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SECTION 1

GENERAL

1.1 I N T R O D U C T I O N

THE USER’S G U I D E  FOR THE P H O T O G R A M M E T R I C  N A V I G A T I O N  A N A L Y S I S
PROGRAM ( G E N E R A L L Y  R E F E R R E D  TO AS PH O TONAP)  IS D E S I G N E D  TO PROV IDE
THE USER W I T H  A D E T A I L E D  D E S C R I P T I O N  OF THE CONTRO L. I N F O R M A T I O N  N E E D E D
TO RUN PHOTONA P ,  THE READER W HO I N T E N D S  TO P R E P A R E  I N P U T  FOR THIS
PROGRAM MUST HAVE A GOOD UNDERSTANDING OF’ THE INFORMATION CONTA iNEDHEREIN, THE USER WILL FIND THAT HE WILL bE ABLE TO RECALL FROM MEMORY
THE CONTEXT OF THIS DOCUMENT AFTER SEVERAL ATTEMPTS AT DESIGNING AND
EXECUTING PARTICULAR APPLICATIONS,

1.2 G E N E R A L  DISCUSSION

PHOTONAP IS A M U L T I — A R C  D A T A  A D J U S T M E N T  P R O G R A M  D E S I G N E D  TO
ACCEPT SATELLITE OBSERVATIONS DATA ALO NG WITH ESTIMATES OF SELECTED
ERROR MODEL P A R A M E T E R S  A N D  TO EXTRACT FROM THIS INPUT IMPROVED ESTI-
MATES OF’ THE SELECTED PARAMETERS . IT IS R E C O M M E N D E D  THAT THE USER
THOROUGHLY UNDERSTAND THE PHOTONAP PHiLOSOPHY AS AN AID TO EFFICIENT
UTILIZATION OF THE PROGRAM .

TERMS USED FREQUENTLY IN THIS USER’S GUIDE ARE DEFINED IN
SECTION 1,3.

THE PROGRAM HAS BEEN DESIGNED WITH MANY STANDARDIZED CON-
STANTS AND OPTIONS (REFERRED TO AS “DEFAULTS”), SO THAT THE USER NEED
SPECIFY ONLY THOSE OPTIONS WHiCH DIFFER FROM THESE, iN ADDITION ,
THERE ARE VARIOUS DEBUG PRINT OPTIONS WHICH MAY BE HELPFUL IN ANAL-
YZING A PROBLEM RUN . THESE DEBUG OPTIONS ARE NUT RECOMMENDED FOR
NORMAL USE,

SEPT 1978
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1,3 D E F I N I T I O N  OF’ TE RMS

THE FO[aLOo~1N G ~I ’RM S SH OULD BE R E V I E W E D  B E FORE A T T E M P T i N G  TO
PREPAR E THE DATA FOR A P H u I D N A P  REDUCTION :

ARC D E F I N E D  BY A SINGLE STATE
VECTOR AND EPOCH ASSOC I-
ATED WIT H THE STATE VECTOR .
ALL TRAJECTORY POINTS 08-
TA1NED BY INTEGRATiNG THE
DIFFERENTIAL EQUATIONS WITH
THE GIVEN INITiAL CONDITIONS
ARE INCLUDED IN THE ARC , AN
ARC CONTAINS ONE OH MORE
PASSES.

ARC NUMBER ARBITRARY INTEGER ASSIGNED
BY THE USER TO EACH STATE
VECTOR .

ARC , P R I M A R Y  THE TRAJE CTORY OF THE PRI-
MARY SATELLITE.

ARC , SECONDARY THE TRAJECTORY OF A SECOND-
A R Y  SATELL ITE RELATED TO THE
PRIMARY ONE THROUGH A COM-
MON TRACKING SYSTEM.

BODY NUMBER , JPL THE NUMBER ASSIGNED TO MEM—
BERS OF THE SOLAR SYSTEM TO
CORRESPOND TO THE JPL EPHEM-
ERIS TAPE.

0 S UN
1 MERCURY
2 VENUS
3 EART H
4 MARS
5:JUPITER
6 SA T U R N
7 URANUS
8 NEPTUNE
9 PLUTO

IO MOON

BODY NUMBER , USER NUMBER FROM 1 TO 10 ASSIGNED
ASSIGNED BY USER TO CORRELATE THE

INFORMATION GIVEN IN THE
V A R I O U S  CATE GORIES FOR EACH
BODY .

ERROR MODEL TERM AN ERROR MODE L DE FINES A
R E L A T I O N  BETWEEN SYSTEMATI C
M E ASUR E MENT ERRORS AND A SET
OF PARAMETERS OR ERROR
MODEL TERMS.

SEPT 1978
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ERROR MODEL TERM S P E C I FI C  INTEGER W H I C H  I D E N —
NUMBER T IFIES EAC H OF THE ERROR

MODEL TERMS. (SEE APPENDIX
IV— 8,)

M E A S U R E M E N T  SATELLITE POS iTION OR VELO—
CITY DATA OBSERVED BY THE
T R A C K I N G  I N S T R U M E N T .  EX-
AMPLES ARE: SLANT RANGE,
SLANT RANGE RATE, AZIMUTH ,
E L E V A T I O N ,

M E A S U R E M E N T  N U M B E R  AN A R B I T R A R Y  iNTEGER AS-
SIGNED BY THE USER TO A MEA-
SUREMENT , IT IS USED TO COR-
RELATE THE iNFORMATION IN
THE VARIOUS CATEGORIES,

MEASUREMENT TYPE EACH OF THE VARIOUS M E A S U R E —
N U M B E R S  MENTS SUCH AS SLANT R A N G E ,

SLANT RANGE RATE , AZIMUTH ,
ELEVATION , ETC., ARE IDENTI-
FIED BY M EANS OF A U N I Q U E
“MEASUREMENT TYPE NUMBER ,”
(SEE APPENDIX IV—A .)

PARAMETERS THE ERROR MODEL TERMS FOR
W H I C H  IMPROVED ESTIMATES ARE
D E S I R E D .

PARAMETER NUMBER ARBITRARY INTEGER ASSIGNED
BY THE USER TO I N D I C A T E  TU E
R O W / C O L U M N  OF THE ERR OR MOD-
EL TERMS IN THE N O R M A L  E QUAT IONS ,

PARAMETER , ARC STABLE ALL DATA FRO M AN ARC CONTRI-
BUTE TO THE RE COVERY OF’ THE
P A R A M E T E R  EST iMATE ,  EXAMPLE :
THE STATE VECTOR ,

PARAMETER , PASS DATA FROM ONE PASS ONLY CON-
STABLE T R I B U T E  TO THE RECOVERY OF

THE P A R A M E T E R  ESTIMATE:  EX-
AMPLE: RANGE BIAS.

P A R A M E T E R , TOTALLY DATA FROM ALL. ARCS CONT R I-
STABLE BIJ TE TO THE PARAMETER ESTi-

M A T E .  E X A M P L E :  STATION SURVEY,

PASS D E S I G N A T E D  BY A SET OF LOGI-
CALLY RELATED DATA FROM A
G I V E N  S T A T I O N .

- SEPT 1978
FOTONAP USER’S GUIDE OLD DOMINION SYSTEMS, INC. PAGE 6



~~~~
----‘---- 

~~~~~
—

~
- - - - c ~~~~~~—- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
— ——--

~~
- - -

~
-
~~

----
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

PASS N U M B E R  A R B I T R A R Y  N U M B E R  ASSIGNED BY
THE USEP- TO DEFINE A SEG-
M EN ? (iF’ TUE DATA FR OM A STA-
TION. WITHIN AN ARC , EACH
STATION HAS ITS OWN SEQUENCE
OF PASS NUMBERS I N D E P E N D E N T
OF’ A N Y  OTHER S T A T I O N , THE
STATION/P ASS  N U M B E R S  ASSiGN-
ED IN AN ARC ARE I N D E P E N D E N T
OF THOSE IN A N O T H E R  ARC ,

ARC 1, STATIO N 1, PASS 1
ARC 1, STATION 1, PASS 2
ARC 1, STATION 2, PASS I
ARC 2, STATION 1, PASS 1

STATE VECTOR 
- THE INITIAL CONDITIONS

(POSITION AND VELOCITY — X,
Y,Z,XD ,Y D ,ZD) OF THE TRA-
JECTORY AT EPOCH.

STATION THE SITE F ROM W H I C H  THE SAT—
EIJLITE WAS OBSERVED ,

STATION NUMBER AN ARBITRAR Y INTEGER ASSIGN-
ED BY THE USER TO EACH STA-
T I O N . IT IS USED TO CORRE—
LATE THE I N F O R M A T I O N  IN THE
V A R I O U S  CAT EGORIES  (SEE
“PASS N U M B E R ” ) .

1. 4 THE CONTROL.  DATA

TUE CONTROL DATA H A V E  BEEN CATEGORIZED FOR QUICK
RECALL IN SETTING UP EACH R E D U C T I O N . TU E C A T E G O R i E S  AND THE
TYPE OF I N F O R M A T I O N  C O M M U N I C A T E D  A R E AS FO LLOWS:

CATEGORY 100 — G E N E R A L  CONSTANT FLAGS AND
PLANETARY INFORMATION

CATEGORY 200 — TIMING INFORMATION

CATEGORY 300 — STATION SURVEY

CATEGORY 600 — PARAMETERS OR ERROR MODEL
TERMS

CATEGORY 100 — MEASUREMENT DEFINITIONS

CATEGORY 999 — TERMINAL CARD

SEPT 1978
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1 .4,1 GENERAL DATA SETUP

THE OUTLINE BELOW GIVES A GENERAL GUIDE FOR ORDER-
ING EACH CONTROL DATA DECK . MOPE. SPECIFIC iNFORMATION HAS
BEEN GIVEN IN THE APPROPRIATE SECTION FOR CATEGORIE S REQUIRED
TO BE IN A PARTICULAR POSITION I N  THE DEC K .

TYPE OF I N F O R M A T I O N  C A T E G O R I E S

G E N E R A L  AND P L A N E T A R Y
I N F O R M A T I O N  101, 102 ,  103 , 151

COMMENTS 150

STATION SURVEY 301 , 302 , 303

TOTA L LY STABLE P A R A M E T E R S  601, 602

M E A S U R E M E N T  D E F I N I T I O N S  101, 702 , 703 , 704
(SETS 0 O N L Y )

GENERAL ARC INFORMATION 104, 205 , 206

ARC STABLE P A R A M E T E R S  601, 602

GENERAL PA SS INFORMATION 201 , 202, 203 , 204

PASS STABLE PARAMETERS 601, 602

PASS COMMEN TS 152

OVE RRIDES FOR MEASUREMENT 701, 702 , 703, 704
DEFINITIONS FOR It PASS (SETS 1 ONLY )

END OF PASS , ARC , (JR ALL
CONTROL.  D A T A  999

SEPT 1978
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1 .4 .2 FORMATS

TWO FORMATS A R E  USED I N  THE PROGRAM FOR THE READING
OF CONTROL DATA . FORMAT A IS USED FOR ALL DA TA EXCEPT COM-
MENTS, WHICH ARE READ WITH FORMAT B . THE TAB LES G I V E N  FOR
EACH CATEGORY STATE SPECIFICALLY WHICH COLUMNS ARE USED FOR
EACH ITEM ,

N U M B E R S  U S I N G  I N T E G E R  F O R M A T S  MUST BE R I G H T  J U S T I —FlED , THE E X P O N E N T  OF N U M B E R S  U S i N G  R E A L  F O R M A T S  MUST BE
RIGHT JUSTIFIED, FAILURE TO COMPLY hITh T H I S  W I L L  CAUSE
ZEROES TO BE ADDE D TO THE INTEGER AND THE EXPONENT ,

A B L A N K  IN D I C A T E S  A ZERO V A L U E , C O N S E Q U E N T L Y ,  IT IS
NOT NECESSARY TO P U N C H  T H I S . A B L A N K  M A Y  ALSO BE (JS EL) F O R  A N Y
DEFAULT OPTION TO BE TAKEN , UNLESS NOTE!) O T H E R W I S E .

FORMAT A

NAME C O L U M N  TYPE

CATEGORY $ 1— 3 INTEGER
SET * 4- 5 INTE GER
LABEL 6— 13  A L P H A N U M E R I C
KEY 1 14— 16 INTEGER
KEY 2 17—19 INTEGER
KEY 3 20—22 INTEGER
KEY 4 23—25 INTEGER
KEY 5 26—28 INTEGER
KEY 6 29—31 INTEGER
KEY 7 3 2 — 3 4  IN T EGER
KEY 8 35-37 INTEGER
KEY 9 38—40 INTEGER
KEY t O  41—43 INTEGER
DATA1 44— 65 REAL*8 (USES “0” EXPONENT)
DATA2 66—80 REAI~*8 (USES “D ” EXPONENT)

FORMAT B H

N A M E  COLUMN TYPE

CATEGORY * 1— 3 INTEGER
SET I 4— 5 INTEGER
COMMENTS 6—80 ALPHANUMERIC

SEPT 1978
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1.4.3 DIMENSIONS

CURRENT ARRAY DIMENSIONS IMPOSE THE FOLLOWING RE-
S T R I C T I O N S :

MAXIMUM
NUMBER

ARCS 100

STATIONS 100

MEASUREMENTS 300

ERROR MODEL TERMS PER MEASUREMENT 30

TERMS IN POWER SERIES FOR POSITION 1

TERMS IN  POWER SERIES FOR VARIA TIONAL
EQUATIONS 12

START/STOP TIMES 100 EACH

MEASUREMENT EDITING TIMES FOR A PASS 30

NUMBER OF MEASUREMENTS PER PASS 10

* M A X I M U M  N U M B E R  OF’ ROWS (OR C O L U M N S )
OF N O R M A L  EQUATIONS’ MATRIX 2000

* THE N U M B E R  OF ROWS (OR C O L U M N S )  OF’ THE N O R M A L  E QUATIONS’
M A T R I X  IS D E T E R M I N E D  BY A D D I N G  THE N U M B E R  OF TOTAL LY STABLE,
ARC STABLE, AND PASS STABLE P A R A M E T E R S .  THE EXAMPLE BELOW
ILLUSTRATES THE METHOD USED FOR DETERMINING THIS.

