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FOREWORD

This document is one of three reports which describe ESPOD, a general
satellite orbit determination program prepared for the Air Force Elec-
tronics System Division for use in the Spacetrack/SPADATS Center at
Ent Air Force Base, Colorado Springs, Colorado.

This report is

ESD-TDR-64-395 ESPOD Mathematical and
Subroutine Description
(STL No. 8497-6065-RU000)

The companion reports are

ESD-TDR-64-393 ESPOD Functional Description
(STL No. 8497-6067-RU000)

ESD-TDR-64-394 ESPOD Operating Instructions

and Card Formats
(STL No. 8497-6066-RU000)

The ESPOD program was prepared by TRW Space Technology Labora-
tories under Air Force Contract Number AF 19(628)-594.
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1. INTRODUCTION

The primary function of this report is to provide the specialist in
the field an in-depth treatment of the mathematical and related computer
processes used to develop the ESPOD program. Secondarily, it is ar-
ranged to include the fundamental organization of the program, the back-
ground and general information relative to its options and the computer

subroutines and coordinate systems.

For those interested in an abridged technical discussion of ESPOD
it is recommended that ESD-TDR-64-393, ESPOD Functional Description,

be consulted.

The analyst-operator requiring operational information should
consult ESD-TDR-64-394, ESPOD Operating Instructions and Card

Formats.



2. ESPOD FUNCTIONAL FLOW

The following description gives the order of functions and control
of the more important options. A summary block diagram is shown in
Figure 2-1; the Guide Flow Charts (see Section 2.3. 1.1, Section 2.3.2.1

and Section 2. 3. 3. 1) show more detail.
2.1 ESPOD FUNCTIONAL OPERATIONS

The entire ESPOD program is divided into three main segments:
a data preprocessor, ESP@D; a differential corrector, ESP@DDC; and
an ephemeris generator, ESP@DEPH.

2.1.1 Preprocessor Operations

The preprocessor (ESP@D) processes all the input data and acts
as the main control package for the various program options available.
It interprets the program control data input, the satellite observations
input, and the other program modules. It controls the calling of the
differential corrector (ESP@DDC) and the ephemeris generator
(ESP@DEPH) and their subsequent operations.

The flow of the logic through ESP@D is controlled by the flags
set on the Job Description Card (JDC), the first, unique, and mandatory
card for each separate case in the input deck. Following the JDC in the
deck setup are the preliminary data cards (specifying the initial condi-
tions, the variables to be solved, the options, constant changes, etc.),
the observation cards (unless observations are read from the SRADU
tape), and sensor cards (if file sensor data must be augmented or

changed).

Column 30 of JDC card is used to indicate whether the current
run is starting from a "cold start" or a "conditioned start." The dis-~
tinction is that on a conditioned start the observations and sensor data
will be recovered from a tape which was generated on a previous run of
the same case. This eliminates the necessity of reprocessing observa-
tion cards when the only change in an input deck is in the JDC card and

in the preliminary data.



The following is the procedure for input processing from a cold
start: the JDC card is read and loaded into core, followed by the pre-
liminary data cards which are interpreted and organized into core storage.
At this point, the program interrogates the JDC card to see if this is to
be a postprocessor run only. If so, ESP@DEPH is called into core from
the B2 master tape and control is transferred to it. If ESP@DDC is to
be executed, the observation cards, it any, are read and time sorted.
Sensor cards, if any, are then processed, and a tape is generated of the
input data. ESP@DDC is called from the B2 tape and control given to it.
After execution of ESP®DDC, the JDC card is again interrogated and
ESP@DEPH is called and executed if requested.

2.1.2 Differential Corrector Operations

The function of the differential correction package (ESP@DDC) is
to determine the orbit which best fits, in the least squares sense, the
observational data and as a result to improve the initial values of the
solution variables. To perform this function, ESPQ®DDC interfaces with
the preprocessor (ESP®D) and the postprocessor (ESP@DEPH), and the
observations, whichhave been formatted, assigned weights, time sequenced,
and written on an observation tape. Starting with an initial estimate of the
position and velocity of the vehicle at some specified epoch time, a simu-
lated trajectory is calculated and the "observed" minus "computed" resid-
uals are formed. The overdetermined system of linear equations generated
is solved, in a least squares sense, for the differential corrections to the

solution variables.

ESP@DDC is composed of three major subpackages; the trajectory

package, the radar partials package, and the least squares package.

2.1.2.1 Trajectory Package (TRAJ)

The orbit is simulated through the integration of the equations of
motion using Cowell's scheme, with the inclusion of the various perturbing
forces controlled by input flags. The variational equations of o s 60, [30,
AO, r , vo, drag and CDA/Zm and drag variation K also are integrated

o
as needed.

The times at which the trajectory package provides outputs are selected

one at a time from the tape of the observations which was generated in the

2-2



preprocessor. All times before the epoch are handled first, in chronologi-
cally reverse order from epoch, to obviate restarting the integration more

than twice on any one iteration.

2.1.2.2 Radar Partials Package (RADR)

At each observation time, control is passed from the trajectory
package to the radar partials package. This package sets up the partial
derivatives of the observation (range, azimuth, elevation, range rate,
hour angle, and declination) with respect to each parameter in the solu-
tion vector. The observed minus computed residual is formed and an
overdetermined system of equations AX = B is built up in a form suitable

to the least squares package.

The radar partials package outputs the station number and name,
observation time (minutes from epoch), numbered residual (tagged with
an asterisk, if deleted), and a summary table of the mean and RMS of

the residuals for each station.

2.1.2.3 Least Squares Package (LEGS2)

The least squares package processes the matrix of partial deri-
vatives and residuals set up by the radar partials package in order to
improve the solution variables. Bounds are imposed on the size of the
corrections made to each variable in order to keep the differential cor-
rections sufficiently small. On each pass through this package, four
sets of differential corrections are calculated corresponding to the
current values of bounds, bounds/2, bounds/4, and bounds/8. The
latter three are contingent solutions supplied only if the nominal fails
to produce an improvement in the total RMS of the residuals. On an
iteration which is converging as predicted, the bounds may be doubled
to permit faster ultimate convergence. Convergence is assumed com-
plete when the predicted value of the RMS of the residuals is within a

specified percentage of the current value.

The least squares package outputs the differential correction to
be applied to each variable, the old value of the variable, the new value,
the uncertainty, the bound, the current RMS, predicted RMS, the best
RMS so far, the covariance matrix, the correlation matrix, and a mes-

sage to indicate whether the solution is converging.
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2.1.3 Ephemeris Predictor

The ephemeris predictor (ESP@DEPH) calculates the position and
velocity of the satellite for a set of times specified in the preliminary
data. It interfaces with the preprocessor, the differential corrector,
the on-line output printer, and an output parameter tape. Options are
available (under the control of the JDC card) for updating an input
covariance matrix, punching an a priori S matrix, and generating a
binary ephemeris tape in SPADATS format. ESP@DEPH receives
its input from a tape which has been generated either in ESP®DDC or
ESP®D.

2.1.3.1 Trajectory Package

Starting with the initial position and velocity of the vehicle at some
epoch, the trajectory is simulated using a trajectory package identical
to the one in ESP@DDC. However, output will occur every At minutes
up to T minutes from epoch or at the times specified by the DAC card
or at the times specified by the PRDCT cards. The trajectory output
block consists of the osculating elements reflecting all the perturbations
present in the integration model. Also included are the vehicle position
and velocity in polar and Cartesian form, the classical orbital elements,
vehicle altitude, latitude (geodetic), longitude, argument of latitude,
period, perigee and apogee altitudes, time from epoch to the next crossing
of the ascending node, and a set of indeterminacy free elements. Regard-
less of the options requested, this output block is printed. If requested,
a binary ephemeris tape containing the Cartesian position and velocity

of the vehicle versus time will be generated.

2.1.3.2 Matrix Update Package (UPDAT)

The matrix update package will update a 6 x 6, 7 x 7 or 8 x 8

covariance matrix to the times specified in the At, T list. The six
elements of the vehicle position and velocity, the uncertainties in drag,
and the uncertainties in variation in drag may be supplied for update. The
package rotatesthe updated covariance matrix to the orbit plane (U, V, W),
Cartesian, and polar equivalents, and outputs theuncertainties and correla-

tions in the elements of eachtype. Thesearelabeledas sigma and rho matrices.
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The option also exists (by a flag on the JDC card) for inserting the updated
. . P TE ; '
covariance matrix to punch an a priori A” A matrix on cards in a format

suitable for input to the ESP@DDC.
2.2 EXPLANATION FOR SUBROUTINE FLOW

Figure 2-1 is a summary block diagram illustrating the segments

of the program, an outline of their functions, and the flow among them.

2.2.1 Description of Subroutine Flow

The subroutine flow given for ESPOD presentation departs from
the conventional block diagram description of a program in that it names
in order each subroutine called by the program. Principal decisions in
the process are also indicated and important calculations are noted. Sub-
routines which are called by a previous subroutine and which operate
under its control are listed indented one column to its right. Thus the
greatest detail, indented many times, appears most often at the right
side of the page, while the main flow is outlined in the first three or
four columns on the left side of the page. Minor and utility subroutines
which are used in many places [for example, ASIN (arc sine)] have been

omitted.

2.2.2 Aids to Using Subroutine Flow

Two aids are provided for easier interpretation of the subroutine
flow. The first is the guide flow chart which summarizes by functional
blocks the separate detailed processes. Each block of the guide flow
chart indicates the page(s) and lines of the subroutine flow which accom-
plish its function. The guide flow precedes the detailed flow. The second
is a subroutine listing which tells what each subroutine does. The listing
is complete for each section of the detailed flow and follows immediately

after it. For more detail concerning the subroutine, see Section 4.

2.2.3 Application of Subroutine Flow

The subroutine flow charts are given in three sections corresponding
respectively to the three segments of the program ESP®D (Section 2.3.1.2),
ESP®DDC (Section 2. 3.2.2), and ESP@DEPH (Section 2. 3.3.2). The

subroutine flow charts have the following uses:



ESPED INTERROGATES JDC CARD

PROGRAM CONTROL =—p SORTS DATA
OBSERVATIONS ——mpp]  ADDS REFRACTION CORRECTIONS
INITIAL CONDITIONS e CONVERTS UNITS =

ASSIGNS WEIGHTS TO OBSERVATIONS
ALLOCATES COMPUTER STORAGE
READS AND CONVERTS MISC. INPUT

A PRIORI DATA emmpp

ESP@DDC l

PRELIMINARY CALCULATIONS
SET INITIAL CONDITIONS FOR INTEGRATING -t
DO PRELIMINARY OBSERVATION PARTIAL DERIVATIVE COMPUTATIONS

!

FIND FIRST OBSERVATION TIME

I
'

Y
ADD TIME BIAS FOR THIS STATION, IF ANY

Y
INTEGRATE TRAJECTORY TO BIASED TIME

Y

FIND PARTIAL DERIVATIVES OF OBSERVATIONS AT THIS TIME
A WITH RESPECT TO THE PARAMETERS i

A
ADD PARTIAL DERIVATIVE INTO ATA,ATB

ANY MORE NO T T
OBSERVATION TIMES? SOLVE A'AX =A'B FOR X

Y
CORRECT PARAMETERS BY ADDING X

YES

Y
FIND NEXT OBSERVATION TIME

|

CONVERGED?

ESP@DEPH

UPDATES CONVARIANCE MATRIX TO PRESCRIBED TIMES
CALCULATES OSCULATING ELEMENTS EVERY At MIN FOR T MIN FROM EPOCH,OR
AT TIMES SPECIFIED ON DAC CARDS, OR AT TIMES SPECIFIED ON PRDCT CARDS }|«g

PUNCHES A PRIORI "S" MATRIX CARDS
WRITES EPHEMERIS TAPE ON OPTION

Figure 2-1. Summary Block Diagram
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o They show the sequence in which subroutines are used

° They are a master flow chart of the detailed program
functions

° They are an index to the subroutines

® They are a guide to the code edit

° They show the interdependence of the subroutines

o They show parallel structure in the different segments.

2.2.4 Interpretation of Subroutine Flow

Each subroutine listed in the flow charts is indented under the
subroutine which was responsible for its being called into the program.
To aid in recognizing the rank of each subroutine in the heirarchy, verti-
cal lines serve as indentation markers. Subroutines of equal rank are

indented equal amounts.

The rank of decisions made within the program will be defined
by the indentation line which is nearest the left side of the symbol

representing the decision. For example,

FIT

YES,

REWT Y
WRTCOM
[\ivw FT

REWT |7

FIT calls first for a decision; if the decision is yes, then FIT calls
REWT; then WRTCOM which calls WEOFT; FIT then calls REWT.

(If decision is no, the flow bypasses to REWT, which is called by FIT.)
The decision box has the same rank as REWT and WRTCOM, and they

are all subservient to FIT.



Figure 2-5,(lines 16 through 22, page 2-27), the cycling of BOUNDS
and LEGS2 may be confusing. In this section, LEGS2 is forming the
solution for the different scaling of BOUNDS, that is, the nominal BOUNDS,
BOUNDS/2, BOUNDS/4, BOUNDS/8. The first time LEGS2 is called
(line 11) a solution using the nominal bounds if formed. The solutions
formed by LEGS2 during its succeeding calls (lines 17, 19 and 21) use
BOUNDS/2, BOUNDS/4, and BOUNDS/8. The successive solutions are

stored.

2.2.5 Subroutine Flow Anomalies

There are anomalies in the flow which are not departures from
the logic, but merely instances where the drafting ground rules are
impractical. Since they are few in number they can be individually

described.

The first anomaly (in Figure 2-3, line 15 through 21, page 2-13)
represents a decision with five alternatives. The triangular decision
symbol has its left vertex touching the third vertical lines. This means
that all alternatives have the same rank as subroutines which are indented
to the third line. For example, the subroutine MNELTC and its sub-
ordinate decisions and subroutines should be considered to be moved

one indentation space to the left.

The second anomaly (Figure 2-5, line 27, page 2-25; line 7,
page2-28 ;Figure 2-7, line 31, page 2-375 line 7, page 2-29) is also a
triangle calling for a decision, this time with four alternatives, as to
which atmosphere model is to be used. The alternatives all have the
same rank as the subroutines which are indented as far as the line which
touches the left vertex of the decision triangle. Any subroutines called
by the alternatives subroutines should be indented one more space to

the right.

The third anomaly (Figure 2-5, lines 15 through 27, page 2-26;
lines 9 through 21,page 2-38) is an array of boxes which represent
decision strings. Regardless of the path taken, all decisions are con-
sidered the same rank as the first decision which is represented by the

large diamond.



The last anomaly (Figure 2-5, line 28, page 2-27) is a decision with
five alternatives. Again, all are of rank equal to the subroutines which
are indented as far as the left vertex of the decision triangle. It should
be noted that here alternatives 5 and 6 continue on to REWT, alternative 7
returns to SETIC for another trip through, and alternatives 8 and 9 pass

through a decision before continuing.
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2.3 SUBROUTINE FLOW CHARTS

2r.

38

1

ESPOD Subroutine Flow Charts

2.3.1.1 ESPOD Guide Flow

READ NEW JDC CARD
PAGE 2-12 LINES 1-4

READ PRELIMINARY DATA
PAGE 2-12 LINES 5-17

!

ORGANIZE ALL TABLES
IN WORKING STORAGE
PAGE 2-12 LINES 18-34,
PAGE 2-13 LINES 1-8

Y

CONVERT INPUT INITIAL CON-
DITIONS TO ESP@D INTERNAL
FORMAT
PAGE 2-13 LINES 92-33,

PAGE 2-14 LINES 1-9

Figure 2-2. ESP@D Guide Flow




NO / ARE OBSERVATIONS
AND SENSORS TO BE PROCESSED?

\ PAGE 2-14 LINES 10-14

YES

LOAD OBSERVATIONS
PAGE 2-14 LINES 15-35,
PAGE 2-15 LINES 1-35,
PAGE 2-16 LINES 1-7

LOAD SENSOR INFORMATION
PAGE 2-16 LINES 8-35
PAGE 2-17 LINES 1-10

NO / IS THIS A
DIFFERENTIAL CORRECTION?

\ PAGE 2-17 LINE 11

YES

GO TO DIFFERENTIAL CORRECTOR
(ESPQDDC)

PAGE 2-17 LINES 12-20

IS
PREDICTION NEEDED? e
PAGE 2-17 LINE 21
RETURN TO ANY
REMAINING CASES
PAGE 2-17
LINES 22-26

YES

GO TO EPHEMERIS PREDICTOR
(ESP@DEPH)

PAGE 2-17 LINES 29-32

Figure 2-2. ESP@D Guide Flow (Continued)
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2.3.1,2 ESP®D Subroutine Flow

O OO 12 OO F WD

w W w w ww NN D D D NV D DD =

1 ESP#D DRIVER

(zero CPMMEN stolragel)
i

No

A. Were initial conditions read?

B. 1Is this a cold start?

C. Has an update been specified?

D. 1Is this a differential
correction?

to last observation)

E E. Have CATl, CAT2 varilables
No been defined?
. . F. TIs this a cold start?
Yes
G G. 1Is this a differential
correction?
5, B, A, R, V as solution vector)
' !

' ] ] [
otal of CAT1 and CAT2 variables)
H. TIs this a cold start?

1. Will variable storage assign-
ments be the same?

variable storage)

Figure 2-3. ESP@D Subroutine Flow Chart
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ocaoo & RBESB

RR3&

w w w W w D N D D D D

TINIT

TIME
=1

J. Was S-matrix read?

K. Is this a differential
correction?

L. 1Is this an update?

M. Are SPADATS T-card mean
elements input?

PT#C

=2
(Replace A b

- >\XX) To page 2-1L4, line 5
N. Test initial conditions input

- flag (D type)
H(0) f-m 0. Are elements from SEAI?
o. (Compute a__, a__, L and N)
xn
-(p) o
P. Osculating elements?
'(Q)‘; p. (Compute Py e,s 8 9 1, D
i
[(Compute AT a
(Compu : T and N) Q, By Cypr @)

Q. K-25 mean elements?

q. (Compute a.o)

Figure 2-3.

ESP@D Subroutine Flow (Continued)
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R. Is this a differential

correction?
= Element No. + 1)
xx) From page 2-13, line 18
S. Are observations and sensors
?
No to be processed
WR'I‘(:¢M
REWT
i »(77) To page 2-17, line 10
—
[DPR
WRTCEM
T No
YY) To page 2-17, line 8
Yes T. Is this a cold start?
LEDOBS
(Initialize flags)
/U\'ﬁ‘D U. Are the observations on cards?
Yes
BCDEBS
]:DSIllB
XSRCH
@BSIN
TIME )
//,/
PBSLED
TDSUB
1N—° V. Bas core been exceeded?
Yes
CKRSRT
< - ERR%R W. Are the observations in proper
es I sort?

Figure 2-3. ESP@D Subroutine Flow (Continued)
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1 No from Vv Yes from W
2 1!% X. 1Is the epoch set?
3 No
N (Set epoch to last observation time?)
5 MNELTC
6 oyYes ] (o) e 0. Are elements from SEAI?
1 r No o. (Compute a ayn’ L and N)
¢ P yes L(p) 1
9 No P. Osculating elements?
= Q= (a) p. (Compute P_, e , 8., 95 14
1 Yes |
12 COmpute AT a.nd N) n s (g, Pys Co @)
13 (COmpute predict equations)
14 CT¢P Q. K-25 mean elements?
) TMSE::P q. (Compute a )
16 TINIT
17 TIME
18 No <}? R. Is this a differential
19 Yes correction?
20 I(Element No. = Element No. + 1)
21 IPRNT
22 PRC@NS
23 M@ Y. Print observation header?
24 Yes
25 (Pri_nt observation header)
26 ~~| #BSSRT
27 No Z. Print observation information?
28 Yes
29 CLTIME
30 |E R
31 (PrintRRt?bservation information)
32 -NSW'I‘S.N
33 REFRAC
3k PRECES
35 IADJIBT
Figure 2-3. ESP@D Subroutine Flow (Continued)
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CALCSG

Figure 2-3.

WRTEBS
|
g
REWT
Exit to:
L#BgS
RDC?‘M
i
L#DSEN
ALS@RT
&@ AA. TIs the sensor header to be
 Yes printed?
(Print sensor heeder)
BB o BB. Are the sensors oOn cards?
lYies
SENRD
IDSLIIB
ERRER
J
| [SNSGET =
IDSLIIB
ERR@R
SENSCH
N
- EEI CC. Are the sensors to be
P[es printed?
(Prilnt sensor information)
SENIN
es
DD » ERRPR DD. Do sensors overflow core?
NC
EE- EE. Are sensors on cards?
Yes
No / '
e FF\) FF. Are the sensor cards read?
Yes
GG =2 GG. Are required sensors found?
No
No
= HH/ EE. Is the tape mode set?
‘ Yes If no, set mode for sensors

on tape.

ESP¢D Subroutine Flow (Continued)

2-16



O 3 0NN FWw D

w W w Ww W N N D D D NN NN n = e
GCFOREEEIRIZPERPEPISRRAGRERES

two 73 II. TIs the sentinel block found?
%es
(Print sensors not found)
ERRéR
Exit to:
L#DSEN
]
WRT(II¢M
REW'TI.‘ {YY) From page 2-14, line 17
Exit to:
1\[‘:)DPR¢S O From page 2-14, line 14
i Is this a differential
lea correction?
I
RTE?YPE
¢C.'I‘$éR
KEspgonc)
Yes
(Set flag for convergence) KK. Convergence?
lo
(Set flag for divergence)
Ll

Figure 2-3,

LL. Is the postprocessor needed?

ESP@D Subroutine Flow (Continued)
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2.3.1.3 Glossary of ESPQD Subroutines

Subroutine Functional Description
ADJUST Updates right ascension, declination measure-
ments to equinox of integration
ALSQRT Sorts the list of desired sensors alphanumerically
*ASIN Arcsine routine
ASSIGN Assigns variable storage
*ATNQF Arctangent routine
BCD@BS Reads one observation card from input tape
CALCSG Calculates and stores sigma table entries
CKRSRT Checks data in core; is in reverse time sort
CLTIME Converts an input time into its Gregorian
representation
CTQP Converts Cartesian to polar coordinates
DPRLM Data initializing (partial)
DPR®S Driver for loading observation and sensor
cards
DRIVER ESP@D main control
ELMLGD Control package for loading orbital elements
from next tape
ERRQ@R General error routine
*EXIT Empties output buffers and goes to next
case
IDSUB Substitutes in the register for the sensor ID
IPRNT Prints header page
ITMPCH Punches the initial epoch time when mean

element cards are input

"Designates subroutines used, but not listed in flow because of their
routine function



§_ubroutine

Functional Description

JDCSRCH Searches for JDC card
3
LINES Ejects paper and print heading at top of page
L@D@BS Control package for loading observation cards
from input tape
L@DSEN Control package for loading sensor cards
from input tape
MQVE Moves storage in block
MNELTC Converts SPADATS mean elements to
Cartesian
@BSIN Moves observations from buffer to permanent
storage
@BSLGD Loads observations from tape into core
@BSSRT Sorts observations to time sequence
@CTPR Included in B2 system
>ﬁPIMCbD Gets positive argument of an angle in radians
between 0 and 27
PRCQ®NS Prints program constants, sensor types, and
sensor sigmas
PRECES Sets up information for ADJUST
PTQC Converts polar to Cartesian coordinates
RDCOM Reads common block from observation
tape
READPR Reads preliminary data
REFRAC Computes tropospheric refraction correction
RPLL®D Included in B2 system
REWT Rewinds observation tape
RTETYPE Included in B2 system .

<
Designates subroutines used, but not listed in flow because of their
routine function
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Subroutine Functional Description
SDELET Moves deletion list from buffer to permanent
storage
SENIN Moves sensor data from buffer to permanent
storage
SENRD Reads one sensor card from input tape
SENSCH Searches sensor table
SETCQON Set constants for program
SETTAB Set tables concerning solution vector in
variable storage
SN@MIC Moves nominal conditions from buffer to
permanent storage
SNSGET Loads sensor information from tape
STSMAT Moves input update matrix from buffer to
permanent storage
SWTSN Monitors weight assignments, refraction,
precession, in observations
TIME Converts Y, M, D, H, M, S to Julian date:
days plus fraction
TINIT Sets up initial time, computes ago
TMSEP Modulates initial times and sets up
permanent storage
"UNPAKSN Unpacks integers in two cells and stores them
in four cells
WEOFT Writes ending sentinel block on observation
tape
WRTCQM Writes CQMMON block from observation tape
WRTOBS Generates observation tape
XSRCH Reads 99 card images

b3
Designates subroutines used, but not listed in flow because of their
routine function
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2.3.2 ESP@DDC Subroutine Flows

2.3.2.1

ESP@DDC Guide Flow

READ IN ESP@DDC
PAGE 2-25 LINES 1-4

Y

MAKE PRELIMINARY CALCULATIONS
FOR INTEGRATION
PAGE 2-25 LINES 5-8

1

INITIALIZE INTEGRATION LIST
COMPUTE PERTURBATIONS INITIALIZE
APPLICABLE VARIATIONAL EQUATIONS

PAGE 2-25 LINES 9-34 PAGE 2-26 LINES 1-7

|

SELECT NEXT OBSERVATION TIME
PAGE 2-26 LINES 8-10

5 &

READ OBSERVATION INTO VARIABLE STORAGE
MOVE OBSERVATION TO WORKING STORAGE
PAGE 2-26 LINES 11-15

Y

ARE THERE MORE
OBSERVATIONS TO PROCESS?
PAGE 2-26 LINES 16-20

Y YES

NO

INITIALIZE INTEGRATION LIST FOR
BACKWARD OR FORWARD INTEGRATION
PAGE 2-28 LINES 21-30

Fipurte 2=4. ESP@DDC Guide Flow
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MOVE SENSOR INFORMATION FROM
MASTER TABLE TO WORKING STORAGE
PAGE 2-28 LINE 9

INTEGRATE EQUATIONS OF MOTION
AND VARIATIONAL EQUATIONS TO .

