ephemeris output span. Record IIA is then written (oniy
once) for the 2nd satellite; records IIB are written for the 2nd satellite
and so onto satellite N. If the last IIB packing record written for
satellite N does not correspond to the end of a 200 word block, the re-
mainder cf the block is padded out.

Record I1IA starts at the beginning of the next 200 word block. It is
a fixed length record of 12 words; therefore, it always appears in two
packing records. The last six words of the second packing record are
padded out.

The next packing record contains the 6 data words of record IIIB and
3 padding words. These records are repeated until all passes have been
listed. If the last IIIB record written does not correspond to the end of
a 200 word block, the block is padded out.

Records IIIA ard IIIB as described above are then written for station #2
and so on to station M,
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Record IVA starts at the beginning of the next 200 word block, the
first packing word being written as 747170170000. Since this is a var-
iable size record of considerable length depending on the number of sat-
ellites and the number of stations, several packing records are required
to completely write the record on the tape. The packing word in all of
these packing records is 747170170000 indicating record IVA, 1st time.
When the last packing record of IVA is written and padded out as required,
the packing word is changed to 747270170000 indicating record IVB, 1st
time. This is also a variable length record requiring a variable number
of packing records; the last of which may be padded out.

After the last packing record for part IVB, the packing word is
changed to 74737017XXXX, indicating part IVC, 1st time, and XXXX as in
the preceding discussion of packing words. Row 1 of the covariance matrix
is then written using the number of packing records required by the size
of the matrix. The packing word is then changed to 74737017XXXY, where
XXXY = XXXX -1, which indicates that the row of the upper diagonal half of
the covariance matrix now being written contains 1 less element than the
preceding row. The number of packing records used for each row can be
computed from the value XXXX in the packing word for that row. The process
is repeated until the packing word is 747370170001 indicating that the
last row of the covariance matrix has been written. Part IVA is then
written for the 2nd covariance output time, and the packing word for this
cycle is 747170270000.

Parts IVB and IVC are then written, as described above, for the second
covariance output time. This process is continued until the packing word
becomes 74737XX70001, indicating the last row of the covariance has been
written and XX = NCOV indicates that the covariance has been written for
all the time lines requested. If the last packing record written does
not correspond to the end of a 200 word block, the remainder of the block
is padded out.

There are no lTocations on the tape in which default words
(.9999900000000E10) are used exclusively. Default words fill spaces that
are assigned to quantities that have not been used or solved for in the
particular run, but may appear in other runs.
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Tape Header

Satellite 1

Satellite 2

Satellite N

Station |

1}

11

i

TED TAPE FILE DIAGRAM

(Based on Reference (b))

Tape Header

A
A

R~ <21~ ~]

o > W

W

NCOV + Times

One B for Each Time Line

One B for Each Time Line

One B for Each Time Line

One B for each Pass
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TED TAPE FILE DIAGRAM (Continued)

(Based on Reference (b))

E-O-F

-

Station M 111 A

One B for Each Pass

. NCOV Times

v

N>

E-O-F
E-O-F
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TRACKED EPHEMERIS DATA TAPE

BINARY FORMAT

Tape Header (1 Per Tape)

Word Number Format
1,2 A
34 A
5,6 A
7 I
8 1
8+1 1
8+2 1
8§+N 1
8+N+ 1 |

8+N+2, 8+N+3 A

8+N+4 I
8+N+5 E
§+N+6 E
8+N+7 E
8+N+8 E

A-8

Revised 1/19/77

Definition

APL — Tape User

NSWC/Dahlgren - Tape Generator
MODX — OD/CT Version X

(Yr - 1900) * 1000 + Day Number
Run Specified (Al — RSF)

N — Number Satellites

N1 — Satellite Number

N? — Satellite Number

NN — Satellite Number

M — Number Stations

RW or FW — Real or Fitted
Trajectories

NCOV — Number of Covariance
Matrices Written Out

(Yr - 1900) * 1000 + Day Number
+ Sec/10° (AS5a-RSF)

(Yr - 1900) * 1000 + Day Number
+ Sec/10° (A5b-RSF)

(Yr - 1900) * 1000 + Day Number
+ Sec/10° (A6a-RSF)

(Yr - 1900) * 1000 + Day Number
+ Sec/10° (A6b-RSF)




il Ephemeris Files (1 Per Satellite)

A. Header Record!!’

Word Number Format Definition

1 I (Yr-1900) * 1000 + Day of
Ephemeris Record

2 E t - Seconds UTC After Midnite
(A6a-RSF)

3 I Satellite Number

4 E X Satellite Number (A6a-RSF)

5 E Y Satellite Number

6 E Z Satellite Number

7 E X Satellite Number

8 E Y Satellite Number

9 E Z Satellite Number

10 E True Right Ascension of Greenwich
at Epoch A6A-PSF (Radians)

11 E X — Complete Polar Motion at Epoch

12 E Y — Complete Polar Motion at Epoch

13 E (1, 1)

14 E (1, 2)

15 E (1, 3) Elements of Transformation

16 E Q,n Matrix From Mean 1950.0

17 E 2, 2) Inertial to Earth-Fixed

18 E 2, 3 Geocentric Equatorial at

19 E 3,1 Solution Epoch (A6a-RSF)

20 E a3, 2)

21 E a3, 3)

(DNote: Header record written for time A6a for all sateilites; for satellite number 1, it is repéated NCOV times with the right
ascension of Greenwich and the transformation matrix updated to correspond to the times that the covariance matrix will be output
in part IV,

5
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B. Ephemeris Data Records (1 Per Time Line)

Word Number Format Definition

1 E Time (sec) Relative to
Epoch (A6A)

2 E X — Coordinate (km) in '
Mean 1950.0 ;

3 E Y — Coordinate (km) in
Mean 1950.0 ;

4 E Z — Coordinate (km) in :
Mean 1950.0

5 E X — Coordinate (km) in
Mean 1950.0

6 E Y — Coordinate (km) in 3
Mean 1950.0

7 E Z — Coordinate (km) in q
Mean 1950.0 '

8 E At — Satellite Clock Error

The last epheremis file terminates with E.O.F.