A. THE MAXIMUM NUMBER OF PARAMETERS IS 2000.
B, SUPPOSE THE NUMBER OF’ TOTALLY STABLE P A R A M E T E R S  15 1930,
C. THE R E M A I N D E R  LEFT FOR USE FUR EA CH ARC IS 70.
D. IF ARC 1 HAS 20 ARC STABLE PARAMETERS , THEN EACH

PASS OF ARC 1 CAN HAVE 50 PASS STABE P A R A M E T E R S .
E. IF ARC 2 HAS 10 ARC STABLE TERMS , THEN EACH PASS

OF ARC 2 CAN HAVE 60 PASS STABLE PARAMETERS.

SEPT 1978
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1.4.4 SPECIAL REQUIREMENTS FOR PROCESSING PHOTOGRAMMETRIC DATA

A. THE C A M E R A  C A R R Y I N G  SA T E L L I T E  MUST BE DESIGNATED A~ A
STATION (SEE CATEGORY 301 C A R D ) .

B , ALL ERRO R M ODEL P A R A M E T E R S  TH AT ARE TO BE SOLVED FOR( CATEGOR Y 601, KEY 8 = 0 OR 1) MUST BE DESIGNA TED T OTA LLY STABLE( CATEGOR Y 601, KEY 4 1) WITH THE FOL LOWING EXCEPTIONS :

Cl ) GROUND POINT COORDINATES MUST BE DESIGNATEDG R O U N D  STABLE ( K E Y  4 4 F O R  60 1~ C A R D S ) .

(2) IF THE TERRAIN CAMERA ORIENTATION ANGLES ARE
DETERMINED SOLELY FROM STELLAR ANGLE MEASURE-
MENTS , THEN THE TERRAIN CAMERA ORIENTATION
ANGLES (ERROR MODEL.. TERMS 12,13 ,14) MAY BE
D E S I G N A T E D  PASS STABLE ( K E Y  4 3  FOR 601 C A R D S ) .

C. CATEGORY 601 CARDS F O R  ERROR MODEL . TERMS 12 ,13 ,14
SHOULD BE INSERTED IN THE I N P U T  DECK AS IF THEY WERE PASS STABLE
PARAMETERS, I.E., THEY SHOULD BE PLACED BETWEEN THE CATEGORY 201
AND 999 CARDS SPECIFYING THE PHOTO~ RAPH TO WHICH THESE PARAMETERS
REFER,

1.4,5 STACKING OF RUNS

ANY N U M B E R  OF PH O TONAP RUNS MAY BE MADE U S I N G  THE SAME SET
OF JOB CONTROL LANGUAGE (JCL) BY I N S E R T I N G  AN ASTERISK (*) IN COLUMN 1
ON A SEPARATOR CARD BETWEEN THE DIFFERENT RUNS.

SEPT 1978
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1.4.6 KALMAN FILTER AND SMOOTHER

P HO TONAP HAS THE CAPABILiTY TO HAN DLE GPS MEASUREMENTS
THROUGH A K A L M A N  F I L T E R . 3 I ) I F F E R E N T  TY PE . S OF R U N  ARE POSS I B L E .

A. GENERATE SIMULATED GPS MEASUREMENTS .

MUST SPECIFY RANGF : MEASUREMENT ON 701 CARD , FREQUENCY
OF OBSERVATIONS ON 702 CARD , DRAG COEFFICiENT UN 601 CARD , ATMOSPHERE
UN 103 C A R D ,  V A L U E S  OF QP , T P ,QB ,TII  ON 614 C A R D S .  KEY 5 OF 101 CARD
SHOULD BK —7 , IT 18 ADV ISABLE TO USE 601 CARDS ALSO FOR BiA S AND BIAS
RATE , SO THAT T H E R E  ARE 9 601 CARDS CORRESPONDING TO THE 9 PARAMETERS
INVOLVED WITh GPS MEASUREMENTS, THE P A R A M E T E R  N U M B E R S  (KEY 7 )  FOR THE
601 CARDS SHOULD BE NUMBERED CONSECUTIVELY FROM 1 THROUGH 9. IT IS
ADVISABLE TO SE? KEY 5 1 0 , KEY 1 1  ON THE 601 CARDS C O R R E S P O N D I N G  TO
BIAS AND BIAS RATE .

II , U SE S I M U L A T E D  OR R E A L  GPS M E A S U R E M E N T  [)ATA AS I N P U T
TO K A L M A N  PROCESSOR A N D  O U T P U T  E S T i M A T E D  P A R A M E T E R S
AN D T H E I R  C O V A R I A N C E  M A T R I C E S .

THE DATA SET UP SHOULD LIE S I M I L A R  TO A .  A B OVE , EXCEPT
THAT KEY S OF THE 101 CARD SH OULD BE SET TO -2,  NOTE THA T DATA2 ON EAC H
601 CARD SPECIF’IES THE STANDARD DEVIATiON OF THE ERROR iN THE A PRIORI
PARAMETER VALUE. THESE ARE USED IN THE FILTER INiTIALIZATION . THE
SMOOTHER LAG CONSTANT MUST BE SPECIFIED ON A 6 14 C A R D .

C. USE K A L M A N  PROCESSO R OUTP U T AS i N P U T  TO R E G U L A R  B AT C H
PROCESS ING P H O T O N A P ,

MUST SPECIFY S I X  PARAMETER STATE VECTOR INPUT (iN 701
CARDS. I )ATA2 Oil THE 701 CARDS SHOULD BE N E G A T i V E  ( A N Y  N E G A T I V E  N U M B E R ) .

SEPT 19Th
FOTONAP USER’S GUIDE OLD DOMINION SYSTEMS , INC. PAGE 12 

—-~~~- - - -



- 
_____ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ 
_______________________

SE CTION I I

PROGRA M CONSTANTS

CATEGORY 100

2 ,1 CATEGORY 101 — G E N E R A L  CONTROL FLAGS

THIS C A R D  IS NOT N E E D E D  UNL E SS THE DEFAULT OPTIONS
ARE TO BE MODIFIED. IF USED, IT MUST PRECEDE THE FIRST CATE-
GORY 999 CARD .

COLUMN NAME DEFAULT DESCRIPTION OR VALUE

1~ 3 CATEGORY * NONE 101

4— 5 SET I NONE ZERO OR BLANK

6— 13 LABEL BLANKS ANY 8 ALPHANUMERIC CHAR—
ACTERS

14-16 KEY 1 20 MAXIMUM NUMBER OF ITERATIONS

17—19 KEY 2 20 MAXIMUM NUMBER OF D I V E R G E N C E S

2 0— 22 KEY 3 (SEE NOTE 1) SOURCE OF THE COEFFICIENTS
OF THE SPHERICA L H A R M O N I C S
FOR THE EARTH ’S G R A V I T Y
FIELD (SEE A P P E N D I X  I I) :

O NWL (NAVAL WEAPONS LAB)
1 GODDARD EARTH MODEL (GEM)

(SEE NOTE 1)

23—25 KEY 4 0 EARTH MODEL UNITS (SEE
CATEGORY 102):

O METERS, 1 KILOMETERS,
2 FEET , 3 OTHER UNITS

(MUST BE
DEFINED ON
CATEGORY
102 CARD )

(CONTINUED ON NEXT PAGE)

NOTES: 1, IF THIS CARD IS NOT USED, THE GEM MODEL IS USED. ‘

SEPT 1978L___ 
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COLUMN NAME D E F A U L T  D E S C R I P T I O N  OR V A L U E

26—28 KEY 5 3 SOURCE OF O B S E R V A T I O N S
(SEE APPENDIX I):

1 CARDS
2=BINARY FILE AS SPECI-

FIED IN APPENDiX I—B
3 MTA UF BiNARY TAP E
4 OPTICALI DATA CARDS ZN

GEOS FORMAT
5 OPTICAL DATA ON BI-

NARY FILE
6 INTERNAL STATISTICAL

SIMULATION
7=WRITE INTERNALLY SIM-

ULATED DATA ON BINARY
FILE ITAPE

9 WRITE INTERNALLY SIMULATED DATA
ON BINARY FILE AND THEN PROCEED

H TO REDUCE USING THE SIMULATED
DATA AS INPUT. FOR THE REDUCTION
R U N ,  THE A P R I O R I  PARAMETER V A L U E S
WILL LIE P E R T U R B E D  AT RANDOM ACCORD—
INC TO THE A P R I O R I  SIGMAS AS
GIVEN ON THE 601 CARD , ALL TIMING
AND BIAS CORRECTIONS (704 CARD)
WILL BE IGNORED. THIS OPTION COM-
BINES A TYPE 7 AN D TYPE 2 RUN.

—2 BINARY FILE AS SPECIFIED IN
APPENDiX I—B (USED AS INPUT
TO K A L M A N  F I L T E R )

— 7 WRLTE INTERNALLY SIMULATED DATA
ON BINARY FILE 33, SPECIFIED AS
iN “KEY 5 —2” ABOVE 

- -

29—31 KEY 6 0 1=PRINT OBSERVED DATA , FOR TYPE 6
RUN PRINT RANDOM MEASUREMENT NOISE.

32—34 KEY 1 99 ITERATION ON WHICH TO BEGIN USING
CALCULATED P A R A M E T E R  VALUES AS
A P R I O R I  VALUES FOR E V A L U A T I O N
TYPE 0 AND 1 PARAMETERS .

35 — 31 KEY 8 1 ITERATION ON WHICH TO BEGIN USING
CALCULATED PARAMETER VALUES FOR
ERROR MODEL TERMS WITH EVALUATION I
(SEE CATEGORY 601, KEY 8 ),

38—40 KEY 9 LAST ITERATION ON WHICH TO BEGIN PRINTING
ITERATION RESIDUALS.

44~~6S DATA L .01 CONVERGENCE CRITERION

66—80 DATA2 10, DIVERGENCE CRITERION
(NEGATIVE VALUE)

SEPT 1978
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102
2.2 CATEGORY 102 — PHYSICAL CONSTANTS FOR THE EARTH

THIS CARD IS OPTIONAL BUT, IF USED, MUST PRECEDE
THE FIRST CATEGORY 999 CARD . USE OF THIS CARD MODIFIES THE
EARTH MODE L C O N S T A N T S  STORED AS D E F A U L T  V A L U E S ,  A SEPARATE
CARD MUST BE PREPARED FOR EACH CONSTA NT TO BE OVERRIDDEN, TU E
CHANGE APPLIES TO TIlE COMPLETE REDUCTION ,

COLUMN NAME DESCRIPTION

1— 3 CATEGORY # 102

4— 5 SET I 0 , 1, 2 , OR 3

6—13 LABEL ANY 8 A L P H A N U M E R I C  C H A R A C T E R S  (NOT
REQUIRED)

14—16 KEY 1 IDENTIFY DATAI CONSTANT:

2 C O N V E R SI O N  CONSTANT FROM METERS
TO OTHER U N I T S  (USED ONLY IF
CATEGORY 101 , KEY 43)

3 5EM 1—MAJ 0R AXIS OF SOURC E OF
OBSERVATIONS

6 THE ASTRONOM ICAL U N I T
7 JPL EARTH R A D I U S
8 E A R T H — M O O N  MASS RATIO

ZO VELO CI TY OF LIGHT
L1 RELATIVXSTIC EFFECTS

0 D 0  NOT APPLY
I APPLY

I2 PRINT INTERVAL (SECONDS) FOR
INTEGRATOR PRINTOUT

13 FB(I) (SEE NOTES 1&4)
14 A3 (I) (SEE NOTES 1&4)
15 A4(I) (SEE NOTES 1&4)
1b XN (I,1) (SEE NOTES 1&4)
17 X N ( I ,2) (SEE NOTES 1&4 )
18 X N ( I , 3) (SEE NOTES 1~~~)
19 XN (I,4) (SEE NOTES 1&4)

17 43 KEYS 2 SEE NOTE 3
THRU 10

44—65 DATA1 VALUE OF CONSTANT ACCORDING TO KEY I
ABOVE

66—9 0 DATA2 SEE NOTE 2

SEPT 1918
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102
DEFAULT VALUES FUR DATA I :

KEY 1 CONSTANT

2 1.
3 (SEE CATEGORY 104, SET 6)
6 149 ,5979 D9
7 6378.1492 D3
8 81.301

10 299792.5 D9
11,12 0,
13 0.5 D6
14 —1558,33333333 Do
1 —2062 .85 D6
16 51192 .0

NOTES: 1. I = 10, 10+1 , .,. , 4 (WHERE 10 = SET s + 1),

2. IF (KEY1 .GE , 13) AND (DATA2 .NE. 0,), THEN
DATAL IS IGNORED ,

3, IF (K E Y2 ,EQ, 0), THE CONSTANTS FB(IO), A3(IO), A4(IO),
(XN (IO ,J), J 1 ,,,.,4, 1O=SET 1+1 ), ARE APPLIED TO ALL
STATIONS. IF (KEY2 .ME. 0), THE CONSTANTS FB (1O), E T C .,
ARE APPLIED TO STAT ION K E Y 2 ;  A N D ,  P R O V I D E D  THAT
(KEY K ,GT. 0, K 3 ,..,,10), THE C O N S T A N T S  ARE ALSO
A P P L I E D  TO ST A T ION KE Y K. THE V A L U E  OF XN TRANSMITTED
TO TDRSS IS NORMALLY XN (iO ,1 ). HO W EVE R , THIS MAY LIE
CHANGED bY USE OF A cArEcuRY 202 CARD.