PAGE 2-28 LINES 10-32,
PAGE 2-29 LINES 1-7

{

COMPUTE OBSERVABLE AS IF SEEN
AT t. FROM CALCULATED ORBIT

PAGE 2-29 LINES 8-11

[

PERFORM PRELIMINARY OBSERVATION
CALCULATIONS
PAGE 2-29 LINES 12-13

ARE ORBITAL NO
PARAMETERS BEING SOLVED?
PAGE 2-29 LINES 14-15

YES

COMPUTE PARTIAL DERIVATIVES
OF OBSERVATIONS WITH RESPECT
TO ORBITAL PARAMETERS
PAGE 2-29 LINE 16

©

Figure 2-4. ESP@DDC Guide Flow (Continued)
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ARE BIASES NO
BEING SOLVED?
PAGE 2-29 LINES 17-18

: YES

COMPUTE PARTIAL DERIVATIVES OF
OBSERVATIONS WITH RESPECT
TO BIASES

PAGE 2-29 LINE 19

COMPUTE RESIDUALS OF OBSERVATIONS
PAGE 2-29 LINE 20

FORM ATA, AT, BTB
PAGE 2-29 LINES 21-26

PREPARE PRINTED RESIDUALS
PAGE 2-29 LINES 27-35

Figure 2-4, ESP@DDC Guide Flow (Continued)



COMPUTE MEAN, RMS RESIDUALS BY SENSOR
AND OBSERVATION TYPE: R, A, E, R
PAGE 2-26 LINES 31-34

IS THE CURRENT
RMS THE BEST YET?
PAGE 2-27 LINES 1-7

NO

N

YES APPLY BEST CASE SOLUTION
USING BN/2, BN/4 OR BN/8
PAGE 2-27 LINES 17-22

1S [RMS COMPUTED -
RMS PREDICTED] > 10 PERCENT RMS
PREDICTED
PAGE 2-27 LINES 8-10

SOLVE (ATA)X = ATB USING NOMINAL
THEN B,,/2, B, /4, AND B, /8
PAGE 2-27 LINES 11-27

N

PAGE 2-28 LINES 28-35

MAXIMUM NOT CONVERGING

MAXIMUM ITERATIONS
CONVERGED WS EXCEEDED BUT BOENL /8
EXCEEDED BUT ottt FAILED
NOT CONVERGING

TO POSTPROCESSOR

Figure 2-4. ESP@DDC Guide Flow (Continued)
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2.3,2.2 ESPQ@DDC Subroutine Flow

1 ESPPD .

2 EXEC

3 DCMAIN

b INTEG

) RE

6 RDCéM

7 TPRIM

8 Jcs

9 ISETIC
10 i no A) A. Are variational equations
11 \]/Yles being integrated?
12 VPERT
13 DAUX
1L

(zero out acceleration cells)

=
N \n
S
38

NoY'B B. Is radiation pressure present?

R
O ® =
él—d
)
th @

NN DN
N = O
|
> 3
T
e
Q
Q
|c3>
n
4

n N
& W
-
m
m

Yes)
—K D D. K (drag variation) =

N N
[eANN )]
2

55

n
-
g‘

f’\\\\\\ 1. ATMS
2. DYNAT

PPLY

nn N
o @

(V3]
o
;_—'___._J

31 2 3. CPESASTATIC
32 l.. CPESADYNANMIC
33 —](sum perturbations)

34

35

Figure 2-5. ESP@DDC Subroutine Flow Chart
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W W wWwWwWWwWDD DO ROMNDE ERERPEPBPRBBE
T DO P M O W -1 0w FWMNEHFEFOWO®I oW &F WM KF O

W
\n

E. Are variational equations

No) ’ needed?
" Yes
F. Are variational equations being
TN integrated?
Yes
Y
VAREQ
—{Exit to;
SETIIC , and out to
SELECT
UBSGET
SKIPT
UB
UBRERR
i
M’;VEQ
G Nol »(set time = O)
G. Are there more observations
to process?
Yes
No Yes
H H. ti > to'f
No No
I J I. Is ESPOD in pre-epoch mode?
Yes Ye J. 1Is ESPOD in post-epoch mode
SETIC |set h = - h
Exi?; to:
I .
SELECT, then decide
K. Time = 07
/K\ 50 »{ X ) To page 2-28, line 9
Yes
PIE‘?TB
KEJECT

Figure 2-5. ESP@DC Subroutine Flow (Continued)
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FIT

No

B¢U1I\IDS
LEGS2
BFUNDS
LEGS2
BEUNDS
!
LEGS2
BPUNDS
|
NPRPCH

MA [ §
MPVMAT

|
Exit to:

|
FIT, then decide

|

5 6

7 8
loop to

-
WRTCHM

SETIC _

Yes

L.

M.

Is the currest RMS the best?

Is | RMS computed - RMS predicted

10% RMS predicted?

Converged

Max iterations exceeded
and converging

Not converging
Bounds/8 failed

Max iterations exceeded and
not converging

Write new elements on tape?

Figure 2-5. ESP@DDC Subroutine Flow (Continued)
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wwwwwwmmmmmmmmmmeHHHHHHHH
\JI#'WMP—‘O\OOD—JO\\J!-F'WMHO\OO)—JO\UI-F’WMHO

WE¢FT No from N
mmq l
Exit t0:=
[INTEG
DCMAIN
EXEC
I - X) From page 2~26, line 30
PARE'ET
TRAJ
DAUX
(zero out acceleration cells)
MAGI:I
B@DY
a2 B. Is radiation pressure present?
Yes
RPRESS
1
PPIENT
|ceERT
C.A
2m
Yes
Yﬁ D. K (drag variation) = 0?
No
DRAG —
ATMZS
Y /\ 1. ATM59
i 2. DYNAT
PALY
. C@ESASTATIC
P4 5 e
4. CPESADYNAMIC
| (sum perturbations)
Figure 2-5. ESP@DDC Subroutine Flow (Continued)

2-28



O O3 O\ FWw -
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® 90w F WM KH O

SR8

w W w w w D D N D P

- E. Are variational equations

Yes needed?
No
o F F. Are variational equations
Yes being integrated?
VAREQ
|
—mExit to:
TRAJ
[
RADR
= N N. First time in?
Yes
PHEAD
PRE)!.JM
(compute observations)
N|_c 0. Are CAT1 variables being
} Yes solved for?
DRDP
N
% P P. Are biases (CAT2) being
! Yea solved for?
PUPB

|
o(compute residuals)

REJECT Mode 1

Q. Rejected?

Yeles
PASTER
o
e 15Gs1 T
No

33

R R. Looped 6 times? .
(One time each for R, A, E, R

Yes
SSTB «, and B)

PARéUT

[t
PPRINT
Exitl'. to:
RADIl?, t!hen :to
INTEG, Ml'hiclll ca%ls
SELIECT, for new observation

Figure 2-5. ESP@DDC Subroutine Flow (Continued)



2.3.2.3 Glossary of ESPQDDC Subroutines

Subroutine Functional Description

APPLY Applies DC solution vector and prints results
*ASIN Arcsine routine

ATM59 Computes density of a static atmosphere

(ARDC 1959 Model)

ATM@S Driver for density calculation
*A«TNQF Arctangent routine
B@DY Computes acceleration due to sun and moon
BQ@UNDS Scales bounds with given scale factor
CQESA Computes density for a static or dynamic
atmosphere (U.S. Standard 1962)
CORMAT Computes correlation (¢ and ¢) matrix
DAUX Driver for evaluating acceleration in
integration
*D@N Computes modifier used in simulated drag

variation

DT Computes scalar product

DRAG Computes drag perturbations

DRDP Computes partial of observations w. r. t Category 1
type variables, i.e., a, §, B, A, r, v, drag

DYNAT Computes density of a dynamic atmosphere
(Paetzold)

FIT Logic control for DC options

GPERT Computes acceleration due to Earth's
potential

INTEG Driver for DC package

INTPL Leads ephemeris tape

"Denotes subroutines used, but not listed in flow because of their routine
function
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Subroutine Functional Description
JCS Sets up two matrices of C's and S's for GPERT
LEGS1 Forims A *h sudl & B given fend B
LEGS2 Least squares package solves Ax = B
"LINES Ejects page and prints heading at top of page
MAGN Computes magnitude and (magnitude)2 of
3-D vector
T T, |-1
MATPCH Punches A" Aand (AT A at the end of each
iteration in a form suitable for input to ESPOD
MATPT Prints lower triangular matrix
MQ@VEVS Moves observation set from variable to
working storage
MQ@VMAT Moves a triangular matrix from A storage to
B storage
"MULT Multiplies a 3 x 3 matrix by a succession of
1 x 3 vectors
NPRPCH Punches the IC@ND, BISEST, BNDS values at
the end of each iteration, in a form suitable
for input to ESP@D
’POUTER Computes product of column and row vector
PARSET Initialize station data for partial derivative
package
PARQUT Computes residuals for residuals print
PASTQR Set up an asterisk or double asterisk for
punching to identify a deleted observation
PHEAD Prints residuals header
"PIM@D Gets positive argument of an angle in radians
between 0 and 27
PQLY

Evaluates nth order polynomial

E3
Denotes subroutines used, but not listed in flow because of their routine
function



o
3

Denotes subroutines used, but not listed in flow because of their routine

Subroutine

PQTENT
PPRINT

PRELIM

PRSSTB

PTQC

PUPB

RADR

RDCOM

REJECT

REWT

"RMAX

s
bd

"RGTRU

RPRESS
SELECT
SETIC

SKIPT
SSTB

TPRLM
TRAJ

UBRED

function

Functional Description

Driver for geopotential model
Prints residuals

Makes preliminary calculations in partial
package

Computes and prints mean, RMS, and number
for residuals by sensor and type

Converts polar to Cartesian coordinates

Computes partial of observation w. r. t,

Category 2 variables, 1. e, tb’ ¢b, )\b’ hb

Computes residuals; driver for partials
package

Reads C@MM®ON block from observation tape

Monitors the acceptance or rejection of an
observation

Rewind observation tape

Compare residual quantities with table of
maximum values

Rotates a set of vectors from mean 1950. 0
to true of date

Computes acceleration due to radiation pressure

Select next observation time
Initialize integration list

Skips COQMM®ON block of observation tape
after each iteration

Accumulates sum, sum of squares, and number

of residuals by sensor and data type
Sets up data for integration
Driver for integration program

Reads observations into variable storage
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Subroutine Functional Description

UBSGET Gets next observation time from variable
storage
VAREQ Computes second derivatives of variational
equations
VPERT Initializes variational equations
WEQFT Writes an ending sentinel block on observation
tape
WRTCQM Writes COQMMON block from observation tape
*XCROSS Performs the cross product of two 3-D
vectors
“YHADEC Compute Y vector when range, hour angle,

and declination are given

b
YRAE Compute Y vector when range, azimuth, and
elevation are given

>': . . . . .
Denotes subroutines used, but not listed in flow because of their routine
function.
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2 3.3 ESP@DEPH Subroutine Flow Charts

Z: Bk Bk 1

ESPQDEPH Guide Flow

READ IN POST PROCESSOR
FROM MASTER TAPE
PAGE 2-37 LINES 1-6

MAKE PRELIMINARY CALCULATIONS
FOR INTEGRATION
PAGE 2-37 LINES 7-8

ARE
t., Xp, yps 27 PRESENT?

PAGE 2-37 LINES 9-10

[ YES

ESTABLISH At, T SEQUENCE
FROM DAC CARD TIMES
PAGE 2-37 LINE 11

NO

INITIALIZE INTEGRATION LIST
COMPUTE PERTURBATIONS
INITIALIZE APPLICABLE VARIATIONAL
EQUATIONS
PAGE 2-37 LINES 12-35

PAGE 2-38 LINES 1-8

Figure 2-6. ESP@DEPH Guide Flow
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SELECT NEXT TIME . TO UPDATE TO
PAGE 2-38 LINE 9

ARE THERE NG
ANYMORE TIMES TO UPDATE? @
PAGE 2-38 LINES 10-12

GO TO NEXT JOB
PAGE 2-40 LINES 31-35

YES

[

INITIALIZE INTEGRATION LIST
FOR BACKWARD OR FORWARD
INTEGRATION

PAGE 2-38 LINES 13-24

|

INTEGRATE EQUATIONS OF MOTION AND
VARIATIONAL EQUATIONS TO tx,

PAGE 2-38 LINES 25-34
PAGE 2-39 LINES 1-18

PERFORM CALCULATIONS FOR
TRAJECTORY PRINTOUT QUANTITIES

PAGE 2-39 LINES 19-35

Figure 2-6. ESP@DEPH Guide Flow (Continued)
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IS COVARIANCE NO
MATRIX UPDATE CALLED FOR?
PAGE 2-40 LINES 1-2

YES

COMPUTE AND PRINT UPDATED
COVARIANCE MATRIX

PAGE 2-40 LINES 3-26

IS
bX, Xpr Y0 27 PRESENT?

PAGE 2-40 LINE 27

YES
Y

CALCULATE, PRINT, AND PUNCH
THE COMPARISON POINT DATA
PAGE 2-40 LINES 28-30

NO

]

GO TO NEXT
UPDATE TIME

Figure 2-6. ESPODEPH Guide Flow (Continued)
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2,3.3.2 ESP@®DEPH Subroutine Flow

1 FSPD

2| [Exec '

3 ESP¢DEPH

b REWT

5 RDCéM

6 P¢S%PR

T TPRLM

8 LS

9 Bo A\/\ A. Are t., Xp, Yp, Zq present?
10 ines
11 RDXYZ
12 SET%C
13 po B B. Are variational equations
14 \;/Yes being integrated?

15 VPERT
16 DAUX

[t
=3

zero out acceleration cells)
|
MAGN

BaY

[
[0 o]

C. Is radiation pressure present

BREZE&

n
w

[ASJN ST B V)
~N O w

E. K (drag variation) = 0?

w N N
O Vv @

1. ATM59
2. DYNAT
ALY
3. C¢ESASTATIC

W w w w
=& N
iy

(VY]
\n
'.J
[4¥]
LW
=
=

CPESADYNAMIC

Figure 2-7. ESP@DEPH Subroutine Flow Chart
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(sum perturbations)

a F. Are variational equations
Yes needed?
No
G G. Are variational equations
Yes being integrated?
VAB.JiQ
Exit to:
SETZ]IJC l
SELECT Z) From page 2-40, line 30
B Nl Set time = 0
H. Are the more update times
to calculate?
Yes
No Yes
>
i E I. it 1 tO'I
No Nc P¢ 2
| K J. Is ESPPD in pre-epoch mode
Yes Ye K. 1Is ESP¢D in post-epoch mode?
SETIC jset h=-h
Exit to:
SELECT
Yes
/I.-.\ } Y ) To page 2-40, line 31
%0 L. Time = 0?7
'TRAJ
DAUX
(zero out acceleration cells)
L}
MAGI\.I
B¢mlf
Ae C. Is rediation pressure present
Yes
RPRESS
PPTENT
GPETI‘

Figure 2-7. ESP@GDEPH Subroutine Flow (Continuad)
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‘C"NO

Yes

Yes e
No
DRAG

ATMPS

Pl

C_A
D__
S =G

E. K (drag variation) = 0?

1. ATM59
DYNAT

LN 2s
\ PPLY

DAT%
(print time)

CTYP

2

L Sum Perturbatio

I
PLTEL

No |3

T Yes
|

!
»(print)

Figure 2-7.
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(compute @, A, h)
] [ ] (] 4
(compute b, hp)

3. CPESASTATIC
L. C@PESADYNAMIC

ns)

F. Are variational equations
needed?

G. Are variational equations
being integrated?

@ = latitude
A = longitude
h = altitude
h = apogee altitude

a

hp = perigee altitude

N. 1Is conic elliptic?

(compute time of next nodal crossing)

M. Generate epheneris?

ESP@DEPH Subroutine Flow (Continued)
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(get $1)

0. Covariance matrix update?

P. Punch S matrix?

A. Are ti, Xp» Yo Zn present?

I
Loop toSELECT -

e o =

e e am g o

{2) Return to SELECT page 2-38, line 9

Yes

TWRAP

-»iExit to:

(y) From page 2-38, line 23
G. Generate ephemeris?

Figure 2-7. ESP@DEPH Subroutine Flow (Continued)



2.3.3.3 Glossary of ESPQDEPH Subroutines

Subroutine Functional Description
*
ASIN Arscine routine
ATM59 Computes density of static atmosphere
(ARDC 1959 Model)
ATM@S Driver for density calculation
"ATNQF Arctangent routine
B@DY Computes acceleration due to sun and moon
C@RMAT Computes correlation (¢ and p) matrix
CQESA Computes density of a static or dynamic
atmosphere (U. S Standard 1962)
CTQP Converts Cartesian to polar
DATE Converts time in minutes from 0 hours day
of epoch to calendar time
DAUX Driver for evaluating acceleration in
integration
“DON Calculates modifier used in simulated
drag variation
! DQ@T Computes scalar product
DRAG Computes drag perturbations
DYNAT Computes density of a dynamic atmosphere
(Paetzold)
GPERT Computes acceleration due to earth potential
HUM AH Converts vector or matrix from machine units
to human units or vice versa
“INTPL Reads ephemeris tape
JCS Sets up two matrices C's and S's for GPERT
LEGS2 Least squares package, solves ATAx = ATb

ES : " n .
Denotes subroutines used, but not included in flow because of their
routine function



Subroutine

Functional Description

MABAT Multiplies ABAT where B is lower triangular
matrix
MAGN Computes magnitude and (nnagnitude)2 of
3-D vector
MATRT Prints an N x N lower triangular matrix
MLTUT Converts lower triangular matrix to upper
triangular matrix
"MULT Multiplies a 3 x 3 matrix by a succession of
1 x 3 vectors
":Q)UTER Computes product of a column and row vector
QUTPT Punches sets of Xpo Yoo Zopo tD’ th
’PPIMQ)D Gets positive argument of an angle in radians
between 0 and 2 7
PLTEL Converts polar to elements (indeterminacy
free and classical)
PQLY Evaluates nth order polynomial
P@PPC Sets up rotation from Cartesian to orbit plane
coordinates
P@STPR Driver for postprocessor (ESP@DEPH)
P@TENT Driver for geopotential model
RBRIPG Computes partial of ADBARV w,. r. t. Cartesian
PR AXIS Calculates yaw, pitch and roll rotations of
the principal axes of the error ellipsoid
from U, V, W coordinate axis
RDXYZ Reads x,., V., 2z, t. from TTY generated
I T i |
cards
REWT Rewinds observation tape
’I‘RCI)TRU Rotates a set of vectors from mean of

1950. 0 to true of date

"Denotes subroutines used, but not included in flow because of their
routine function
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Subroutine Functional Description
RPRESS Computes accelerations due to radiation
pressure
SELECT Select next time to update to
SETIC Initialize integration list
TC@GMP Compare |(x) - x, (y) - vy, (2) - z| with e
TGDJD Computes Julian date to calendar date from
integration time and prints
TPRLM Sets up data for integration
TPRNT Prints trajectory print
TRAJ Integrates the equations of motions and
variational equations of motions and varia-
tional equations to a specified time
TTAPE Generates ephemeris tape (x, vy, =, %, ¥, &,
vs T)
TWRAP Wraps up ephemeris tape generated by TTAPE
UPDATE Driver for covariance matrix update logic
VAREQ Computes second derivatives of variational
equation
VPERT Initializes variational equations
b3
XCR@SS Performs the cross product of two 3-D vectors

3 ) . . .
Denotes subroutines used, but not included in flow because of their
routine function
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3. ESPOD CONVENTIONS

This section describes the arrangements of arrays and variables in
core storage and the magnetic tape formats. In addition, the conventions

used for handling the solution vector and the ESPOD units are included.
3.1 VARIABLE STORAGE

Arrays (vectors, matrices, etc.) associated with a differential
correction program will vary in length depending on the size of the system
of equations being solved. This creates a storage allocation problem for
the programmer. One method of solving this problem is to set aside blocks
of program storage of fixed dimension, each large enough to handle the
maximum case. This method tends to be inefficient in the use of program
storage since only a small percentage of each fixed block array will be
used on the majority of runs. A second method is to assign, at execution
time, each of these arrays a starting position in core and to give the array
only the number of cells it needs on this run. This is the approach that has

been adopted within ESPOD.

A block of storage of dimension 4700 has been saved at the end of
CPMMON for the purpose of storing arrays such as the solution vector,
the current estimates of parameters being solved, the normal matrix, the
normal matrix inverse, the bounds vector, the scaling vector, the master
sensor table, and the observations to be processed by the differential
correction program. The observation block is the last block in variable
storage. The advantage is that a minimum of 128 words is all that is
required (i.e., enough core to read one block from the 7 TAPE). However,
if more core is available the program will load as many observation blocks
from the 7 TAPE as is permissible on a given read cycle. This read cycle

will continue until all observations on the 7 TAPE have been processed.
3.1.1 Definition

This 4700 cell block in ESPOD storage has been labeled by two names:
VSTR (floating point variable storage) and IVSTR (fixed point variable
storage). The two names have been given so that the storage block can
contain both fixed and floating pointarrays. Startinglocations for particular

arrays in variable storage are defined by a set of indices N1, N2, N3 —which
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are computed at run time by subroutine ASSIGN. For example, VSTR

(N3) defines the first element of a floating point array, while IVSTR (N2)
defines the starting location of a fixed point array. In Section 4, subroutine
description, arrays in variable storage will be defined either by their

corresponding index (XX) or by the name VSTR (XX) or IVSTR (XX).

3.1.2 Indices of Stored Arrays

The acceptable indices currently in ESPOD and the arrays they

define are given below.

To aid in the definition of these arrays, let

n = Total number of parameters being solved for

m = Total number of Category 1 variables (a, 6, B, A, R, v,
CDA/Zm, K)

s = Number of sensors whose data is involved in the

differential correction process

3.1.2.1 List of Indices

Name Mode of Array Array Definition and Dimension

1. NIDP Fixed Defines parameters of Category 1 to be
solved for (m cells)

2. NPRCD Fixed Defines parameters of Category 2 to be
solved for (n - m cells)

3. NPBIS Floating Defines the current estimates of the
Category 2 variables to be solved for.
This array has a l:1 correspondence
with elements in the NPRCD array
(n - m cells)

4. NAROW Floating Defines the array where one row of the
augmented matrix (A, B) is stored
(n + 1 cells)

5. NBDNS Floating Defines the set of bounds to be used in
the differential correction (n cells)

6. NPAR Floating Defines the current estimates of the
total (Category | plus Category 2) set of
variables being solved for. This array
is 2 n cells long. The first n cells
contain the set in internal units and the
second n cells contain the set in external
units. (2%n cells)
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10.

1614

12.

13-

14.

105

16.

Name Mode of Array

NDPARI

NIIE tkLE Floati
NDPAR3 "8
NDPAR4

NSCALE Floating
NATA Floating
NR Floating
NIDLED Fixed
NSTAT Floating
NUBS Floating
NRTMP Floating
NSSTB Floating
NSMAT Floating

Array Definition and Dimension

Define four arrays where, on each
converging pass, the four solution
vectors are maintained (4%n cells)

Vector of scaling factors which are
used to convert the solution vector, the
current estimate vector, the normal
matrix and the inverse of the normal
matrix from either internal units to
external units or external units to
internal units (n cells)

Defines array containing the augmented
matrix (ATA, ATB) as an upper triangular
matrix stored by rows and the scaler
BTB in the last cell of the array.

[(n + 1) ; a2y i

Defines array containiTg the inverse
normal matrix (ATA)™" stored row wise
as a lower triangular matrix. The sub-
routine LEGSZ2 also uses portions of this
array for temporary storage

[in + 2)¥(n + 3) _,

L 2

Defines array containing observation
deletion table (i.e., inputs of the DELET
card). The dimension is dependent on
number of entries given by DELET cards
(2% count of lists deleted).

Master sensor table (15%5)

Observation table (no dimension, occupies
remainder of available table)

Used for intermediate handling of (ATA)
and (ATA)-1 matrices.
[n*(n + 1)

2
Array for summing residuals, residuals
squared, and total residual number by
sensor and type. (13*S cells)

cells

Array containing a priori S matrix as
an upper triangular matrix stored by
rows

[f-‘-*(“TJ’l—) cells]




3.2 INTERNAL HANDLING OF SOLUTION VECTOR

3.2.1 Category |l Variables

Category 1 variables are composed of the following eight param-
eters: a, &, B, A, R, v, CDA/Zm, and K (drag variation). ESPOD is
capable of solving for this set of parameters or for any subset of these
parameters. The CAT1 input card provides the analyst the oppor-
tunity to select a set of these parameters for solution. The program must
then be able to keep track of this set. This is done in two steps: first,
identifying numbers are assigned to each Category 1 parameter as

shown in Table 3-1 below.

Table 3-I. Category 1 Identifiers

Parameter
_Type bl Variable
1 a Right Ascension
2 ) Declination
3 B Flight Path Angle
4 A Azimuth of Velocity Vector
5 R Radius
6 v Velocity
7 CDA/Zm Drag Parameter
8 K Drag Parameter Variation

Second, the IVSTR (NIDP) array consists of identifing numbers for the
Category 1 variables to be solved. For example, if an analyst requested

a, 6§, B, A, R, vto be solved for, the IVSTR (NIDP) array would be:

IVSTR (NIDP)

IVSTR (NIDP+1)
IVSTR (NIDP+2)
IVSTR (NIDP+3)
IVSTR (NIDP+4)
IVSTR (NIDP+5)

woinononon
O~ U W~

3.2.2 Category 2 Variables

Category 2 variables are composed of the following ten parameters:

R:, Avy, E R HAb, D

b Ay Ere Ry h, . Category 2 parameters differ

b b P Mo By
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from Category 1 parameters in that they are sensor dependent. Through
the CAT2 input cards the analyst is permitted to select, by sensor
number, those Category 2 parameters to be included in the differential
correction process. The fact that Category 2 variables are sensor de-
pendent creates a bookkeeping problem for the program. It becomes
necessary to know what type of Category 2 parameter is being solved,
what sensor is involved, and where this parameter will be located in the
solution vector. (All Category 2 variables come after Category 1 variables
in the solution vector). This bookkeeping is accomplished through two
arrays in variable storage and a single word (called code word) found in
the master sensor table (one for each sensor in the table). The format
and use of these arrays and code words are described below. First,
identifying numbers are assigned to each of the Category 2 variables as

shown in Table 3-II below:

Table 3-II. Category 2 Identifiers

Bias Type Symbol Variable

1 Rb Range bias

2 Ab Azimuth bias

3 Eb Elevation bias

4 Rb Range rate bias

5 H Hour angle bias

6 Dy Declination bias

7 tb Time bias

8 d)b Sensor latitude bias
9 )\b Sensor longitude bias
10 hb Sensor altitude bias

Each element of the IVSTR (NPRCD) array in fixed point variable

storage contains two pieces of information about a Category 2 variable:
e What type of bias it is (T)

e What place it occupies in the solution vector (P)



This information is contained in the IVSTR (NPRCD) array as a single

integer of the form
T = 100 + P

The code word given in the master sensor table for each sensor tells
where to look in the IVSTR (NPRCD) array for additional information con-
cerning Category 2 variables being solved for the sensor. If the code
word of a sensor equals zero, then no Category 2 variables are being con-
sidered for the sensor. If the code word of a sensor is nonzero, it has

the following form:
A %100 + B

A and B refer to the starting and stopping points in the IVSTR (NPRCD)
array where the program can find the numbers identifying Category 2

variables which are being solved for this sensor.