1l Station Files (1 Per Station)

A. Header Record

Word Number Format Definition

1

Station Number

2 E ¢ — Latitude (deg) in
WGS-72 System
3 E \ — Longitude (deg) in
WGS-72 System
4 E h — Height (m) in WGS-72 System
5 I Data Class
1 = Range
2 = Range Difference
3 = Both
6 E Mean on Range Data (= 0.0)
i l 7 E Sigma of Noise on Range Data
in Data Generation R
| 8 E Range Data Rate — Data
Generation Run (sec)




1l Station Files (1 Per Station) (Continued)

Word Number Format Definition
9 E Mean on Range Difference Data
(= 0.0)
10 E Sigma of Noise on Range Difference
Data in Data Generation R é
11 E Range Difference Data Rate — g
Data Generation Run |
12 i K — Total Passes From Station k

B. Data Records (1 Per Pass)

Pass Number

Start Time (sec from A6a)
End Time (sec from A6a) i
Tracked Satellite’s Number i
TCA (sec from A6A)

L = Number Data Points

[= Y T O TS R S
— o=~ -

Each station file is terminated with E.O.F.
Iv. Solution Parameters and Multisatellite Covariance (NCOV Per Tape)
A. Solution Parameters

Word Number Format Value(?)

m

Time (A8-RSF) in sec
(Relative to A6a)

P A v — T

2 E X for Satellite 1
3 E Y for Satellite 1
4 E Z for Satellite 1
5 E X for Satellite 1
6 E Y for Satellite |
7 E Z for Satellite 1
8 E K, — Solar Radiation Parameter
Satellite 1
9 E K, —~ Solar Radiation Parameter

Satellite 1

DNote: Default Value is 9.9999E +9
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v,

Solution Parameters and Multisatellite Covariance (NCOV Per Tape) (Continued)

Word Number Format
10 E
11 E
12 E
13 :

Words 2-13 are repeated for all other satellites.

12N +2
I2N+3
12N +4
12N +5
12N +6
12N+ 7

smmmmmmMm

ISN-1
1SN

ISN+1
ISN+2
ISN+3
ISN+4

rmmMmmmim -

ISN+3M- 1
15N +3M

ISN+3M + 1
ISN+3M +2

mmmim °

ISN+3M+3

m

ISN+3M +4 E

Value

K, - Solar Radiation Parameter
Satellite 1

T, — Thrust Parameter Satellite |
T, — Thrust Parameter Satellite 1
T, — Thrust Parameter Satellite 1

ét — Time Bias for Satellite N,
ét_—Time Drift for Satellite N,
At — Aging Rate for Satellite N,
At — Time Bias for Satellite N,
At — Time Drift for Satellite N,
At — Aging Rate for Satellite N,

At — Time Bias for Satellite Ny
At — Time Drift for Satellite Ny
At — Aging Rate for Satellite Ny
At — Time Bias for Station 1
Qg—Time Drift for Station 1
At — Aging Rate for Station 1

At Time Bias for Station M
At Time Drift for Station M
At Aging Rate for Station M
a priori Sigma on At
(Master Station m) .

a priori Sigma on At
(Master Station m) .

a priori Sigma on At
(Master Station m)

L e e




B. Considered Parameters

| E X — Station 1 (assumed)
2 E Y — Station 1 (assumed)
3 E Z — Station 1 (assumed)
4 E X — Station 2 (assumed)
5 E Y — Station 2 (assumed) .
6 E Z — Station 2 (assumed)
3M-2 E X — Station M (assumed)
3M-1 E Y — Station M (assumed)
3M E Z — Station M (assumed)
3M+1 E Cr — Refraction Connection
Assumed (= 0.0) 4
3M +2 E a priori Sigma (m) on :
1, 4, 7, etc.
3M+3 E a priori sigma (m) on
2, 5, 8, etc.
IM+4 E a priori Sigma (m) on
3, 6, 9, etc.
3M+5 E a priori sigma (%) on
IM+1

C. Multisatellite Covariance Upper Triangular Halt

1 Row Per Record Total 12N + 3(N + M)Records

Word Number Format Definition

Cov X1, X1 (1.
Cov X1, Y1 (I,
Cov X1, Z1 (1,
Cov X1, X1 (I,

1) Element
2) Element
3) Element
4) Element

B\OM\IO\U\AWN-—

—
—

™)
mEmmmmmmmDmmmm

—_—
W
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Cov
Cov
Cov
Cov
Cov
Cov
Cov
Cov
Cov

X1, Y1 (1,
X1, Z1 Q,
X1, K1 (1,
X1, K2 (1,
X1, K3 (1,
X1, TI (1,
X1, T2 (1,
X1, T3 (I,
X1,

5) Element
6) Element
7) Element
8) Element
9) Element
10) Element
11) Element
12) Element

X2 (etc.) Element

Dynamical
Parameters
Satellite 1




C. Muitisatellite Covariance Upper Triangular Halt (Continued)

»
Word Number Format Definition
i Dynamical
{ . , Parameters
g . . . Satellite 2
] 24 E Cov X1, T3 3
i*. (N-DI2+1 E Cov X1, Xn 4
'; (N- DI2+2 E Cov X1, Yn Dynamical b
{ . . . Parameters ‘
] Satellite N
| (N) 12 E Cov X1, T3
F g g‘;: ;: zg:} Time Satellite
E Cov X1, TB, b
. Cov X1, TBz} 1
. Cov X1, TB2 Time Satellite 2 :
Cov X1, TBZ "
Cov X1, TBy
7 . - Time Satellite N [
‘ E Cov X1, TBN} 7
E Cov X1, TB,
‘ E Cov X1, TB, Time Station 1
‘ . Cov X1, TB,
| . Cov XI1, TBy
. *  Time Station M
. . (Master Station)
E Cov X1, TB,,
Row 2
1 E Cov Y1 YI
2 E Cov Y! Z1
3 E Cov Y1 X1
etc. etc.
.
Row 3
1 E Cov Z1 Z1
2 E Cov Z1 X1
3 E Cov Z1 Y1
etc. etc.
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APPENDIX B

PARAMETERS AND FILES FOR SATRACK
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REQUIRED INPUTS AND SUGGESTED DATA CARDS

*User (1) = 3HAPL

*User (2) = 10H

*Version (2) = 10H

*Creator (1) = 10 HNSWC/DAHLG
*Creater (2) = 10HREN

*Version (2) = 10H

]
E Data Quantities
i
:
4

Inputs (Not intended to be a complete or limiting list)

IDATE — (Yr - 1900) * 1000 + Day Number

*Version (1) — alphanumeric variable for output on TED File

*NSAT — number of satellites to be processed (maximum = 10)

*NSTAT — number of stations for which data are present (maximum number = 7)

*NCOV — number of times covariance matrix is to be output on TED (maximum 4

number = 10) .