4. CONSTANTS FB ,A3 ,A4 , AND XN ARE USED IN CONJUNCTI ON WITH
MEASUREMENT TYPE 20, SATELLITE-TO-SATELLITE (OR REMOTE
TRANSPONDER ) DOPPLER OBSERVATION.

5, NOTE THAT DEFAULT VALUES ARE AUTOMATICALLY APPLIED TO
- 

- THE STATIONS ONLY IN THE ABSENCE OF A CATEGORY 102
CARD (KEY 1 = 13 ,14,15,... OR 19).

EXAMPLE. STATIONS I AND S TO HAVE DEFAULT VALUES FOR
ALL CONSTANTS AND STATIONS 3 AND 4 DEFAULT
VALUES FOR FB,A3 AND A4 , BUT XN (1) = 50000
AND XN (2) = 40000,  THE FOLLOWING INPUT IS
THEN R E Q U I R E D .

102 CARD , SET 1 0 , K E Y I = 1 3 , DA TA2 : 1,D0 ,
102 CARD , SET 1=1, KEYI=16 , KEY2 3, KEY3=4,

DATA I 50000 ,
102 CARD , SET 1=1, KE Y 1 11, KEY2=3 , K E Y3 4 ,

DATA I 40000.

SEPT 1978
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2,3 SPHERICAL HARMONICS AND MASCONS

THE CATEGORY 103 CARDS CONTAIN INFORMATION RELATING
TO THE COEFFICIENTS OF THE SPHERICAL HARMONICS OF THE VARIOUS I 

-

BODIES FOR THE INTEGRATOR , ALL OF THESE CARD S ARE OPTIONA L ,
BUT, IF USED, MUST PRECEDE TIlE: FIRST CATEGORY 999 CARD .

THE DEFAULT OPTIONS FOR BODIES 2, 3, AND 4 (EARTH ,
MOON AND SUN) SHOULD BE STUDIED SO THAT TIlE APPROPRIATE CARDS
ARE ENTERED AS OVERRIDES (SEE APPENDiX II). NOTE THAT THE
SATELLITE (PROBE ) IS FIXED AS BODY NUMbER 1.

2.3.1 CATEGORY 103

THIS C A R D  15 USED ( I N  C O N J U N C T I O N  W ITH THE CATEGORY
103, SETS 3, 4, 5, 6 AND 7 CARDS ) TO ENABLE THE USER TO DE-
FINE THE SIZE OF THE C AND S MATRICES. C(N ,M) AND S(N,14) ARE
THE EMPIRICALLY DETERMINED SPHERICAL HARMONIC COEFFICIENTS OF
THE POTENTIAL FUNCTION . THE DEFAULT VALUES FOR C AND S MAY BE
USED AS SPECIFIED IN APPENDIX LI OR NEW VALUES MAY BE I N P U T
WITH THE CATEGORY 103, SETS 6 AND 7 CARDS. ONLY THE ELEMENTS
FROM THE DIAGONAL DOWN (N,GT,M) NEED BE SPECIFIED , THERE
BEING NO SPHERICAL HARMON iCS CORRESPONDING TO M .GT,N. THE
MAXIMUM SIZE OF THE MATRICES FOR THE EARTH (BODY NUMBER 2) IS
IbXI6 AND FOR BODIES 3 THROUGH 10 IS L1X 1I ,

COLUMN NAME DESCRIPTION (JR VALUE

1— 3 CATEGORY I 103

4— 5 SET * ZERO OR BLANK

6—13 LABEL ANY 8 ALPHANUMERIC CHARACTERS (SEE
APPENDIX II FOR THE APPROPRIATE
LABEL)

- 
- 14-16 KEY 1 BODY NUMBER ASSOCIATED WITH TillS DATA

(SEE NOTE 2 ON THE FOL LOWING PAGE)

17—19 KEY 2 ATMOSPHERIC MODEL NUMBER (SEE NOTE 3
ON THE FOLLOWING PAGE)

20—22 KEY 3 NUMBER OF COLUMNS TO BE USED IN C
(SEE NOTE I ON THE FOLLOWING PAGE)

(CONTINUED ON THE. FOLLOWING PAGE)

SEPT 1978
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COLUMN NAME DESCRIPTION OR VALUE

26—28 KEY 5 JPL BODY NUMBER (SEE NOTE 2)
DEFAULT VALUES (APPLY iF KF.Y5 = 0):

O SUN
I MERCURY
2= VENUS
3 EA RT H
4 MAR S
5=JUPI TEll
6 SATU RN
7=URANLJ S
8 NEPTUNE
9 PLUTO

IO MOON

32—34 KEY 7 iF POTENTIAL COEFFICIENTS ARE TO BE
RECOVERED, TUE VALUE OF THIS KEY 15
THE SAME AS KEY I

NOTES; 1. VALUES GIVEN FOR C IN KEYS 3 AND 4 APPLY TO S.
THE NUM B ER OF COLUMN S ( K E Y  3) IS E QUAL TO THE
COLUMN NUMBER M PLUS 1, SINCE THE C AND S
MATRICES ARE ORDERED FROM (0,0),

2. THE BUILT—IN NAP BODY NUMBERS ARE AS FOLLOWS:

I PIWBE 4 5UN 7 JUPITER IO NEPTUNE
2 EARTU 5=VENUS B SATURU
3 M 00N 6:MARS 9 URAN US

TIlE JPf~ BODY NUMBERS ARE USED IN CONJUNCTION WITH THE
JPL EPHEMERIS TAPE. NOTE THAT ONLY NAP BODY 4 MAY HAVE
JPLI NuMBER 0.

3, AT MOSPHERIC
MODEL 40. ATMOSPHERIC MODEL

I VENUS MODEL ATMOSPHERE (NASA X—625—7 0 203)
4 U.S. STANDARD ATMOSPHERE 1962
5 JACCHIA MODEL 3511 ATMOSPHERE (1971)
7 M I N I M U M  MARS MODEL ATMOSPHERE

(NASA SP8OIO)
8 MEAN MARS MODEL ATMOSPHERE (NASA SP8OLO)
9 MAX IMUM MODEL ATMOSPHERE (NASA SP8O1O)
- A NEGATIVE ATMOSPHERIC MODEL NUMBER

INDICATES A BOUNDED ATMOSPHERE, E.G.,
MODEL NUMBER —4 INDICATES THAT THE U.S.
STANDAR D ATMOSPHERE 19b2 IS TO BE USED
AND THAT THE ATMOSPHERE 15 BOUNDED,

SEPT 1970
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103
2.3.2 CATEGORY 103. SET 1

THIS CARD IS USED FOIl ( A )  INPUT OF INFORMATION ASSOCiATED WITH
MASCONS AND (11) FOIl M O D I F Y i N G  BODY ROTATION RATE (SEE NOTE 1) .  A TOTA L
OF F I V E  MASCONS IS A L L O W E D  FOR EACH B ODY .

COLUMN N A M E  D E S C R I P T I O N  OR V A L U E

1— 3 CATEGOR Y I 103

4 — 5  SET * 1

6—13 LABEL ANY 8 ALPHANUMERIC CHARACTERS

14—16 KEY 1 BODY NUMBER ASSOCIATED WITH THIS DATA

17— 19 KEY 2 MASCON N U M B E R  ( 1 — 5 ) .
0 , BODY R O T A T I O N  RAT E D E F I N E D  IN D A T A I .

20—2 2 KEY 3 FLAG FOR D E F I N I N G  DATA 1 ( 1 — 4 )

44—65 DATA1 VALUE ACCORDING TO KEY 2 OR KEY 3:
KEY2=O : BODY ROTATION RATE (SEE NOTE 1).
KEY3=I: GRAVITY CONSTANT OF’ MASCON IN

SAME U N I T S  AS BODY G R A V I T Y  CONSTANT.
KE Y 3 = 2 :  R A D I A L  DISTANCE OF MASCON FROM

CENTER OF BOD Y IN USER UNITS ,
KEY 3= 3:  L A T I T U D E  OF MASCON IN DE GREES.
KEY3=4: LONGITUDE OF MASCON IN DEGREES.

NOTE. 1, UNITS ARE RAD/SEC. DEFAULT VALUES ARE

EARTH .7292115854937 D—4
MOON .2661699477 D—5
OTH ER BODIES 0 .00

SEPT 1978
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103
2 .3. 3 CATEGORY 103 . SET 2

THIS  CARD M O D I F I E S  THE V A L U E  OF E C C E N T R I C I T Y —
SQUARED FOR THE SPECIFIED BODY.

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGoRY I 103

4— 5  SET * 2

6—13 LABEL ANY B ALPHANUMERIC CHARACTERS

14—16 KEY 1 BODY N U M B E R  ASSOCIATED W I T H  THIS DATA

17—19 KE Y 2 0 , D A T A I  IS EC C—SQ UAK ED .
1, DATA 1 IS 1/F, WHERE F IS THE F L A T T E N I N G .

44—65 DATAI DEFAULT VALUE FOR THE EARTH .
ECC**2 = 0.00669342162297, OR
l IE ’  298.3.
FOIl OTHER BODIES ECC**2 0.00.

SEPT 1978
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2.3.4 CATEGORY 1 03. SETS 3 , 4, AND 5

THESE CARDS MAY RE~ USED TO T R U N C A T E  THE B U I L T — I N  NAP G R A V I T Y
FIELDS AS GIVEN IN APPENDIX LI . T H E Y  NEED NOT BE USED IF THE SIZE OF
THE FIELD IS BEING INCREASED .

FOR EXAMPLE, IF’ THE USER W ISHES TO T R U N C A T E  THE EARTH ’S G R A V i T Y
F I E L D  TO 4X4 , THE F O L L O W I N G  I N P U T  WOULD BE R E Q U I R E D :

CATEGORY 103 , SET 0 , KEY 1 2 , KEY 3 5

CATEGORY 103, SET 3, KEY 1 2 , KEY 2 5 , KEY 3=4,
KEY 4 3 , KEY 5=2, KEY 6=1.

CATEGORY 103 , SET 5 CARD HAS BEEN RESERV E D FOR FUT-
URE E X P A N S I O N  OF THE S P H E R I C A L  H A R M O N I C  C O E F F I C I E N T  M A T R I C E S .

SET 3

COLUMN N A M E  D E S C R I P T I O N  OR VALUE

1— 3 CATEGORY * 103

4— 5  SET I 3

6— 13 LABEL A N Y  8 A L P H A N U M E R I C  C H A R A C T E R S  (NOT R E Q U I R E D )

14—16 KEY I BODY NUMBER ASSOCIATED WITH THIS DATA

THE FOLLOWING KEYS CONTAI N TIlE NUMBER OF ELEMENTS IN THE SPECIFIED
COLUMN OF THE C AND S MATRICES.

17—19 KEY 2 COLUMN 0
20—22 KEY 3 COLUMN 1
23—25 KEY 4 COLUMN 2
26—28 KEY 5 COLUMN 3
29—31 KEY 6 COLUMN 4
32—34 KEY 7 COLUMN 5
35—37 KEY 8 COLUMN 6
38—40 KEY 9 COLUMN 7
41—43 KEY 10 COLUMN 8

SEPT 1978
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103
SET 4

C O L U M N  N A M E  DESCRIPTI ON OR VALUE

1— 3 CATEGORY N 103

4— 5  SEl l 4

6—13 LABEL ANY 8 ALPHANUM ERIC CHARACTERS (NOT
R E Q U I R E D )

14—16 KEY I BODY NUMBER ASSOCIATED WITH THiS DATA

THE FOLLOWING KEYS CONTAIN THE NUMBER OF ELEMENTS IN THE SPECIFIED
COLUMN OF THE C A N D  S M A T R I C E S .

17— 1 9 KEY 2 COLUMN 9
20—22 KEY 3 COLUMN 10
23—25 KEY 4 COLUMN it
26—28 KEY S CULUMN 12
29—31 KEY 6 COLUMN 13
32—34 KEY 7 COLUMN 14
35— 31 KEY 8 COLUMN 15

NOTE: 1, TUE ELEMENTS OF THE C AND S MATRICES ARE
ORDERED FROM (0,0). THE USER MUST SPECIEY ON
THESE CARDS THE TOTAL N UMBER OF’ ELEMENTS DE-
SIRED FOR EACH COLUMN BEGINNING WITH THE DIAG-
ONAL ELEMENT OF THAT COLU MN. APPENDIX II CON-
TAINS DIAGRAMS FOR THE EARTH , MOO N AND SUN
SHO.~1NG WHICH ELEMENTS ARE: CURRENTLY USE D I N
EACH C O L U M N .  FU R E X A M P L E :

A. IF W E W I S H  TO USE IN  C O L U M N  0 TIlE DE-
FAULT VALUES FOR ELEMENTS 0 THROUGH 4 ,
W E SPECi FY K E Y  2 5 .

B. IF WE W I S H  TO U SE IN COLUMN 0 THE DE-
FAULT VALUES FOR ELEMENT S 0, 1 , 2 AND 4
ONLY, WE STILL MUST SPECIFY KEY 2=5 , DUE
TO THE M A N N E R  IN W H I C H  THESE A R R A Y S  A R E
MOVED TO THE W O R K I N G  A R R A Y S  IN TI lE PRO-
GRAM . IN ADDITION , ELEMENT 3 OF COLUMN 0
MUST BE SET TO ZERO W I T H  A CATEGORY 103 ,
SET 6 CARE).

SEPT 1978
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103
2.3.5 CATEGORY 103, SETS 6 AND 7 — MODIFYING THE ELE —

MENTS OF THE C AND
S M A T R I C E S

THESE C A R D S  E N A B L E  THE U SER TO M O D i F Y  THE E L E M E N T S
OF THE S P H E R I C A L  HARMONIC COEFFICIENT MATRICES. ONLY THE
LOWER DIAGONAL OF EACH MATRIX IS USED , I.E.,(N .GE ,M), SUflS— 1-
C R I P T I N G  OF THE ELEMENTS BEGINS WITH (N ,M) = (0,0) TO CORRES—
POND TO THE MATHEMATICA L NOTATION .