Finally, the VSTR (NPBIS) array contains in floating point form,
the current estimates of the Category 2 variables defined in the IVSTR
(NPRCD) array. Thus, A and B can also be used to locate the current
estimates of Category 2 variables of a sensor. The VSTR (NPBIS) array

is updated after each iteration of the differential correction.
3.2.3 Examples

Tables 3-III and 3-IV were prepared assuming that observations
from three sensors, Sl, S2, and S3, were being used in a differential
correction, and that the solution for Category 1l variables a, &, 3, A,
R, v, and Category 2 variables SZ-Rb, b’ Eb’ and S3-tb, ¢b, )\b’ hb
was desired. Table 3-1III gives the form of the solution vector and
Table 3-1IV gives the contents of the IVSTR (NIDP), IVSTR (NPRCD), and

VSTR (NPBIS) arrays.
3.3 OBSERVATION NUMBERING SYSTEM

ESPOD programs maintain an internal numbering system for the
observations being processed. This system becomes particularly useful

in the computations of partial derivatives of observations with respect to
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Variable Place

Table 3-III.

Example of Solution Vector

of S2, R
of §2, A
of S2, E
of S3, tb
of S3, ¢b
of S3, \

of S3, hb

in Solution Vector  Symbol Variable Name
1 a Right ascension
2 5] Declination
3 B Flight path angle
4 A Azimuth of velocity vector
5 R Radius
6 v Velocity
T S2, Rb Range bias of sensor S2
8 S2, Ab Azimuth bias of sensor S2
9 S2, Eb Elevation bias of sensor S2
10 S3, tb Time bias of sensor S3
11 S3, ¢b Latitude bias of sensor S3
472, S )\b Longitude bias of sensor S3
13 S3, hb Altitude bias of sensor S3
Table 3-IV. Example of Internal Storage, Defining Solution Vector
Array
Element Contents of Contents of Contents of
No. IVSTR (NIDP) IVSTR(NPRCD) VSTR (NPBIS)
1 1 107 Current estimate
2 2 208 Current estimate
3 3 309 Current estimate
4 4 710 Current estimate
5 5 811 Current estimate
6 6 912 Current estimate
7 1013 Current estimate
S1 code word = 0
S2 code word = 103
S3 code word = 407



parameters in the solution vector. (See subroutine DRDP and PUPB),

The numbering system is:

Type Observation

Range
Azimuth
Elevation
Range rate
Hour angle
Declination

UL W N~

3.4 UNITS OF ESPOD PARAMETERS

The internal and external dimensional units are given in Table 3-V,

Table 3.V, ESPOD Units

Quantity Internal Units External Units
Distance Earth radii (e.r.) Kilometer
Velocity Earth radii per minute Kilometer per second
Angular Measure Radians Degrees
Area (Meters)Z (Meters)2
Mass Kilogram Kilogram

3.5 ALLOTMENT OF CORE STORAGE

3.5.1 Map of Core

OCTAL

EXECM@®DI and EXECM@D2
- S : 15524

Input Buffer Storage

Constants Blocks

Initial Input Block

Variable Storage Assignment Numbers
Buffer Block for Intermediate Tape Handling
Temporary Storage

ESP®DDC and ESP@®DEPH Working Storage
Variable Storage (Fixed and Floating Point)

ESP®D Driver

ESPQ@D
ESP@DDC

| ESPQ@DEPH S | #3234

BMEWS

—| 33661
S, 34161

Figure 3-1. Map of Core
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3.5.2 Variables and Arrays in Storage

The following list includes:

Name of item

Relative location from C@MM@N storage base
address YYYY

Dimension if item is an array

Definition of item

The list is ordered sequentially by relative location.

Name

CARBUF
C@NVR
CDRUNB
FIRSTFL

CWE

CELLIP
CGNOM
CMU
CGMR

BFLAGS

CJ

CINM

CLAMNN
CDADZM
CK

CKSLCT

2000 DIM Definition of Variable or Array
1 128 Input buffer

129 Conditional start flag

130 Input buffer counter

131 Flag to indicate "first case"

141 Earth's rotational rate (real
1 min)

142 Ellipticity of the Earth

143 Gravitational constant

144 GM Earth (e.r. 3/minz)

145 7 GM ratios (E, M, S, V, M, E-M, J)

152 7 Flags to indicate bodies to be
considered

159 I:1 PY J3, J4, s Jg,

170 36 6 x 6 array containing J, below
diagonal, J, , on the diagonal and
X n, m above the diagonal

206 5 Nn,n: =2, 6

211 2
CDA/ m

212 K for drag variation

213 Selector for K, =0., 1., or 2.
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Name

CDRAGM

CFTER
CKMFT
CKMER
CDTER

CMTER

CERAU

CDEG

CFTNM

CNMER

CVTERM

CSIG
CDAYMN
CAPFI10
CPI

C2P1L
CAE
CBE
CKRMS
COMLST
CFTEPS
CJD50

CBQUND

2000

214

21’5
216
217
218

219

220

242

223

224

225
345
357

448

449

450
451
452
453
454
455

456

DIM

120
12

9ill

18

Definition of Variable or Array

Selects atmosphere model to be

used

Conversion from
Conversion from
Conversion from
Conversion from

Conversion from
meters

Conversion from
radii

Conversion from
degrees

Conversion from

Conversion from
n mi

Conversion from
km/sec

Earth radii to {t
ft to km

Earth radii to km
Earth radii to km

Earth radii to

A. U. to Earth

radians to

n mi to ft

Earth radii to

e. r./min to

60 sets of sensor sigmas (packed)

Number days in month

30 sets't, A, F
P

10

N for N(RMS) deletion

Dimension of COQMMQN

¢ for convergence criterion

Julian date January 0, 1950

Nominal set of bounds



Name 2000 DIM Definition of Variable or Array

KQUT 474
} Output tape number

IQUT 475

KIN 476 Input tape number

MT 477 Observation tape number

NQUT 478 Ephemeris tape number

CHMAX 479 Maximum step size

CHMIN 480 Minimum step size

CYMIN 481 Parameter for variable step
integration

CER 482 Parameter for variable step
integration

NRRR 483 Ratio gf Cowell to Runge-Kutta
step size

TSITEP 484 Nominal step size

CSTYPE 485 120 Sensor types for o, 1’\1'S and N

CP 605 16 4 x 4 array of polynomial coeff.
for refraction

CLDSTR 641 Cold-start, non-cold-start flag

TEPQ@CH 642 Epoch time, min from midnight

TIDATE 643 Julian date of midnight, epoch day

DYEAR 644 Epoch year

DMNTH 645 Epoch month

DDAY 646 Epoch day

DHQ@UR 647 Epoch hour

DMIN 648 Epoch min

DSEC 649 Epoch sec

DTYPE 650 Initial conditions type

TALFAG 651 ag for midnight day of epoch

DNUT 652 Nutation correction
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Name 2000 DIM Definition of Variable or Array

DSDAY 653 Epoch day, days from beginning
of year

DSFDAY 654 Epoch time, fraction of day

DBASE 655 Number days from 1950 to day
of epoch

DNREV 656 6 Control cells for seven-card
input

DELTT 662 17 Sets of At, t

DVEHN 679 3 Vehicle number and name (BCD)

DHEAD 682 2 Header from JDC card

PREFLG 684 10 Preprocessor control flags

BEFLG 694 10 DC package control flags

PSTFLG 704 10 Post-processor control flags

DTARG 714 20 Temporary location for DAC or
PRDCT card image

SEQ 734 Sequence number from DAC cards

DFL 7315 Flag for dynamic atmosphere

HEADER 736 8 Contents of REM card

FGITIM 744 Flag to indicate ITIME card read

FGICQN 745 Flag to indicate IC@NDcard read

FGICTY 746 Flagtoindicate ICTYPE card read

FGELEM 747 Flag to indicate element cards read

FGCATI 748 Flag to indicate CATI1 card read

FGCATZ2 749 Flag to indicate CATZ2 cards read

FGBNDS 750 Flag to indicate BNDS cards read

FGDELE 751 Elag te indicate DELETE e&ids
read

NQEPQC 152 Flag to indicate epoch not
established

DLPSI 753 Al



Name 2000 DIM Definition of Variable or Array

DLEPS 754 Ac
SNEPS 755 sin €
CSEPS 756 COS ¢
DTMAX 757 tmax for DC to check for bad
observation times
TNOMX 758 6 Initial Cartesian coordinates
(X, Y, z, ;(: };: é)
TNQOMP 764 6 Initial spherical coordinates
(a, 6, B, A, R, V)
TMNEL 770 10 Initial seven-card element sets
TCLSEL 780 8 Classical elements (a, e, i,2, w, M)
ZQNAL 788 11 Flags for zonal harmonics
SECT 799 5 Flags for sectoral harmonics
TESS 804 14 Flags for tesseral harmonics
DAREA 818 Area of spacecraft M2
DMASS 819 Mass of spacecraft kg
CSOLC 820 Solar Constant S watts/m2
CLIGHT 821 Speed of light e.r. /min
=0 No SYTPES in DBUFS
FGAUX 822
=N No sets of STYPE entries
in DBUFS
NPR 850 Total number of parameters to
solve for
NDPR 851 Total number of CATI1 variables
to solve for
NICPR 852 Total number of spherical
coordinates to solve for
NITER 853 Maximum number of iterations
NMBER 854 Number of observations



Name

NDTCT
NITCT
NIDENT
N1

N2

N3
FLVE
SKIP

NIDP

NPRCD
NPBIS
NARQW
NBDNS
NPAR
NDPARI1
NDPARZ
NDPARS3
NDPAR4
NSCALE
NATA
NR
NIDLED
NRTMP
NSSTB

NSMAT

2000 DIM
855
856
857
858
859
860
861
862

863

864
865
866
867
868
869
870
871
872
873
874
875
876
877
878

879

Definition of Variable or Array

Counter for At, t table
Iteration counter

Number of entries in NIDLED list

Counters for geopotential
routine

Parameters for numerical
integration

Identifiers for starting locations
of arrays in VSTR and IVSTR




Name

NSTAT
NUBS
DBUFS

DTMP

DATA
TEMP

TRAJX

TLIST

TICRT
TIPQL
TG
TSUS
TSUSP
TSUSB

TMBIS

TMINUS

IFTEX

2000 DIM

880

881

882 256
1138 100
1438 1260
1238 200
1438 57
1495 490
1985 6
1991 6
1997

1998

1999 4
2003
2004
2005
2006

Definition of Variable or Array

3-15

locations of arrays in VSTR

Identifiers for starting
and IVSTR

Auxiliary buffer storage

Saves station number and code
word for those stations with
code word £ 0

Input storage

Temporary storage

Temporary location for output
from TRAJ subroutine-stores
X, Y, z, ).{: }.’; .Z

Numerical integration working
storage

Nominal Cartesian coordinates
Nominal spherical coordinates
Time to integrate to

Current total S@S

Predicted S@S for next iteration
Best S@S so far

Current estimate of time bias for
the observation time being

considered (if applicable)

Flag to indicate integration times
before epoch

Indicates mode of exit from FIT
=1 Converged

= 2 Max iterations and
converging

3 Failed K*BNDS/8

4 Normal return

5 Max iterations and
diverging

1l



Name

TUBSEF
TRHQA
TALT

TDPDX

TRS
TRM

TZ

XBSQ

PHIH
THETH
ALT
PSTAR

TDRAG

TV

TVA
TR
TR2
‘LR3
TR5
TR7
TDON

TPQT

cQLaAa

2000
2007
2008
2009

2010

2074
2075

2076

2077

2078
2148
2218
2288

2358

2361

2364
2365
2366
2367
2368
2369
2370

2371

2374

DIM

64

70
70
70

70

P

3-16

Definition of Variable or Array

EQF flag for reading observations '
Density, kilograms/m
Altitude in meters

Contains matrices of partials for
covariance matrix update

Distance E—=S
Distance E—M

Indicates if solution was affected
by bounds

Scale factor for BNDS to cause

subsequent solutions to be affected
by bounds

Tables for PAET ZOLD dynamic
atmosphere

Three components of acceleration
due to drag

Three components of Earth-fixed
velocity

Magnitude of Earth-fixed velocity

Flag for drag model

Total acceleration due to Earth's
potential field

cos ¢ ¢ = latitude



Name
SILA
SIPH
CQPH
SNALF
CSALF

FJ

CQUNT
CAP
CF10

XN

XNDQT

RJUPT
TSEC
INTRX
CENTER
TALFA
TRPRES

TBPERT
TCRASH

PMAT

2000
2375
2376
2371
2378
2379
2380
2.392
2428
2464
2465
2466

2467

2488

2509
2510
2512
2513
2514
2515

2518

2521

2522

DIM

12
36 (6x6)

36 (6x6)

21

21

9 (3= 3)

Definition of Variable or Array

sin ¢

sin \ 1N

longitude

cos A\

sina a = right ascension

cos a

Working storage for generalized
geopotential subroutine

Lines counter

Working values of Ap and FlO

Position of bodies table {from
ephemeris)

Velocities of bodies table (from
ephemeris)

Jupiter inclusion radius
Interpolation time (sec from 1950)
Exit flag from INTR
Central body number for INTR

2 .
a{e.r.”/min)
X, ¥, Z, due to radiation pressure
X, ¥, z, due to bodies

£0 Vehicle below 1 e.r.
=0 okay

Matrix used in computation of
variational equation second
derivatives



Name 2000 DIM Definition of Variable or Array

VMAT 2531 9(3x3) Matrix used in computation of
variational equation second
derivatives

PUBS 2550 8 Sensor number, time, R, A, E,
R, a, 6 table

PSTAT 2558 12 Working storage for sensor
information

PCSALF 2570 cos (a ) Q. =a + A +twt

g g go €

PSNALF 2574 sin (ag)

PWI 2572 3 Vector (Wl’ W, w3)

PWDTI 2575 3 Vector (\fvl, v'vz, \5v3)

PUI 2578 3 Vector (ul, u,, u3)

PvI 2581 3 Vector (Vl’ VZ’ V3)

PV 2584 Ve 4, %

il 2

PRSUBI1 2585 Rl = VR

PSNE 2586 sin Ec

PCSE 2587 cos Ec

PSNA 2588 sin AC

PCsA 2589 cos AC

PCMR 2590 R = computed slant range

PWPP 2591 24 Partial derivatives

PWDTPP 2615 24 Partial derivatives

PRESD 2639 6 Residuals (measured-computed)

IPFRST 2645 0 to indicate first time in RADR

PLSTSN 2646 Number of last sensor processed
by RADR

PUDTI 2647 3 Vector (fll, 1'12, 1'13)

PsiG 2650 6 Sigma list



Name 2000 DIM Definition of Variable or Array

P@®BCNT 2656 Total number of accepted
observations

IRCNT 2657 6 Cells for partials print

PDELFG 2663 6 Cells for partials print

PRESDT 2669 11 Cells for partials print

PKSUBS 2680 Rejection criterion scale factor

VSTR 2700 4700 Floating point variable storage

IVSTR 2700 4700 Fixed point variable storage

MY YY 7400 Base address for working storage

within common
b 13745 COMMPN
3.6 DESCRIPTION OF DIMENSIONAL ARRAYS

The following sections give further detailed information regarding
the important arrays stored in core. They are ordered alphabetically by

the name of the array. The identification line gives the:
a) Name of the array
b) Dimension of the array
c) Relative location from common storage base address

3.6.1 ALT (70), YYYY (2218)

Altitudes at selected increments are stored in ALT. This table is
then used to generate the Paetzold dynamic atmosphere tables THETH,
PHIH and PSTAR.

ALT(I) = 130. + 10 (I-1) for Ti= By » o % , 28
ALT(I) = 420. + 20 (I-29) R il @29, = = o . B8
ALT(I) = 1050. + 50 (I-59) forI1=59, - - ., 70

The altitudes are in kilometers.




6.2 € (62 6] YTYYY (2392)

C is formed from the tesseral or sectorial harmonics requested by

the arrays TESS or SECT respectively.

& =i cos mA\
n

n,m n, m .

$.6.8 BI W12), YYYY (2380)

For every nonzero entry in the ZQNAL array the corresponding

zonal harmonic is transferred to FJ.

3:6.4 IRCNT 16), YXYY (2657)

A count is kept of the six possible residuals computed for each sta-
tion. During the residuals print the first nonzero element of IRCNT is

printed to identify the first residual of each line. If IRCNT(I) = 0, the Ith

residual of a possible six has not been considered.

3.6:5 PDELFG (6), YYYY (2668)

Corresponding to each printed residual of R, A, E, R, a, or 6
a BCD character is stored in PDELFG to signal deletion if any.

PDELFG(I) = blank No deletion

PDELFG(I) = = Deletion by input number
PDELFG(I) = G Deletion (gross outlier)
PDELFG(I) = K Deletion (K RMS)

3.6.6 PHIH (70), YYYY {2078)

For each of the 70 altitudes stored in ALT a corresponding value of
PHIH is computed. The PHIH table is then used to interpolate values of
the Paetzold angle y(h). A typical entry of PHIH is computed from

(220 - F)

Y(h) = i(h)—F— ei(h)

where i(h) and Gi(h) are polynomial approximations in altitude.



3.6.7 PRESD (6], YYYY {2639)

The residuals (measured-completed) applicable to a given sensor

are stored in PRESD.
PRESD(1) = AR (e.r.)
(2) = AA (radians)
(3) = AE (radians)
(4) = AR (e.r./min)
(5) = Aa (radians)
(6) = A6 (radians)

3.6.8 PRESDT (11), YYYY (2669)

For output purposes the residuals are stored in PRESDT.
PRESDT(l) =AR (e.r.)
(2) =AA, A HA
(3) =AE, ADEC
(4) = AR (e.r./min)
(5) =Au, AS, A¢ (option dependent)
(6) =Av, AT, A\ (option dependent)
(7) =Aw, Aw, Ah (option dependent)
(8) = VMAG (e.r.)
(9) =A T (min)
(10) = u (rad)

(11) = B (rad)



3.6.'9 BSEG (6], YYY X {2650)

For each station the appropriate set of sigmas is moved from the

CSIG table, scaled and stored in PSIG.

PSIG(1)

o, (e.r.)

R
(2)

(3)

o radians)

Al

o radians)

g

£
1

o (e.r./min)

R

—

U

~
It

o (radians)
a

o~
1

o, (radians)

o
3.6, 10 PSTAR (70), YYYY (2288)

For each of the 70 altitudes stored in ALT a corresponding value
of PSTAR is computed. The PSTAR table is then used for atmospheric
density interpolations. A typical entry of PSTAR is computed from

A
. : 220 - F
log p* = log p_(h) - i(h) =5=— + K(h) 555 - K(h) m

wihene o = gl (PR - F)[0.00é - 0.002 g(a)]and log p_(h), i(h) and K(h)
are computed from polynomial approximations in altitude. g(a) is a

polynomial seasonal dependent.
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3.6.11 PSTAT (12), YYYY (2558)

Sensor information for a particular station is moved from the Master

Sensor Table to PSTAT.

PSTAT(1) = ¢ Latitude
(2] = % Longitude
(3) =h Altitude
(4) = cos ¢
(5) = sin ¢
(6) = ago + A
(7) =w)°
(8) = wy°

(9) = code word
(10)

. not used
(12)

If the code word is zero, Category 2 variables are not being con-
sidered for this station. If nonzero, the word contains information for

locating the current biases to be applied to this station.

3.6.12 PUBS (8), ¥YY¥ (2250}

For a specified time and station, observations are moved from

variable storage to PUBS.

PUBS(1) = sensor number

(2) = time
(3) =R
(4) = A
(5) = E
(6) = R
(7) = a
(8) = &
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3.6.13 PUDTI (3), YYYY (2467)

The topocentric direction cosines of velocity vector in horizon sys-

tem are stored in PUDTI.

(2) = L'12
(3) = d,

3.6.14 PUI (3)

Topocentric direction cosines for the vehicle position in horizon

system are stored in PUI.

PUI(1) = u1
(2) = u,
(3) = uy

3.6: 45 PVI (8), YYYY (2581)

Topocentric direction cosines of vehicle in horizon system are

stored in PVI.

PVI(1l) = vy
(2) = v,
(3) = V3

3616 PWDTI (3), YYYY (3)

Geocentric velocity of vehicle is stored in PWDTI.

PWDTI(1) = w

1
(2) = w,
(3) = w,



3.6.17 PWDTPP (24), YYYY (2615)

The variational equations in velocity are rotated to meridian co-

ordinates from TRAJX storage and stored in PWDTPP.

PWDTPP [1 +3(i - 1)] CBie @, [3 e 1)] =<8\3v1 | oW, | a\;v3)

8pi 8p.1 8pi

S (ORI o

n is the number of parameters P; to be solved for from the list (ao, 60,

BO’ PO, rO, VO, CDA/Zm 5 K).

3.6.18 PWI (3), YYYY (2572)

Geocentric position of vehicle is stored in PWI.

PWI(1)

I
g

(2)
(3)

1l
g

I
&

3.6.19 PWPP (24);, YYYY (2591)

The variational equations are rotated to meridian coordinates from

TRAJX storage and stored in PWPP.

PWPP [1+3(i - 1)] S [3+3(i ; 1)] =<8W1 , 8“’2, 8“’3)

8pi api 8pi

i:l,...)n

n is the number of parameters P; to be solved for from the list (ao, 5,

(o]
BO, AO, rO, VO, CDA/Zm, K).

3.6.20 S16x6), YYYY (2428)

S is formed from the tesseral or sectorial harmonics requested

by the arrays TESS or SECT respectively.

S =J sin mX\
n, m n, m n, m



3.6zl SECT (5), YYYY (799)

SECT 1s tested for the inclusion of sectorial harmonics.

If SECT(I) £ 0, then )\I I and JI [are included in Earth potential model.

3622 TBPERT {3), YYYY (2518}

The total acceleration on the vehicle due to selected bodies is stored

in TBPERT.

TBPERT(1) = X (e.r./minz)

(2) =y (e.r. /minz)

Z (e.r. /minz)

(3)

3.6.23 TDRAG (3), YYYY (2358)

The components of acceleration due to drag are stored in TDRAG(3).

TDRAG(1) = ¥ 5 8 AT )

drag
(2) = 'y-drag (e.r. /minz)
(3) = .Z‘drag (e.r. /minz)

3.6.24 TESS (14), YYYY (804)

Up to 14 tesseral harmonics may be specified in the array TESS.

If X and Jn = are to be included in the Earth potential model,
n

3 )

then TESS(I) = 10 n + m.

3.6.25 THETH {70}, YYYY (2148)

For each of the 70 altitudes stored in ALT a corresponding value of
THETH is computed. The THETH table is then used to interpolate values
of the Paetzold angle 6(h). A typical entry of THETH is computed from

(220 - F
1(h)(—F ) + mi(h) 200 - F
8(h) = 8_(h) - &;(h) T T alh) - Aze(h)(F—)

where es(h), Al(h), Aze(h), i(h) and a(h) are computed from polynomial

approximations in altitude.
m(h) = g(a) + (200 - F)[0.00() = 01002 g(a)]

where g(a) is a polynomial seasonal dependent.
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3.6.26 TICRT (6), YYYY (1985)

The Cartesian coordinates of the current solution vector are stored

in TICRT for each iteration.

TICRT(1)

x (e.r.)
(2) =y (e.r.)

(3) =z (e.r.)

(4) = x (e.r./min)
(5) =§.r (e.r./min)
(6) = z (e.r./min)

3.6.27 TIPQL {6), YYYY (1891)

The polar spherical coordinates of the current solution vector are

stored in TIPQL for each iteration.

TIPQL(1)

a (radians)

(2)
(3)
(4)
(8) = R (&.8,)

6 (radians)

B (radians)

A (radians)

(6) = v (e.r./min)

3.6.28 TLIST (490), YYYY (1495)

See description of subroutine TRAJ.



3.6.29 TMNEL (X0), YYYY (770}

The array TMNEL is computed from SPADATS element input.

TMNEL(1) = No Epoch revolution number

(2) = a_ Semimajor axis in e.r.

(3) = e Eccentricity

(4) = 1 Inclination in radians

(5) = QO R.A. or ascending node in degrees
(6) = W, Argument of perigee in degrees

(T = L Mean longitude in degrees

(8) = o Rate of change of anomilistic period

in days/revé

0
10,

) Ny  Nodal period in days/rev
(10) = C Rate of change of nodal period in da s/revz
N g P Vi

3.6.30 TN@MP (6), YYYY (764)

TN@MP contains the initial estimates of the polar elements.

TNOMP(1)

a (deg)
(2)
(8}

6 (deg)

B (deg)

A (deg)

55N
il

R (km)

—_ —
o w
~ ~
1 1

v (km/sec)

The differential correction package updates TNQMP each iteration.



3.6.31 TNQMX (6), YYYY (758)

TNQ@MX contains the initial estimates of Cartesian position and

velocity.

TN@MX(1) = x (km)
(2) = y (km)
(3) = z (km)
(4) = x (kin/sec)
(5) =y (km/sec)
(6) = z (km/sec)

The differential correction package updates TNQPMX each iteration.

3.6.32 TRPOT(3), Y¥YY (2371)

The components of total acceleratior due to Earth's potential field

are stored in TPQT.

X (e.r. /minz)

TPOQT(1)

623 = Viley v /minz)
(3) =Z (e.r. /minz)

3:.6.33 TRAJX (57), XYYY (1438)

For the current integration time TRAJX contains the position,
velocity and acceleration vectors of the vehicle. If variational equations

have been integrated they are also present in TRAJX.