*MSAT(I) — satellite number for each satellite being processed

*MSTAT() — station number for each station (Note: The last station in the array is

always considered the master station)

*TCOV(I) — array containing times to which covariance matrix is to be propagated and
output on TED file (I = 1, 10; program should be written so maximum
value of I can be changed without causing problems)

‘ *NDYNP — number of dynamic parameters in solution: to be used for computing array ;

i sizes and location of variables in pass matrices

] | *POLARX, POLARY - x, y components of polar motion at epoch

*AS5A, ASB, A6A, A6B —(Yr-1900)* 1000 + Day + SEC * 10-3 times from Run
Specification Form (RSF) parts ASA, AS5B, A6A, and A6B

RSTART, RSTOP — begin and end times for range data used in solution

P RDSTART, RDSTOP — begin and end times for range difference used in solution

KEY — flag to indicate whether range, range difference, or both types of data are to

be processed
SIGR, SIGRD —sigmas used on noise for range and range difference data. respectively,
in data generation runs
RATR, RATRD - data rate for range and range difference data used in data generation

runs
*SIGMA(I) — I = 1, 27; Sigma values for use in solution. Suggested array ordering:




SIGM(1) - sigma

SIGM(2) -- sigma

SIGM(3) - sigma

SIGM(4) - sigma

SIGM(S) - sigma

SIGM(6) — sigma

SIGM(7) — sigma

SIGM(8) - sigma

SIGM(9) - sigma

SIGM(10) - sigina
SIGM(11) - sigma
SIGM(12) - sigma
SIGM(13) — sigma
SIGM(14) - sigma
SIGM(15) - sigma
SIGM(16) — sigma
SIGM(17) — sigma
SIGM(18) — sigma
SIGM(19) — sigma
SIGM(20) — sigma
SIGM(21) — sigma
SIGM(22) - sigma
SIGM(23) - sigma
SIGM(24) - sigma
SIGM(25) — sigma
SIGM(26) — sigma
SIGM(27) — sigma
SIGM(28) — sigma
SIGM(29) — sigma
SIGM(30) — sigma

for
for
for
for
tor
for
for
for
for

13 element of satellite state vector (x)
nd ejement of satellite state vector (y)
34 clement of satellite state vector (z)
4" clement of satellite state vector (X)
5th clement of satellite state vector (y)
6™ element of satellite state vector (z)
x component of radiation pressure
y component of radiation pressure
¢+ component of radiation pressure

for x component of thrust
for y xomponent of thrust
for z component of thrust

for
for
for
for
for

satellite clock bias
satellite clock drift
satellite clock aging
station clock bias
station clock drift

for station clock aging

for

master station bias

for master station drift

for master station aging

for x component of station position (bias parameter)
for y component

for z component
for x component of station position (dynamic parameters)
for y component
for z component

for refraction

for

frequency bias

for frequency drift

Most variable names used above are not intended to restrict the programmer in his own

selection; however,

it would be convenient if those variable names marked with * wecre

retained as they frequently occur in conversation at NSWC and in communication between

NSwWC

and JHU/APL.

Input Files

19

Perturbed Trajectory Files (1 for each satellite)

Pass Matrix Files (1 for each data class of each satellite)

Polar Motion File (see Appendix F for format)

ABCD File (see Appendix G for format)

B4




APPENDIX C

DESCRIPTION OF CELEST FILES




PRUPAGATED TRAJECTORY FILE (EARTH-FIXED OR INERTIAL) (TAPES1)
THE PASS MATRIX FILE CONTAINS THE B~MATRIX FOR EACH PASS
OF DA+ A INCLUDED IN THE SPAN OF THE TRAJECTORY-USED FOR FILTER~
ING THE OATA, ONLY THE ACCEPTED PASSZS ARZ WRITTEN ON THE
PASS MATKRIX FILE. RcCORD TYPE 1 IS A HEADER RZCORXD FOR THE
FILE ANO APPEARS ONLY AS THE FIRST KEGCOKD OF EACH FILE. INFOR~-
MATION IN THIS RECORD IS COMPARED wITH THE SAME TYPE INFORMA-
TION FROVM THE TRAJECTORY IN THE BSOLVR SECTION OF CELEST. IF
THERE 4iS A ULFFERENCE IN INFORMATION, AN ERROR STJIP OCCURS.

RECOKD TYPES 2 THRU S ARE REPEATED FOR EACH ODATA PASS.

FURKMAT OF PASS MATRIX FILE

RECORD TYPE 1

WORD SYM3OLIC
NOe TYPE NAME DESCRIPTION

1 F TRAT (1) YEAR OF EPOCH OF TRAJECTORY

2 F TRAT (2) DAY * * " -

3 A ITINME TIME CLOCK VALUE WHEN TRAJECTORY WAS MADE
4 I I0(1) SATELLITE NUMBER

5 A SAT (1) SATELLITE NAME

6 A SAT(2) SATELLITE NAME (CONT)

7 I 10¢2) SATELLITE NUMGER OF 2ND SATELLITE

8 A SAT2(1) SATELLITE NAME OF 2ND SATELLITE

9 A SAT2(2) SATELLITE NAME (CONT)

C3




RECORO TYFE 2

WORD SYMBOLIC i
NO«. TYPE NAME OESCRIFTION ﬁ
;
1 1 IPASS PASS NO. - EACH DATA PASS RFAD FROM THE
08S FILE IS COUNTED. IF PASSES ARE REJECTED
THE PASS NOS. WILL NOT 3E ZONSECUTIVE. T
2 F YEAR YEAR OF OBSERVATION PASS
3 F DAY DAY OF OESERVATION PASS ;
4 A ISTA STATION NO. OF OBSERVING STATION J
4 5 I ND OATA CLASS
E 6 I ITYPE OATA TYPE
7 I NO NUMBER OF OBSERVATIONS IN PASS
8 1 iToLp TOTAL NUMBER OF >ARAMETERS IN B-MATRIX,
INCLUDING BIASES
9 I NOF NO. OF ACCEPTEG POINTS IN PASS
10 I 1Ps PASS STATUS =0,6000,NOT =0 ,6AD(ALNAYS 0,NON)
11 0 PL PARAMETER LABEL. THIS WORD INDICATES WHICH
PARAMETERS MAKE UF THE MATRIXe A BINARr BIT
IS ALLOWED FOR EACH PARAMETER LEFT ADJUSTED
; IN THE FOLLOWING ORODERe Xy Yo Z» XDOT, YDOT,
ZDOT, OR ( Ay ESy, ECy I, AMO, OMEGA), COys FX,
; FYoFZoKRyXSeYS92SsREF, FoF 20T