COLUMN N A M E  D E S C R I P T I O N  OR V A L U E

1— 3 CATEGORY U 103

4— 5 SE’r s 6 OR 7 (SEE NOTE 1)

6 — 1 3  LABEL A N Y  8 A L P H A N U M E R I C  C H A R A C T E R S  (N O T
R E Q U I R E D )

14— 16 KEY 1 BODY NUMBER ASSOCIATED WITH THIS DATA

17—19 KEY 2 ROW NUMBER (N)

20—22 KEY 3 COLU MN  Nu MBER (M)

44—65 DATA1 COEFFICIENTS OF THE SPHERiCAL HARMON-
ICS FOR THE COSINE OR SINE TERM (N,M)
OF THE POTENT IAL FUNCTION

NOTE: 1. SET NUMBER 6 DEF’INFS THE COSINE TERM C(N ,M) A N D
SET 7 THE SINE TER N S(~

),M).

/
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2.3.6 CATEGORY 103. SET 11 — ATMOSPHERIC DATA

THESE CARDS PROVIDE THE USER WiTH THE OPTION OF OVERRIDING
ThE BUILT—IN STATIC ATMOSPHERIC MODELS FOR THE EARTH, MARS ,
AND VENUS .

COLUMN N A M E  D E S C R I P T I O N  OR VALUE

1— 3 CATEGORY # 103

4— 5  SET * 11

6— 13 LABEL A N Y  8 A L P H A N U M E R I C  CHARACTERS (NOT
R E Q U I R E D )

14—16 KEY 1 NOT US ED

17—19 KEY 2 MODEL NUMBER
1, FOR VENUS ATMOSPHERE
4 , FOR EARTH ATMOS PHERE
9, FOR MARS ATMOSPHERE

20—22 KEY 3 ATMOSPHERIC SHELL NO . THE MAXIMUM NO, OF
SHELLS IS

91, IF KEY2 1
60 , IF KEY2 = 4
86, IF KEY2 = 9

44—65 DATAI SHELL HEIGHT (KM)

66—80 DATA2 DENSITY (KG/KM**3 )

I
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104
2.4 PLANETARY INFORMATION

2 .4 ,1 CATEGORY 104

THIS CARD IS OPTIONAL, BUT, IF USED , MUST APPEAR
BEFORE THE FIRST CATEGORY 999 CARD . IT MAY , HOWEVER , BE USED
TO MODIFY TilE S PE C I F I E D  VALUES FOR SUBSEQUENT ARCS .

COLUMN N A M E  DEFA ULT D E S C R I P T I O N  OR V A L U E

1— 3 CATEGORY U NONE 104

4— 5 SET a N O N E  ZERO OR B L A N K

6— 13 LABEL BLANK AN Y 8 A L P H A N U M E R I C  CHARACTERS

17— 19  KEY 2 0 P R E C E S S I O N / N U T A T I O N  F L A G
(SEE NOTE 2 ON THE FOLLOW-
ING PAGE )

20—22 KEY 3 0 KEY 3 AFFECTS SIMULATION RUNS ONLY .
IF THE MAGNITUDE (iF KEY 3 EXCEEDS 1,
NO RANDOM MEASUREMENT NOISE IS GENER-
ATED AND , PROVIDED THAT THE FILE
ASSIGNED TO THE GENERATED SIMULATEt)
DATA IS NOT A DUMMY, NEW PIIOTONAP
CARDS CORRESPONDING TO SATELLITE/
STATION VISIBILITIES WILL BE OUTPUT
ON FILE 2 OF THE SIMULATED DATA FILE,
IF KEY 3 IS NEGATIVE , SIMULATED MEAS-
UREMENTS WILL NOT BE~ PRINTED.

23—25 KEY 4 0 IF (KEY 4 .GT. 0), FOR EACH MEASURE-
MENT TYPE IN A PASS, THE DATA POINTS
WILL HE COMPRESSED TO A SINGLE POINT
(SEE NOTE 1 ON THE FOLLOWING PAGE).

26—28 KEY 5 0 IF (KEY 4 .GT. 0) AND (KEY 5 .GT. 0),
FOR EACH MEASUREMENT TYPE IN A PASS,
THE DATA POINTS WILL BE COMPRESSED TO
TWO POINTS: (1) THE COMPRESSED DATA
POINT iTSELF AND (2) ITS RATE OF
CHANGE .

29—31 KEY 6 2(EARTH) BODY NO. OF SOURCE OF OBSERVATIONS
(SEE NOTE 3 ON THE FOLLOWING PAGE).

32—34 KEY 7 16 NUMBER OF TERMS IN X ,Y ,Z
POWER SERIES

35—31 KEY 8 12 NUMBER OF TERMS IN POWER SERiES

- - 

- 

FOR VARIATIONA L EQUATIONS

(CONTINUED ON THE FOLLOWING PAGE)
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104• COLUMN N A M E  DE FAULT D E S C R I P T I O N  OR V A L U E

38—40 KEY 9 3 K + i ,  WH ERE K IS THE H I G H E S T  DEG RE E
OR ORDER ~ E TIlE S P H E R I C A L  H A R M O N I C S
OF THE P O T E N T I A L  USED IN  TUE COMPUT A —
TION OF TIlE MATRI ZANT (SEE NOTE 8).

41—43 KEY 10 0 IF (KEY 10 .GT . 0) VAR iATIONAL
EQUAT iONS WILL ONLY INCLUDE EFFECT
OF’ C E N T R A L  BODY .

44—65 DATAI 0 MAXIMUM iNTEGRATIoN STEP—
SIZE (SEE NO TE 7)

66—80 DATA2 5. 1)—iS TRUNCATION CONTROL

NOTES: I • FOR L)AFA COMPRESSION , THE NUMBER OF M E A S U R E M E i ~T TYP ES PER
PASS MUST NOT EXCEED 2 AND THE NUMBER OF M E A S U R E M E N T  P O I N T S• PER PASS MUST NOT EXCEED 155.

2. THE F’(ILI OW ING CODES INDICATE WHETHER OR NOT
PRECESSLON/NUTATJ ON WILL BE APPLiED:

—I= DO NOT APPLY PRECESS1ON/NUTATIQN; DO NOT
USE JPL TAPE

0=APPI~Y PRECESS JON/NUTAT iON; DI) NOT USE
JPL TAPE

l=REA D JPE TAPE AND APPLY PRECESSION/NUTA—
T ION.

3, THE B U I L T — I N  F’O T ONA P BODY N U M B E R S  A R E  AS FOLLOWS:

2=EAUIH 5~ VENUS 8=SATURN I =PROL~E3 M OON 6 MARS 9 URA NUS
4 StJ N 7 J U P I T K R  10 = N E P T U N E

7. STEPSIZE W E L L  BE COMPUTED iF’ U ATA 1 is INPUT AS
Z ().

8. IF K + 1  iS THE i N P U T  N u M B ER A N D  IF’ THE P O T E N T I A L  IS D E F I N E D
BY A SEt  OF C O E F F I C I E N T S  C ( N ,M ) AND S (N ,M ) , THEN , FU R THE
C O M P U T A T I O N S  OF’ TIlE M A T R 1 Z A N T ,  TU E SET DI” C O E F F I C i E N T S  is
R E S T R I C T E D  TO THE SET FOR W H I C H  N ,L ,E .  K A N D  M . 1K , K .

SEPT 1918
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104
2.4.2 CATEGORY 104. SET 1

USE OF THIS CARD IS OPTIONAL. THE TiME OF THE P051—
lION AND VELOCITY OF THE SATELLITE (AS GiVEN JN CATEGORY 205
CARD ) IS THE SAME AS THAT OF’ THE OTHER BODiES.

COLUMN NAME DESCR IPT ION OR VALUE

1— 3 CATEGORY ~ 104

4— 5  SET U 1

6—13 LABEL ANY 8 ALPHANUMERIC CHARACTERS
(OPTIONAL)

11—19 KEY 2 FLAG FOR DATE OF BOD Y P O S I T I O N S
O JULIAN DAYS SINCE 1950
1 CA LENDA R DATE

FOR KEY 2=0:

44—65 DATA I JULIAN DAYS SINCE 1950

66— 80 DATA2 SECONDS OF DAY

FOR KEY 2=1:

29—31 KEY 6 CALENDAR YEAR (E,G.,069)

32—34 KEY 7 MONTH

35—31 KEY 8 DAY

38—40 KEY 9 HOURS

41—43 KEY 10 MINUTES

44—65 DATAI SECONDS

SEPT 1978
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2,4,4 CATEGORY 104, SET 3 - ATMOSPHERIC DRAG

THIS CARD SPECIFIES TIlE NUMBER OF TERMS IN THE
POWER SERIES FOR THE STATE VECTOR AND THE STATE TRANSITiON
MATRIX WHICH ARE DIRECTLY MODIFIED BY THE EFFECTS OF ATMOS-
PHERIC DRAG. ITS USE iS OPTIONAL , BUT ANY VALUES SET BY THIS
CARD WILL REMAIN CON STANT UNTIL OVERRIDDEN 1~Y ANOT HER CATE-
GORY 104, SET 3 CARD .

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY ~ 104

4 — 5  SET U 3

6—13 LABEL ANY 8 ALPHANUMERiC CHARACTERS (NOT
HEQU IRED)

14—16 KEY 1 NUMBER OF TERMS IN X ,Y,Z POWER SERIES
FOR POSITION WITH DRAG

17— 19 KEY 2 NUMBER OF TERMS IN POWER SERIES FOR
V A R I A T I O N A L  E Q U A T I O N S  W I T H  DRAG

I
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2.4,5 CATEGORY 104, SET 4—POSITION AND VELOCITY OF BODIES

THIS CARD IS REQUIRED WHEN BO[)JES OTHER THA N THE
EARTH AND SATELLITE ARE INVOLVED IN THE SOLUTION. THIS INFOR-
M A T I O N  IS NEEDED FUR EAC H ARC ON LY iF TIlE JPL E P H E M E R I S  TAPE
OPTION IS NOT U T I L I Z E D .

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY $ 104

4— 5  SET * 4

6—13 LABEL ANY 8 ALPHANUMERI C CHARACTERS (NOT
REQUIRED)

14—16 KEY 1 BODY NUMBER

17—1 9 KEY 2 FLAG INDICATING ELEMENT OF POSITION
OR VELOCITY:

1 =X
2=Y POSITION
3 Z

4 XDOT
5 YDOT VELOCIT Y
6 1DOT

44—65 DATA1 VALUE OF POSITION OR VELOCITY ELEMENT
(SEE NOTE 1)

NOTE: 1. THE POSITION/VELOCITY VECTOR FOR EACH BODY MUST
BE INPUT IN AN INERTIAL FRAME OF REFERENCE AS
FOLLOWS:

(1) INERTIAL OF DATE IF NO PRECESSION/
NUTATION IS SPECIFIED;

(2 )  MEAN EQUATOR AND E Q U I N O X  OF 1950 IF
PRF’CESSION/NUTATION IS SPECIFIED.

SEE KEY 2 OF CATEGORY 104, SET 0 TO SPECIFY
PRECESSION/NUTATION AND USE OF JPL EPHEMERIS
TAPE.
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2.4.6 CATEGORY 104. SET b-RADIUS OF SPHERE OF INFLUENCE

USE OF’ THIS CARD IS OPTIONAL , ALi,O~~ING TIlE USER TO
CHANGE THE VALUE OF TUE RADIUS OF T I-I F SPHERE 01’ I N F L U E N C E  FOR
A PARTICULAR BODY (INCLUDING EARTH ). THESE VALUES MAY BE
CHANGED FOR ANY ARC .

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGURY $ 104

4 — 5  SET I 5

6—13 LABEL ANY 8 ALPHANUMERIC CHARACTERS (NOT
R E Q U I R E D )

14—16 KEY 1 BODY NUMBER

44—65 DATAI RADIUS OF SPHERE OF’ INFLUENCE OF THE
BODY

DEFAU L T VALUES FOR DATA 1 :

BODY CONSTANT (METERS )

EARTH 1063048 . 1) 3
MOON 76117.2 D3
SUN 1. DIS
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104
2.4.1 CATEGORY 104. SET 6— B ODY RADiUS OF BODY

THIS CARD 18 USED IF IT IS DESIRED TO CHANGE THE
EQUATORIAL RADIUS OF AN Y BODY, SEE NOTE 1.

COLUMM NAME DESCRiPTION OR VALUE

1— 3 CATEGORY ~ 104

4— 5  SE? * 6

6—13 LABEL AN Y 8 ALPHANUMER IC CHARACTERS (NOT
REQUIRED)

14—16 KEY I BODY NUMBER

44—65 DATAI BODY EQUATORIAL RADIUS

DEFAULT VALUES FOR DATA1 :

BODY RADIUS (METERS)

SATELLITE (PROBE.) 1.
MOON 1738090.
SUN 69565 ,08
EARTH 6378.165 D3

NOTES: 1. THE EQUATORIAL RADIUS AS DEFINED ON THIS CARL) IS USED BOTH
FOR SCALING THE GRAVITATIONA L POTENTIAL AND FOR DEFINING
TIlE SIZE OF THE BODY (USED IN COMPUTING STATiON POSITIONS).
IF IT IS DESIRED TO ALTER THE SIZE OF THE BODY WHICH IS
THE SOURCE OF OBSERVATIONS WITHOUT CHANGING ITS GRAVITY
FIELD, THEN THIS SHOULD BE DONE THROUGH A CATEGORY 102,
SET 0 CARD .
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2,4.8 CATEGORY 104 , SET 7 — G R A V I T A T I O N A L  C O N S T A N T  OF’ BODY

USE OF T H I S  CARD IS OPTIONAL,

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY $ 1 04

4— 5  SET $ 7

6—13 LABEL ANY 8 ALPHANUMERIC CHARACTERS (NUT
R EQU IRE D)

14—16 KEY 1 BODY NUMBER

44—65 DATAI GRAVITATiONAL CONSTANT OF THE BODY
(NOMINAL UNITS ARE METERS Cu BED/SEC.
S Q U A R E D )

DEFAULT VALUES FOR DATAI;
BODY G R A V I T A T I O N A L  CONSTANT

( M E T E R S  CUBED/SE C . S Q U A R E D )

SATELLITE (P R O B E )  0 .
MOON .4902778 1) 13
SUN .132715445 D21
EARTH .3986032 015
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2.4.9 CATEGORY 104. SET 8-ANGLE OF PRiME MERIDIAN AT

EPUC ii

THIS CARD IS OPTIONAL AND GIVES TIlE VALUE OF THE
ANGLE OF THE PRiME MERI DIAN AT EPOCH FOR BODIES OTHER THAN
THE EARTH. EAR-ru’s VALUE IS CHANGED BY THE CATEGORY 206 CARD.