TRAJX(1), *+« (3) = (x, vy, z)
() et e (B) = oy ¥ =)
(T »=% (9)E & Y. B)
TRAIX [10 + 60 - 1)) -+ 12+ 66 - 1) = 88;‘1 » g’gl : g’;l
= i, eem
TRAJX (13 + 66 - 1)), - 15466 -1)] - 2%, &y B2

E)pi E)pi ’ E)pi

n is the number of parameters P; to be solved for from the list
(@, 8, B,» As R, v, CpyaA/2m, K).
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3.6.24 TRPRES (3), ¥YYY (2515)

The acceleration on the vehicle due to the sun's radiation pressure

is stored in TRPRES.

{e.r. /minz)

(e.r./minz)

TRPRES(1) = X 4

3.6.35 TSUSP (4), YYYY (1999)

TSUSP contains the predicted RMS corresponding to the four candidate

solutions proposed by the least squares procedure.
TSUSP(1) Predicted RMS for nominal bounds
TSUSP(2) Predicted RMS for K¥* (nominal bounds/2)
TSUSP(3) Predicted RMS for K* (nominal bounds/4)
TSUSP(4) Predicted RMS for K* (nominal bounds/8)

3ulbn 86, TV {3}, YYXW (2361)

The components of velocity of the vehicle relative to the atmosphere

are stored in TV.

H
<
"

>'<A {e.r./min)
(2= }"A (e.r./min)
(3) = 'ZA {e.r./min)

3.6.37 VSTR (6300), IVSTR (6300), YYYY (2700)

See section Variable Storage
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3.6.38 XN (21), YYYY (2467)

XN contains the position vectors for up to seven bodies.

XN(1) , «-+, (3)=(x, v, z)(Earth)
XN(4) , ---, (6) = (x, y, z)(moon)
XN(7) , --+ . (9) =(x, y, z)(sun)
XN(10), +-- ,(12) = (x, y, z)(Venus)
XN(13), --- ,(15) = (x, y, z)(Mars)
XN(16), +-- ,(18) = (x, y, z){Saturn)
XN(19), --- ,(21) = (x, y, z)(Jupiter)

The coordinates are interpolated from an ephemeris tape.

3.6.39 XNDQ@T (21), YYYY (2488)

XNDQ@T contains the velocity vectors for up to seven bodies.

XNDQ@T(1) , --- , (3) = (%, ¥, 2) Earth
XNDQT(4) , -+, (6) = (%, ¥, 2) moon
XNDQT(7) , -+, (9) = (%, ¥, 2) sun
XNDQ@T(10), -+ ,(12) = (%, ¥, 2) Venus
XNDQ@T(13), --- ,(15) = (%, ¥, ) Mars
XNDQ@T(16), --- ,(18) = (%, y, %) Saturn
XNDQ@T(19), --- ,(21) = (%, ¥, ) Jupiter

The coordinates are interpolated from an ephemeris tape.

3.6.40 ZQ@NAL (11), YYYY (788)

ZQNAL is tested for the inclusion of zonal harmonics. If

ZGNAL (I) # 0, then JI+1 is included in Earth potential model.
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3.7 MAGNETIC TAPE FORMATS

ESPOD utilizes magnetic tapes in numerous formats.

are described by the sections which follow as listed below.

TaEe
SEAI

Sensors
Elements

SRADU

Observations

SCRATCH (LOG No. 7)

Identification Block
Observations

BINARY EPHEMERIS

3.7.1 Tape Setup and Description

Section

S,

(O8]

ifirs

~J

2

fa—

fa—

These formats

3-39

3-39
3-40

3-41

Table 3-VI shows how ESPOD interfaces with magnetic tapes. The

following codes are used:

O Write ring required

O May be left out if proper conditions are met
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Table 3-VI. Program Tapes

Logical T
Tape No. Setup Tape Description
@ Scratch Data is transferred to this tape.
RPL library of SPS (Semiautomatic Program-
1 System :
ming System) programs.
2 Schedule Job tape (input).
@ SEAI Backup tape for logical tape No. 4.
Master SEAI (sensor, elements, acquisition
and information files) tape. The ESPQ®D
4 SEAI
program uses only the sensors and elements
off this tape.
5 Not used.
é SRADU SR.A].)U tapfa contains observations
existing prior to the run.
The ESP@®D program writes blocks of
@ Scratch common data and observations just proc-
essed on this tape. (70 TAPETY)
Planetary ephemeris tape.
9 Not used.
Secratch Trajectory tape (optional).
@ Output Off -line output tape.




3. 7.2 SEAL Tape Forinat

ID
BLOCK 1 BLOCK TAPE ID
jﬂg,'ﬁkj’&“ 1 BLOCK: FIRST 112 WORDS ARE SATTB
SENSORS LAST 16 WORDS ARE MOST USED SENSOR NO'S
RESTART 1 BLOCK OF DYNAMIC CORE INFORMATION
BLOCK
SENSOR VARIABLE SIZE FILE CONTAINS:
BLOCK SENSOR COORDINATES
A BLOCK 1 BLOCK ALL A'S FOR FILE TERMINATOR
ELEMENT VARIABLE SIZE FILE CONTAINS:
BLOCK SATELLITE ELEMENTS
B BLOCK 1 BLOCK ALL B'S FOR FILE TERMINATOR
o VARIABLE SIZE FILE CONTAINS: ACQUISITION
EILE INFORMATION FOR LOOK ANGLE COMPUTATION
C BLOCK 1 BLOCK ALL C'S FOR FILE TERMINATOR
INFORMATION VARIABLE SIZE FILE CONTAINS: GENERAL
FILE NONDYNAMIC SATELLITE INFORMATION
D BLOCK 1 BLOCK ALL D'S FOR FILE TERMINATOR
ORSUM VARIABLE SIZE FILE CONTAINS: SUMMARY
FILE FOR OBSERVATION SUMMARY REPORT
E BLOCK 1 BLOCK ALL E'S FOR FILE TERMINATOR
LGMT LOMT TABLE (41 BLOCKS). USED BY MAP PROGRAM
TABLE FOR ASSEMBLING Q-POINT MESSAGES FROM DMN | TAPES
F BLOCK 1 BLOCK ALL F'S FOR FILE TERMINATOR
Z BLOCK 1 BLOCK ALL Z'S FOR TAPE TERMINATOR

Figure 3-2: SEAIl Tape Format
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3.7.2.1 Sensor Format

FILE MAINTENANCE CONTROL CODES (BCD)*
SENSOR TYPE (BCD)

BER (BCD
,——SENSOR NUMBER (BCD)

S .
WORD NO. 1 [x[x|ala]A]Bs]8]B
WISIDAINICs 2NN TR NN } SENSOR CODE NAME (8CD)
WORD NO. 3 [N|N[N[N[N[N[N]N
WORD NO. 4 | 48 BIT FLT PT N@. ¢ RADIANS
WORD NO. 5 | 48BIT FLT PT Ng. X RADIANS EAST
WORD NO. 6 | 48 BIT FLT PT N©. H EARTH RADII
WORD NO. 7 | 48 BIT FLT PT NO. X/COS 8 = -(C+H) COS 6 EARTH RADII
WORD NO. 8 | 48BIT FLT PT ND. Z = - (S+H) SIN ¢ EARTH RADI|
WORDNO.9 [F@ | A | h | p A, h, p (DEG, DEG, KM) = SENSOR ACCURACY

*XX =11 (BCD) FOR SENSOR FILE

WORD NO. ¢

BIT LAYOUT FOR WORD NO, 9

BITS 0-5

BITS 6-11

BITS 12-23
BITS 24-35

BITS 36-47

F

@

A
h

P

SIGN BIT ON = CLASSIFIED

BIT S5 ON = NOT REPORTING

LA COORDINATES INDICATOR (BCD)

C TYPE (ONLY THE LEAST SIGNIFICANT
04 BITS ARE USED)

14 RECORDS PER BLOCK = 125 WORDS (2 WORDS NOT USED)
A, h, p, F ARE ALL ZERO AT THIS TIME

Figure

3-3. Sensor Format
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3.7.2.2 Element Record

WORD NO. 1
WORD NO, 2
WORD NO. 3
WORD NO, 4
WORD NO., 5
WORD NO. 6
WORD NO. 7
WORD NO. 8
WORD NO, 9
WORD NO. 10
WORD NO. 11
WORD NO, 12
WORD NO. 13
WORD NO. 14
WORD NO, 15

WORD NO. 16

X[{N[N|JO|B

N|IN|N|N|N

48 BIT FLT PT N .

48 BIT FLT PT N @.

48 BIT FLT PT N Q.

48 BIT FLT PT N@.

48 BIT FLT PT N,

48 BIT FLT PT N

48 BIT FLTPT N @,

48 BIT FLT PT N@.

48 BIT FLT PT N@.

48 BIT FLT PT N@,

FILE MAINTENANCE CONTROL*
FIRST TWO CHARACTERS OF SATELLITE NAME
SATELLITE NUMBER

LAST 8 CHARACTERS OF SATELLITE NAME

o]
Xn

Qyn

ot

hy

hz

L, RADIUS

T, DAYS SINCE 1950
C DAYS/REV?

RMS KILOMETERS

NO. OF OBSERVATIONS IN RMS

48 BIT FLT PT N@.

INITIAL | EPOCH | FINAL | 5 o4 giT BINARY INTEGERS

REV REV REV
C STANDARD
P BRIGHTNESS | STORED AS INTEGERS X 10+

NOTUSED | I |Toy| Y Y Y

‘ (S ELEMENT SET NUMBER - BINARY INTEGERS
YEAR OF T, - (1'BCD CHARACTER)

ISTOP, (BCD)

*2 BCD CHARACTERS - ELEMENT FILE =13

WORD NO. 13 - EXPIRATION DATE OF BULLETIN - DAYS AND

FRACTIONS OF A DAY

WORD NO. 14 - INITIAL REV- BITS 0-15

EPOCH REV- BITS 16-31
FINAL REV - BITS 32-47

WORD NO. 16 - BIT O OF WORD NO, 16 IS THE SIGN OF

THE STANDARD BRIGHTINESS

Figure 3-4. Element Record
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3.7.3 SRADU Tape Format

SOURCE: JUMP TO
AKLOK

SOURCE: OLD SRADU
TAPE

SOURCE: LRTAPE AND
LRTAPE +1

END OF BLOCK ONE

END OF BLOCK

END OF BLOCK

END OF BLOCK

{

07]00| S [R|A|D{U]|60
BCD
BCD
BCD
BCD
BCD
BCD
O ~——»O
—
N— ——

O—-g—»O

OBSERVATION

OBSERVATION

~—_

OBSERVATION

X[ x[x]x]x][x]x]x

UNUSED PORTION OF
BLOCK (ALL X'S)

OBSERVATION

\_/\

OBSERVATION

x [ x [ x]x] x| x| x]x

SED PORTION OF

[
UNU
BLOCK (ALL X'S)

\_/\

OBSERVATION

\_/\
V\_/_\

OBSERVATION

x| x| x| x]x] x] x]x

UNUSED PORTION OF
BLOCK (ALL X'S)

128 WORD BLOCK OF Z'S

\/_\J

DATE OF GENERATION OF
NEW SRADU TAPE

NOT USED (THIS IS NORMALLY

FOR DATE OF LAST UPDATE)
DATE OF GENERATION OF
OLD SRADU TAPE

DATE OF GENERATION OF
R TAPE

FIRST TEN WORD OBSERVATION
FOR FIRST SATELLITE*

SECOND TEN WORD OBSERVATION
FOR FIRST SATELLITE

l

NTH TEN WORD OBSERVATION
FOR FIRST SATELLITE

FIRST TEN WORD OBSERVATION
FOR SECOND SATELLITE

NTH TEN WORD OBSERVATION
FOR SECOND SATELLITE

FIRST TEN WORD OBSERVATION
FOR MTH SATELLITE

NTH TEN WORD OBSERVATION
FOR MTH SATELLITE

*(FIRST SATELLITE NUMBER WILL BE O)

Figure 3-5.
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3.7.3.1 Observation Record

WORD NO, 1
WORD NO, 2
WORD NO., 3
WORD NO, 4
WORD NO, 5
WORD NO, 6
WORD NO, 7
WORD NO. 8
WORD NO, 9
WORD NO, 10

FILE MAINTENANCE CONTROL*

EQUIPMENT TYPE
— STATION NUMBER

f_/\Y_/\_V_A_\

X

X

T

T le

N

N[N

M

M

M

M (M

S

S |S | MESSAGE AND SATELLITE NUMBERS

48 BIT

FLT PT NQ.

TIME IN DAYS SINCE 1950

R

0

)

ElA

48 BIT FLT PT NO.

ELEVATION - DECLINATION

48 BIT FLT PT N@.

AZIMUTH - RIGHT ASCENSION

48 BIT FLT PT N@.

SLANT RANGE

48 BIT FLT PT N¢.

RANGE RATE - MAX FREQUENCY SHIFT

DCTANT

B4

VECTOR

CF

CL

oT

OBS NQ (BCD)

|

OBSERVATION TYPE
CLASSIFICATION A = UNCLASSIFIED

I = CLASSIFIED

MAX FREQUENCY SHIFT INDICATOR

*2 BCD CHARACTERS - OBSERVATION FILE = 17

WORD NO, 4

R = ASSOCIATION INDICATOR
(1 BCD CHARACTER -1-9)

=0 NOT USED

WORD NO, ¢

= EQUINOX
A = ACCURACY

OCTANT (DEGREES)
At X 100 (MIN)

BITS 0-15
BITS 16-31

VECTOR MAGNITUDE BITS 32-47

Figure 3-6.

Observation Record
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3.7.4 Scratch Tape (Log No. 7)

The first block on tape 7 is the identification block. The first word
on the block is the tape identification. The second word is the vehicle
number. The remainder of the block contains blanks. The identification

block is shown in Figure 3-7.

The next 60 blocks on tape 7 contain COQMMON storage. All the

words in all the blocks are 48 bit floating point numbers.

After COQMMON is written, a sentinel block is written, consisting

of words of z's.

Blocks of observation information follow the sentinel block. A
block of observation information is written according to the format on
diagram B. Tape 7 is filled with observations from the sentinel block

until the end of the tape.

3.7.4.1 Identification Block of Tape Log 7

WORD NO, 1{7|0 TIA|P|E|7]| TAPE IDENTIFICATION
WORD NO, 2|O|X]|X| X|A[A|A]A]| VEHICLE NO,

X X X = VEHICLE NO,

Figure 3-7. Tape Log 7 Identification Block



3.7.4.2 Tape 7 Observation Format

Gs - BINARY INTEGER AT B23

I——75ENSOR NUMBER (BCD)
WORD NO. 1 Gs O|N|N|N
WORD NO, 2 | CF| CL |aT ET s|1s|s

TIME - DAY AND FRACTIONS OF DAYS
WORD NO, 3 48 BIT FL PT NO. FROM 1 JANUARY 1950

WORDNO,4|{ R | @ |G |@ |G |T |E|A

WORD NO., 5 48 BIT FL PT NG ELEVATION - DECLINATION
WORD NO. 6 48 BIT FL PT NG AZIMUTH - HOUR ANGLE
WORD NO, 7 48 BIT FL PT NG SLANT RANGE

WORD NO, 8  48BITFLPT NG RANGE RATE

WORD NO, 9 7R T

OBSERVATION WEIGHTS ASSIGNED
AT OBSERVATION PROCESSING TIME*

WORD NO.10 9 7R

*THESE WEIGHTS ARE STORED AS BINARY INTEGERS, TWO PER
WORD (ONE AT B23 AND THE OTHER AT B47). THE TRUE WEIGHTS
ARE THESE INTEGERS CONVERTED TO FLOATING POINT NUMBERS
AND DIVIDED BY 104, FOR OPTICAL DATA THE FIRST WORD CONTAINS
WEIGHTS FOR FIELD REDUCED RA AND DEC AND THE SECOND WORD
CONTAINS WEIGHTS FOR PRECISION REDUCED RA AND DEC

WORD NO, 2

CF = MAX FREQUENCY SHIFT INDICATOR

CL = CLASSIFICATION A = UNCLASSIFIED 1= CLASSIFIED

GT = OBSERVATION TYPE
0 = RANGE RATE ONLY
1 = AZIMUTH AND ELEVATION
2= AZIMUTH, ELEVATION, AND RANGE
3= AZIMUTH, ELEVATION, RANGE AND RANGE RATE
5 =RIGHT ASCENSION AND DECLINATION

ET = EQUIPMENT TYPE

WORD NO, 4
R = ASSOCIATION INDICATOR
E = EQUINOX
A = ACCURACY

Figure 3-8. Tape 7 Observation Format
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3.7.5 Binary Ephemeris Tape

WORD NO. 1 |O|X[X|X|A|lAa|Aa|A]| VEHICLE NO.
WORD NO. 2

WORD NO., 3

} VEHICLE NAME (BCD)

(a)
T = TIME IN MINUTES FROM O" DAY OF EPOCH
X = (E.R.)
Y = (E.R.)
Z = (E.R.)
X = (E.R./KEMIN)
Y = (E.R./KEMIN)
Z = (E.R. / KEMIN)

(b)

THE TRAJECTORY TAPE IS WRITTEN, OPTIONALLY, ON
LOGICAL TAPE UNIT 10. THE FIRST BLOCK ON TAPE
CONTAINS ALL BLANKS EXCEPT FOR THE FIRST 3 WORDS.
THE FORMAT OF THE FIRST 3 WORDS IS SHOWN IN (a).
EIGHTEEN SETS, OF THE FORM IN (b), MAKE UP A BLOCK
OF INFORMATION ON THE TRAJECTORY TAPE. A SET
CONSISTS OF SEVEN FLOATING POINT NUMBERS

A SENTINEL BLOCK CONTAINING ALL Z'S FOLLOWS THE
FINAL TRAJECTORY BLOCK WHICH IS WRITTEN.

Figure 3-9. Binary Ephemeris Tape
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4, ESPOD SUBROUTINE DESCRIPTION

This section identifies and describes each subroutine used in the
ESPOD program. The segments of the program which use these subrou-
tines are discussed in Section 3.3 and glossaries giving abbreviated descrip-
tions are provided for each of the segments: ESP@D, ESP@DDC and
ESP@DEPH.

Each subroutine is described in the following terms:

a) Identification—title, segment, called by subroutine
b) Function

c) Usage—calling sequence, input, output, error/action
messages on the line

d) Subroutines used —library, program

e) Equations

The subroutines are presented in alphabetical order by title. A com-
plete abbreviated alphabetical listing of titles with page number is provided

for ready reference.

4.1 ALPHABETICAL LISTING OF TITLES

Tigho Eage Eils Eeet
ADJUST 4-5 C@PRMAT 4-53
ALSQRT 4-9 CTQP 4.55
APF10 414 DATE 4-57
APPLY 4-13 DAUX 4-59
ASIN 4-17 D®N 4-61
ASSIGN 4-19 DQ@T 4-63
ATNQF 4-23 DPRLM 4-65
ATM@®S 4-25 DPR®S 4-67
ATM59 4=27 DRAG 4-69
BCDQ®BS 4-31 DRDP 473
B@DY 4-33 DRIVER 475
BQ@UNDS 4-37 DYNAT 4-79
CALCSG 4-39 ELMLQ®@D 4-85
CKRSRT 4-41 ERRQR 4-87
CLTIME 4-43 EXIT 4-89
CPESA 4-45



Title

FIT
GPERT
HUMAH
IDSUB
INTEG
INTPL
IPRNT
ITMPCH
JCS
JDCSRCH
LEGS1
LEGS2

LINES —ESP®D
LINES —ESPQ®DDC

L@D@®BS
LQDSEN
MABAT
MAGN
MATPCH
MATPT
MLTUT
MNELTC
MQ@VE
MQVEVS
MQ@VMAT
MULT
NPRPCH
@BSIN
@BSLQ@D
@BSSRT
@QUTER
QUTPT
PARQUT
PARSET
PIM@D

Page

4-91

4-95

4-99

4-101
4-103
4-105
4-107
4-109
4-111
4-113
4-115
4-117
4-121
4-123
4-125
4-127
4-129
4-131
4-133
4-135
4-137
4-139
4-149
4-151
4-155
4-157
4-159
4-161
4-163
4-165
4-167
4-169
4-171
4-177
4-181

Title

PHEAD
PLTEL
PQLY
PQPPC
P@STPR
PQ@TENT
PPLPC
PPRINT
PRAXIS
PRCQO®NS
PRECES
PRELIM
PRSSTB
PTQ®C
PUPB
RADR
READPR
RDXYZ
RDCOM
REFRAC
REJECT
REWT —ESPQ®D

REWT—ESP@DDC,
ESPQ@DEPH

RMAX

RQ@TRU

RPRESS

SDELET

SELECT

SENIN

SENRD

SENSCH

SETCO®N

SETIC —ESPQ@DDC
SETIC —ESP@DEPH

Page

4-183
4-185
4-189
4-191
4-195
4-197
4-199
4-203
4-205
4-211
4-213
4-215
4-221
4-225
4-227
4-233
4-237
4-261
4-263
4-265
4-269
4-273

4-275
4-277
4-279
4-285
4-289
4-291
4-293
4-299
4-301
4-303
4-305
4-307



Title

SETTAB
SKIPT
SN@MIC
SNSGET
SSTB
STSMAT
SUPMAT
SW TSN
TCQMP
TGDJD
TIME
TINIT
TMSEP

TPRLM —ESP@DDC
TPRLM —ESPQ@DEPH

TPRNT

Page

4-309
4-311
4-313
4-314
4-317
4-319
4-321
4-323
4-329
4-331
4-333
4-337
4-341
4-343
4-345
4-347

Title

TRAJ
TTAPE
TWRAP
UBRED
UBSGET
UNPAKSN
UPDATE
VAREQ
VPERT
WEQ@FT
WRTC@®M
WRTQ@BS
XCR@SS
YHADEC
YRAE

Page

4-351
4-357
4-359
4-361
4-363
4-365
4-367
4-371
4-375
4-379
4-381
4-383
4-385
4-387
4-389



ADJUST ADJUST

4. 2 SUBROUTINE DESCRIPTIONS

SUBROUTINE IDENTIFICATION

A, Title
ADJUST

B. Segment
ESP®D

C. Called by subroutine
PRECES

FUNCTION

The function is to update right ascension, declination type observations

to true equinox of midnight of the day of epoch.

USAGE

A. Calling sequence
Call ADJUST(D, E, C)

B. Input
1. COMMON
CDEG Degrees/radian
CSEPS Cos ¢
C2PI 2w
DDAY Epoch day
DLEPS Ae
DLPSI Ay

DMNTH Epoch month
DYEAR Epoch year
SNEPS Sin ¢

2. Calling sequence

D Observed value of right ascension
E Observed value of declination
C i (the reference year for the observation)

C. Output
1. COMMON
2. Calling sequence
D Value of right ascension which has been precessed

E Value of declination which has been precessed

D. Error/action messages



ADJUST ADJUST

SUBROUTINES USED

A. Library

ABSF
CQSF
SINF
TANF
B. Program
ATNQF  Arc tangent routine

EQUATIONS

Update a. & observations to equinox of 0000Z day of epoch

M D
o P00 S S s S

iyears - 1900
T() - 100

[lo ) i]

N 100

,..
1

= (2304.25" + 1.396"T ) |T| +0.302" ‘TIZ +0.018" | T|3

ure
|

g +0.7911" |T|®

N
14

0 = (2004.682" - 0.853"T ) |T| - 0.426"|T|* - 0.042" T

if T < 0, continue

if T = 0. go to (I)

N
"
1
urr
e}

—_

—

~
il

cos 60 mn(ao + go)

—
—
—

~

I

cos 0 cos 6 cos(a_+ ¢ ) -sin 6 sin 6
o o o o
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ADJUST

(111)

Abd

cos 6 sin 6 + sin 6 cos 6 cos{(a_+ ¢ )
o o o o

(cos € + sin € sin a tan 6)Ay - cos a tan §Ae

sin € cos alQy + sin ale

tan 1[

tan

-1

1) PN

(1I)

(111)
(a0
cos (a - z)

+

Ab

ADJUST



ALSQRT

SUBROUTINE IDENTIFICATION

A. Title
ALSQRT
B. Segment
ESPQD
C. Called by subroutine
L@DSEN
FUNCTION

ALSQRT

This routine will sort alphanumerically the list of desired sensor

numbers,

processed.

USAGE

A.