12 F v VARIENCE




xFCUKD TYFe 2

WGF O

NOoy TYPE
13 F
14 F
15 “fF °
16 F
17 F
13 F
i9 F

SYM30LIC

NAME

ELEV

PHID

{ COUNT,)

DESCRIPTION

ELEVATION AT TCA UF PASS (DEG)

STATION LONGITUDZ (LEG)

FILTERED WMNOISE

SATELLITE FREWUENCY

“ARTA=FIXED X COMPONENT OF STATION FOSITION
FARTH=FIXED Y COMPONENT OF STATION POSITION

EARTH=FIXED Z COMFONENT OF STATION POSITION




- —— r— L mem s — - - -

RELUKL TYFre 3

WOFD SYN3OLIC |
NOe :YPE NAME OESCRIPTION ‘
1 F BMAT LOWER TRIANGULAK PART OF B-FATRIX FOR PASS
2 F .
L] [ ] L]
SN F .

N+l F EVEC(1) E-VECTOR FOR FASS

N+2 F .
. ] .

' M F EVEC (ITOLPR)

*AHERE N =(ITOLP* (ITOLP+1)) /72

P3HHERE M - N+ITOLP

C6




RECORD TYPE &

WORD SYMa30LIC

NO. TYPE NAME

1 I NOSIAS

2 I IHRMIN
3 T IOUR °

4 I 1AC

5 I IVERS

6 F TRISE

7 F TSET

DESCRIPTION
NO. OF BIASES
RISE TIME OF PASS (PACKED AS HR AND MIN)
OURATION OF PASS (MIN)
AUTOCORRELATION
INDICATES FROM WHICH CELEST VERSION FILE MADE
KISE TIME OF PASS (SEC. FROM MIONIGHT)

SET TIME OF PASS (SEC. FROM MIDNIGHT)




RECURD TYPE 5

WOk D

NO .

1

10

RECORD TYPES 2 THRU 5 ARE REPEATED FOR EACH DATA PASS

TYPE

F

SYMBOLIC

NAME

TCA

DESCRIPTION

oo eceoeoaewe

TIME OF CLOSEST APPROACH JDF PASS{SEC. FROM

MIONIGHT)

RMAT(1,1) RUTATION MATRIX TO ROTATE FFOM INERTIAL

RMAT (14 2)

]

RMAT (34 3)

TO EARTH-FIXED AT TCA.

c8




INERTIAL PERTURBED TRAJECTORY FILE (TA2E9)

THE INERTLIAL PEFTURGBED TRAJECTORY FILE CONSISTS OF TWO RECORD

TYPES - KECOKD TYPE 1 BEING A HEADER RECORD APPEARING ONLY ONCE,

ANO RECOKD TYPE 2 WHICH CONFTAINS THE POSITION OF THE SATELLITE

ANU PARTIALS OF FOSLITION WITH RESPECT TO EACH PARAMETER.

ONLY THE CANONICAL PARTIALS WRT ORAG AND THRUST APPEAR ON THE TRAJ.
THE PArAMETER OKODER 1S AS FOLLOWS. THE SIX ORBIT FARAMETES ARE FIRST,
EITHERK COCRDINATES OR ELEMENTS, FOLLOWED B8Y DRAGs THREE THRUST, ANOD
KADIATION PRESSUREs OKAGe THRUST, AND KADIATION ARE OPTIONAL. A
SYM3OLIC LIST AND ORDER OF PARAMETERS IS AS FOLLOWS. X, Yy Z, XDOT,
YDOT, ZDOTy OR ( Ay ES, ECy Iy AMOe OMEGA)y CDs FXy FYy FZy KR

RECOKL TYPE 2 IS REFZATED FOR EACH TIME LINE OF THE TRAJECTOKY.

FUKMAT OF INERTIAL PERTURBED TRAJECTURY FILE

C9




RECORD 1YPE 12

WOkO SYM3OLIC
NGe TYPE NAME OESCRIFTION
i i N3 RECORD NOe. = 1

2 F TRAT (1) YEAR OF EPOCH OF TRAJECTORY
3 F TRAT (2) OAY * - - -

4 F TRAT(3) SEC * “ -

5 F TRAT(4) TVE=-TO, TIME UF VERNAL EQUINOX MINUS EPOCH
OF THE TRAJECTORY
6 F TRAT(5) INTERVAL AT WHICH TRAJ IS WKITTEN (SEC) f

7 F TRAT(6) LAST TIME ON TRAJECTORY(SZC FROM EPOCH) i

8 F TRAT(7) INTEGRATION INTERVAL USED WHEN CREATING :

THE TRAJECTORY (S:2C) ;

9 I IFLON KIND OF TKAJECTURY = 647,440 S, %
10 1 ID(1) SATELLITE NUMGER

A .

11 I KCG(10) INOICATES IF TRAJECTORY WAS MAODE USING

EPOCH OF DATE=1, OR EPOCH OF 1950= 0

12 1 10(3) IFPROVEMENT CYCLE NUMBER
13 A IDATE TIME CLOCK VALUE WHEN TRAJZCTORY WAS MADE
14 I NPAR NUMBER OF PARAMETERS

C-10
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RECORU NOes 1 ( CONT,)

Wor 0 SYMJOLIC

NOe TYPE NAME DESCRIFTION

15 0 LAGELP PARAMETER LABEL AURDe THIS WORD INGICATES

WHICH PARAMETERS WERE USED WHEN THE FILE &AS

- e s e -

A BINARY BLIVT IS ALLOWED FOR EACH PARA-

MADE.

METER INOICATED ApOVEy LE-T ADJUSTED. FOR
EXAMPLEs X OR A IS INDICATEC IN THE LEFT MOST
. 8IT OF THE WORDy, ¥ OR ES IS IN THE NEXTs ETC.
é IF THE BIT IS ON (=1), THZIN THE PARAMETER WAS
USEDe IF THE BIT IS OFF (=0), THE PARAMETER
WAS NOT USED.