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY N 104

4— 5  SET $ 8

6—13 LABEL ANY 8 ALPHANUMERiC CHARACTERS (NOT
R E Q U I R E D )

14— 16 KEY 1 BODY NUMBER

44—65 DATA 1 ANGLE OF PRIME MERIDIAN AT EPOCH (SEE
NOTE I)

NOTE: 1. DEFAULT VALUE OF THE ANGLE OF PRIME MERIDIAN AT
EPOCH FOR ALL BODIES IS ZERO.
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2.4.10 CATEGORY 104. SET 9—BODIES IN THE SOLUTION

THIS CARD 15 REQUIRED IF IT IS DESiRED TO ALTER THE
USE OF P A R T I C U L A R  B O D I E S  IN TH E S O L U T I O N . T H I S  CARD MUST AP-
PEAR BEF ORE TUE FIRST C A T E G O R Y  999 C A R D .  D E F A U L T  V A L U E S  APP L Y
ONLY IF THIS  CAR l )  IS OMITT ED.

COLUMN NAME DEFAULT DESCRIPTION OR VALUE

1— 3 CATEGORY N NONE 104

4— 5 SET N NONE 9

b— 13 LABEL BLANKS ANY 8 ALPHANUMERIC CHAR-
ACTERS (NOT REQUIRED)

14—16 KEY 1 1 EARTH Is IS SOLUTION . 0~ NO , 1=YES
17—1 9 KEY 2 1 MOON IS IN SOLUTION . 0~ NO , 1=YK S

20—22 KEY 3 1 SUN IS IN SOLUTION. 0 N 0, I YES

23—25 KEY 4 0 VENUS IS IN SOLUTION . 0 N 0, I YES

26—28 KEY 5 0 MARS IS IN SOLUTiON . 0~ NO, 1 YES

29—31 KEY 6 0 JUPITER IS IN SOLUTION. 0N 0 , 1~~YES

32—34 KEY 7 0 SATURN IS IN SOLUTION , 0 N0 , I YES

35—31 KEY 8 0 URANUS IS IN SOLUTION. 0N0 , 1~~YES

38—40 KEY 9 0 NEPTUNE IS IN SOLUTiON , 0 N 0 , I YES
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2.5 CAT EGORY 105 — DEBUG P R I N T  O P T I O N S

T H I S  C A R D  A LLOWS THE US E R TO O B T A I N  DEBUG P R I N T O U T
FROM A N Y  MAJOR SEGMENT OF’ THE P R O G R A M .  IT IS R E C O M M E N D E D  THAT
THIS OPT ION BE U T I L i Z E D  W I T H  A M I N I M U M  OF’ ARC S AND PASSES TO
AVOID AN EXCESSIVE AMOUNT OF PRiNTOUT .

COLUMN NAME DEFAULT DESCRIPTION OR VALUE

1— 3 CATEGORY N NONE 105

4— 5 SET N BLANKS ZERO OR BLANKS

6—13 LABEL BLANKS ANY 8 ALPHANUMERIC CHAR-
ACTERS (NOT REQtIIREO)

14 — 1 6  KEY 1 0 DEBUG P R I N T O U T  FROM DATA
EDITING PROGRAM:

0~~NU DEBUG P R I N T
1~~DEB UG P R I N T

17—19 KEY 2 0 NOT USED

20—22 KEY 3 0 DEBUG PRINTOUT FROM
PRTIALS ROUTINE:
0 N0 DEBUG PRINT
1~~M IN IMUM DEBUG PRINT2~~M A X I M U M  DEBUG P R I N T

23—25 KEY 4 0 LAST I T E R A T I O N  FOR W H I C H
DEBUG P R I N T O U T  W I L L  OCCUR
IN PR T IA L S

26—28 KEY 5 0 DEBUG PRINTOUT FROM SOLVER
R O U T I N E :

0~~NO DEBUG P R I N T
1 M I N I M U M  DEBUG P R I N T
2 M A X I M U M  DEBUG P R I N T

29—31 KEY 6 0 LAST ITERATION FOR WHICH
DEBUG PRINTOUT WILL OCCUR
IN SOLVER

41—43 KEY 10 56 MXLIN — NUMBER OF LINES PER
PRINTED PAGE, DEFAULT VALUE
USED IF LESS THAN 56.

SEPT 1918
FOTONAP USER’S GUIDE OLD DOMINION SYSTEMS, INC. PAGE 35 

~~~~ — .—.



~ - -  - 
~~~~~~~~~~~~~~~ -~~~

- -
~~~~~~~

_ _ _ _  _ _ _-

~ 

1052 .5.1 CATEGORY 105 . SET 1 - INTEGRATOR PRINT/STOP OPTIONS

USE OF THIS CARD IS OPTIONAL , EXCF:PT IN SIMULATION MODE
(SEE KEY 5). IT ENABLES THE USER TO OBTAIN PRINTOUT FROM TilE
INTEGRATOR ~IIEN SPECIFIED CONDITIONS (AS DEFINED ON THIS CARD)
ARE MET . ADDITIONALLY , THE INTEGRATION PROCESS MAY BE TERMINATED
WHEN THESE CONDITIONS ARE MET.

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY $ 105

4— 5  SET # 1

6—13 LABEL A N Y  8 A L P H A N U M E R i C  C H A R A C T E R S  (NOT
R E Q U I R E D )

14—16 KEY 1 BODY NUMBER OF REFERENCE BODY (SEE KEYS 2,3,4)

17—1 9 KEY 2 0, NO PRINTOUT
P O S I T I V E , P R I N T  T I M E  WHEN PROBE IS AT

P E R I C E N T E R  OR A POCENTER OF
REFERENCE BODY AND DISTANCE TO
REFERENCE BODY

— 1 OR -3 , STOP AT PER1CENTER
—2 OR —3 , STOP AT APOCENTER

20—22 KEY 3 = 0, NO PRINTOUT
= P O S I T I V E , P R I N T  T I M E  WHEN PROBE IS AT THE

DISTANCE DEFINED ON DAT A 1 FROM
THE REFERENCE BODY AND DISTANCE TO
REFERF:NCE BODY

— 1 ,  STOP AT SPECIFIED DISTANCE

23—25 KEY 4 =0 , ND P R I N T O U T
POSITIVE , PRINT TIME WHEN PROBE VELOCITY

(SPEED) RELATIVE TO REFERENCE
BODY EQUALS VELOCITY DEFINED
IN DATA2 AND RELATIVE PROBE
VELOCITY

— 1, STOP AT SPECIFIED VELOCiTY

26—28 KEY 5 0 , NO P R I N T O U T
= 1, PRINT TIME WHEN PROBE IS OCCULTED AS SEEN

FROM THE SOURCE OF OBSERVATIONS , SIMULATED
MEASUR EMENTS ARE NOT COMPUTED WHEN THE
PROBE IS OCCUL ,TED . KEY 5 MUST BE SET
TO 1 WHEN NAP IS USED IN A SIMULATION
MODE .

44—65 DATA1 SEE KEY 3

66—80 DATA2 SEE KEY 4
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2.5,2 CATEGORY 105. SET 2 - MATRIX iNVERSION OPTIONS

COLUMN NAME DEFAULT DESCRIPTION OR VALUE

1— 3 CATEGORY N 105

4— 5  SET $ 2

6-13 LABEL BLANK ANY 8 ALPHANUMERIC CHARACTERS

14—16 KEY 1 0 0, IF MATRIX IS SINGULAR , ELIMINATE
ROW AND COLUMN .

1 , IF MATRIX IS SiNGULAR , OBTAIN
MIN NORM SOLUTION ,

11—19 KEY 2 SEE NUMBER OF SIGNIFICANT FIGURES USED 
____

NOTE 2 . TO TEST FOR S I N G U L A R I T Y  OF M A T R I X
(KEY2 O iS IGNORED), 

___

2 0 — 2 2  KEY 3 0 1, P R I N T  C O R R E L A T I O N  M A T R I X

23—25 KEY 4 0 0, COMPUTE THE COVAR IANCE ON EVERY
- ITERATION.

K , COMPUTE THE C O V A R I A N C E  ONLY AFTER
ITERATION K. HOWEVER , IF K
MAXITER (CATEGORY 101, KEY1 ), THEN
THE COVARIANCE WILL BE COMPUTED
ON THE LAST ITERATiON EVEN IF
THIS IS LESS THAN K,

44—65 DATA 1 0, PRINT CORRELATION COEFFICIENTS
EXCEEDING INPUT VALUE . NO CORRE-
LATION COEFFICIENTS ARE PRINTED IF
DATA 1 IS ZERO OR NEGATIVE .

66—80 DATA2 0. MIN NORM SOLUTION MULTIPLIER

NOTES 1. USE oF MIN NORM SOLUTION REQUIRES AT LEAST 2 ITERATIONS
UNLESS MIN NORM SOLUTION MULTIPLIER IS KNOWN ,

2. THE DEFAULT VALUE VARIES WITH TUE WORD LENGTH OF EACH
PARTICULAR COMPUTER. IT IS AS FOLLOWS:

IBM 360/370 14
UNIVAC 1108 14
COC 6400 12
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2.6 C A T E G O R Y  106 - RESTART FILES

THIS CARD IS USED TO DEFINE FILES USED IN PROVID iNG
A RE START C A P A B I L I T Y  TO THE USER. THE TOTALLY STABLE PARA-
MET ERS A N D  THE ASSOCIATED PREWEIGHTED NORMAL EQUATIONS ARE
READ FROM THE FILE INDICATED IN KEY I AND /OR ARE WRITTEN UN
THE FILE INDICATED IN KEY 2. THIS ENABLES THE USER TO ALLOW
NEW DATA TO CONTRIBUTE ITS EFFECTS TO THE RECOVERY OF THE
TOTALLY STABLE PARAMETERS WITHOUT HAVING TO RERUN THE COM—
PI ETE REDUCTION.

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY # 106

4— 5 SET * ZERO OR BLA NKS

6—13 LABEL ANY 8 A L P H A N U M E R I C  CHAR ACTERS (N OT
R E Q U I R E D )

14—16 KEY 1 NUMBER OF THE FILE CONTAINING PRE-
VIOUSLY SAVED DATA (SEE NOTE 1)

17— 19 KEY 2 N U M B E R  OF FILE TO BE W R I T T E N  C O N T A I N —
1NG DATA TO BE SAVED FOR LATER RUN
(SEE NOTE 1)

NOTES: 1. THESE FILE NUMBERS MAY ASSUME ANY ONE OR TWO DIGIT VALUE
EXCEPT 5,6,7,15,16,17, AND 21 THROUGH 39, (IF KEY 1 —1,

~ INPUT TOTAL LY STABIIE P A R A M E T E R S  AND GRO U N O PO I NT COORD iNATES
ARE IGNORED , AND THE VAU E S COMPUTED IN A PREVIOUS RUN AND
STOREJ) ON FILES 41 A N D  40 W I L L  BE USED.

~1
SEPT 1978

FOTONAP USER’S GUIDE OLD DOMINiON SYSTEMS, INC. PACE 38



~~~~.~~—-~~~~~~.--— - i ~- -..-- —-.-~~ ” -- .-. -~—-- --~~,-  ~~~~~~~~~~~~~~~~~~~ 
.- - -.-- ---~~~~~~- 

- V .

- -. - - ---

150
2 ,7 CAT E GORY 150 — USER COMMEN T CARDS

THE CATEGORY 150 CARDS ALLOW THE U SER TO I N P U T  COM-
MENTS TO BE PRINTED , USE OF THESE CAH~ s 15 OPTIONAL.

COMMENT CARD FLAG

THIS  C A R D  I N D I C A T E S  TO THE P R O G R A M  THAT C O M M E N TCAI DS FOLLOW. IT IS REQUIHEJ) TO PRECEDE THE COMMENTS .