Calling sequence

Call ALSQRT

This list is generated when the observations are being

Input

1. COMMON
DBUFS Auxiliary buffer storage
TEMP Temporary storage

2. Calling sequence

Output

1. COMMON

2. Calling sequence

Error/action messages

SUBROUTINES USED

A,

2}

Library

Program

4G



APF10 APF10

SUBROUTINE IDENTIFICATION

A. Title
APF10

B. Segment
ESP@DDC
ESP@DEPH

C. Called by subroutine

CQESA (ESP@DDC, ESP@DEPH)
PAETZQLD (ESP@DDC, ESP@DEPH)

FUNCTION
The function is to compute values of Ap and FlO as a function of time.
Values of Ap and FlO are used by dynamic atmosphere routines in their compu-

tations of density. A table consisting of sets of t (days), Ap’ FlO are
input with the preliminary data. Linear interpolation is used where pos-

sible, and where it is not possible, the last values of Ap and F in the

10
table are used. New values are computed only if the time has changed by

more than a quarter of a day from the time of the last computation. The
input table is first checked for over-the-year discontinuities in time. If

discontinuities appear, the times in the table are adjusted appropriately.
USAGE

A. Calling sequence
Call APF10

B. Input
1. COMMON

CAPF10 Array containing sets of t (days), A _, F

Maximum of 30 sets is permissible 10
TLIST(2) Time (min from of day of epoch) for which to
compute values of A and F
P 10
DEFL Flag to indicate first time in

2. Calling sequence



APF10

C. Output

1. COMMON

CAP Ap for time TLIST(2)
CE10 Fjo for time TLIST(2)
2. Calling sequence

D. Error/action messages

SUBROUTINES USED

A. Library

B. Program

APF10



APPLY APPLY

SUBROUTINE IDENTIFICATION

A. Title
APPLY

B. Segment
ESP@DDC

C. Called by subroutine
FIT

FUNCTION
Function is to apply DC solution vector and print iteration summary.
USAGE

A. Calling sequence
Call APPLY (IFIT)

B. Input

1. COMMOGN

CDADZM CDA/Zm

CK Drag variation

IVSTR Fixed point variable storage

NBDNS Starting location of bounds vector in

variable storage

NDPARI1 Starting location of solution vector in
variable storage

NDPR Total number of Categoryl variables to
solve for
NICPR Total number of spherical coordinates to

solve for

NIDP Starting location in fixed point variable
storage of an array which defines CATI
variables in solution vector

NITCT Iteration counter

NP AR Starting location of parameter list in
variable storage



APPLY APPLY

NPRIS Starting location of current estimates of
Category 2 variables

NPR Total number of parameters to solve for

NPRCD Identifies table for definition of Category 2
variables to be solved for

NSCALE Starting location of the list of conversion
factors

NSSTB Starting location where station mean and RMS

information are stored

NSTAT Starting location of the master sensor table

NR Starting location of where the (ATA)_1 is
stored

NRTMP Starting location of temporary storage for

special handling of R matrix

TICRT Nominal Cartesian coordinates
TIPQL Nominal spherical coordinates
TEMP Temporary storage
TNOMP Initial spherical coordinates
TNOMX Initial Cartesian coordinates
Tsis Current total S@S
TSUSE Best S@S so far
TSUSP Predicted S@S for next iteration
Tz Indicates if solution was affected by bounds
VSTR Variable storage
CDEG Degree/radian
CKMER Km/Earth radii
IQUT Output tape number
2. Calling sequence
IFIT 1 apply solution using nominal bounds

2 apply solution using bounds over two
3 apply solution using bounds over four
4 apply solution using bounds over eight

4-14




APPLY APPLY

C. Output
1. COMMON

2. Calling sequence

D. Error/ action messages

SUBROUTINES USED

A. Library
SQRTF

B. Program

CORMAT Computes correlation (o and p) matrix

HUMAH Converts vector or matrix from machine units
to human units

MATPT Prints an N x N lower triangular matrix

M@VMAT Moves a triangular matrix from A to B storage

PTQC Converts polar to Cartesian
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ASIN ASIN

SUBROUTINE IDENTIFICATION

A. Title
ASIN

B. Segment

ESPQ®D
ESP@DDC
ESP@DEPH

C. Called by subroutines

FUNCTION
The function is to compute the arc sine in radians between-w/2 and n/ 2.
USAGE

A. Calling sequence
ASIN (A)

B. Input
1. COMMON

2. Calling sequence
A Argument between -1.0 and +1.0
C. Output

1. COMMON

2. Calling sequence
ARCSIN Radians (principal value)

D. Error/action messages

SUBROUTINES USED

A. Library
SQRTF

B. Program
ATNQF Arc tangent
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ASIN

METHOD

EQUATIONS

ASIN



ASSIGN ASSIGN

SUBROUTINE IDENTIFICATION

A. Title
ASSIGN

B. Segment
ESP®D

C. Called by subroutine
DRIVER

FUNCTION

The function is to establish NPR, NDPR, NICPR, NIDENT and do the
storage assignment for the arrays to be located in VSTR and IVSTR.

USAGE

A. Calling sequence

Call ASSIGN
B. Input

l. C@MMON

CLDSTR Cold start, non-cold start flag

DATA Input storage

DCFLG DCpackage control flags

FGCATI1 Flag to indicate category 1 card read
FGCAT2 Flag to indicate category 2 card read

FGDELE Flag to indicate delete cards read

NARQW Starting location where one row of the
augmented matrix (A, B) is stored

NATA Starting location of where the triangular ATA
is stored

NBDNS Starting location for the bounds used by LEGS

NDPARI

NDPAR2 Starting locations where the four sets of

NDPAR3 solution vectors will be stored

NDPAR4



ASSIGN

NDPR

NICPR

NIDENT

NIDLED

NIDP

NPAR

NPBIS

NPR

NPRCD

NR

NRTMP

NSCALE

NSMAT

NSSTB

NSTAT

NUBS

VSTR

ASSIGN

Number of all differential and initial parameters

to solve for (Category 1)

Number of initial conditions parameters to solve

for
Number of entries in the NIDLED list

Starting location of where the observation de-
letion table begins

Identifier for table indicating Categoryl type
variables to be solved for

Identifies the starting location for the param-
eter list

Identifies table for current estimates of
Category 2 variables

Number of all parameters to solve for

Identifies table for definition of Category?
variables to be solved for

Starting location of where the inverse ATA
(in triangular form) is stored

Identifies the starting location of temporary
storage for special handling of the R matrix

Starting location of the list of conversion fac-
tors which convert all solution vectors and
associated matrices from machine to output
units and vice versa

Identifies starting location of a priori S matrix
Identifies starting location where station in-
formation concerning computed sigmas and
means of residuals are stored

Starting location of the master sensor table

Identifies the starting location of the observa-
tion table

Floating point variable storage

Calling sequence



ASSIGN

C. Output

1. COMMQ@N

2. Calling sequence

D. Error/action messages

SUBROUTINES USED

A. Library

B. Program

MQ@VE

EQUATIONS

NICPR =
NDPR =
NPR =
NIDP =
NPRCD =
NPBIS =
NARQW =
NBDNS =
NPAR =
NDPAR1 =
NDPARZ2 =
NDPAR3 =
NDPAR4 =

NSCALE =

ASSIGN

Moves blocks of storage n cells either forward or
backward in core

Number of orbital elements to solve for

CATI1 variables

CATI1 + CATZ

1

NDPR + NIDP

NPR - NDPR + NPRCD

NPR - NDPR + NPBIS

NPR - NARQW + 1

NPR + NBDNS

2¥*NPR + NPAR

NPR + NDRARI1

NPR + NDPAR2

NPR + NDPAR3

NPR + NDPAR4



ASSIGN ASSIGN

NIDLED = NPR + NSCALE

NATA = NIDENT + 2 + NIDLED

NR - [(NPR + 1) * (NPR + 2)]/2 + NATA
NRTMP = [(NPR +2) % (NPR + 3)]/2 -1+ NR
111 - [NPR % (NPR + 1)]/2

NSMAT = III + NRTMP + 1

If [DCFLG(Z)], = 0, set NSTAT = NSMAT + 1

If IDCFLG(2)! # 0, set NSTAT = III + NSMAT + 1



ATNQF ATNQF

SUBROUTINE IDENTIFICATION

A. Title
ATNQF

B. Segment
ESP®D
ESP®DDC
ESPQDEPH

C. Called by subroutine

FUNCTION

The function is to obtain, using ATANF, arc tan X, where X = A/B,
given A and B. The range of ATNQF is -7 and .

USAGE

A. Calling sequence
ATNQF (A, B)

B. Input

1. COMMOPN
CPI ™

2. Calling sequence

A/B in radians
C. Output

1. CQOMMON

2. Calling sequence

-m=X =4+ 1 in radians

D. Error/action messages

SUBROUTINES USED

A. Library
ATANF

B. Program
- 4-23



ATM@S ATM@S

SUBROUTINE IDENTIFICATION

A. Title
ATM@S

B. Segment
ESP@DDC
ESP@DEPH

C. Called by subroutines
DRAG (ESP@®DDC, ESP@DEPH)

FUNCTION
The function is to drive for density calculation.
USAGE

A. Calling sequence
Call ATM@S

B. Input
1. C@MMON

CDRAGM Input flag to indicate which model atmosphere
is to be used

CDRAGM = 1) ARDC 1959
2) Paetzold dynamic
3) CQESA static
4) CQESA dynamic
If CDRAGM = 0, the CQESA static atmosphere is used
C. Output

1. C@MMON

2. Calling sequence

SUBROUTINES USED

A. Library



ATM@S

Program
ATM59
DYNAT

CQESA

Static atmosphere
Dynamic atmosphere

Dynamic and static atmosphere

ATM@S



ATM59

SET UP
TABLE:
TAB

COMPUTE
ALT
(EQUATION 1)

1=1+4

Figure 4-1.

J=J+8

CALCULATE
TRHZA
(EQUATION 2)

-

ATM59

CALCULATE
THRGA
(EQUATION 3)

T

RETURN

ATM59 Flow Diagram
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ATM59 ATMS59

SUBROUTINE IDENTIFICATION

A. Title
ATM59

B. Segment
ESP@DDC
ESP@DEPH

C. Called by subroutine
ATM@S (ESP@DDC)
DYNAT (ESP@DEPH)

FUNCTION

The function is to interpolate from the atmosphere tables the density

of the atmosphere at given altitudes, using the standard ARDC 1959 model.
USAGE

A. Calling Sequence
Call ATM59

B. Input

1. COMMGN
TALT  Altitude (meters)

2. Calling sequence
C. Output

1. C@MMON
TRHPA Density (kg/m>)

D. Error/action messages

SUBROUTINES USED

A. Library

B. Program



ATM59 ATM59

EQUATIONS
H = 8o rz
GlrTZz
1+(GM /R*L )
T
P =Py ( M'b e b for LM#O
(TMTb + LM (H - Hb)
-GMO(H - Hb)
P = py, €XP ~7 for L,, =0
b R (TMYb M

where b refers to the value of the quantity at the base of the constant

gradient layer.

Note:

Equation (1)

H = geopotential altitude
B=S acceleration of gravity
G = conversion constant
_9.80665 M> where M! is
- secz Ml meters of geopotential
r = effective Earth radius at latitude 45032'33"
Z = geometric altitude

Equations (2) and (3)

p = Density obtained from calculation
Py = density at the base of a constant gradient layer
where these base values were obtained.
(TM)b = molecular-scale temperature at the base of a

constant gradient layer.

'R.A. Minzner, K.S. Champion, and H. L. Pond, The ARDC Model
Atmosphere, 1959 Air Force Surveys in Geophysics No. 115

(AFCRC-TR-59-267) Air Force Cambridge Res. Center, August 1959.
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ATM59 ATM59

LM = molecular scale temperature gradient
B Ty - Ty,
H - Hb
M_ = sea level value of molecular weight

R* = universal gas constant
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BCD®BS

SUBROUTINE IDENTIFICATION

A. Title
BCD@®BS

B. Segment
ESP@D

C. Called by subroutine
L@D@BS

FUNCTION

BCD®BS

The function is to read in one observation card and to pack the

information into a format identical to an observation format read in on

the SRADU tapes,

USAGE

A. Calling sequence
Call BCD®BS (SEQ@F)

B. Input

1. COMMO®N

2. Calling sequence
SEQ@F

C. Output

1. C@PMMON

Sentinel block detection flag

TEMP(30) Satellite number (A)
(31) Equipment type (A)
(32) Station number (A)
(33) Year
(34) Month
(35) Day
(36) Hour
(37) Minutes
(38) Seconds
(39) E or 6
(40) A ora

(A) = Alphanumeric

* Indicates packed information



BCD®BS

(41) R
(42) R ,
(43) Code for R
(44) At observation time
(45) Maximum .
(46) Minimuam J Brightness
(47) Time interval
(48) Date or line number
(49) Message number
(50) Equinox
(51) Year
(52) Observation number
(53) Card type

2. Calling sequence

D. Error/action messages

1. Off -line comment:

S

e

BCD@BS

"THE FOLLOWING CARD(S) COULD NOT BE CONVERTED
ERR LOCATION."

2. Action
NONE

SUBROUTINES USED

A. Library
GLQP

B. Program

IDSUB Strips blanks from I.D.

XSRCH Card image scan and convert

(A) = Alphanumeric

* Indicates packed information



B@DY B@DY

SUBROUTINE IDENTIFICATION

A. Title
B@DY

B. Segment
ESP@DDC
ESP@DEPH

C. Called by subroutines
DAUX (ESP@DDC, ESP@DEPH)

FUNCTION

The function is to compute the perturbative acceleration of a spacecraft
due to other bodies in the solar system and to account for these effects in

the variational equations.
USAGE
A. Calling sequence
Call B@PDY

B. Input
1. COMMEN

BFLAGS Flags to indicate which bodies are to be
considered

TLIST Current integration list

DBASE Days from 1950.0 to midnight day of epoch

CMU GM of Earth (e.r. 3/min2)

CGMR Ratio of Earth, moon, sun, Venus, Mars,

Saturn and Jupiter GM to that of the Earth

FLVE Flag to skip computation of variational
equations
NDPR Total number of Category 1 variables to

solve for

2. Calling sequence



B@DY

C. Output

BQODY

1. COPMMON

TBPERT The total acceleration of the vehicle due to

all the desired bodies

PMAT Matrix of the position dependent effects in

the variational equations (the body effects

are added to this matrix)

2. Calling sequence

D. Error/action messages

SUBROUTINES USED

A. Library

B. Program
INTPL
MAGN
PUTER

EQUATIONS

The position of the ith body with respect to the Earth, X Yo 2y

obtained from the ephemeris tape.

> i1/2

R, 2% By 4

i i i i
X .= X - X.

vi v 1
Yoi T ¥y ~ Y4
A e

vi v i

R =i{x_ .ty + z
vi vi vi vi
u (x. - x,) x
“ T v i, i
bodies ~ M7 3 "3
i=1 Rvi R1

o 18



B@DY BQDY

.. ) i (yV - Yl) o yl
Ybodies L 3 3
i=1 R, R
L vi i]
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L vi Vi1 vl V1




BQUNDS B@UNDS

SUBROUTINE IDENTIFICATION

A. Title
BQ@UNDS

B. Segment
ESP@DDC

C. Called by subroutines
FIT

FUNCTION
The function is to scale bounds with a given scale factor.
USAGE

A. Calling sequence
Call BQUNDS (SCALE)

B. Input

1. COMMON
NBDNS  Starting location for the bounds in variable

storage
NPR Number of all parameters to solve for
2. Calling sequence

SCALE Scale factor for bounds

C. Output

1. COMMON
VSTR (NBONS) Contains bounds which are scaled

2. Calling sequence

D. Error/action messages

SUBROUTINES USED

A. Library

B. Program



B@UNDS B@UNDS

EQUATIONS

B.=K B. K = scale
i i



CALCSG CALCSG

SUBROUTINE IDENTIFICATION

A. Title
CALCSG

B. Segment
ESP®D

C. Called by subroutine
SWTSN

FUNCTION

Subroutine CALCSG calculates the CSIG table entries and stores them.
The sigmas are computed as a function of credance as given by the

particular observation.
USAGE

A, Calling sequence
Call CALCSG (A,1, C)

B. Input
1. COMMON
2. Calling sequence

C Credance

C. Output
1. COMMON

2. Calling sequence
A(I) = ORy Tp
AT+ 1) = T O'R

Sigmas are packed as follows:

Word 1 R TA

Word 2 o T

R

E

The sigmas are binary integers scaled by 104 with binary
points at 23 and 47.



CALCSG

SUBROUTINES USED

A. Library

B. Program

EQUATIONS
. } 0.26 deg
2B 051 et B 07E e
O-R = 43 2 km
14+0.81 c+ 0.582c¢
o 0.07
op = 5 km/sec

1 +4.848 ¢ - 0.115 ¢

CALCSG



CLTIME

SUBROUTINE IDENTIFICATION

A. Title
CLTIME
B. Segment
ESPQD
C. Called by subroutine
LPD®BS
FUNCTION

CLTIME

Function is to take the time in days and fractions of days from 1950.0

and compute the calendar date.

USAGE

A.

Calling sequence

Call CLTIME(TG)
Input

1. COMMON

CDAYMN Number of days in the month

2. Calling sequence

TG  Time in days and fraction of days from 1950

Output

1. COMMON

TEMP(3) Year
TEMP(4) Month
TEMP(5) Day
TEMP(6) Hour
TEMP(7) Minutes
TEMP(8) Seconds

2. Calling sequence



CLTIME CLTIME

D. Error/action messages
Action: Subroutine error is called if TG (time in days and

fractions of days from 1950.0) is negative or less than 1950.

SUBROUTINES USED

A. Library

B. Program

ERRQR Error return



CQESA CQESA

SUBROUTINE IDENTIFICATION

A, Title
CQESA

B. Segment
ESP®DDC
ESP@DEPH

C. Called by subroutines
DRAG (ESPQ@DDC, ESPQDEPH)

FUNCTION

Function is to compute the density at a given altitude using U. S.
Standard Atmosphere, 1962, as the model. This routine computes density
from either a static model or a dynamic model if appropriate parameters
Ap and FIO are input.

USAGE

A. Calling sequence
Call CQESA

B. Input

1. COMMON

TALT Altitude in meters
CAP Ap for this time
CF10 Fyg for this time h
TALFAG Sidereal time at 0 day of epoch
TLIST(2) Time in minutes from O} day of epoch
TLIST (4) x
TLIST(5) y
TLIST(6) z
TR Radius at this time
CDEG Degrees/radian
CPI ™
CWE Rotation rate of the Earth (rad/min)
DFL Flag for first time in

2. Calling sequence

C. Output

1. COMMON
THRQA density (kg/m3)

2. Calling sequence
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D. Error/action messages

SUBROUTINES USED

A. Library
EXPF
LOGF
SINF
CQSF

B. Program

APF10 Computes Ap’ FlO for t

EQUATIONS

Reference 1.

This atmosphere was divided into two regions:

Region 1 extends from -5 km to 90 km

Region 2 extends from 90 km to 700 km

Within these regions the atmosphere was further divided into layers
of constant gradient of molecular scale temperature with altitude. See

Table 1.4 (e) for the values of Tm’ Lm and T at the base of each layer.

For Region 1:

Density was determined from the equations:

GM
- Lt L,
(Tm)b m
1 p=p \ for L. =0
b| /r m
( m) + L (H - Hb)
b
where
GMO = gravitational parameter
R#* = gas constant

8.31432 joules/°K - mole

“Reference L. United States Committee on Extension to the Standard
Atmosphere (CQESA), U.S. Standard Atmosphere, 1962, Washington, D. C.,
1962. o




CQESA CQESA

T = molecular scale temperature

gradient °K/km

H = geopotential altitude

and b refers to the value at the base of the particular layer.

GM_ (H - H,)

R ( Tm)b

The pressure equivalent of Equations 1 and 2 are in Reference 1.,

Equations 1. 2. 10-3 and 1. 2. 10-4,

2. p= exp

Py for Lm =0

In order to avoid performing the integration for geopotential altitude

z
SRS o =f £ 4z (Reference 1, Equation I.2.5-1)
o

L
gO o

a polynomial curve was determined.

3. H(z) = 0.99999352 z - 0.15700906 x 10™° 22

+0.21277556 x 10”13 ;3

where z is the geometric altitude.

For Region 2:

Beyond 90 km Tm is a linear function of geometric altitude.
= (T _ . B
Tm ( m)b+ Ll’l (Z Zb) (Reference l, Equatlon 1.2.6 3)

The pressure is given by Reference 1, Equation 1.2.10-5.

1 Mo z
4, lo P =lo P -
Ee e “b L, R* J; (Tm)
b

in order to evaluate this integral a polynomial



CQESA CQESA

B ghleAtBahCr D

was employed, where

A = 9.806853

B = -0.3087135 x 10~

C =0.7193415 c 10-12

D= -0.1236578 x 10”8

For both Regions 1 and 2 the program picks up the proper base values
from the table, TAB and solves Equations 1 through 4. Excluding the
equations the program logic is concerned with picking the proper values

from the table.

Between the temperature range of 800-2100 °K and the altitude

10
atmosphere solves equations to obtain a correction of Ioglo p to make

range of 200-700 km and when values of F_ - and ap are available the

the atmosphere model semi-dynamic,

at start

a_ =a 1
2= %oy (1)

at start of each day
1) Find the subsolar point a :ag - 180° (2)
sin 65 = sin (23.5) sin a (3)

V et

cos 65 =YV1l - sin 6s (4)

2) Find subbulge point

-— o —
ap =ag + 30 (6B = 65) (5)
Let
y, = cos 6B cos ap (6)
y, = cos 6B sin ag (7)
Y5 = sin 6B (8)
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- then

¥ =¥ T Yo
is a unit vector directed at the subbulge point.

3) Find TN (Reference 1, Equation II.2.3-5)

Ty = 1025 + 4.5 (F, - 170)

i 195.298 \
+0.5cos2ia _ '+ 1.5
\ g 657.29577) .

_ 1 + cos ¥ 2.5
T = TN[I + 0.4(—2——) ]

which is the half angle equivalent of Equation II. 2.3-1 of Reference 1.

(9)

4) Prepare for the next day
a =a_ + 1440 w
g g e

To obtain the correction for dynamic considerations at each entry

to the routine the following operations are performed.
1) The pressure is found in the usual (static) manner.
b T X . .
2) cos Y s o X = position vector

3) Find T

4) Interpolate to get the correction to the pressure (DLQG)
from Table I1.2. 3(b).

TRHQA - TRHQA x 10PLPG (10)
P=p IODLQ)G

5) Convert from pressure to density

In the table storage TAB of base values for the region above 90 km
log p is stored. The correction for the density is also the correction
to the pressure, i.e., the pressure and density are in a 1-1 correspondence

and one can work with one of the other and then convert by substituting

into the perfect gas law.
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ENTER
SET UP
TABLE
TAB(I-0)
TEST CALCULATE
ALT
S ER009 EQUATION 3
ALT =h K=K-4
i =38 =1 J=9
K=1 - K=I - L=1J
I=1+4 ALT-TAB(I) ALT-TAB(!) K-1)<0
20 20
NO VES | ves | NO
K = K-4 I=1+4 2 J=J+8 el
= K- - =1+ . — - =H TRHOA
TREE=21 EQUATION 2
SET POLY CALCULATE
COEFFICIENTS TRHZA
A,B,C,D EQUATION 1
CALCUALTE
P
EQUATION 4
CALCULATE
TRHDA
FROM P
I o\ e
\ ./
RETURN

Figure 4-2. CQ@ESA 1962
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ALT YES
<4 200,000 ?

NO

CF10 + CAP YES
=0

NO

Qi
[}
21

CALCULATE:
a EQUATION 2

SINSs EQUATION 3
COs8 » EQUATION 4

CALCULATE:
a, EQUATION 5

Yl, Y2, Y3
EQUATION 6-8

CALCULATE
N
EQUATION 9

SET UP FOR
INTERPOLATION

2 DIMENSIONAL
LINEAR
INTERPOLATION
TO OBTAIN DLBG

CALCULATE CONVERT FROM RETURN
TRHOA PRESSURE TO
EQUATION 10 DENSITY

Figure 4-3. Dynamic Consideration Flow Diagram



CORMAT CORMAT

SUBROUTINE IDENTIFICATION

A, Title
CORMAT

B. Segment
ESPYODDC
ESPODEPH

C. Calledby subroutines

APPLY (ESPODDC)
UPDATE (ESPODEPH)
FUNCTION

Function is to compute the correlation (0 and p) matrix given a lower

triangular variance-covariance matrix.
USAGE

A. Calling sequence
Call CORMAT (A, I, B, J, K, L)

B. Input
1. COMMON

2. Calling sequence

a. A(I) ATA inverse matrix stored at A(I). A(I) is
assumed to be a lower triangular matrix, stored
by rows. The elements are denoted by aij'

b. B(J) Beginning location of the B matrix (resultant o
and p matrix).

(CHI - Dimension of the (ATA)"l matrix.

(o L | L = 1, compute normal correlation matrix (i. e.,
set b.. = 1).
ii
C. Output
1. COMMON
2. Calling sequence

B(J) Correlation matrix starting location.



CORMAT CORMAT

D. Error/action messages

SUBROUTINES USED

A. Library
SQRTF

B. Program

EQUATIONS
_ aij 1= L ST
Y la.. fa.. j =1, ;i
v 110
Fropidl: =0 4
by, = i=1, , D
ii
For L =2
b11 = L =il 2 A



CTOP

SUBROUTINE IDENTIFICATION

A,

Title
CTOP

Segment
ESPOD
ESPODEPH

Called by subroutines
DPRLM (ESPOD)
MNELTC (ESPOD)

TPRNT (ESPODEPH)

FUNCTION

CTOP

Function is to convert Cartesian coordinates to polar coordinates.

USAGE

A,

Calling sequence
Call CTOP (C, D)

Input
1. COMMON

2. Calling sequence

C(1) x (e.r.)

C(2) y (e.r.)

C(3) z (e.r.)

C(4) % (e.r./min)

C(5) y (e.r./min)

C(6) % (e. r./min)
Output

1. COMMON

2. Calling sequence

D(1) a (radians)
D(2) 5 (radians)
D(3) B (radians)
D(4) A (radians)
D(5) R(e.r.)

D(6) v (e.r./min)

Right ascension
Declination
Flight path angle
Azimuth

Range

Velocity



Lk CTOP

D. Error/action messages

SUBROUTINES USED

A. Library
SORTF

B. Program

ATNQF Arc tangent
EQUATIONS
DIl =a = ’can-1 (y/x) 0<ac<2m
D(2) =6 = b [z/'x/lx—z_:ﬁyzh - %5 5 5%
D(3) = B = cos | [(xfc +yy + zi)/rv:

-1 7 r(xy - yx)

D{4) = A=tan | ylyz - zy) - x(zx - x2)

E X‘?'-*~ya+zZ

D(5) =r

Dbl = % S8 5P 4




DATE

SUBROUTINE IDENTIFICATION

A. Title
DATE
B. Segment
ESPODEPH
C. Called by subroutine
TGDJD
FUNCTION

DATE

Function is to compute the Gregorian date, given t in minutes from

Oh day of epoch.