16 1 NOPA NOo. OF DRAGS USED WHEN MAKING TRAJECTORY

17 I NTPA NO, OF THRUST USED WHEN MAKING THE TRAJ

18 F  DTIM(4)  END TIME OF 15T ORAG SEGHENT (SEC FROM EPOCH)
19 F  ovIm(2) ™ = "2nD ™ - - .

. ] - “ - " -

F " L (1] o " L]

. F ° (1] - " (1] " L4

* N F DTIMSI(NOPA) END TIME OF LAST ORAG SEGMINTY

* WHERE N=n(PA#+17 OGr N=18e IF NOPA=)




RECORD NC. 1 { CONT.)

WOKD SYMJCLIC

NUe TYPE NAMt

DESCRIFTION

L

N+l

N+2

M+l
Me+2
M+3
M+4
M+5
M+6
M+7
Meg
M+9
M+l
M+l

M+12

F

-

TTiIMS(1,1)
TTIMS(2,1)
L )
L}

TTIMNS(1,L2
TTIMS(24L)
oI (L)
0I¢2)
0I¢3)
QI(4)
01(5)
0I1(6)
oL
0its)
0I(9
01(19)

0I(11)

01(12)

START TIME OF 1ST THRUST SEGMENT

EN 0 ”»”n 0 ”

START TIME OF LAST THRUST SEGMENT

END - - = . -

x )

Y = INERTIAL COMPONENTS OF SATELLITE d
zZ ) POSITLON AT EPOCH (KM}

X007 )

YOOT t- INERTIAL
zZootT )

CO01 - COEFFICLENT

coez - .
co03 - .
Cou .
cos .
coe .

C-12

VELGCITY AT EPICH (KM/SEC)

oA T

COMPONENTS OF SATELITE

OF DKAG FOR 1ST OFRAG SEG

. . « 2ND o
. . « 3RD . o
. o ¢« HTH o
. . « STH .
° . « 6TH .

—me - R .




vy

M+13 F 01(13) co7 . . « o TTH .

M+le  F 0I(14) cos . . « . B8TH .

M+1S F 0I(15) CD9 . . e o« 9TH . .

M+le F 0I(16) co10 . . e« < 10TH . . I
Me17  F 01(17) Co11 . . e « 11TH o |
M+18  F 0I(18) co12 . . « o 12TH .

M+13 F 0I(19) co13 . . « o 13TH .

M+20 F 0I(20) CD14 . . o  « 1LTH .

M+21  F 0i(21) co15 . . « « 15TH . .

Me22 F 0I(22) cD16 . . e « 16TH .

Me23  F GI(23) co1? . . e o ATTH . ;
Me2s  F 01(24) CO18 . 5 « < 18TH & . |
M+25  F 01(25) co019 . . « < 19TH . |
M*26  F 01 (26) €020 . . e . 20TH .

*¥ WHLERE M= N+#2*(NTPA) UR M=N+2, IF NTPA=)

et
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RECORL NG. 1 ( CONT.)

WOK O SYM30LIC
NOe TYPE NAME DESCRIFTION
Me27 F  0I(27)  AX1 )
Mé2o F  O0I(28)  AY1 1-COMPONENTS OF 1ST THRUST (KM/SEC**2)
Mé29 F  0I(29)  AZL )
Me3C F OI(30)  AX2 )
Me31 F 0i(31)  AY2 1-COMPONENTS OF 2ND THFUST (KM/SEC**2) ;
Me32  F 0I(32)  AZ2 ) |
M¢33  F 0L(33)  AX3 ) g
Me36  F OI(34)  AY3 1-COMPONENTS OF 3RD THRUST (KM/SEC**2) %
Me35 F 01(35)  AZ3 ) 3
Me36 F OI(36)  AX4 )
M+37  F OL(37)  AYL 1-GOMPONENTS OF 4TH THRUST(KM/SEC**2)
E Me38 F  OI(38)  AZ4 )
E M#39 F  OI(39) KR - RADIATION PRESSUKE COZFFICIENT
Mew, F  OL(4U)  KR2-2ND RADIATiON PRESSURE COEFFICIENT
Me4i F 0I(41)  KR3-3RD RAOIATION PRESSURE COEFFICIENT
NGPA NOe OF GRAVITY FARAMETERS
106D GRAVITY ID ARRAY (32)

| OLPGP(1)y IS14NGPA DELTA P GRAVITY

i NRPA NO OF RADIATION PARAMETERS BEING IMPROVED
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REGORL 1YFE 2

nOr 0 SYM3OoLIC
NCe TYPZ NAME ODESCRIPTION
1 1 NB CONSECUTIVE RCCUORO NOe=293gboceN
2 F Tl TI-T) (SECONDS FRCGM EPOCH)
3 F TRAC2) X )
4 F TRAC3) Y '= INFRTIAL COMFONENTS JF SATELLITE
5 F TRA(4) zZ) POSITION AT TIME (TI) (KM)
6 F .TRA(ﬁL .PARTIQQ X AT (TI).NRT PARAMETER (1) AT (TO)
7 F TRA(B) . Y o . . . (1) . .
8 F TRKAL7) . Z o N . . (1) . .
) F TRkA(E) . X o . . . (2) o .
1¢ F T&A(9) . Y o . . . (2) . .
11 F TKALLL) . 2 . . . B (2) . .
] L] [ ] L] [ ] L] L ] L ] [ ] L ] * L J
. . . . . o . . . . . .
[ ] [ [ ] L J [ ] ] L ] [ ) [ ) L) L] L ]
N=2 F TRA("‘Z' . X o [} L] . NPAR [} L]
N'i F I'QA‘"’i’ . Y [} [} . * NFAR [ ] [ 3
N F TrRA (M) . Z o . ° . NPAR .
WHERE NFAK = NOU., OF PARAMETZRS
= 6 ORBIT +MINO(LNDOPA)+3I*MINU (1 ,NTFA)+MINO (1,NRPA)
NOPA-NQs OF DRAG SEGMENTS K
N:PA:zNO, OF THRUST SEGMENTS : |
NFPA=NO. OF RADIATION PRESSURE PARAMETERS (0 OR .1) h
N= 5+3*NPAR 3
M= L+3*NFAR .