COLUMN NAME DESCRIPTION OR VALUE

~~~
- 3 CATEGORY * 150

4— S SET $ ZERO OR BLANK

6—13 LABEL A N Y  8 A L P H A N U M E R I C  C H A R A C T E R S  (NOT
USED)

SETS 1 — 10 — G E N E R A L  COMMENTS

THESE CARDS MUST BE PRECEDED BY TI lE CATE GORY 150 ,
SET 0 CARD A N D  MUS T BE T E R M I N A T E D  BY THE CATE GORY 150, SET 99
C A R D .  A M A X I M U M  OF 10 COMMENT CARDS A R E  ALLOW ED AND ARE
PRINTED iN ASCENDING ORDER BY SET NUMBER . THESE CUMMENIS ARE
PRINTED IN THE INITIAL AND FINAL PRINTOUTS,

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY * 150

4— 5 SET N 1 THROUGH 10 (ANY OTHER NUMBERS WILL
CAUSE THE CARD TO SF: IGNORED.)

6—80 COMMENTS ANY ALPHANUMERIC CHARACTERS ‘.t. ~~ N KS
USED HERE WILL GiVE A LINE SPACE.)

(CONTINUED ON THE FOLLOWING PAGE)
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150
SEr 99 — TERMINATE COMMENTs

T H I S  C A R D  MUST FOLLOW A N Y  CATEGOR Y 150 C O M M E N T  CARDS .
F A I L U R E  TO USE T H i S  W I L L  CAUSE THE R U N  TO BE T E R M I N A T E D .

C O L U M N  N A M E  D E S C R i P T I O N  OR V A L U E

1— 3 CATEGORY N 150

4— 5  SET * 99

6—80 BLANKS BLANKS

I
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151
2.8 CATEGORY 151 — PAGE TITLES

THE CATEGO R Y 151 CARD S ARE OPTIONAL AND ARE USED TO
O V E R R I D E  THE DEFAULT PAGE TITLE OF

******** PHOTONAP ********

PAGE TIT LE FLAG

THIS CARD INDICATES THAT A COMMENT CARD CONTAINING
A PACE TITLE FOLLOWS. iT IS REQUIRED TO PRECEDE Th AT CARD .

COLUMN NAME DE SCRIPTI ON OR VALUE

1- 3 CATEGORY $ 151

4— 5 SET $ ZERO OR B L A N K
6—13 LAB EL ANY 8 A L P H A N U M E R I C  C H A R A C T E R S  (NOT

USED)

PAGE TITLE

THiS CAR!.) CONTAINS THE PAGE TITLE TO BE P R I N T E D .
ONLY 1 CARD IS ALLOWED , CONSEQUENTLY , NO TERMINAL CARD IS
NECESSARY. -

COLUMN NAME DESCRIPTION OH VALUE

1— 3 CATEGORY $ 1 1

4— 5  SET * I

6— 80 COMMENTS PAGE TITLE COMME NTS ( A N Y  A L P H A N U M E R I C
CHARACTERS)
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152
2 .9 C A T E G O R Y  152 — PASS P E C U L I A R  C O M M E N T S

C O M M E N T S  W H I C H  AR E TO BE P R I N T E D  F O R  A P A R T I C U L A R
PASS OF DATA A R E  L O A D E D  W I T H  TIlE C A T E G O R Y  152 C A R D S .  USE OF
THESE CARDS IS O P T I O N A L  A N D  O N L Y  ONE SET PER PASS IS A L L O W E D .

PASS PECULIAR COMMENT FLAG

THIS CARD IS REQUIRED TO PRECEDE ANY PASS PECULIAR
COMMENTS ,

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY N 152

4- 5 SET N ZERO OR BLANK

6 — 1 3  LABE L ANY 8 A L P H A N U M E R I C  C H A R A C T E R S  (N OT USED )

PASS P E C U L I A R  COMMENTS

THESE CARDS MUST HE PRECEDED BY THE CATEGORY 152,
SET 0 CARl) AND TERMINATED BY A CATEGORY 152 , SET 99 CARD .
THERE IS NO L I M I T  TO TIl E N U M B E R  OF’ THESE CARDS AND THE CIJM—
M€NTS ARE PRINTED AS THEY ARE ENCOUNTERED IN THE DECK . IF KEY 10
OF CATEGORY 101 IS NONZERO , THESE C O M M E N T S  W 1L L NUT lIE PRINTED.

COLUMN N A M E  D E S C R i P T I O N  OR V A L U E

1— 3 CATEGORY N 1 2

4— 5 SET U ANY 2 D I G I T  N U M B E R  EXCEPT 99 (NOT USED )

6—80 COMMENTS PASS PECULIAR COMMENTS ( A N Y  ALPHA-
NUMERIC CHARACTERS)

TERMINATE PASS PECULIAR COMMENTS

TillS CARD MUST FOLL OW THE CATEGORY 152 PASS COM-
MENTS, FAiLURE TO INCLUDE THIS WILL CAUSE TIlE ENTIRE : CONTROL
DECK TO BE STORED AS COMMENTS AND THE RUN WILL BE TERMINATED .

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY N 152

4— 5  SET N 99

6—80 BLANKS BLANKS
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200
SECTION 111

TIMING INFORMAIION

CATEGORY 200

3.1 START ANI) STOP TIMES OF’ DATA INTERVALS

THE CATEGORY 201 AND 202 CARDS DEFINE THE SPANS OFDATA TO BE PROCESSED, ANY NUMBER OF THESE SPANS MAY DEFINE APASS AND ANY NUMBER OF PASSES MAY DEFINE AN ARC , AS THE USER
DESIGNATES. WHEN A PASS CONSISTS OF MORE Th AN ONE DATA INTER-
VAL , THE E A R L I E S T  T I M E  D E F I N E S  THE START T I M E  OF THE PASS A N D
THE LATEST T I M E  D E F I N E S  THE STOP T I M E  OF THE PASS .

THE TIME S P A N N E D  BY AN ARC IS THE TIME OVER WHICH
THE STATE VECTOR IS INTEGRATED . THE INITIAL TIME OF THE ARC
IS DETERMINED FROM TUE EARLIEST TIME OF ANY OF ITS PASSES AND
THE T E R M I N A L  TIME OF THE AR C FROM THE LATEST T IME OF A N Y  OF
ITS PASSES. IT IS RECOMMENDED THAT THESE INTERVALS BE I N P U T
IN A S C E N D IN G  ORDER OF T I M E  TO I N C R E A S E  P R O G R A M  E F F I C I E N C Y
(SEE SECTION 8).

L O C A T I O N  OP THE T I M E  WORD ON THE M E A S U R E M E N T  DATA
FILE NEEDS TO BE DEFINED ONLY ONCE iF IT IS DIFFERENT FROM
THE DEFAULT VALUE.

THE SET NUMB ERS FOR EACH SET OF CATEGORY 201 AND
202 CARDS SHOULD BE THE SAME . AT LEAST ONE SET OF’ THESE CARDS
IS R E Q U I R E D  FOR EACH PASS AND MUST PRECEDE THE CATEGORY 999
CARD TERMINATING THAT PASS.
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20 1
3.1 .1 CATEGORY 201 — START TIM E :

COLUMN N A M E  D E S C R I P T I O N

1— 3 CATEGO R Y * 201

4— S SET N A NY NUMBER 0 THROUGH 99

6— 1 3  LABEL A N Y  8 A L P H A N U M E R I C  C H A R A C T E R S
(OPTiONAL)

14—16  KEY I A R C NUM BE R

17— 19 KEY 2 STATION NUMBER

2 0 — 2 2  KE Y 3 PASS N U M B E R

23—25 KEY 4 LOCAT iON OF TIME WORD OF’ MEASUREMENT
DATA (SEE. NOTE 1)

29— 31 KEY 6 Y E A R
32—34 KEY 7 MONTH
35— 3? KEY 8 DAY
38—40 KEY 9 HOURS
41—4 3 KEY 10 MINUTES
44 — 65  DATA 1 SECONDS

NOTES: 1. T I M E  IS I N P U T  IN TWO W O R D S ,  WORD ONE C O N T A I N I N G
JUEJIAN DAYS SINCE 1950 A N D  WORD TWO CONTAINING
SECONDS OF DAY . KEY 4 INDICATES THE POSITION OF
THE J UIJ IAN DAYS.  THE DEFAULT VALUE IS THE FIRST
FLOATING POINT WORD ON TUE FILE.
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202
3.1.2 CATEGORY 202 — srop T I M E

COLUMN NAME DESCRIPTION OR VALUE

1— 3 C A T E G O R Y  N 202

4— 5 SET N SAME AS THAT OF THE C O R R E S P O N D I N G
CATEGORY 201 CARl)

6—13 LABEL ANY 8 ALPHANUMERIC CHARACTERS
( O P T I O N A L )

14—1 6 KEY 1 ARC NUMBER

17—19 KEY 2 STATION NUMBER

20—22 KEY 3 PASS NUMBER

23—2 5 KEY 4 N OT USED

2 6— 28 KEY 5 N CC2 R E C O R D I N G  RATE DIGIT  FOR TDR SS
DATA (SEE NOTE 1)

29—31 KEY 6 YEAR
32—34 KEY 7 MONTH
35—31 KEY 8 DAY
38— 40 KEY 9 HOURS
4 1 — 4 3  KEY 10 M I N U T E S
44—65 DATA1 SECONDS

NOTES . 1, N CC2 IS USED TO CHANGE THE V A L U E  OF XN T R A N S M I T T E D  TO
TDRSS (OR GRARK) . NCC2 MAY ASSUME THE VALUES 0 ,1, 2 ,3 ,4.

NCC2 0, THE SAME VALUE OF XN AS WAS P R E V I O U S L Y  SPECIFIED
W i L L  BE TRANSMiTTED TO TDH SS . IF NONE WAS PREVIOUSLY
SPECIFIED,  THE V A L U E  T R A N S M I T T E D  CORRESPONDS TO NC C2 1.

N CC2= 1 ,2 ,3, OR 4 , THE VALUE OF’ XN T R A N S M i T T E D  TO TDRSS
IS XN(lO,NCC2). THE VALUE OF ID FOR THIS STATION MUST
BE SPECIFIED ON A CA TEGORY 102 CARD AS MUST THE VALUES
UP THE A R R A Y  XN ,

DEP’ AUI.T VALUES A R E  T R A N S M I T T E D  ONLY IN THE ABSEN CE OF 102
CARDS ( K E Y I  = 13 THRU 19).
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3.2 MEASUREMF:NT F:DITING

THE USER M A Y  D E S I R E  TO PROCESS O N L Y  SELE C TE L )  1N I E R -
VAIJ S OF DATA FOR A P A R T I C U L A R  M E A S U R E M E N T , R A n I E R  T H A N  ALL OF’
T H A T  M E A S U R E M E N T ’ S D A t A  A S D E F I N E I )  BY THE C A T E G O R Y  201 AN t )
202 C A R D S .  THE F’OtJ (J O~~I N G  CATEGORY 203 AN D 204 CARDS ALLOw THE
USER TO S P E C I F Y  AS M A N Y  AS 30 OF THE SE : SELECTED i NT E RVAL S FOR
EACH PASS. THESE cAT~ c;oRy 203 ANt) 204 INTERVALS MUST HE WiTH-
iN  TUE TIME SPANS ALLOCATED BY THE: C A T E G O R Y  20 1 A t-I D 202 CARDS
AND ARE APPLICABLE ONLY TO THE PASS iN W H i C H  THEY ARE OF:—
FINED. FOR THIS SPECIFIED MEA SUREMENT , ONLY DATA WITHIN THE
TIME SPAN W iLL RE: USED,

FOR EXAMPLE, WE MAY HAV E : DEE’INF:D IN TUE CATEGORY
201 AND 202 CARDS A SPAN (iF DATA FROM TIME 1200 TO TIME 2200.
EARLIER WE; HAVE INDICATED THAT WE WILL PROCESS RANGE , AZ!-MUTH , AND ELEVATION DATA (MEASUREMENT NUMbERS 1 , 2, A ND 3,
RESPECTIVELY ). WE NUN WISH TO USE ONLY THE; FULL~O~ 1NG SELECTED
INTERVALS OF RANGE DATA FOR THiS TIME SPAN :

INTERVAL I — TIMES 1200 TO 1400
INTERVAL 2 — TIMES 1600 TO 1640
I N T E R V A L  3 — TIMES 1800 TO 2100.

WE NEED TO PREPARE A CATEGORY 203 AND 204 CARD FOR EAC H OF
THESE SELECTED INTERVALS . WE WOULD NEED TUE FOLLO W ING C A R D S :

CARD 1: CATEGORY 20! — START TIME: EUR TOCAL SPAN 12G~

CARD 2: CATEGORY 202 - STOP TIME FUR TOTAL SPAN 2200

CA RD 3: CATEGORY 203 — START T I M E  FOR INrERVAL. , 1 1200

CARD 4: CATEGoRY 204 — STOP TiNE FOR INTERVAL 1 1400

CARD 5: CATEGORY 203 — START T I M E  FOX INTERVAL 2 1600

CARD 6: CATEGORY 204 — STOP TIME FOR INTERVAL 2 lb40

CARD 7: CATEGORY 203 — START TIME FOR INTERVAL 3 1800

CARD 8: CATEGORY 204 — STOP TIME FOR INTERVAL 3 2100
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203
3 .2.1 C A T E G O R Y  203 — START T I M E

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY H 203

4— 5 SET * ANY NUMBER FROM 0 THROUGH 29

6—1 3 LABEL ANY 8 ALPHANUMERIC CHARACTERS
(OPTIONAl,)

14-16 KEY I ARC NUMBER

17— 19 KEY 2 STATION NUMBER