USAGE

A,

Calling sequence

Call DATE(TMIN)

Input
1. COMMON
CDAYMN Number of days in the month
DDAY Epoch day
DHOUR Epoch hour
DMIN Epoch minute
DMNTH Epoch month
DSEC Epoch second
DYEAR Epoch year
TEMP Temporary storage
2. Calling sequence
TMIN Minutes from oP day of epoch
Output
1. COMMON
TEMP(3) Year
TEMP(4) Month
TEMP(5) Day
TEMP(6) Hour
TEMP(7) Minutes
TEMP(8) Seconds
2. Calling sequence

Error/action messages



DATE

SUBROUTINES USED

A. Library
INTF
MODF

B. Program

DATE



DAUX DAUX

SUBROUTINE IDENTIFICATION

A. Title
DAUX

B. Segment

ESP@DDC
ESPQDEPH

C. Called by subroutines

TRAJ
SETIC

FUNCTION

The function is to compute the second derivatives in the equations of
motion and control the computation of the second derivatives in the varia-

tional equations.
USAGE

A. Calling sequence
Call DAUX

B. Input

1. COMMON

TLIST Numerical integration working storage
TALFA Constant used in calculating radiation pressure
effects
CDAD2M Drag parameter CDA/Zm
CK Drag parameter K
FLVE Variational equation control flag
NDPR Number of Category l variable to solve for
2. Calling sequence
C. Output

1. COMMON

TLIST Numerical integration working storage
TCRASH  Flag which indicates impact when non-zero

2. Calling sequence

D. Error/action messages



DAUX DAUX

SUBROUTINES USED

A. Library

B. Program
BODY
DRAG
PQTENT
MAGN
RPRESS
VAREQ

EQUATIONS

The Cowell formulation of the equations of motion is used:

> > /2
R=iix +y +2
o _ -H X . e . e
S R> * Xpodies Xdrag B ¥potential T X adiation pressure
. - —H y .. .o . .
y R3 * Ybodies T ydrag i ypotential B Yradiation pressure
.. _ —H Z . . .o .
S R3 & “bodies Zdrag * Zpotential v “radiation pressure
where
X . = The perturbation acceleration due to other
bodies . .
bodies in the solar system
x = The perturbation acceleration due to
drag
atmosphere drag
X . = The perturbation acceleration due to the
potential

potential field set by the aspherical earth

= The perturbation acceleration due to solar

radiation pressure e
radiation pressure

The tests are made to see which of the above perturbation effects are

to be included in the evaluation of the equations of motion.
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D®N D®N

SUBROUTINE IDENTIFICATION

A, Title
D®N

B. Segment

ESP@DDC
ESPODEPH

C. Called by subroutine
DRAG

FUNCTION

Function is to calculate TD@N, a modifier used in the simulation of

the variation of the drag parameter CDA/Zm.
USAGE

A. Calling sequence
Call DN

B. Input

1. COMMON

CKSLCT Flag to indicate whether periodic or secular
variation is desired

TLIST Numerical integration working storage

TALFAG Right ascension of the Greenwich meridian at
midnight day of epoch

CPRI ™

TR Magnitude of the position vector of the vehicle

relative to the earth
TEP@CH Minutes from midnight to epoch

2. Calling sequence

C. Output

1. COMMON

TDPN Modifier used in the calculation of the effective
drag parameter

2. Calling sequence

D. Error/action messages
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DON

SUBROUTINES USED

A. Library

SIN
SQRT

B. Program

EQUATIONS

If CKSLCT = 1
a) Compute the position of the sun.

_ o 360
X = cos [ago - 180 + 565 25 (t -

. o 360
e sSin E}Lgo - 180" + m (t =

: o 360
s = sin [&go-IBO +35‘25 (t -

<
1l

N
1l

b) Compute the position of the bulge.

-

e . (30%) -sin (30°%) 0

= | sin (30°) cos (30%) 0

TDON = % o (i) -

If CKSLCT # 1

t =
o)

TD@N = T30
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DQT DQT

SUBROUTINE IDENTIFICATION

A. Title
DQT

B. Segment

ESP@DDC
ESP@DEPH

C. Called by subroutine

PARQUT (ESP@DDC)
RPRESS (ESP@DEPH, ESP@DDC)
FUNCTION

Function is to compute the scalar product C = A * B if D is non-zero;

the routine stores the angle between A and B in E.
USAGE

A. Calling sequence
Call DQT (A, B, C, D, E)

B. Input
1. COMMON
2. Calling sequence
a) A The beginning location of a three-dimensional vector
N = (nl, n,, n3)
b) B The beginning location of a three-dimensional vector
M = (ml, m,, m3)
c} D D =0, do not compute angle between A and B
D # 0, do compute the angle between A and B
C. Output
1. COMMON
2. Calling sequence
a) C Scalar product
b) E Angle between A and B

D. Error/action messages
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DQT DQT

SUBROUTINES USED

A. Library
SQRTF

B. Programs
ATNQF Arc tangent
RADSQ Compute R and R2 for X, Y, Z

EQUATIONS

@, = nlml + anZ + n?’m3

_O—l C
cos T TM]

=1
I
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DPRLM DPRLM

SUBROUTINE IDENTIFICATION

A. Title
DPRLM

B. Segment
ESP@D

C. Called by subroutine
DRIVER

FUNCTION

Function is to set up preliminary information for the pre-processor.
This information concerns epoch time and mode of epoch position and

velocity.
USAGE

A. Calling sequence

Call DPRLM

B. Input
1. COMMON

CDEG Degrees/radian

CJID50 Julian date January 0, 1950
CWE Earth's rotational rate
DTYPE  Initial conditions type
TEMP Temporary storage

2. Calling sequence

C. Output
1. COMMON

DBASE Number of days from 1950 to day of epoch
TALFAG a, for midnight day of epoch

TEPQPCH Epoch time, minutes from midnight
TIDATE Julian date of midnight, epoch day
TN@MP Initial spherical coordinates

TN@MX Initial Cartesian coordinates

2. Calling sequence

D. Error/action messages
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DPRLM

DPRILM

SUBROUTINES USED

A,

Library

Program

CTQP
IPRNT
ITMPCH

MNELTC
PIM®D
PTQC
TINIT
TMSEP

Convert Cartesian to polar coordinates

Prints header page

Punches the initial epoch time when mean
element cards are input

Converts SPADATS mean elements to Cartesian

Takes principle value of angle between 0 and 27

Converts polar to Cartesian

Sets up initial time, computes a

Modulates initial times and sets up permanent
storage



DPR®S DPR®S

SUBROUTINE IDENTIFICATION

A. Title
DPR®S

B. Segment
ESPOD

C. Called by subroutine
DRIVER

FUNCTION

Function is to issue calls on the sensor and observation loading rou-

tines if required.
USAGE

A. Calling sequence
Call DPR®S

B. Input
1. COMMON
CLDSTR Cold-start, non-cold, start flag

2. Calling sequence

C. Output
1. COMMON

2. Calling sequence

D. Error/action messages
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DPR®S DPR®S

SUBROUTINES USED

A. Library

B. Program

LODOBS Control package for loading observation cards
from the input tape

LODSEN Control package for loading sensors from the
input tape

RDCOM Reads common block from observation tape

REWT Rewinds observation tape

WRTCOM Writes common block from observation tape
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DRAG DRAG

SUBROUTINE IDENTIFICATION

A. Title
DRAG

B. Segment
ESP@DDC
ESPO)DEPH

C. Called by subroutine
DAUX

FUNCTION

Function is to compute the perturbative acceleration of a vehicle due to

atmosphere drag and to account for these effects in the variational equations.
USAGE

A. Calling sequence

Call DRAG
B. Input
1. COMMON
FLVE Variational equation control flag
NDPR Number of Categoryl variable being solvedfor
CMTER Constant = meters per earth radii
CELLIP Constant = ellipticity of the Earth
TLIST Numerical integration working storage
TRZ2 Square of TR
TR Magnitude of the vector from the center
of the Earth to the vehicle
CWE Constant = rotation rate of the earth
(radians/minutes) = w
CDADZM Drag parameters CDAE7 2m
CK Drag parameter variation K
CKSLCT Selection flag for periodic or secular variation
in drag
2. Calling sequence

C.

Output

1,

COMMON



DRAG

TDRAG
VMAT

PMAT

DRAG

Perturbative acceleration due to drag
Matrix of velocity dependent terms in the
evaluation of the variational equations
Matrix of position dependent terms in the
evaluation of the variational equation. (The
drag effects are added to the contents of
this matrix. )

D. Error/action messages

SUBROUTINES USED

A. Library
SQRT

B. Program
ATMQ®S
DON
@QUTER

EQUATIONS

RS

1o = radius of the Earth

e

[

Altitude = R - Re

Pa—

v =5k kW

ax ey
\Y% S - w X
ay 4 e

\Y% =z

az

' 2 2
Lo a8 = &) (X__LX_)
" € € ‘. =,

- 1/2

density at the given altitude

Earth-fixed velocity

(2 2 )1/2
V_ = (Vv + v
a | ax ax ax
CdA
A= —— + TDYQN - K
2m
Zdrag - Py s Vax
Ydrag = “Pa- X « Vay
zdrag L Ko Vaz



DRAG

PMAT = PMAT - )\pava

)\pa
VMAT = VMAT - —
Va

v \4
ax ay

v v
aX az

V. X v
ax ax
AV p!
aP
v X v
R ay ay
V. X v
az az
v Vv =
azZ az 0
v_ Vv -—w
ay az e
e 0
az -
e
v Vv [
ax ax 1
v_. v -\p_v_|O
ay az aa
0
2
v (.
az

<
N

DRAG

ax

iy

az




DRDP

SUBROUTINE IDENTIFICATION

A. Title
DRDP

B. Segment
ESP@DDC

C. Called by subroutines
RADR

FUNCTION

DRDP

Function is to compute the partial of the Mth type of observation with

respect to the variables, a, 6, B, A, r, v, CDA/Zm and K.

USAGE

A. Calling sequence
Call DRDP (M)

B. Input

1.

COMMON
NARQW

NDPR

PCMR
PCSA
PRSUBI
PSNA
PSNE
PSTAT
PUDTI
PUI
PWDTPP
PWPP

Starting location where one row of the
augmented matrix (A, B) is stored
Number of all differential plus initial
parameters to solve for (Category 1)

Computed slant range

Cos A

R1 = VR

Sin A

Sin E

Working storage for sensor information
U = {ugs Npy W3l

(u]_: uz, u3)

dw/ dP;

ow/ dP;

Calling sequence

M Observation type number (1, 2, 3, 4, 5, 6)

C. Output

1%,

COMMON

VSTR(NARQW) = VSTR(NARQ@W + NDPR-1) contains the

partial derivatives of the Mth type observation with respect

to the Category 1 variables being solved for
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DRDP DRDP

2. Calling sequence

SUBROUTINES USED

A. Library
SQRTF

B. Program

EQUATIONS

Range (type 1 observation)

ow. ow ow .
9R - u _l+ 0 _2+ - 3 p;, = ¢, 5, B, A, r, v, CDA/Znn, K
op, lop,  2dp, 3 0p,

2y

Azimuth (type 2 observation)

ow ow ow v
oA 1 2 o
-a—pi = -R— ap. COos A —T' sin ¢ + ap

1 1 1 i

cos ¢% |sin A

Elevation (type 3 observation

ow ow

oE 1 . R
- — cos &k + sin ¢% -

E)pi Rl E)pi E)pi E)pi

sin E

Range Rate (type 4 observation)

ow

op.

1

—= |7 -ul+|u-

Local Hour Angle (type 5 observation)

9H _ 1 e PO
- |
By R lulz +u22

op, 2 p, 1

Declination (type 6 observation)

ow

= 3—-?EsinD
sp Py P
op. R cos D

1



DRIVER

DRIVER

SUBROUTINE IDENTIFICATION

A. Title
DRIVER

B. Segment
ESPQ@D

C. Called by subroutine

FUNCTION

The ESP@D main control serves as the coordinator of all activities
involving the three segments ESP@D, ESP@DDC, and ESP@DEPH. It
utilizes existing EXECM@®DI1 and EXECM@D2 routines for pulling these

segments off the master tape when they are needed. Control is always

returned to this routine when any of the three segments have completed

their job.
USAGE

A. Calling sequence

B. Input
1. COMMON
CLDSTR

C@PNVR

DCFLG
DNREV
FGELEM
FGIC®N
IFTEX

NARQW

NATA

Cold-start, non-cold start flag

Flag to indicate if previous case converged or
diverged

ESP@DDC control flags

Control cells for seven-card input
Flag to indicate element cards read
Flag to indicate IC@ND card read
Indicates mode of exit from FIT

Starting location where one row of the augmented
matrix (A, B) is stored

Starting location of where the triangular ATA
is stored
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DRIVER

NBDNS

NDPARI
NDPARZ
NDPAR3
NDPAR4

NDPR

NDTCT

N1CPR

NIDENT

NIDLED

N1DP

NI1TCT
NITER
NMBER
NQEPQ@®C
NPAR

NPBIS

NPR

NPRCD

NR

NRTMP

NSCALE

NSMAT

DRI1VER

Starting location for the bounds used by LEGS

Starting location where the four sets of solution

vectors will be stored

Number of all differential plus initial param-

eters to solve for (Categoryl)
At, t table counter

Number of initial conditions parameters to
solve for

Number of entries in the N1IDLED list

Starting location of where the observation
deletion table begins

ldentifier for table indicating Category 1l type
variables to be solved for (refer to 1VSTR)

lteration counter

Maximum number of iterations
Number of observations

Flag to indicate epoch not established
Starting location for the parameter list

Identifies table for current estimates of
Category 2 variables

Number of all parameters to solve for

ldentifies table for definition of Category 2
variables to be solved for (refer to 1VSTR)

Starting location of where the inverse ATA
is stored

Starting location of temporary storage for
special handling of the R matrix

Identifies the starting location of where the
scaling factors are stored

Identifies the starting location of a priori
S matrix



DRIVER DRIVER

NSSTB Identifies the starting location where station
information concerning computed sigmas and
means of residuals are stored

NSTAT Identifies the starting location of the master
sensor table

NUBS Identifies the starting location of the observa-
tion table

N1
N2 Counters for geopotential routine
N3

PREFLG ESP@®D control flags

PSTFLG ESP@DEPH control flags
2. Calling sequence
C. Output

1. COMMQOPN

2. Calling sequence

D. Error/action messages

SUBROUTINES USED

A. Library
PANT

B. Program

ASSIGN Storage assignments for VSTR and IVSTR

DPRLM Sets up preliminary information

DPR@®S Drives the sensor and observation loading routines
ELM@D Searches the SEAI tape for the orbital elements

JDCSRCH Searches the input data for the JDC card

READPR Preliminary data read routine
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DRIVER

REWT

SDELET
SETCQ®N
SETTAB

SN@MIC

STSMAT

SUPMAT

WRTCGM

DRIVER

Rewinds the observation tape

Moves input storage into variable storage
Sets the program constants

Sets up variable storage

To move the initial conditions from variable storage
into TN@GMX, TNGMP or TMNEL

To convert the upper triangular S matrix from human
to machine units, then move it to variable storage

To move the initial update matrix from temporary
to permanent storage

To write CMM@N data storage on the work tape
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SUBROUTINE IDENTIFICATION

A. Title
DYNAT

B. Segment
ESP®DDC
ESP@DEPH

C. Called by subroutines
ATM@S

FUNCTION

The function is to determine the density of the atmosphere in the range

from 0-1600 km employing ARDC 59 and the Paetzold dynamic atmosphere.
USAGE

A. Calling sequence
Call DYNAT

B. Input

1. COMM@N

ALT Table for Paetzold dynamic atmosphere
TALT Altitude, meters

CAP Ap for this time

CF10 FlO for this time

PHIH Table for Paetzold dynamic atmosphere
PSTAR Table for Paetzold dynamic atmosphere

TALFAG Sidereal time at 0h day of epoch
THETH Table for Paetzold dynamic atmosphere
TLIST(2) Time in minutes from 0h day of epoch
TLIST(4) X

TLIST(5) y

TLIST(6) z
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2. Calling sequence

C. Output

1. COMMON
TRHQA Density, kg/m3

2. Calling sequence

D. Error/action messages

SUBROUTINES USED

A. Library
SINF
C@PSF

B. Program

ATM59 Static atmosphere (ARDC 1959 model)

P@LY Evaluates N'® order polynomial

APF10 Gets values of Ap and FlO for time found in TLIST(2)
EQUATIONS

The right ascension of Greenwich, ag, is input for time of epoch and
is increased by a degree once per day through a test ont - TE =1440 min-
utes, where TE is increased 1440 each time ag is increased. The right
ascension of Greenwich effectively gives the orientation of the earth for

the date in question.

Auxiliary quantities a, b and ¢ are computed for interpolations in

altitude for the Paetzold model, where h is altitude in km.

X

_ 1
a—T(Xl - 1)
b= -(x, - (x, +1)

=
C:—Z-(XI'I'I)
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Here X, is a function of h only and is computed according to a series of

tests on h in the interpolation routine.

A table is set up for angles and density related to altitude as follows:

gla) + (220 - F)[o. 0060 - 0. OOZg(a)]

m =
T pilh) = Y ool — 220, h2El =B . ko0, & %o a(220, h)
g p¥(h) = log p : 3 . h) 555 , h)m
iy alzzg, a2t E )
F 1
(220, h) Z‘QF—‘E T inal220, k) -
i) = 6 ) = &) (220, h) + a(220, h) = 8,0(h) =%

where F is an input quantity and g(a) is a polynomial related to season

through a test on the month, D

a_ - 99

-8
D = 0. 085 T

which dictates one set of coefficients for D<7 and another for D>7. For

a given h, p*, §, and 6 are interpolated from the table using a, b, c.

The density is then computed as follows:

h =150 km
r = x2+y2
x cosa_+ysina
cos 6 = e
r
-xsina_+y cosa
sin 6 = g

g

sin 20 = 2 sin 6 cos ©

cos 20 = cosz 0 - sinz o
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i(0) = Ao + B1 sin 6 + C1 cos 0 + }32 sin 20 + C2 cos 20
f(8) = Bo + B1 sin 6 + C1 cos 0 + B2 sin 20 + C2 cos 20

log p(h) = log p*(h) - Y(h)i(6) - 6(h){(0)
h=130 km
ARDC 1959 =p(h)

130=h =150 km

1 z] 2
W{[‘*OO - (h - 130)7fp , p o+ (B - 130) ppaet}

olog p(h)

o
1l

PPaet
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SUBROUTINE IDENTIFICATION

A. Title
ELMLOD

B. Segment
ESPOD

C. Called by subroutine
DRIVER

FUNCTION

This subroutine searches the SEAI tape for the orbital elements
(initial conditions) for the satellite number in cell DVEHN. If no match

is found, a command occurs on and off-line.
USAGE

A. Calling sequence
Call ELML@D

B. Input

1. COMMON

DVEHN Vehicle number and name (BSD)
2. Calling sequence
C. Output

1. COMMON

DNREV(1) Type of input flag

DNREV(1) =1 (T is input, flag)

DNREV(1l) = 2 (AN is input, flag)

DNREV(1l) = 3 (N is input, flag)
DNREV(2) Input, number

DNREV(2) = T input

DNREV(2) = AN input

DNREV(2) = N input
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DNREV(3) Epoch revolution number
DSDAY Epoch time (days and fractions of days
from 1950)
DYEAR Year of epoch (2 digits)
TMNEL(1) No, epoch revolution number
(2) axN N component of a
(3) aY¥YN M component of & a
(4) hX
(5) hY, components of angular momentum per
unit mass
(6) hZ
(7 Lo, mean longitude (rad)
(8) Co, rate of change of period (days/rev )

D. Error/action messages

1. Off-line comment:
"ELEMENTS FOR SATT. NOT ON SEAI."
2. On-line comments:
"TAPE 04 BAD - MOUNT BACKUP"
"ELEMENTS FOR SATT. NOT ON SEAI.

TYPE - GO TO REREAD SEA]I, STOP FOR NEXT CASE."

e Action:
SUBROUTINE ERRQ@R

SUBROUTINES USED

A. Library

GLQP
READT
STARTG@®
STARTRD
TAPCK
TAPEQUT
ZCHEK

B. Program

ERRQ@R Error routine
FLEX Flexowriter print routine
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SUBROUTINE IDENTIFICATION

A. Title
ERRQ@R

B. Segment

ESPQD
ESPQDEPH
ESP@DDC

C. Called by subroutine
GENERAL PURPOSE ROUTINE

FUNC TION

This is a general error subroutine. Cell 3 is set in ESP@D main
control by the following instructions: TIM, ERR@R. L@1; JMP, ERRQR.
The contents of the A, Q, and JA register are printed. Control is returned
to ESPQ®D to start the next case.

USAGE

A. Calling sequence
Call ERRQR

B. Input

1. COMMON

2 Calling sequence

C. Output

1. CQOMMON

2. Calling sequence

D. Error/action messages

i Off-line comment:

"SUBERR EXIT OCCURRED, SUBERR J LOC, PROGRAM
JMP LOC, A REGISTER, Q REGISTER"

2. Action:

Go to next case.



ERRQR

SUBROUTINES USED

A,

Library

GLQP
@CTQ@R
RPLLQ@D
RTETYPE

Program

ERRQR
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SUBROUTINE IDENTIFICATION

A, Title
EXIT

B. Segment
ESP@D

C. Called by subroutine
MNELTC

FUNCTION

The function is to empty the output buffers and go to the next case.

USAGE

A. Calling sequence

Call EXIT
B. Input

1. CQMMQ@N

2. Calling sequence

C. Oautput

1. CQMMQ@N

2. Calling sequence

D. Error/action messages

SUBROUTINES USED

A. Library

B. Program
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SUBROUTINE IDENTIFICATION

A. Title
BT

B. Segment
ESP@DDC

C. Called by subroutine
INTEG

FUNCTION

This subroutine monitors the flow of information throught the following

sequence of events:

a) Asking if this iteration is converging or diverging

b) Writing of CQMMON onto the tape 7 if converging

c) Forming the solution vector of the differential correction
and applying it to give new estimates of the parameters
being solved for

d) Setting the bounds for the next iteration

e) Punching current estimates of parameters being solved for

f)  Writing of new elements on tape 7.

USAGE

A, Calling sequence
Call FIT

B. Input

1. COMMON
IFTEX Indicates mode of exit from FIT

NDPARI1 Starting location where the solution vector will
be stored

NITCT Iteration counter
NITER Number of entries in the NIDLED list

NPR Number of all parameters to solve for
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P@BCNT Number of observations actually included on
any iteration

TEMP Temporary storage
TSUS Current RMS
TSUSB Best RMS so far

TSUSP Predicted RMS for next iteration

TZs Indicates if solution was affected by bounds
VSTR Variable storage
XBSQ Scale factor for BNDS to cause subsequent

solutions to be affected by bounds
CFTEPS ¢ for convergence criterion
KQUT Output tape number

2. Calling sequence

C. Output

1. COMMON

VSTR (NBDNS) Array in variable storage containing the
set of bounds to be used on the next iteration

2. Calling sequence

D. Error/action messages

* % % MAJOR PROGRAM ERROR, - - - , POSSIBLE INPUT
AND/OR MACHINE ERROR

This message is printed when the total RMS on the first iteration
exceeds the maximum floating point number the machine can handle. The

action taken is to return and begin processing the next case.

SUBROUTINES USED

A, Library
SQRTEF

GLQOP
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Program
APPLY

BQUNDS
EXIT
LEGS2

NPRPCH

REWT

WRTCOM

Applies DC solution vector and prints

Scales bounds with a scale factor

Empties output buffers and goes to next case
Lest squares package, solves AX = B

Punches ICQND, BISES, BNDS values at the end
of each iteration

Rewinds observation tape

Writes CQMMQON block from observation tape
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SUBROUTINE IDENTIFICATION

A, Title
GPERT

B. Segment

ESP®DDC
ESPQDEPH

C. Called by subroutines
PQTENT

FUNCTION

The function of this subroutine is computing the perturbative acceler-
ation of a spacecraft resulting from the fact that the Earth is not a homo-

geneous sphere. (The resulting harmonics are termed zonal, sectorial,

and tesseral.)

USAGE
A. Calling sequence
Call GPERT
B. Input

1. COMMQ@N

SIPH Sin ¢ where ¢ is the geocentric latitude of the
vehicle

CQPH Cos ¢

SILA Sin A\ where X\ is the east longitude of the vehicle
CQ@LA Cos \

SNALF Sin o where q is the right ascension of the vehicle
CSALF Cos a

FJ Twelve cell array containing the values of the
desired zonal harmonic constants

C Six by six array used in the simulation of the
sectorial and tesseral harmonics (see JCS subroutine)

S Six by six array as above
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Nl Degree of the highest zonal harmonic
N2 Degree of the highest sectorial harmonic
N3 Degree of the highest tesseral harmonic

CMU Earth's GM
TR Magnitude of the radius vector, Earth to vehicle
TR3 The cube. of TR

2. Calling sequence

C. Output

1. CQMMON

TP@T Perturbative acceleration of the vehiclein x, vy, z,
inertial coordinate system due to earth's potential
function

2., Calling sequence

D. Error/action messages

SUBROUTINES USED

A. Library

B. Program

= QUATIONS

This is a recursive computation, formulated as described in the

following paragraphs.

Acceleration in a local rectangular system (f, g, h) with h along the

outward geocentric vertical, f directed south and g directed east.
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N1 cn-2
af:COS(i) Z (Jnr )pl'l
n=2

N2
-m-2 m _
4 Z_Z mr sin ¢ (sec ¢ pm )(Cmm cos mA\ + Smm sin mA\)

N3 N3 on-2 -
- z Z r (cos¢Pn )(C cos m\ + S sin m\)
nm nm
m=1 n=m+1

_ -m-2 m ’
ag =& Z_ mr (sec ¢ P ) (Cmm sin m\ - Smm cos mM\)
m=2
N3 N3
- Y m Z o (sec ¢ an)(C sin m\ - S cos m\)
- nm nm
m=1 n=m+l
N1 s
n=2
N2
-m-2 m g
- cos ¢ nii':?_ (m + 1)r (sec Lo pm)(Cmm cos m + Smm sin m\)
N3 N3 —
+ B m - o
Z z (n+1)r (secq) P )(Cnmcosm)\+snmsmm>\)
m=i n=m+l1
where

= [en-1nsinep  -m-1) Pn-z]/®

p .~

Po = !

pl =Sin¢

' = gi !

pn sln 4) pn-l +n pn—l
Py =1
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and

(sec b p::)

(sec ¢ p'l)

(Zm - 1) cos ¢ (sec ¢ pz:i)

1

(2n - 1) sin ¢ (sec ¢ pm =B+ T ~ L) [seed pm /(n-m)
n-1 n-2

m
sec q) pm—l -0

sec q) prrln

and

(cos ¢ pzl) = -m sin ¢ (sec ¢ pr; )

(cos b pg' ) = -n sin ¢ (sec ¢ prrln) + (n + m) (sec ¢ p;n_l)

These accelerations are then rotated to an x, y, z inertial system

and scaled by the Earth's GM(p)

. = - r— ——
(a Fcos a sin ¢ -sin a cos a cos ¢ aLf
bid
a = i |[sina sin ¢ cos a sin a cos ¢ a
y g
a - cos 0 sin a
— - —
—
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HUMAH

SUBROUTINE IDENTIFICATION

A, Title
HUMAH

B. Segment

ESP@D
ESP@DDC

ESP@DEPH

C. Called by subroutines

APPLY
MATPCH
NPRPCH
UPDATE
STSMAT
SUPMAT

FUNCTION

(ESP@DDC)
(ESP@DDC)
(ESP@DDC)
(ESP@DEPH)
(ESPQ@D)
(ESPQ@D)

. . . . ) T .
This subroutine functions in converting a vector, A A matrix, or the

T, -1 . ; . : )
(A" A) matrix from machine units to human units or from human units

to machine units. The ATA is an upper triangle matrix and the (ATA)_

1

is a lower triangular matrix.