—_r—
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DIAGNOSTIC INFORMATION FILE (TuPELG)

THE DIAGNHOSTIC INFORMAT IOM FILE IS CREATED 8y THE COVAR
SECTION COF CECEST TO dE USED BY THE GLRAPHICS OR POST ANALYSIS
IT CONTAINS STATISTICAL OATA WHICH IS
USED AS A MEASURE OF HOW GOOO THE FIT GVER A PARTICULAR SPAN IS.

SECTIUN FOR CELEST,

IT CONSISTS UF FOUR RECORD TYPES.

ONLY UNCE FOR A REV,

REGCORD TYPES 142

AND 4 APPEAR

oUT ARE REPEATED IF MOIRE THAN ONE REV IS
PROCESSED. KECORD TYPE 3 IS REPEATED FOR EACH OUTFUT CELTA T
DUKIN, THE SFAN UF THc KEV,

FOKMAT OF DIAGNJISTIC INFORMATION FILE

RECORD TYPE ¢

WOr. 0 SYMgOLIC
NOe TYPE NAME
TO(1)
T0(2)
T0(3)
10(1)
cs
NKEV
TRAT (1)
TRAT(2)
TRAT(3)
TOLTY
MT

OO NOWE N

1¢
11

HTMM M MMM

RECORD TYFE 2

NG 0 SYMBOLIC
NCe TYPE NAME

1 F (%)

UESCRIPTION

YEAR OF EPOCH OF REV

DAY [ ] L]
SECe o

SATELLITE NUMBER
SCALE FACTOR FOR COVARIANGE
HEV NUM3ER OF SATELLITE

YEAR OF EPOCH OF FERT TRAJ

DAY . .
SEC. L ] [ ]

(LONG ARC)

L] . L] L ] L]
OUTPUT DELTA T FOX EARTH-FIXED 'VALUES
MULTIPLE OF TOLT TO OUTPUT INERTIAL VALUES

DESCRIPTION

LAST TIME FOR WHICH RECORJD TYPE 3 IS

WRITTEN (SEC.

C-16
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RECURD TYFE 3

wWorD sSymaoLIc
NO. YPE NAME DZSCRIPTION
1 3 TiM TIME IN SEC. FRUM REV EPQCH
2 F 8R(1s1) ) CONFIDENCE IN THE TRAJECTOFY IN THE
3 F 8h(242) t- RADIAL, TANGENTLALs AND OUT OF PLANE (RXV)
& F BR(3+3) ) DIRECTIGN AT TIME (TIM)

REGUD TYPE 3 IS REFZATED FOR EACGH QUTPUT TIME 1IN REV SPAN,
THE LAST TYPE 3 RECORD CONTAINS FOUR WORDS OF ZERO VALUE.

REGU-C TYPE &

WURD SYMJOLIo

NOe TYPE NAME DESCRIFTION
b F S1G2R AVERAGE SIGMA RADIAL FOk INTIRE REV
2 F SIG2v AVERAGE SIGMA TANGENTIAL FOX ENTIKRE REV
3 F S2rXV AVERAGE SIGMA (RxV) FOR ENTIRZ REV

C-17
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APPENDIX D

SUBROUTINE NTRP8
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SUBROUTINE NTRP8

Common/NTRP/IPRNT, ITRAJ, IR, PCTIO, ITRAIl, ITRA2, TRA(8,133), TRAI(267)
3 TRAT(7), CTIO

1]

TRAT(1) = year of Epoch

TRAT(2?) day of Epoch

TRAT(3) = seconds of Epoch from header record of trajectory file
TRAT(4) = t,, - tg (GHA)

TRAT(5) = At

IFRNT — output tile, so error messages can be written
ITRAJ — intput trajectory (perturbed trajectory) file

TRA — array containing records 2-9 of trajectory file; these must be read in before 1°' call
to NTRPS8 '

TRAI — array containing the interpolated values

TRAI(1) — x TRAI(7) — X TRAI(10 +K)

TRAIQ2) - y TRAI(8) — ¥ TRAI(11 +K) ¢ ¥, ]
TRAI(3) — z TRAI(9) — 2 TRAI(12 +K) . ) .
TRAI(4) — x TRAI(13 +K) K = 0: NPAR-I

TRAI(5) —y TRAI(14 +K) { ¥,

TRAI6) — 2 TRAI(15 +K)

s v T e

NPAR — number of parameters (from header record)

CTIO — time in seconds for which to interpolate (from ASA)

PCTIO — previous time for which interpolation was done; initialize to -9999. in culling
program

ITRA1 - number of words in last record read from trajectory file (NPAR * 3 +4)
ITRA2 — block number of last record read from trajectory file

| IER — error return from NTRPS
= 0 interpolation was done
1 time to interpolated occurred too early to interpolate (before fourth time on
trajectory)

i)

A1




= 2 time to interpolate occurred too late to iuterpolate (not enough data on
trajectory)

IR — indicates what to interpolate for |
1. interpolate for r, r 1
, interpolate for r, r, 1 j

interpolate for Y
. interpolate for Y _, ¥,

I}
- Wt

NOTE:

1. Subroutine must be called twice (IR = 1 and IR = 4) when position, velocity,
and partials are required.

8%

Subroutine must be reinitialized for each satellite (trajectory files must, of course,
be rewound before reading header and 1%' records prior to calling NTRPS).

3. The order of the partials in the TRAI array for ¢,  or ¢, is

partials with respect to position -
partials with respect to velocity

partials with respect to drag (not used by the SATRACK program)

partials with respect to three components of thrust (if present in the solution)
pariials with respect to three components of radiation pressure (if present in the
solution)

partials with respect to gravity parameters (if present in the solution)
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POLAR POSITION FILE

REF: “Polar Position File System,” R. G. Barker, January 1975
There are nine records, also referred to as subfiles, indexed by integer labels:

IPMS — preliminary pole position

IPMS - final pole position

BIH — preliminary pole position

BIH — final pole position

BIH UTI-UTC

USNO UTI-UTC

Bi-daily solutions from the CELEST program
Predicted pole position

Predicted UTI1-UTC

©® LY E W~

Data in each subfile are in order by day of the year. Space is reserved for each day,
whether or not data are available for that day. The first word is always year number. Only
one additional word per day is needed in each of the subfiles for UT1-UTC (numbers 5. 6.
and 9). Two words are needed in each of the other subfiles for the x and y coordinates
of polar position. Moreover, two words are allocated for the standard deviation of these
coordinates in subfiles 4 and 7. The later subfile, namely the Bi-daily solutions, also
provides for a word of alphanumeric characters identifying the satellite or source of data.
It differs from the other subfiles in another way: three complete sets of data may be
stored each day, corresponding to different satellites. Thus, 18 words are set aside for
every day in the subfile. The following figure indicates the various subfile structures. All
numerical data are in floating point format,

Subfiles
5,6, 9 year UT1-UTC
1, 2, 3, 8 year X y
year X y o, g,
7 year X y 0y g, satelliteJ
E-3

2.