20—22 KEY 3 PASS NUMBER

23—25 KEY 4 MEASUREMENT NUMBER (SEE APPENDiX IV-A )

26—28 KEY 5 NUT USED

29—31 KEY 6 YEAR
32—34 KEY 7 MONTH
35—37 KEY 8 DAY
38—40 KEY 9 HOURS
41— 43 KEY 10 MINUTES
44—65 DATA ! SECONDS
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204
3 .2.2  C A T E G O R Y  204 — STOP T I M E

COLUMN NAME I)ESCHIPTION OR VALUE

1— 3 CATEGORY H 204

4— 5 SET U SAME AS THAT OF’ TIlE CORRESPONDiNG
C A T E G O R Y  203 CARD

6—13 LABEL ANY 8 ALPHANUME RIC CHARACTERS
( OPT I ON AL )

14—16 KEY 1 ARC NUMBER

17— 19 KEY 2 S T A T I O N  N U M B E R

20—22 KEY 3 PASS NUMBER

23—25 KEY 4 MEASURE MENT NUMBER (SEE APPENDIX IV—A )

26—28 KEY 5 NOT USED

29—31 KEY 6 YEAR
32—34 KEY 7 MONTH
35—3 1 KEY 8 DA Y
38—40 KEY 9 HOURS
41—43 KEY 10 MINUTES
44—65 DATA I SECONDS
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205
3 .3 CATEGORY 205 — STATE VE CTOR

Ti l l S  C A R D  G i V E S  I N F O R M A T I O N  R E L A t I N G  TO THE STATE
VECTOR ( T H E  POSITION/VELOCITY VECTOR AT EPOCH FOR THE ARC).
IT IS REQUIRED FOR EA CH ARC .

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY * 205

4— 5 SET * ZERo OR BLANKS

6—13 LABEL ARC IDENTIF iCATION (ANY U ALPHA-
NUMERIC CHARACTERS)

14—16 KEY I ARC NUMBER

11—1 9 KEY 2 DEFINITION OF THE STATE VECTOR AS INPUT IN
CAT EG ORY 601 (SEE NOTE 1).

— 1 = CARTESiAN , INERTIAL 1950
O C A R T E S I A N , I N E R T I A L  OF’ DATE
I = CARTESIAN , BODY F’IXED
9 KEPIJERIAN, INERTIAL 1950

10 = K E P L E R I A N , I N E R T I A L  OF DATE
11 = K EPLERIAN , INERTIAL OF DATE , EXCEPT THAT

THE ARGUMENT OF THE ASCENDING NODE (CAP.
OMEGA ) IS BODY FIXED .

20—22 KEY 3 ARC DEFINITION:
O PRI MA RY AR C
1 SECONDARY ARC

23—25 KEY 4 BODY NUMBER ACTING AS ORIGIN FOR
TUE STATE VECTOR (SEE NOTE 2)

26—28 KEY 5 NOT USED

29—31 KEY 6 YEAR
32—34 KEY 1 MONTH
35—37 KEY 8 DAY
38—40 KEY 9 HOURS
41—43 KEY 10 MINUTES
44—65 DATA ! SECONDS

66—80 DATA2 TIME DIFFERENCE FROM OTt TO EPHEMERIS
T I M E  ( SE CONDS )
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205

NO-rEs . I. THE CARTESIAN STATE VECTOR HAS COMPONENTS (X,Y,Z,XD,YD ,ZD).
THE KEPLERIAN STATE VECTOR HAS COMPONENTS (A,E ,I,CAP .OMEGA ,
LONER CASE OMEGA , MEAN ANOMALY ). ALL ANGLES ARE TO BE
INPUT IN DEGREES. FOR DEFINITION OF COORDINATE SYSTEMS ,
SEE REFERE NCE (1).

2. PHOTONAP RUDY NUMBERS
2 EARTII 5 VENUS 8=SATURN
3=MOON 6 MARS 9=IJRANUS
4 S0N 7 JUPITER 10=NEPTUNE

3. THIS CARD MUST PRECEDE THE FIRST CATEGORY 201 CARD
FOR THE DEFINED ARC .
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205
3.3,1 CATEGORY 205. SET 1 — COVAR IANCE PROPAGATION

C O L U M N  N A M E  D E S C R I P T I O N  OR V A L U E

1— 3 CArEGURY H 205

4— 5 SET s 1

6—13 LABEL ANY 8 ALPHANUMERIC CHARACTERS (NOT
REQUIRED )

14—16  KE Y 1 AR C N U M B E R

44—65 DA TAI DELTA TIME FOR COVAR IANCE PROPAGATION

3.3,2 CATEGORY 205, SET 2 — SPEC iFIC TIMES FOR C O V A R J —
ANCE PROPAGATION

ONE CARD WILL HE USED FOR EACH SPECIFiC TIME FOR
CUVARIANCE PROPAGATION , KEY 2 SHOULD CONTAIN TUE NUMBER OF
THE TIME; rHA’r IS, FOR THREE SPECIFIC TIMES , THERE ( 1IF~L, BE I
THREE CATEGORY 205, SET 2 CARDS WI TH KEY 2 VARYING FROM ONE
TO THREE .

COLUMN N A M E  D E S C R I P T I O N  OR V A L U E

1— 3 CATEG ORY 0 205

4— ~~ SET H 2

6— 13 LABEL AN Y 8 ALPHANUMERIC CHARACTERS (NOT
R E Q U I R E D )

14—16 KEY I ARC NUMBER

17—1 9 KEY 2 NUMBER OF THE SPECIFIC TIME (I.E.,
J 1 , N , WHERE N IS THE TOTAL NUMBER OF
SPECIFIC TIMES).

44—65 D A T A I  D E S I R E D  T I M E  (iN SECONDS FROM EPOCH)
OF STATE C O V A R I A N C E  P R I N T O U T .
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2063.4 CATEGoRY 206 — GREENwICH HOUR ANGLE

USE OF’ THIS  C A R D  IS O P T I O N A L , iF’ O M I T T E D , THEGREENW ICh h OUR ANGLE NILL BE COMPUTED IN  TIl E P R O G R A M ,

COLUMN NAME DESCRIPTION OR VALUE

1— 3 C A T E G O R Y  5 206

4— 5 SET H ZERO OR BLANKS

6—13 LaABEL ANY 8 ALPHANUMERIC CHARACTERS
( O P T I O N A L )

14—16 KEY 1 ARC NUMBER

38—40 KEY 9 HOURS CHA AT ZERO h OURS
41—43 KEY 10 MINUTES OF DAY OF EPOCH
44—65 DATA 1 SEC (SEE NOTE 1)

NOTE: 1. THE VALUE OF THIS ANGLE MAY BE MADE NEAR ZERO
BY USING A SMALL VALUE FOR DATA1 . EXAMPLE: KEYS
9 AND 10 = 0 , DATA1 = 1. 0—20. IF 0 iS USED,
THE GHA WILL HE COMPUTED IN TUE PROGRAM .
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3.5 CATEGORY 207 - POLAR MOTION CORRECTIONS

POLAR MOTION CORRECTIONS MAY HE APPLIED IN AN ARC
WITH THIS CARD. iTS USE IS OPTIONAL, BUT iF’ USED, IT MUST HE
D E F I N E D  FOR E V E R Y  APPLI CABLE ARC . THE C O R R E C T I O N S  ARE A P P L I E D
TO ALL STATIONS T R A C K I N G  i N  THE AR C .

C O L U M N  N A M E  D E S C R i P T i O N  OR V A L U E  
—

1— 3 CATEGORY 5 207

4— 5 SET H ZERO OR B L A N K S

6—13 LABEL EIGHT ALPHANUMERIC CHARACTERS
( O P T I O N A L )

— 

14—16 KEY 1 ARC N U M B E R

44—65 DATA1 X—ANGLE (SEE NOTE 1)

66—80 DATA2 V—AN GLE (SEE NOTE 1)

N OTE: 1. DA TA1 AND DATA2 ARE THE A N G U L A R  DISPLACEMENTS
(IN SECONDS OF ARC ) IN THE X AND Y DIRECTIONS
OF THE INSTANTANEOUS POLE FROM THE MEAN POLE OF’
1903 AS GIVEN BY THE INTERNATIONAL POLAR MOTION
SERVICE.
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208
3 ,6 C A T E G O R Y  208 — T H R U S T I N G  T I M E S

C A T E G O R Y  208 C A R D S  D E F I N E  TU E O C C U R R E N C E  OF’ DIS-
CRETE AN t )  C O N T I N U O U S  THRUSTS ( B U R N S ) .  T H E i R  USE IS UPT1 ( INA I~FOR EAC H ARC , CAT E GORY 208 , SET I IS USEL ) I N  C O N J U N C T I O N
W i T H  SET U TO S P E C I F Y  T i M E S  OF’ C O N T I N U O U S  THRUSTS AN t )  ASSOC I-
ATED CONSTANTS .  ONE C O N T I N U O U S  B U R N  IS ALL O~ EI) PER ARC .

C OL UMN N A M E  D E S C R I P T I O N  OR V A L U E

1— 3 CATEGO RY 0 208

4— 5 SET H ZE RO OR B LANK

6-13 LABEL ANY 8 ALPHANUMERiC CHARACTERS

14— 16 KEY 1 B U R N  N U M B E R  ( 1 — 1 0 )  FOR DISCRETE B U R N S

17—19 KEY 2 G U I D A N c E  MODE FOR THRUST (FOR I N P U T  OF ACTUAL
VALUES SEE CATEGORY 603 CARD)

1=CHANGE IN COMPONENT OF INERTIAL VELOCITY
vECTOR (FOR DIS CRETE T H R U S T S ) ,  DXDOT,  D Y D O T ,
DZDOT .

2 = CU A N G E  IN D i R E C T I O N  ANt )  M A G N I T U D E  OF’
V E L O C I T Y  VECTOR I N C R E M E N T  (F OR DiSCRETE
THRUSTS). FOR DEFINiTION OF DIRECTION SEE
NOTE 2 .

3 C U M P O N E N T S  OF’ C O N T I N U O U S  THRUST ,
T(X),T(Y),T(Z) .

29—31 KEY 6 YEAR
32—34 KEY 7 MONTH (SEE NOTE 1)

- 

-~ 35—37 KEY 8 DAY

38-40 KEY 9 HOURS
41—43 KEY 1 0 MINUTES (SEE NOTE 1)
44—65 DATAI SECONDS

66—80 DATA2 INITIAL MASS AT ABOVE TIME FOR CON-
T I N U O U S  B U R N  O N L Y

(SEE NOTES ON THE FOLLOWING PAGE)
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208

rior€ : 1, FOR CONTiNUOUs THRUSTS , DATE AND TIME ARE THE
INITIAL TIME OF TUE BUR N. CATEGORY 208, SET 1
D E F IN E S  THE T E R M I N A L  T I M E .

2. TUE THREE COMPONENTS FOR GUIDANCE MODE 2 ARE ALPHA , BETA,
AND DYE!.., WHERE ALPHA AND BETA ARE ANGLES (INPUT IN
DEGREES) AND DVEL IS THE MAGNITUDE OF THE VELOCITY
INCREMENT . ALPHA IS THE ANGLE BETWEEN THE VELOCITY
INCREMENT AND THE TANGENT PLANE AT THE SATELLITE. BETA
IS TUE ANGLE BETWEEN THE PROJECTION OF THE VELOCITY
INCREMENT ON TUE TANGENT PLANE AND THE PLANE OF TIlE FLIGHT
PATH. (THE TANGENT PLANE IS THE PLANE TANGENT TO THE
SPHERE , WHOSE CENTER iS THE EARTH’S CENTER AND WHOSE RADIUS
EQUALS THE SATELLITE RADIUS VECTOR. TUE PLANE OF THE
FLIGHT PATH CONTAINS THE SATELLITE POSITION AND VELOCITY
VECTORS . ViEWED FROM ABOVE THE TANGENT PLANE , BETA IS
MEASURED POSITIVELY CLOCKWISE,)
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208
3.6.1 CATEGORY 208, SET 1

THIS CARL) IS USED IN CONJUNCTION W I T H  THE CATEGORY
208, SET 0 CARD TO SPECIFY CONTINUOUS THRUSTING TIMES AND
CONSTANTS.

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY s 208

4 — 5  SET H 1

6—13 LABEL ANY 8 ALPHANUMERIC CHARACTERS

14—16 KEY 1 1

29—31 KEY 6 YEAR TERMINAL DATE
32—34 KEY 1 MONTH OF CONTINUOUS
35—37 KEY 8 DAY BURN

38—40 KEY 9 HOURS T E R M I N A L  TIM E
41—43 KEY 10 MINUTES (iF’ CONTINUOUS
44—65 DATA I SECONDS BURN

66-80 DAT A2 MASS FLOW RATE (POSITIVE)
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2113 .9 C A T E G O R Y  211 — ET MINUS UTC TIME DIFFERENCES I -

C O L U M N  N A M E  D E S C R I P T I O N  OR V A L U E

1— 3 CATEGORY 5 211

4— 5 SET H SEE No i ’~: 1 ,

6— 1 3  L A B E L  NOT U SED

14—28 KEYS 1—5 NOT US E D

29—31 KEY 6 YEAR
32— 34 KEY 7 MONTH
35—37 KEY 8 DAY
3 8—40 KE Y 9 HOURS
4 1 — 4 3  K EY 10 M I N U T E S
44—65 DATA 1 SECONDS

66—80 DATA2 EPHEMERIS TIME MINUS UTC I N  SECONDS

NOTE. 1. FOR EACH ARC UP TO 20 ENTRIES OF TIME DiFFERENCES ARE
ALLO WED . EACH ENTRY IS ASSOCIATED WITH A SET NUMBER ,
SET NUMBERS MAY RANGE FROM 0 TO 19.

THE ENTRIES ARE NOT DESTROYED AT THE CONCLUSION OF AN
ARC (CATEGOR Y 999, KEY4~~2). HOWEVER , FRESH ENTRIES ARE
ACCEPTED FOR A NEW ARC.

THE SET NUMBER FOR AN EARLIER TIME (KEYS 6 THROUGH
DATA1 ) NEED NOT BE SMALLER THAN FOR A LATER TIME , BUT ,
IF THE TIMES ARE EQUAL (AS THE:Y WOULD RE WHEN THE UTC
CLOCK IS STEPPED), THEN TUE TIME DIFFERENCE ASSOCIATED