USAGE

A. Calling sequence
Call HUMAH (A, I, B, J, K, L)

B. Input

1. COMMON

2. Calling sequence

a) A(I) Starting location of the array to be converted

b) B(J) Starting location of the scaling vector

¢y K

d) L

Dimension of A and B

L. = 41, if a vector is to be converted from
machine units to human units

L = -1, if a vector is to be converted from human
units to machine units
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L =+2, if an ATA matrix is to be converted from
machine units to human units

. T .
L =-2, if an A7 A matrix is to be converted from
human units to machine units

. -1 .
L, S1EESE S Sl (ATA) matrix is to be converted
from machine units to human units,

. T,,-1 .
L =-3, if an (A7 A) matrix is to be converted
from human units to machine units

C. Output

1. COMM®N
2. Calling sequence

A(I) The matrix or vector A in the changed units
defined by L

D. Error/ action messages

SUBROUTINES USED

A. Library
XABSF

B. Program
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SUBROUTINE IDENTIFICATION

A, Title
IDSUB

B. Segment
ESPQ@D

C. Called by subroutines
BCDQ@®BS
@BSL@D
READPR
SENRD
SNSGET

FUNCTION

This subroutine replaces leading blanks of four character sensor
numbers with zeros. Enter this subroutine with the four characters right

adjusted in the A register and exit with the ID in the A register.
USAGE

A, Calling sequence
Call IDSUB (A)

B. Input
1. CQOMMQN
2. Calling sequence
A  Contains sensor number to be checked
C. Output
1. COMMGN
2. Calling sequence
A Leading blanks of A replaced by zeros
D. Error/action messages
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SUBROUTINES USED

A, Library

B. Program
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SUBROUTINE IDENTIFICATION

A, Title
INTEG

B. Segment
ESPQDDC

C. Called by subroutines
ESP@®D

FUNCTION

This subroutine controls the logical flow of information through the
differential correction package (ESP@DDC).

USAGE

A, Calling sequence

Call INTEG (EXIT)
B. Input

1. COMMON

CQUNT Lines counter

DCFLG Dc package control flags
IFTEX Indicated mode of exit from FIT
PSIG Sigma list

TALT Altitude, meters

TG Time to integrate to

TRHQA Density, kg/m3

MT Observation tape number

IQUT Output tape number

2. Calling sequence
C. Output

l. COMMON

2. Calling sequence

EXIT Gives the status (convergence or divergence)
of the differential correction (see IFIT)

D. Error/action messages
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SUBROUTINES USED

B\

Library

Program

FIT
PARSET
PRSSTB
RADR
RDCQM
REWT
SELECT
SETIC
TPRLM
TRAJ
WRTCQOM
REJECT

INTEG

Logic control for dc options

Initialize partials package

Compute and print residual

Driver for partials package

Reads C@QMM®ON block from observation tape
Rewinds observation tape

Select next time to integrate to

Initialize integration list

Sets up data for integration program

Driver for integration program

Writes COMMQN block on observation tape
Computes final values of RMS by observation
type from accepted observations of the last
pass
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SUBROUTINE IDENTIFICATION

A, Title
INTPL

B. Segment
ESP@DDC
ESPQDEPH
C. Called by subroutines
B@DY (ESP@DDC, ESPQDEPH)
RPRESS (ESP@DDC, ESP@DEPH)
FUNCTION

The function of this subroutine is to read the ephemeris tape for the
positions of the sun and moon or for the positions and velocities of the
sun, moon, Mars, Venus, Jupiter, and Saturn with respect to the Earth

and to rotate these coordinates to true of midnight day of epoch.
USAGE

A, Calling sequence
Call INTPL (VEL, T, BASE)

B. Input
1. COMMON

CJD50 Julian date of 1950. 0
CKMER Kilometers per Earth radii constant

2. Calling sequence
VEL Flag: if 0, position of sun, moon only; if 1,
positions and velocities as described above.
L Time in minutes from midnight day of epoch
BASE Days from 1950. 0 to midnight day of epoch
C. Output

LS COMMQON

XN Positions of Earth, moon, sun, Venus, Mars,
Saturn, and Jupiter referenced to the Earth

XNDQT Velocities of above bodies with respect to the
Earth
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2. Calling sequence

D. Error/action messages

1. If the time requested is after December 19, 1969, the
following message is printed off-line:

* % EPHEMERIS TAPE ARGUMENT TOO LARGE . .
T = + . XXXXXXXXX XX SECONDS FROM 1950. 0

and the program goes onto the next case through the
subroutine ERRQ@R.

2 If the time requested is before August 28, 1960, the
following message is printed off-line:

* % % EPHEMERIS TAPE ARGUMENT TOO SMALL .
T = + . XXXXXXXXXX SECONDS FROM 1950.0

and the program goes onto the next case through the
subroutine ERRQR

3. If an end-of-file is encountered while reading the
ephemeris tape, the following message is printed off-line:

#* % % END OF FILE ENCOUNTERED READING THE
EPHEMERIS TAPE

and the program goes onto the next case through the
subroutine ERRQ@R.

SUBROUTINES USED

A, Library

B. Program

INTR
R@TRU
GLQP
STQPGQ
FLEX

EQUATIONS

None
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SUBROUTINE IDENTIFICATION

A, Title
IPRNT

B. Segment
ESP@D

C. Called by subroutines

DPRLM
L@D®BS

FUNCTION

IPRNT

The function is to print out the header, initial conditions, vehicle

number and name. IfI = 1, the routing gives the normal output (i. e.,

header, initial conditions, vehicle number and name).

"NEW

EPOCH" is printed with only the epoch time, and the initial conditions are

included.
USAGE

A. Calling sequence
Call IPRNT (I)

B. Input

1. CQOMMON

CDAD2M
CDEG
CLDSTR
DDAY
DHEAD
DHQ@UR
DMIN
DMNTH
DSEC
DVEHN
DYEAR
HEADER
PREFLG
TALFAG
TEMP
TNQOMP
TN@MX

2. Calling sequence

CpA/2m

Degrees/radian
Cold-start, non-cold-start flag

Epoch day

Header from JDC card
Epoch hour

Epoch minute

Epoch month

Epoch second

Vehicle number and name
Epoch year

Contents of REM card
Preprocessor control flags
ag for midnight day of epoch
Temporary storage

Initial spherical coordinates
Initial cartesian coordinates

I =1, normal output
I =2, print "NEW EPOCH"
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C. Output

1. CQOMMON

2. Calling sequence

D. Error/action messages

SUBROUTINES USED

A, Library

GLQ@P
PANT

B. Program

PRCONS Prints the program constants
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SUBROUTINE IDENTIFICATION

A, Title
ITMPCH

B. Segment
ESPQ@D

C. Called by subroutine
DPRLM

FUNCTION

This subroutine punches the ICTYP =1.0 and the ITIME cards. It is
entered only when SPADATS seven-card element sets are input or elements

are obtained from the SEAI tape.
USAGE

A, Calling sequence
Call ITMPCH

B. Input

1. CQMMON

DDAY Epoch day
DHQ@UR Epoch hour
DMIN Epoch minute
DMNTH Epoch month
DSEC Epoch second
DTYPE Initial conditions type
DYEAR Epoch year
2. Calling sequence
C. Output

1, CQOMMON

2. Calling sequence

D. Error/action messages
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SUBROUTINES USED

A. Library
GLQP

B. Program
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JCS

SUBROUTINE IDENTIFICATION

B, Titke
JCS

B. Segment
ESP@DDC
ESPQDEPH

C. Called by subroutine
TPRLM

FUNCTION

This subroutine sets up working storage for simulation of zonal,

sectorial, and tesseral harmonics of the Earth's potential function.

USAGE

A,

Calling sequence

Call JCS
Input

1. COQMMON
Z@QNAL Array of 11 flags, non-zero to include the

desired harmonic (JZ, J3, e o 38 J12)
SECT Array of five flags, non-zero to include the
desired sectorial harmonic (JZZ, J33,. et J6 )
TESS Array of code words for selection of tesseral

harmonics, where each cell is of the form
N * 10 + M where N is the degree and M the order
of the desired tesseral

CJ Twelve cell array containing the values of
JZ’ J3,. s oy J12
. . - 1 2 6
CINM Six by six array containing J4°, J27,. .., Jg
along the main diagonal, J21, J31, et J65 below
the diagonal and )\21, )\31,. o B 5 )\65 above the
diagonal
. .. 2 3 6
CLAMNN Five cell array containing )\2 , )\3 e Gt )\6
CDEG Degrees per radian constant
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JCS

2. Calling sequence

C. Output

1. CQGMMGN

FJ Twelve cell array which contains 0, Jz or 0, J, or
(0L JizorO

C Six by six array used in simulation of sectorial and
tesseral harmonics

S Six by six array used in simulation of sectorial and
tesseral harmonics

N1 Degree of largest zonal harmonic requested

N2 Degree of largest sectorial harmonic requested

N3 Degree of largest tesseral harmonic requested

2. Calling sequence

D. Error/action messages

If the order of a requested tesseral is greater than or equal to the
degree, the following message is printed off-line:

IGNORING IT AND PRECEEDING.

SUBROUTINES USED

A, Library

C@s
SIN

B. Program

EQUATIONS

& =7 cos (m A\ n,m)
n,m

S =il sin (m X\ n, m)
n,m
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SUBROUTINE IDENTIFICATION

A. Title
JDCSRCH

B. Segment
ESP@®D

C. Called by subroutine
READPR (ESP®D)

FUNCTION

This subroutine searches the input data for a JDC card.

JDCSRCH

When a JDC

card is found, flags are set for READPR and for the control of the entire

orbit determination program.
USAGE

A. Calling sequence
CALL JDCSRCH

B. Input
CARBUF
C. Output

l. COMMON

DATA, DATA + 1200 )

FGICON
FGITIM
FGICTY
FGELEM
FGCATI1
FGCATZ
FGBNDS
FGDELE
FGAUX

DVEHN
DHEAD
CLDSTR
PREFLG
DCFLG
PSTF LG

$set to 0.0
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JDCSRCH

D. Error/.action messages
Message

NO JDC IN 400 CARDS

JDC CARD NOT FOUND.
ID WHICH TERMINATED
RUN IS AAAAAAAA

SUBROUTINES USED

A. Library

B. Program

RDCOM

PANT

GLQP

FLEX

READPR- RDQNE
XSRCH

CROSS REFERENCES

READPR:- CARDIM
READPR-IDI
READPR-1D2
READPR-DCS8
READPR-DC9
READPR-DC10
READPR-DCI11
READPR-DC12
READPR - GETQFF

JDCSRCH

Meaning and Action

No JDC card could be found in 400
input data cards. Job is terminated
by transfer of control to READPR -
GETQFF.

A identification name (AAAAA) was
found to be either ENDAT, ZZZZ27Z,
or EEEEE. Job is terminated by
transfer of control to READPR -
GETQFF.

Read in COMMON if a non-cold start
Eject a page for next case

Place error messages on output tape

Type error message on console typewriter
Read one card and print it

Read the JDC card in proper format
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SUBROUTINE IDENTIFICATION

A, Title
LEGS!I

B. Segment
ESP@DDC

C. Called by subroutine
RADR

FUNCTION
This subroutine transforms the augmented matrix (A, B) of the system

Ax = B into the augmented normal matrix.

ATa ATg

B A B™B

Since the augmented normal matrix is symmetric, only the upper triangle
part is stored. Also, if a row is deleted, the count, P@BCNT, is reduced
by 1.

USAGE

A. Calling sequence
Call LEGS1 (K, I3, SUS)

B. Input

1. COMMON
IVSTR Fixed point variable storage

NARGQW Identifies the starting location where 1 row
of the augmented matrix (A, B) is stored

NATA Identifies the starting location of where the
triangular ATA is stored

NBDNS Identifies the starting location for the bounds,
used by LEGS2

NPR Number of all parameters to solve for
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C.

D.

LEGSI
NIDLED Identifies the starting location of where the
observation deletion table begins
POBCNT Number of observations actually included on
any one iteration
2. Calling sequence
K Row number of A
I3 I3 is used only when K = 1. If I3 =0, the ATA section
is cleared before computing ATA, If 13<0, the section
is not cleared.
Output
1. COMMON
VSTR (NATA) Where the triangular ATA is stored
2. Calling sequence

SUS Current sum of squares of weighted residuals

Error/action messages

SUBROUTINES USED

A,

B.

Library

Program
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K-1
u) 0 3
/
NIDLE = 0 e
4
J = NIDLED
i
IVSTM
-1 0 +y
4 / 3
N2 = N1 +1 | NIDLE = NIDLE
+1
(1 _N2 (N2+1) /
2 J=J+2
+NATA-1
I3
B = oy
/
I = NATA
4
VSTR(1) = 0
/
I=1+1
|- 1P
. ~ >

Figure 4-6 a. LEGS] Flow Diagram
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NIDLE
_‘ 0 11—
'
L = NATA J=1
Ll = NAB R

- NIDLED =1
y

=1

K-1VSTR (15-1)
- 0

p

Ld =LI

4 K-IVSTR (15)
/

_ PODCNT = ..} ~

J=1 f PPDCNT =1 ( J=dtl
/
VSTR (L) = VSTR (L) +
VSTR (LI) * VSTR (LJ) J- NIDLE

-‘ ‘0 +

/
L=L+1
/
LI=LJ+1
J=J+1
J- N2

LEGS1

/
Li=Ll+1
/
I=1+1
1 - N2

0 |+

( SUS =VSTR (IP)

Figure 4-6 b.
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LEGS2 LEGS2
SUBROUTINE IDENTIFICA TION
A, Title
LEGS2
B. Segment
ESP@DDC
ESPQDEPH
C. Called by subroutine
FIT (ESPQ@DDC)
UPDATE (ESP@QDEPH)
FUNCTIONS
a) To solve an overdetermined linear system of
equations Ax = b
b) To compute the inverse of ATA
c) After solving for x, to compute HAx - sz
USAGE
A. -Calling sequence
Call LEGS2 (NDPAR, Z, SUSP, I1, 12, 14)
B. Input
1. COMMQON
IVSTR Fixed point variable storage
NATA Identifies the starting location of where the upper

triangular ATA is stored

NBDNS Identifies the starting location for the bounds used

by LEGS2
NPR Number of all parameters to solve for
NR Identifies the starting location of where the inverse

ATA (in triangular form) is stored

XBSQ Scale factor for BNDS to cause subsequent solutions
to be affected by bounds

2. Calling Sequence

NDPAR The index for variable storage where the solution
vector x is to be stored

12 Option control flags
14
- 4-119
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C. Output

1. COMMON

LEGS2

VSTR (NDPAR) Start of the array containing the solution

vector x
o T =1

VSTR (NR) Start of an array containing (A A) = as

a lower triangular matrix
2. Calling sequence

Z Flag to indicate if the solution was
affected by the bounds. If the flag is
non-zero the solution was affected by
the bounds

B Predicted SOS for the next iteration

SUBROUTINES USED

A. Library

B. Programs

EQUATIONS
To solve for differential corrections, find x so that HAX - b“ e is
minimum under the side condition that
7 [
\IT <4 Bi’ BZ’ *, = bounds
i ot
A
The side condition may be described as
N )
: Biz 0 i
|0 B—2 R B™%is a diagonal

where
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LEGS2

Bounds

LEGS2

Define x(z) as the solution of the linear system

where B“1
-~

2

IATA ¢ aB %) e ATE

is the diagonal matrix with the (i, i) diagonal element being

Bi i Bi > 0 and Bi <0. If Bi = 0, the ith row and column of the augmented

normal matrix is ignored and x, is set to zero.

a)

b)

The routine finds x = x(0). If (B

X, X) <4+ €y the solution
is obtained, Otherwise

Define y(z) = [B_'Z x(z), x(z)]. Now y(0) > 1 + €¢4q. Compare
y(h), y(1 Oh), y(100h), ..., until a value of z is found with
1-¢;<y(z)<1+ ¢, in which case x(z) is the solution or
until two values of z are found with y(zq) > 1 + €4 and y(z2)
<1 - €3, The required value of z is now bracketed, Then

Choose a value z3 between z4 and z3. If 1 - €3 < y(z3) <1
+ €5 then y(z3) is the solution. Otherwise -

Use inverse quadratic interpolation (to zero) to obtain a new
guess z4. If1 - €, < y(zy) <1+ €4, then x (z4) is the
solution. Otherwise

Select from the set z4, z2, z3, z4 the two values of z which
bracket the solution most tightly. Use these values as z{ and
z, and go back to 3.

The iterative process will stop if the number of solutions of the linear

system reaches 20,

Linear System

Lt 6= A B p ZB

2. The routine finds a matrix S with SCST =D,

S is lower triangular with (-1) on the diagonal. It is easy to find S and D

for alx1 matrix C. Assume S and D have been found for a k x k matrix C.

Now augment C by another row and column
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A vector w and a scalar B are now desired such that

s o c 4 st w) (D o
wT -1 dT a 0 -1 _ 0 B
The requirements are satisfied by
W = e D-1 Sd
p=a- wT d

The routine builds the matrix S by the above process with k = 2, 3,

The final result is a decomposition of the augmented matrix

S 0 ATA+zI.3_2 aTo st D o0

H

wT -4 b TA bTb 0 -1 0 a

and the N-dimensional vector w which appears above is the solution vector.

Predicted RMS for Next Iteration

Given bTb, ATA, ATb, X, n = total number of observations

Pradiched RMS = —a Wbl = 2" (A b) & s (5T A

n
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LINES LINES

SUBROUTINE IDENTIFICATION

A. Title
LINES

B. Segment
ESPQD

C. Called by subroutine
L@PDPBS

FUNCTION

The function of this subroutine is to eject a page and to print a heading

top of the page after 57 lines have been printed.
USAGE

A. Calling sequence
Call LINES (A, I)

B. Input
1. COMMON
2. Calling sequence
A Line counter

I Not used

C. Output
l. C@GMMGN

2. Calling sequence

D. Error/action messages

SUBROUTINES USED

A. Library
GLQP
PANT

B. Program
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SUBROUTINE IDENTIFICATION

A.

Title
LINES

Segment
ESP@DDC

Called by subroutines
PARSET

PUPB

RADAR

UBRERR

FUNCTION

LINES

The function is to count the number of lines and when the page is full,

the Ith message is printed at the top of the next page.

USAGE

A,

B

Calling sequence

Call LINES (A, I)

Input
1. COMMON

DCFLG DC package control flags
KQUT Output tape number
2. Calling sequence

A Number of lines

I Page heading number

Output
1. C@MMON

2. Calling sequence

Error/action messages

SUBROUTINES USED

A.

Library
GLQP

Program
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L@D@BS

SUBROUTINE IDENTIFICATION

A. Title
L@D@BS
B. Segment
ESPQD
C. Called by subroutine
DPR®S
FUNCTION

The function is to control the logic flow in loading, storing, sorting,

and printing the observations to be used in the differential correction.

USAGE

A.

Calling sequence

Call L@D@BS

Input

1.

Output
1. COMMON
2.

COMMO@N

CDEG
CKMER
CQMLST
CQUNT
DBASE
DBUFS
DNREV
DSDAY
NMBER
NQEPQ®C
PREFLG
TEMP
TEP@CH

Degrees/radian

km/e. r.

Dimension of COMM@N

Lines counter

Number of days from 1950.0 to day of epoch
Auxiliary buffer storage

Control cells for seven-card input
Epoch day, days from beginning of year
Number of observations

Flag to indicate epoch not established
ESP@D control flags

Temporary storage

Epoch time, minutes from midnight

Calling sequence

Calling sequence
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D.

SUBROUTINES USED

L@PD@BS

Error/action messages

1. Off-line comment

"@BS OVERFLOW CORE, NOT IN REVERSE SORT, ERROR"

e On-line comment

"®BS OVERFLOW CORE, NOT IN REVERSE SORT, ERROR"

3. Action

Subroutine error

A.

Library

GLQP
PANT

Program
BCD@®BS

CKRSRT

CLTIME

ERRQR
FLEX
IPRNT
LINES
MNELTC

@BSIN

@BSLQD
@BSSRT
REWT
SWTSN
WEQFT

WRTQBS

Reads one observation card

Checks to see if observations are in reverse
time sort

Converts input time into Gregorian
representation

General error routine

Flexowriter print routine

Prints header page

Keeps track of the number of lines/page
Converts SPADATS mean elements to Cartesian

Moves observations from buffer to permanent
storage

Loads observations from the SRADU tape
Sorts observations to time sequence
Rewinds observation tape

Monitors set up of observation data
Writes sentinel block on observation tape

Generates observation tape
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SUBROUTINE IDENTIFICATION

A. Title
L@DSEN

B. Segment
ESP@D

C. Called by subroutine
DPR@®S

FUNCTION

The function is to clear out sensor and observation storage and control

the logic flow in loading, converting, and compacting sensor data.
USAGE

A. Calling sequence
Call L@DSEN

B. Input
1. CQOMM@N

C@MLST Dimension of C@MM@N
DBUFS Auxiliary buffer storage
NSSTB Identifies the starting location where sta-

tion information concerning sigmas and
means of residuals are stored

NSTAT Starting location of the master sensor table
NUBS Starting location of the observation table
PREFLG ESP@®D control flags

TEMP Temporary storage

VSTR Floating point variable storage

2. Calling Sequence

C. Output

1. COMMON
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SUBROUTINES USED

L@DSEN

2. Calling sequence

Error/ action messages

1. Off-line comment:

"SENSOR DATA OVERFLOWS COMMQ@N, ERR@R." is
printed if the sensor data overflows COQMM®N and the
ERRQ@R subroutine is called.

2. Action:

Go to ERRQ@R subroutine.

A.

Library
GLQP
PANT

Program

ALSQRT

ERRQR

SENIN

SENRD

SENSCH

SNSGET

Alphanumeric sort routine
Error routine

Moves sensor data from buffer to permanent
storage

Reads one sensor card from input tape

Searches the sensor table for a match with
sensor card I.D.

Reads sensor information from SEAI tape
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MABAT MABAT

SUBROUTINE IDENTIFICATION

A. Title
MABAT

B. Segment
ESP@DEPH

C. Called by subroutine
UPDATE

FUNCTION

The function is to compute R* = URUT, where Uis an Nx N
full matrix and R is an N x N lower triangular matrix. The result, R¥,

will be a lower triangular matrix
USAGE
A. Calling sequence
Call MABAT (U, 11, R, 12, RS, 13, 14)
B. Input

1. COMMON

2. Calling sequence
U(I1) Starting location of U matrix
R(I2) Starting location of R matrix
14 Dimension of U, R and R* matrices
C. Output

1. COMMON

2. Calling sequence

RS (I3) Starting location of the R* matrix

D. Error/.action messages

SUBROUTINES USED

A. Library

B. Program
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MAGN MAGN

SUBROUTINE IDENTIFICATION

A. Title
MAGN

B. Segment

ESPQ@DDC
ESP@DEPH

C. Called by subroutines

B@DY

DAUX

DQT

RPRESS
PARQUT

FUNCTION
Function is to compute magnitude and magnitude squared of a given vector.

USAGE

A. Calling sequence

Call MAGN (A, I, B, C)
B. Input

1. COMMON

2. Calling sequence
A Name of array containing the vector
I Subscript locating x component of desired vector in A
C. Output

1. COMMON

2. Calling sequence

B Magnitude of vector
C Magnitude squared

D. Error/action messages
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SUBROUTINES USED

A. Library
SQRT

B. Pregram

EQUATIONS

C:R2=x2+yz+z2

R = VR?

B

fl
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MATPCH MATPCH

SUBROUTINE IDENTIFICATION

A. Title
MATPCH

B. Segment
ESP@DDC

C. Called by subroutines
NPRPCH

FUNCTION

The function is to punch ATA inverse matrix in human units from VSTR
(NR), if DCFLG (3) is not equal to zero, and to punch the ATA matrix in
human units from VSTR (NATA), if DCFLG (4) is not equal to zero.

USAGE

A. Calling sequence
Call MATPCH

B. Input

1. CQGMMON

DCFLG DC package control flags

NATA Identifies the starting location of where the
upper triangular ATA is stored

NPR Number of all parameters to solve for

NR Identifies the starting location of where the

inverse ATA is stored

NRTMP Identifies starting location of temporary
storage for special handling of the R matrix

NSCALE Identifies the starting location of the list of
conversion factors which convert all solution
vectors and associated matrices from
machine units to output units

VSTR Floating point variable storage
K@UT Output tape number
2. Input
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C. Output
1. COMMON

2. Calling sequence

D. Error/action messages

SUBROUTINES USED

A. Library
GLQP

B. Program

HUMAH Converts vector or matrix from machine units
to human units or vice versa

MQ@VMAT To move a triangular matrix from A(I) to B(J)
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SUBROUTINE IDENTIFICATION

A. Title
MATPT

B. Segment
1. ESP@DDC
2. ESP@DEPH

C. Called by subroutine
1. APPLY (ESP@DDC)
2. UPDATE (ESPQDEPH)

FUNCTION

The function is to print a lower triangular matrix of dimension N2

with the first element at A (N1).

USAGE

A. Calling sequence

Call MATPT (A, NI, N2)

B. Input
1. COMMON
TEMP Temporary storage

IQUT Output tape number
2. Calling sequence
A Lower triangular matrix
N1 First element stored at A (N1)
N2 Dimension of a matrix

C. Output

1. COMMON

2. Calling sequence

D. Error/action messages
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SUBROUTINES USED

A. Library
GLQP

B. Program
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MLTUT MLTUT

SUBROUTINE IDENTIFICATION

A. Title
MLTUT

B. Segment
ESP@DEPH

C. Called by subroutine
UPDATE

FUNCTION
Function is to convert lower triangular matrix to an upper triangular matrix.
USAGE

A. Calling sequence

Call MLTUT (A, IS, B, JS, N)
B. Input

1. COMMO®N

2. Calling sequence
A (IS) Starting location of A matrix (lower triangular)
N Dimension of A and B matrices
C. Output
1. COMMON
2. Calling sequence

B (JS) Starting location of upper triangular matrix

D. Error/ action messages

SUBROUTINES USED

A. Library

B. Program
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MNELTC MNELTC

SUBROUTINE IDENTIFICATION

A, Title
MNELTC

B. Segment
ESPQ®D

C. Called by subroutine

DPRLM
L@D@®BS

FUNCTION

The function is to convert the elements taken from the "SPADATS 7
CARD ELEMENT SETS" to Cartesian coordinates (x, y, z, X, V¥, ).