LR . AT
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TRACKED EPHEMERIS DATA TAPE .
BINARY FORMAT Revised 1/19/77

Tape Header (1 Per Tape)

| Word Number Format Definition ;'
1,2 A APL — Tape User ]
34 A NSWC/Dahlgren — Tape Generator :
5.6 A MODX — OD/CT Version X
A 7 | (Yr-1900) * 1000 + Day Number
Run Specified (A1 — RSF)
8 I N — Number Satellites
8+1 1 N1 — Satellite Number
8§+2 I N2 — Satellite Number
8§+N 1 NN — Satellite Number
8+N+1 1 M — Number Stations
8+N+2, 8+N+3 A RW or FW — Real or Fitted
Trajectories
B+N+4 1 : NCOV — Number of Covariance
Matrices Written Out
8+N+5 E (Yr - 1900) * 1000 + Day Number
;- + Sec/10° (ASa-RSF)
w 8+N+6 E {Yr-1900) * 1000 + Day Number
B + Sec/10° (ASb-RSF)
f ! 8+N+7 E (Yr - 1900) * 1000 + Day Number
i + Sec/10° (A6a-RSF)
! 8+N+38 E (Yr-1900) * 1000 + Day Number

+ Sec/10° (A6b-RSF)




11 Ephemeris Files (1 Per Satellite)

A. Header Record!!

Word Number Format Definition

1 | (Yr-1900) * 1000 + Day of
Ephemeris Record

2 E t-Seconds UTC After Midnite
(A6a-RSF)

3 I Satellite Number

4 E X Satellite Number (A6a-RSF)

5 E Y Satellite Number

6 E Z Satellite Number

7 " E X Satellite Number

8 E Y Satellite Number

9 E Z Satellite Number

10 E True Right Ascension of Greenwich
at Epoch A6A-PSF (Radians)

11 E X — Complete Polar Motion at Epoch

12 E Y — Complete Polar Motion at Epoch

13 E (a, 1.

14 E (1, 2)

15 E (1, 3) | Elements of Transformation

16 E (2, 1) [ Matrix From Mean 1950.0

17 E 2, 2) Inertial to Earth-Fixed

18 E (2, 3) | Geocentric Equatorial at

19 E (3, 1) \ Solution Epoch (A6a-RSF)

20 E a3, 2

21 E 3, 3)

{ (MNote: Header record written for time A6a for all satellites: for satellite number 1, it is repeated NCOV times with the right
ascension of Greenwich and the transformation matrix updated to correspond to the times that the covariance matrix will be output

in part IV,

5 |




B. Ephemeris Data Records (1 Per Time Line)

Word Number

Format

E

8 E
The last epheremis file terminates with E.O.F.
I Station Files (1 Per Station)

A. Header Record

Word Number Format

1 I

2 E
3 E
4 E
5 I

6 E
7 E
8 E

Definition

Time (sec) Relative to
Epoch (A6A)

X — Coordinate (km) in
Mean 1950.0

Y — Coordinate (km) in
Mean 1950.0

Z — Coordinate (km) in
Mean 1950.0

X — Coordinate (km) in
Mean 1950.0

Y — Coordinate (km) in
Mean 1950.0

Z — Coordinate (km) in
Mean 1950.0

At — Satellite Clock Error

Definition

Station Number

¢ — Latitude (deg) in

WGS-72 System

A — Longitude (deg) in

WGS-72 System

h — Height (m) in WGS-72 System
Data Class

1 = Range
2 = Range Difference
3 = Both

Mean on Range Data (= 0.0)
Sigma of Noise on Range Data
in Data Generation R

Range Data Rate — Data
Generation Run (sec)




Hl. Station Files (1 Per Station) (Continued)

Word Number Format Definition
9 E Mean on Range Difference Data
(= 0.0)
10 E Sigma of Noise on Range Difference
Data in Data Generation R
11 E Range Difference Data Rate —
Data Generation Run
12 I K — Total Passes From Station B

B. Data Records (1 Per Pass)

1 I Pass Number

2 E Start Time (sec from A6a)

3 E End Time (sec from A6a) ¥
4 I Tracked Satellite’s Number )
5 E TCA (sec from A6A)

6 1

L = Number Data Points

Each station file is terminated with E.O.F.
Iv. Solution Parameters and Multisatellite Covariance (NCOV Per Tape)

A. Solution Parameters

Word Number Format Value(?)

1 E Time (A8-RSF) in sec
(Relative to A6a)

X for Satellite 1

Y for Satellite 1

Z for Satellite 1

X for Satellite 1

Y for Satellite |

Z for Satellite 1

K, - Solar Radiation Parameter
Satellite 1

K, — Solar Radiation Parameter
Satellite 1

03O hWN
mmmmmmmhn

v-3
m

(DNote: Default Value is 9.9999E + 9

F-6




n—

Solution Parameters and Multisatellite

Word Number

10 E
11 E
12 E
13 E

Format

Covariance (NCOV Per Tape) (Continued)

Value

K3 — Solar Radiation Parameter
Satellite 1

Tl — Thrust Parameter Satellite 1|
T, — Thrust Parameter Satellite 1
T, — Thrust Parameter Satellite |

Words 2-13 are repeated for all other satellites.