USAGE

A. Calling sequence

Call MNELTC

B. Input
1. COMMON

CDEG deg/rad

CJ I E SRR e YO - J12

CJID50 Julian date 07" January 1, 1950

CKMER km/e. r. = >

CMU GM Farth (e.r. /min )

CPI 'n'

C2PI 2w

DBASE Number of days from 1950 to day of epoch

DCFLG ESP@DDC package control flags

DNREV(1) Type of input flag
DNREV(1l) = 1. (T is input, flag)
DNREV(1l) = 2. (AN is input, flag)
DNREV(1) = 3. (N is input, flag)

DNREV(2) Input, number

DNREV(2) = T input
DNREV(2) = AN input
DNREV(2) = N input

DNREV(3) Epoch revolution number
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MNELTC
DNREV(4) Prediction flag
DNREV(4) = 1. (osculating elements)
DNREV(4) = 2. (SEAI tape)
DNREV(4) =3. (K - 25 mean elements)
DNREV(4) = 4. (Mean elements)
DSDAY Epoch day, days from beginning of year.

If DNREV(4) = 2., DSDAY contains the epoch
time (days and fraction of days from 1950)

DSFDAY Epoch time, fraction of days
DYEAR Epoch year (2 digits)
KQUT Output tape number
TIDATE Julian date of midnight, epoch day
TMNEL Initial seven-card element set
If DNREV(4) = 1.
TMNEL(1l) = N
o
(2) =a_
(3) = e
(d) =i
(5) = Q
o
(6) = Wo
(7) = Lo
If DNREV(4) = 2.
TMNEL(1) = Ny
(2) = 2xN
(3) = R
Yy
(4) = hy
(6) = hz
(7) = Lo
(8) = co
If DNREV(4) = 3, or 4.
TMNEL(1l) = Ny
(2) = a4
(3) = e
(4) = ip
(5) = Qo
(6) = wo
(7) = Lo
(8) = Co
(9) = Py
(10) = C
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€.

D.

2. Calling sequence

Output
1. COMMON

DNREV(5) New epoch revolution number

DNREV(6) Element set number

TMNEL(1)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

L I 1 T T L I { Y |
Q
e}

TN@QMP(1)
(2)
(3)
(4)
(5)
(6)

TNQMX(1)
(2)
(3)
(4)
(5)
(6)

(LI I { R S VA |

won muwunn
Nesge 0o N < K

2. Calling sequence

Error/action messages

1. Off-line comment:

"NO CONVERGENCE IN MNELTC SUBROUTINE"

2n Action:
SUBROUTINE EXIT

SUBROUTINES USED

A,

Library

CQSF
GLOP
PANT
SINF
SQRTF
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B. Progtam

ASIN Arc sine

ATNQF Arc tangent

CTQP Cartesian to polar coordinates

EXIT Final exit from program

PIMQ®D Takes principal value of angle between 0 and 2
TINIT  Sets up initial time

TMSEP Modulates initial times and sets up permanent storage

EQUATIONS

A. Preliminary (1) (If DNREV (4) =1.)
1. Input
7-card SPWDC osculating elements

Ny Revolution number

eo Eccentricity

io Inclination, deg

To Epoch time, day + day fraction
L, Mean longitude, deg

Q R.A. ascending node, deg

wo Argument of perigee, deg
Semimajor axis, Farth radii
oy Year of epoch

2. Compute

¢4
(@)

C?S wo
S1n wq

22
nwonon
)

(o]

Z
o)

y QO, wWo Lo
L

n

(o]

&

—
e}

B 6 S [fhiss 2 B
(0]
o

o nn
e -
o

o
(o]

Go To Predict Equation No. 15

B. Preliminary (2) (If DNREV (4) = 2.)
1. Input

DNREV(1), DNREV(2), DNREV(3)
From element record in memory:

ayN N component of a

ayN __I\é component of—i

hy

hy} Components of angular momentum per unit mass
hz

Lo Mean longitude, rad

To Epoch time, days from 1950.0
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€5 Rate of change of period, days/rev2
Toy Year of T, 1 BCD character
No Epoch revolution number

2. Compute
= : f [n]
TY 365 [( ) TOY 50] + Integer part o [nJ
( )T - 48

[n] - 2L 1t [n]is an integer, [n]= [n]-1

=T =T day + day f ti
To - ¥ (day ay fraction)
B =h2+h2+h2
% y z
2 2 /2
o T\*xN T %yN
a_ = Po
o 1_eZ
o
9, =2a(l-e))
-1 hz
i = cos

2( 3 .2 )
1l -e l -=sin 1
I VTI PU I 2
o} 3/2 4 "2 2
a Po
o
h
9 =tan-1I;_—x—]
& y
-360nozc
[} .
G B 2
T
_ 2 3 1 .
PN —H_ I-ZJZ_Z (4-58111 1)
o Po
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CN = &
a
w = e k (—LN) (rad)
o a
xN
Flag

DNREV (4) = 2.

Go to Predict Equation No. 3

C. Preliminary (3) (If DNREV (4) =3.)

102

Input

DNREV(1), DNREV(2), DNREV(3)
7-card element set (mean K-25)

Ng Revolution number
el Eccentricity
ig Inclination, deg

To Epoch time, day + day fraction
Lo Mean longitude, deg

Qo R. A. ascending node, deg

wWo Argument of perigee, deg

Pn Nodal period, days/rev

CN Rate of change, nodal period, days/revZ

Toy Year of epoch

Compute
2
Py = ao(l B eo)

io, Qo, Wo» LO —> Radians

Flag

(If DNREV (4) =3.)
Go to Predict Equation No. 1

D. Preliminary(4)(1f DNREV (4) =4.)

I

Input

DNREV(1), DNREV(2), DNREV(3)
7-card element set (mean)

No Revolution number
eo Eccentricity
ig Inclination, deg

To Epoch time, day + day fraction
Lo Mean longitude, deg

Qo R. A, ascending node, deg

wo Argument of perigee, deg
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< Rate of change of period, da.ys/rev2

ag Semimajor axis, Earth radii

PNy  Nodal period, days/rev >
CN Rate of change nodal period, days/rev
Toy Year of epoch

Compute

p

1

W
(o]
C i

—

1

[¢]
oN
S’

(o]

q, = ajll -e))

i:L:Q:w
(o] (o] (o) (o]

Go to Predict Equation No. 1

Flag
DNREV (4) = 3.

Predict
Vi 3 45 2 2
1) n, = 377 1-2—2(1-751n 1) l-eo
a P
O O
-360 nOZC
2) CII= 2
™
3) A =8
ny = 0.072220521
2 n
d = A(CMT |1+ 5 "_n)
N4 o
4) a =a_ [1 +2C" AT (1440) + 3d (AT)? (1440)2]
q
O
5) e =1 --—a— a>qo
e = o as=q

MNELTC
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7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17) E®+a),, -

MNELTC

J
0 = -3 —% n_cosi_ (1440)
o} o
P,
J
: 3 2 .2
w = Z—>n (4 - 5 sin 10) (1440)
Py
Q= q + QAT
Aw = OAT
a = e cosw co0s Aw - e sin w_ sin Aw
xN o o
ayN = ecosw, sin Aw + e sin w  cos Aw
1 -{_3— sin 1
2 J2 po
J
Am = %—22— (2—%sm21 - |cosi D
P,
- =-1E§— a N sinij 3+5|c0510|
3 4 JZ PL 1 ,cos lol
e = Lo + L3 + (no)(AT)(1440)
Ei + AT) + (C")(AT)(1440) + (d)(AT)> (1440)2]
U = L@ i =90°
U= L+Q i >=90°
(E +w)! = v+ ayN sin (E + w)n - ayN cos (E + w)n
first approximation
(E+w), =U

) [axN (E + w)n + ayN] cos (E + w)n +[ayN (E + w)n - axN] sin (E + w)n - U

a_\ €os (E + w)n + ayN sin (E + w)n -1

continue until [(E + w)' - (E+w) |<5.E -7
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F.

MNELTC
'18)eSinE=(E+w)n—
4 = i
9) e cos E ay €OS (E + w) + ayy Sin (E + w)
20) r = a(l - e cos E)
—
21) P = 2 esinE
22) rv = 22 o
r
ey e sin E
23) cos u = = cos(E+w)-—aN+axN , ;
1+V¥Y1-e
24) sinu:% sin(E+w)-ayN-ayN eSinEZ
1+V1-e
(
N = cos
X
25) N =<N - sin @
- Yy
N =0
\.Z
e
M = -sinflcos i
X
26) M = My = cos Qcos i
M = sini
L 2
27) U = Ncosu+ M sinu
28) V = -Nsinu+ Mcosu
29) r = ry
30) r = ry+rvy

Revolution Number (If DNREV (4) = 2.)

1) w, = _1 i ] 0=u=2m
cos u =
2) AN,1 = [(L - LO SEVAT = Aw) mod Z'n']

+ Ewo + Aw) mod Zn]
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MNELTC MNELTC

-
o]
£
>
Z,
1

AN, +1
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MQVE MQVE

SUBROUTINE IDENTIFICATION

A. Title
MQVE

B. Segment
ESP®D

C. Called by subroutine
ASSIGN

FUNCTION

This subroutine moves storage between A(I) and A(J) forward or back-

ward N cells depending on the flag M.
USAGE

A. Calling sequence
Call MQVE (A, I, J, N, M)

B. Input

1. COMMON

2. Calling sequence

A Block of storage

I Identifies the old starting location of the "A'" block
Jt Identifies the new starting location of the "A" block
N Number of cells to be moved
M If M = 1, block should be moved forward N cells;
if M = -1, block should be moved backward N cells
C. Output

1. COMMON

2. Calling sequence

D. Error/action messages
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SUBROUTINES USED

A. Library

B. Program
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MQ@VEVS MQ@VEVS

SUBROUTINE IDENTIFICATION

A. Title
MQ@VEVS

B. Segment
ESPQ@DDC

C. Called by subroutines
UBSGET

FUNCTION

This subroutine moves observation set from variable to working stor-

age, sets up observational sigmas, and sets up GS for gross outlier rejection

criterion.
USAGE

A. Calling sequence
Call MQVEVS (J)

B. Input

1. COMMON

DBASE Number of days from January 1, 1950 to
day of epoch
VSTR (NUBS) Array containing observation sets (see
format of observations on the following
pages)
2. Calling sequence
J Index for the next observation set to be picked up out

of array VSTR (NUBS)
C. Output

1. COMMON

PUBS(1) Sensor number h
(2) Observation time, min from 0 day of epoch
(3) Range, e« 7.
(4) Azimuth, rad
(5) Elevation, rad
(6) Range rate, e.r./min
(7) Hour angle, rad, if applicable
(8) Declination, rad, if applicable
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(1) Oy B

(2) oA, rad

(3) oF, rad

(4) ORDT, €-r./minQ observation weights
(5) oA, rad

(6) opEC, rad
PKSUBS Gg (gross outlier rejection criterion)

2. Calling sequence

D Error/action messages

SUBROUTINES USED

A. Library

B. Program
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MQ@VEVS

Observation set as recorded on LPG 7 and as maintained
in the VSTR (NUBS) array

Word 1 |G_—binary integer| O N N N GS; sensor number (BCD)
at B23
2 |ICF| CL | QT E T | S S S (see index 1)
. ] . Time, days and fractions
3 |48 bit floating point number o dlays) Eriora, Tam, 1s 1950
4 R @ o) @ 1| Q@ IE| A (see index 2)
5 |48-bit floating point number Elevation, declination
6 |48-bit floating point number Azimuth, hour angle
7 |48 -bit floating point number Slant range
8 [48-bit floating point number Range rate
9 |o o “Observation weights
R A ‘
assigned at observa-
: tion processing time.
10 O R
INDEX 1 INDEX 2
CF Maximum frequency shift R  Association indicator
indicator
oy . A = unclassified E BigUinok
CL. Classification ;| _ T
1 = classified
A Accuracy
@T Observation time
0 range rate only
1 azimuth and elevation
2 azimuth, elevation, range
3 azimuth, elevation, range,
range rate
5 right ascension and declination
ET Equipment type
A Accuracy

“These weights are stored as binary integers, two per word (one at a B23

and the other at a B47.)

The weights are these integers converted to

floating point numbers and then divided by 104, For optical data the first
word contains weights for field reduced RA and DEC and the second word
contains weights for precision reduced RA and DEC.
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MQ@VMAT

SUBROUTINE IDENTIFICATION

A. Title
MQ@VMAT

B. Segment
ESPQ@DDC

C. Called by subroutine

APPLY
MATPCH

FUNCTION

MQ@VMAT

The function is to move a triangular matrix of dimension K from A(I)

to B(J).
USAGE

A. Calling sequence

Call MQGVMAT (A, I, B, J, K)

B. Input

l. COMMON

2. Calling sequence
A Triangular matrix
I Starting location of matrix to be moved
K Dimension of A matrix
J Starting location where matrix is to be stored
C. Output

1. COMMON

2. Calling sequence

B Relocated matrix

D. Error/action messages

SUBROUTINES USED

A. Library

B. Program
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MULT MULT

SUBROUTINE IDENTIFICATION

A. Title
MULT

B. Segment

ESP@DDC
ESP@DEPH

C. Called by subroutine
RQTRU

FUNCTION

Function is to multiply a given 3 x 3 matrix times a succession of

1 x 3 vectors.
USAGE

A. Calling sequence
Call MULT (S, A, B, I, NCQL)

B. Input

1. COMMON

2. Calling sequence
) Address of the 3 x 3 matrix stored by rows
A Address of a succession of column vectors
I Location of the x component of the first vector

cf A to be used

NCQL The number of successive column vectors of
A to be used

C. Output

1. COMMON

2. Calling sequence

B Address of the array containing the resultant product,
stored by rows
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D. Error/action messages

SUBROUTINES USED

A. Library

B. Program

EQUATIONS

None
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NPRPCH NPRPCH

SUBROUTINE IDENTIFICATION

A. Title
NPRPCH

B. Segment
ESP@®DDC

C. Called by subroutine
FIT

FUNCTION

Function is to punch the values of the solution parameters to be used

on the next iteration, the associated bounds, the ATA matrix and the ATA

inverse matrix if required, in human units.

USAGE

A. Calling sequence

Call NPRPCH
B. Input

l. COMMON

CDADZM CDA/ZM

CDVAR € = drag variation

DHEAD Header from JDC card

DVEHN Vehicle number and name (BCD)

IVSTR Fixed point variable storage

NBDNS Identifies the starting location for the bounds
NDPR Number of all differential + initial parameters

to solve for (Category 1)

NICPR Number of initial condition parameters to
solve for

NIDP Identifier for table indicating Category 1 type
variables to be solved for

NITCT Iteration counter

NPAR Identifies the starting location for the

parameter list
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NPR Number of all parameters to be solved for

NRTMP Starting location of temporary storage for
special handling of the R matrix

NSCALE Starting location of the list of conversion
factors

TNOMP Initial polar coordinates

VSER Floating point variable storage

KQ@UT Output tape number

2. Calling sequence
C. Output

1. COMMON

2. Calling sequence

D. Error/action messages

SUBROUTINES USED

A. Library
GLQ@P

B. Program

1. HUMAH Converts vector or matrix from machine
units to human units or vice versa

2. MATPCH To punch AR and (ATA)'l at the end of each
iteration
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@BSIN @BSIN

SUBROUTINE IDENTIFICATION

A. Title
@BSIN

B. Segment
ESP®D

C. Called by subroutine
L@D®BS

FUNCTION

Function is to move data from temporary storage (TEMP) to per-

manent storage (Z). This subroutine also converts temporary storage to

internal units.
USAGE

A. Calling sequence
Call @BSIN (Zz, ISTART)

B. Input

1. COMMON

CDEG Degrees/radian
CJID50 Julian date January 0, 1950
CKMER km/e. r.
TEMP(30) Satellite number
(31) Equipment type
(32) Station number
(33) Year
(34) Month
(35) Day
(36) Hour
(37) Minutes
(38) Seconds
(39) E or 6 (degrees)
(40) A or a (degrees)
(41) R, slant range (km)
(42) R (km/sec)
(43) Code for field 10
(44) At observation time
(45) Maximum } brightness
(46) Minimum
(47) Time interval
(48) Date or line number
(49) Message number
(50) Equinox
(51) Year
(52) Observation number
(53) Card type
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2. Calling sequence
ISTART Starting location of Z
C. Output

1. COMMON

2. Calling sequence
Z(ISTART) Station number
Z(ISTART+1) Satellite number
Z(ISTART+2) Time (days since 1950)
Z(ISTART+3) Card type
Z(ISTART+4) E or & (radians)
Z{(ISTART+5) A or a (radians)
Z(ISTART+6) R, slant range (e.r.)
Z{(ISTART+7) R, range rate (e.r./min)
Z(ISTART+48) Brightness
Z(ISTART+9) Observation type

D. Error/action messages

SUBROUTINES USED

A. Library

B. Program

TIME Compute Julian date
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OBSL@®D OBSL®D

SUBROUTINE IDENTIFICATION

A. Title
@BSL@D

B. Segment
ESP@®D

C. Called by subroutine
L@D®BS

FUNCTION

This subroutine loads observations from the SRADU tape into core, for
the satellite number found in DVEHN. When core is filled the subroutine
exits. Multiple entrances into this subroutine are permitted to load all

the data from tape.
USAGE

A. Calling sequence
Call BSLQD (SEQF)

B. Input
1. COMMON

C@MLST Dimension of COQMMQN

DVEHN Vehicle number and name (BCD)

NMBER Number of observations

VSTR Floating point variable storage
2. Calling sequence

SEQF Sentinel block detection flag
C. Output

1. COMMON

TEMP(100) Starting location of the observations from
tape
2. Calling sequence
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1D)Z

Error/action messages

1. Off-Line Comment:

"ERROR. NO OBS ON SRADU FOR SATELLITE NO.

25 On-Line Comment:

"ERROR. NO OBS ON SRADU FOR SATELLITE NO.

OBSL@D

1

"TYPE GO TO REREAD TAPE, STOP FOR NEXT CASE"

3. Action:

Subroutine error

SUBROUTINES USED

A,

Library

GLQP
READT
STARTRD
STOPGQ
TAPCK
ZCHEK

Program
ERR@R Error routine

FLEX Flexowriter print routine
IDSUB Strip blanks from I. D.

4-164



@BSSRT ' @BSSRT

SUBROUTINE IDENTIFICATION

A. Title
@BSSRT

B. Segment
ESPQ@D

C. Called by subroutine
L@D@BS

FUNCTION

Function is to sort the observations timewise with respect to the

number of days from 1950. 0 to the day of epoch.
USAGE

A. Calling sequence
Call @BSSRT (A, ISTART, IFINAL)

B. Input

1. COMMON

DBASE Number of days from 1950. 0 to day of epoch
DHOUR Epoch hour
DMIN Epoch minute
DSEC Epoch second
TEMP Temporary storage
2. Calling sequence
A Storage array
ISTART Identifier for startinglocationofarrayinA storage
IFINAL Identifier for ending location of array in A storage
C. Output

1. COMMON

2. Calling sequence

D. Error/action messages
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SUBROUTINES USED

A, Library

B. Program
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QUTER

SUBROUTINE IDENTIFICATION

A. Title
Q@UTER

B. Segment
ESP@DDC
ESP@DEPH

C. Called by subroutine

B@DY
DRAG
VAREQ

FUNCTION

@GUTER

Function is to compute the "outer product," i.e., the 3 x 3 matrix

product, which results when a 3 x 1 column vector is multiplied times a

1 x 3 row vector,
USAGE

A. Calling sequence

Call QUTER (A, I, B, J, C)

B. Input

1. COMMON

2. Calling sequence

A  Address of the 3 x 1 column vector array

1 Location of first element in A
B Address of 1 x 3 row vector array
J Location of first element in B

C. Output

1. COMMON

2. Calling sequence

C Address of 3 x 3 array to which the outer product

is added

D. Error/action messages
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SUBROUTINES USED

A. Library

B. Program

EQUATIONS

None
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QUTPT QUTPT

SUBROUTINE IDENTIFICATION

A. Title
QUTPT

B. Segment
ESPQODEPH

C. Called by subroutine
TCOMP

FUNCTION

Function is to punch on DS-2 the sets of x enerated

T’ yT, ZT, tD, th g
by TCQMP. These punched cards may be used as inputs to the GIPAR

program.
USAGE

A. Calling sequence
Call QUTPT

B. Input
1. COMMON

TRAJX (1) xT(
2) Y (e.r.)
3 z
4) tH (

5) teD
SEQ Sequence number

e.r.)

T (e.r.)

days)

— e~ e e

(fraction of days)

2. Calling sequence

C. Output

1. COMMON

2. Calling sequence

D. Error/action messages
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SUBROUTINE IDENTIFICATION

A, Title
PARQUT

B. Segment
ESPODDC

C. Called by subroutine
RADR
FUNCTION
Function is to compute the following items for the residuals print.
1. Residuals in U, V, W system or on option residuals in the
S, T, W system. A second option is provided to show how

much the sensor location, in terms of ¢, A\, and h, would
have to be moved in order to make residual errors equal

to zero
2. The vector magnitude of the residuals in the U, V, W system
3. The in-plane time differential between the measured and

computed positions
4. The argument of latitude of the computed position
5. The out-of-plane angle beta.
USAGE

A. Calling sequence
Call PARQUT

B. Input
1. COMMON

DCFLG(5) = 0 Print U, V, W residuals
=1 PrintS, T, W residuals
= 2 Print ¢, N\, h residuals

PCMR R, computed slant range

PRESD Array containing observation residuals
(AR, AA or AHA, AE or ADEC AR)

PSTAT Working storage of sensor information
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PUBS Array containing sensor number, time, R,
A, E, R, HA, DEC. All observations are
measured.

PWI Vector (wl, Ws w3)

; . 2

CMU GM of the Earth (e. r. j/mln )

SNALF sin a

where a = a + N +w t
go s e

CSALF cos a

TRAJX Array containing x, y, z, %X, y, 2 at time t
(observation time)

¢

2. Calling sequence

C. Output
1. COMMON
PREDT(1) AR = slant range residual (km)

(2) AA or AHA = azimuth or hour angle
residual (deg)

(3) AE or ADEC = elevation or declination
residual (deg)

(4) AR = range rate residual (km/sec)
(5) Au, As, or A (km, km, deg)
(6) Av, At, or AN (km, km, deg)
(7) Aw, Aw, or Ah (km, km, meters)

(8) v mag =VAu2+ AVZ + sz (km)

(9) At = in-plane time differential (min)
(10) U =argument of latitude (deg)
(11) B = out-of-plane angle (deg)

2. Calling sequence
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D. Error/action messages

SUBROUTINES USED

A. Library
COSF
SINF
SQRTF

B. Program

ASIN Arcsin

ATNQF Arc tangent

DOT Dot product

PIMOD Puts angle between 0 and 2w

MAGN Computes |y| and |ylZ of a vector y (yl, Yoo y3)
XCROSS Cross product routine

YHADEC Computes the y vector given hour angle and

declination measurements

YRAE Computes the y vector given range, azimuth,
elevation measurements

EQUATIONS

w = (wl, Wss w3)

where
\ivl = x cosa + y sina
\i/z = -x sina + y cosa
W, =z
3
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Compute u, v, w (up, down, cross)

— o iy
WP = s wherer=<\/w2+w2+w2
T 1 2 3
fwi
-
—— > - - -.sb
DOWN = —— whereu=v'v-'qwand'q=wzw
|a| r
B e —_——
CRPSS = UP x DOWN
1If DCFLG(5) = 1, compute s, t, W
where
§ = —— whereu=w-'qwand'q=—2
[u] v
. . 2 2
w1thV—‘\/wl +w2 +w3
- >
—t’_ w W
===
[w| V
w=5xTt

Compute vector y from either subroutine YRAE or subroutine YHADEC

then, if:
DCFLG(5) = 0, compute AUP, ADOWN, ACROSS
AUP =(} -%). UB

- e e
ADOWN = (¥ - W) - DOWN

——i
ACROSS = (¥ - W) - CROSS

or if DCFLG(5) = 1, compute AS, AT, AW
AS=(y -W) . 8
AT 2§ W)= T

AW =(y - w) - W
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PARQUT

or if DCFLG(5) = 2, compute AStation Latitude, AStation Logitude,

AStation Altitude

w;?:-zﬂz-*y’
e .
R™ = |w | Ry = |w,]
s s s
*
W
q>=tan_l A $ =0
w ¥
sl

—
g
w 3

@
]
0
25
o]
=
#*
[
o
1
o
Y
<]
'
Ferm

and

A Station Latitude = 6% - 9

A Station Longitude = ¢* - ¢
A Station Altitude = R* - R
Compute vector magnitude, B, and Au

- —
VM-—-ly-wl

B = sin-l crolssl- y
Yy

| ADOWN

= = —
Au = tan ; Up

Compute argument of latitude

— e
15 =0, DOWN
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Begin computations for A-t
rv r
N = T N a = 2 X

(o]
1l

_a(l - eZ) -r
cos v, =
1 re

. N _,/ 2
smvl—:h l - cos vy

vZ =vl+Au
fora> 0
r cos v, + ae
cos E. = J
| a
r sin v,
sin E, = ———ale
aVl-e2
-1 sin E.
E. = tan S,
j COSEj

M. =E. - e sin E.
J J J

finally

PARQUT

Z WeW 1/2
(1 -N)" +2(2 - )\)(—17\7)

+ifw-w>0

for a¢ 0
r cos v, + ae
cosh F. = J
j a
r sin v,
sinh Fj =
~ave =1
_ sinh F,
F. = tanh SRS
j coshFj

M. = e sinh F. - F,
J J J
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PARSET PARSET

SUBROUTINE IDENTIFICATION

A. Title
PARSET

B. Segment
ESP@DDC

C. Called by subroutine
INTEG

FUNCTION

This subroutine sets up the PSTAT array with sensor information from
the master sensor table for a given sensor number. It checks to see if
either latitude, longitude, altitude, or<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>