12N +2
12N + 3
12N +4
12N +5
I2N +6
12N +7

ISN-1
ISN

ISN + 1
ISN+2
ISN+3
I5N +4

ISN+3M- 1
15N + 3M

ISN+3M +1
ISN+3M +2

ISN+3M+3

ISN+3M +4

cmmmmmim

emmmmmim

mmmm

m

F-7

At — Time Bias for Satellite N,
At — Time Drift for Satellite N,
At — Aging Rate for Satellite N,
At — Time Bias for Satellite N,
At — Time Drift for Satellite N,
At — Aging Rate for Satellite N,

At — Time Bias for Satellite Ny
At — Time Drift for Satellite Ny
At — Aging Rate for Satellite Ny
At — Time Bias for Station 1
At — Time Drift for Station 1
At — Aging Rate for Station 1

At Time Bias for Station M
At Time Drift for Station M
At Aging Rate for Station M
a priori Sigma on At
(Master Station m).

a priori Sigma on At
(Mastef Station m)

a priori Sigma on At
(Master Station m)




B. Considered Parameters

¢ N B WN -

3M-2
M- 1
3M

M+ 1
3M+2
3M +3
3M+4

3M+5

‘mmmmmm

mmmem *

m

X — Station 1 (assumed)
Y — Station 1 (assumed)
Z — Station 1 (assumed)
X — Station 2 (assumed)
Y — Station 2 (assumed)
Z — Station 2 (assumed)

X — Station M (assumed)
Y — Station M (assumed)
Z — Station M (assumed)

CR — Refraction Connection

Assumad (= 0.0)

a priori Sigma (m) on
1, 4, 7, etc.

a priori sigma (m) on
2, 5, 8, etc.

a priori Sigma (m) on
3, 6,9, etc.

a priori sigma (%) on
3M+1

C. Multisatellite Covariance Upper Triangular Halt

1 Row Per Record

Word Number

O 00 QAN & W —

Total 12N + 3(N + M)Records

Format

Definition

mmmomMmmmmmmmmm

Cov
Cov
Cov
Cov
Cov
Cov
Cov
Cov
Cov
Cov
Cov
Cov
Cov

X1, X1 (1, 1) Element
X1, Y1 (1, 2) Element
X1, Z1 (1, 3) Element

X1, X1 (1, 4) Element
X1, Y1 (1, 5) Element
X1, Z1 (1, 6) Element

X1, K1 (1, 7) Element
X1, K2 (1, 8) Element
X1, K3 (1, 9) Element
X1, T1 (1, 10) Element
X1, T2 (1, 11) Element
X1, T3 (1, 12) Element
X1, X2 (etc.) Element

Dynamical
Parametcers
Satellite 1

A by a1

Py T TR




C. Multisatellite Covariance Upper Triangular Halt (Continued)

Word Number Format Definition
Dynamical
Parameters
. . . Satellite 2
24 E Cov XI, T3
(N-DI2+1 , E Cov X1, Xn Dynamical
(N-D12+2 E Cov X1, Yn Parameters
‘ * . Satellite N
(N)12 E Cov XI1. T3
E Cov X1, TBI} Time Satelliet 1
E Cov X1, TB]
E Cov X1. TB,
. Cov X1, TB,
Cov X1, TB, Time Satellite 2
E Cov X1, TB, ]
. Cov X1, TBN
. . Time Satellite N
; E Cov XI. TBN‘
E Cov X, TB,
E Cov X1, TBl } Time Station 1
. Cov X1, TB,
) Cov X1, TBy,
: . . Time Station M
f . . . } {Master Station)
{ E Cov X1,TB,,
’ Row 2
r 1 E Cov YI YI
F 2 E Cov Y1 Z1
; 3 E Cov Y1 XI
: etc. etc.
Row 3
1 E Cov Z1 Z1
2 E Cov Z1 XI
3 E Cov Z1 Y1
etc. etc.
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ABCD FILE

This file contains the ABCD rotation matrix from CELEST and the Greenwich Hour
Angles (arguments of the B matrix). The first record is a header and the remaining records
correspond to each time line in the integration.

RECORD TYPE 1
Word Number Type Description
1 I Block Number (= 1)
2 F Epoch
3 F Step Size
4 1 KGC(3) Not Used by SAMSAP Program ]
5 1 |
6 1

RECORD TYPE 2

Word Number Type Description

1 I Block Number (= 2, 3, 4 *-*)

2 F Time in Seconds from Epoch

3-11 F ABCD Transformation Matrix (Column
“ Wise 3 X 3)
b 12 Double Greenwich Hour Angle

Precision
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DIAGNOSTIC INFORMATION FILE

The format of this file is similar to that of the Diagnostic Information File (Tape 73)
of CELEST (Appendix C). It has, however, been expanded to handle the multiple satellite
case and the clock parameters required by the SATRACK program. A header record
containing the number of satellites and stations has been added. Record types 2, 3, 4, and
5 appear for each satellite separated by an end-of-file. Record type 4 appears for each
output time for each satellite.

RECORD TYPE 1

Word Number Type Description
1 I Number of Satellites (N)
2 I Number of Stations (M)

RECORD TYPE 2

Word Number Type Description i
1 F Year of Epoch ;
2 F Day of Epoch S
3 F Seconds of Epoch . / :
§ 4 i Satellite Number L
5 I Scale Factor (= 1) L ;

6 I Rev Number (= 1) 3
7 F Year of Epoch ;
8 F Day of Epoch . :
9 F Seconds of Epoch :

10 F Output Delta T (step size) '

11 | Dummy (= 1) ‘
RECORD TYPE 3 o i | ‘ |
/2

Word Number Type Description 74 _
F Last Time for Which Record

Type 3 is Written (stop time
for outputting covariance
matrices)

;
4
1
{




RECORD TYPE 4

Word Number Type Description
1 F Time in Seconds From Epoch
2 F Sigma Radial Component Satellite |
3 F Sigma Tangential Component
Satellite 1
4 F Sigma Out-of-Plane Component
Satellite 1
5 F Sigma Clock Bias Satellite 1
6 F Sigma Clock Drift Satellite 1
7 F Sigma Clock Aging Satellite 1
8 F Sigma Clock Bias Station 1
9 F Sigma Clock Drift Station |
10 F Sigma Clock Aging Station |
J -
J
J .
M- 1D+7+1 Sigma Clock Bias Station M

F
3(M-1)+7+2 F Sigma Clock Drift Station M
3(M-1)+7+3 F Sigma Clock Aging Station M

Record Type 4 is output for each time in covariance prop:gation span. The last
Record Type 4 (for each satellite) is zero filled,

RECORD TYPE 5

Word Number Type Description
1 F )
2 E Not Used — Should Contain
3 F Dummy Values

An end-of-file is written after Record Type 5. Record Types 2. 3, 4, and 5 are then
repeated for the next satellite. A double end-of-file is written after Record Type 5 for the
last satellite.

WX L 2O