WITH THE SMALLER SET NUMBER iS APPLIED TO THE TIME PRIOR
TO THE UTC CLOCK ADJUSTMENT AND THE TIME DIFFERENCE
ASSOCIATED WITH THE LARGER SET NUMBER IS APPLIED TO TIlE
TIME AFTER THE UTC CI,~OCK AD JUSTMENT ,

SEPT 1978
FOTONAP USER’S GUIDE OLD DOMINION SYSTEMS, INC. PACE SiU _ _ _  ~~ —- - - -  - =~~~-~~~~~~~~~~~~~~~~~ ----~- -=- -~~~~~~~~~~~



r ~~~ ~~ ~~~~~~~~~~~~~~~~~~ 

2123.10 CATEGORY 212 — IJT1 MINUS UTC TIME DIFFERENCES

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY H 212

4- 5 SET U SEE NOTE 1 OF CATEGORY 211 CARD .

6-13 LABEL NOT USED

14—16 KEY 1 0, NO DE BUG PRINT
1, CHA DEBUG
2, TIMETABLE DEBUG

= 3, TI METAB L E DEBUG AND GHA DEBU G
17—28 KEYS 2—5 NOT USED

29—31 KEY 6 YEAR
32—34 KEY 7 MONTH
35—37 KEY 8 DAY

- 38—40 KEY 9 HOURS
41—43 KEY 10 MINUTES
44—65 DATAI SECONDS

66—80 DATA2 UT! MINUS UTC IN SECONDS

SEPT 1978
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3 ,11 C A T E G O R Y  220 — TRANSPONDER DELAYS FOR MEASUREMENT TYPE 19

COLUMN NAME DE:scRIPTION OR VALUE

1— 3 CATEGORY 0 220

4— 5 SET 0 0 OR 3 (SEE DATA 1/DATA2)

6—13 LABEL ANY 8 ALPHANUMERIC CHARACTERS ,

14—16 KEY 1 MICROSECONDs — TRANSPONDER DELAY AT HIGH
17—19 KEY 2 NANOSECONDS — (ATS) SATELLITE FOR GROUND

RECEiVED SIGNAL.

2 0 — 2 2  KEY 3 MI CROSECONDS - T R A N S P O N D E R  DELAY AT HIGH
23—25 KEY 4 NANOS ECONDS — (ATS ) SATELLITE FOR SIGNAL

RECEIVED FROM USER SATELLITE.

26—28 KEY 5 MICROSECONDs — TRANSPONDER DELAY AT STATION
29—31 KEY 6 NANOSECONDS — (KEY 9) FOR SIGNAL RECEIVED

FROM HIGh (ATS) SATELLITE,

32—34 KEY 1 MICROSECONDS - TRANSPONDER DELAY AT STATION
35—37 KEY 8 NAN OSECONDS — (KEY 10) FOR SIGNAL RECEIVED

FROM HIGH CATS) SATELLITE.

38-40 KEY 9 STATION NUMBER (O USER SAT.) TO WHICH THE
TRAN SPONDER DE LAY (KEYS 5,6) iS REFERRED . FOR
SET *1 , Ii IS ALSO THE STATION NUMBER TO WHICH
THE DELAY RATE IS REFERRED .

41—43 KEY 10 STATION NUMBER (O USER SAT) TO WHICH DELAY
AND DELAY RATE (FOR SET NO. 1) ARE REFERRED
(SEE KEYS 1,8).

44—65 DATA ! DATA ! AND DATA2 ARE TRANSPONDER DELAY RATES WITH
66—80 DATA2 RESPECT TO FRACTIONAL OFFSETS IN THE RECEIVED

FREQUENCIES,

DATA1, SET NO . 0 — ATS FROM GROUND
SET NO. 1 — USER FROM ATS (FUR USER

SEE KEY 9)

DATA2 . SET NO. 0 — ATS FROM USER
SET NO. 1 — USER FROM ATS (FOR USER

SEE KEY 10)

NOTES, ZER O DELAYS AND DELAY RATES ARE IGNORED , I.E., ZERO
ENTRIES DO NOT OVERRiDE PREVIOUSLY ENTERED VALUES,

DELAYS MAY BE INPUT ON A PASS BY PASS BASIS,

DELAYS MAY 13K STORED FOR A MAX IMUM OF 18 STATIONS AND
THERE IS NO RESTRICTION ON STATION NUMBER VALUES.
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2303.12 CATEGORY 230 — T IMES FOR CHANCES IN DRAG COEFFICIENTS

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY 0 230

4- 5 SET U ZERO OR BLANK

6—1 3 LABEL ANY 8 ALPHANUMERIC CHARACTERS

20—22 KEY 3 NDRG — I

29—31 KEY 6 YEAR

32—34 KEY 7 MONTH

35—31 KEY 8 DAY

38—40 KEY 9 HOURS

41—43 KEY 10 MINUTES

44—65 DATA! SECONDS

NOTES: 1. EACH DRAG COEFFICIENT IS ASSOCIATED WITH A DRAG SEGMENT ,
THE DRAG SEGMENTS (NDRG ) MUST BE NUMBERED SEQUENTiALLY.
IF E.G. KEY 3 1 ,  THE SATELLITE MOVES FROM DRAG SEGMENT 1
TO DRAG SEGMENT 2 AT THE I N D I C A T E D  T I M E ,  THE VALUE OF’ THE
DRAG COEFFICIENT FOR EACH SEGMENT IS I N P U T  ON A 601 CARD.
(SEE NOTE 13 OF CATEGORY 601 CARD)

2, DRAG SEGMENTATION IS QUITE INDEPENDENT OF’ THE EPOCH.
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301
SECT I O N IV

STATION SURVEYS

CATEGORY 300

THE CATEGORY 300 CARDS CONTAIN THE SURVEY INFORMATION FOR
THE TRACKING STATIONS , THESE CARDS ARE REQUIRED FOR EACH STATION INTHE REDUCTiON , BUT NEED APPEAR ONLY ONCE. STATION LOCATIONS ON THE
EQUATOR AND GREENWICH PRIME MERID IAN ARE VALID. THE CATEGORY 301
CARD MAY ALSO BE USED TO SPECIFY THAT TIl E OBSERVING STATION IS THESATEL LIT E ITSELF AS IS DONE W I T H  P H O T O G R A M M E T R I C  MEASURF:MENTS.

4.1 CATEGORY 301 - GEODETIC LATITUDE OF STATION

COLUMN N A M E  D E S C R I P T I O N  OR VALUE

1- 3 CATEGORY 0 301

4~ 5 SET H ZERO OR B L AN K S

6 13 LABEL STATION N AME A N Y 8 A L P H A N U M E R I C  CHAR-
ACTER S

14—16 KEY 1 STATION NUMBER

17—1 9 KEY 2 SURVEY IDENTIFICATION NUMBER FROM
APPENDIX Ill—A

20—22 KEY 3 HIGH ORDER DIGITS STATION IL) NO .
23—25 KEY 4 LOW ORDER DIGITS (SEE NOTE 1)

26—28 KEY 5 HiGH ORDER DIGITS NUMBER OF GROUND POINTS
29—31 KEY 6 LOW ORDER DIGITS (SEE NOTE 2)

35—37 KEY 8 SIGN OF LATITUDE:
0=NORTHERN HEMISPHERE

— 1 SOUT HERN HEMISPHERE

38—40 KEY 9 DECREES
41—4 3 KEY 10 MINUTES LATITUDE
44—65 DATA! SECONDS
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301NOTES , 1. KEYS 3 AND 4 CONTAiN THE STATION IDENTIFICATION NUMBER
To BE CORRELATED WITH THE MEASUREMENT DATA ON TAPE OR
CARDS, FOR P I I O TO G R A M M E T RI C DATA KEY 3 -1.

2, KEYS 5&6 ARE USED ONLY iN CONJUNCTION WITH PHOTOGRAM—
M E T R I C  DATA , KEY S * 1000 + KEY6 N U M B E R  OF G R O U N D
POINTS ,

3. IF THE STATION SPECIFIED ON THIS CARD IS THE SATELLITE
(AS IN PHOTOCRAMMETRY), THEN ONLY KEYS 1,3,5, AND 6 ARE
R E Q U I R E D .

SEPT 1978
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302/ 30 3
4.2 CATEGORY 302 — S T A T I O N  L O N G i T U D E

C O L U M N  N A M E  D E S C R I P T I O N  OR V A L U E

1— 3 CATEGORY 0 302

4— 5 SET * ZERO OR BLANKS

6-13 LABEL A N Y  8 ALPHANUMERIC Ch ARACTERS (NOT USED BY
P R O G R A M ;  FOR USER I D E N F I F ’I C A T I O N  O N L Y )

14—16 KEY 1 STATION NUMBER (SAME AS IN CATEGORY 301 C A R D )

35—37 KE Y 8 SIGN OF ’ L O N G I T U D E :
O EAST OF PRIME MERIDIAN

~1 WEST OF PRIME M E R I D I A N

38—40 KEY 9 DEGREES
41-43 KEY 10 M I N U T E S  L O N G I T U D E
44—65 DATA1 SECONDS

4.3 C A T E G O R Y  3 0 3  — S T A T I O N  h E iGHT

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY 0 303 
-

4— 5 SET I ZERO OR BLANK

6—13 LABEL A N Y  8 A L P H A N U M E R I C  CHARACTERS (NOT USED BY
PROGRAM; FOR USER I D E N T I F I C A T I O N  O N L Y )

14—16 KEY 1 STATION NUMBER (SAME AS IN CATEGORY 30! C A R D )

44—65 DATA1 HEIGHT ABOVE THE REFERENCE ELLIPSOID (SAME
UNITS AS THE EARTH CONSTANTS)

SEPT 1918
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601
SECTION V

ERROR MODEL TERMS

CATEGORY 600

THIS SECTION DEFINES THE STATE VECTOR AND TUE ERROR
MODEL TERMS (EMT) TO BE RECOVERED IN THE REDUCTION , FOR A
DISCUSSION OF ERROR MODEL TERMS, SEE APPENDIX IV.
DEFINED WITH THE CATEGORY 600 SERIES WILL BE THE VARIABLES
RE LATED TO THE L N T E G R A T I O N  SCH EME.

5.1 CATEGORY 601 — STATE VECTOR AND ERROR MODEL TERMS

THE CATEGORY 601 CARDS ARE REQUIRED TO DEFINE THE
STATE VECTOR ( I N I T I A L  POSI TION AND V E L O C I T Y  OF THE TRAJEC-
TORY) AND ANY OTHER ERROR MODEL TERMS THE USER MAY WISH TO
RECOVER .

THE STATE VECTOR IS EITHER TOTALLY STABLE OR ARC
STABLE, WHEREAS ANY OTHER ERROR MODEL TERMS MAY BE TOTALLY ,
ARC , OR PASS STABLE . (REFER TO SECTION 1.3 FOR DEFINITI ONS
OF THESE TERMS).

EVALUATION FLAGS ARE USED 1(1 INDiCATE HOW THE EMT
IS TO BE USED IN THE REDUCTION (KEY 8). AN EVALUATION FLAG OF

0 INDICATES THAT THE EMT IS EVALUATED AND CONTR1-
BUTES TO THE SOLUTION OF THE NORMAL EQUATIONS;
I.e., RECOV ER AN ESTIMATED VALUE FOR THE EMT;

1 INDICATES THAT ONLY THE A PRIORI ESTIMATE OF
THE EMT IS USED TO CONTRIBUTE TO THE SOLUTION
OF THE NORMAL EQUATIONS;

2 INDICATES THAT TIlE EMT DOES NOT CONTRIBUTE TO
THE SOLUTION LJF’ THE NORMAL EQUATIONS , BUT ONLY
TO THE EVALUATION OF THE MEASUREMENT DISCREP-
ANCY .

SEPT 1978
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601
COLUMN N A M E  D E S C R i P T I O N

1— 3 CATEGORY $ 601

4— 5 SET N USED ONLY IF TUE PARAMETER NUMBER EXCEEDS 999.
(SEE NOTE 2)

6—13 LABEL ANY 8 ALPHAN UMERIC CHARACTERS (THIS
iDENTIFIES THE EMT IN PRINTOUT)

14—1 6 KEY 1 ARC NUMBER (SEE NOTE 8 ON THE
F O L L O W I N G  P A G E )

17—19 KEY 2 STATION NUMBER (NOT REQUIRED FOR TO-
TALLY OR ARC STABLE PARAMETERS )

20—22 KEY 3 PASS NUMBER (NOT REQUIRED FOR TOTALLY
OR ARC STABLE P A R A M E T E R S )

23—25 KEY 4 STABILITY FLAG (SEE NOTE 5 ON THE
FOLLOWING PAGE ):

1 TOTAL LY STABLE
2 ARC STAB LE
3 PASS STABLE

26—28 KEY S EMT NUMBER (SEE APPENDiX TV—B AND NOTE 12)

29—31 KEY 6 MEASUREMENT NUMBER (SEE NOTE I ON THE
FOLLOWING PAGE)

32—34 KEY 7 PARAMETER NUMBER ASSIGNED BY USER TO
F.MT’S WITH EVALUATION OF 0 OR 1 (SEE
NOTE 2 ON THE FOLLOWING PAGE)

35—37 KEY B EVALUATION FLAG OF 0, 1, OR 2 (SEE
TEXT ON THE PRECEDING PAGE AND NOTE 3
ON THE FOLLOWING PAGE)

38—40 KEY 9 ARC DEFINITION (SEE NOTE 12)
O PRIMA RY ARC
I SECOND A RY ARC

41—43 KEY 10 SEE NOTES 10 AND 12

44—65 DATA! A PRIORI ESTIMATE OF EMT (SEE NOTES
6 AND 7 ON THE FOLLOWING PAGE)

66—80 DATA2 A PRIORI SIGMA OF EMT (SEE NOTE 4 ON
THE FOLLOWING PAGE)

- 
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601
NOTE S: • A N U M B E R  .b L .  300 A S S I G N E D  BY THE US ER TO COR-

R E L A T E  DATA IN V A R I O U S  CATEGORiES PERTAIN ING IL)
A P A R T I C U L A R  MEASUIW MENT (N O T  R E Q U i R E D  FOR SOLAR
PRESSURE , DRAG , OR P R I M A R Y  AB C STATE V E C T O R ) .

2. THE SET N U M B E R  18 USED AS A C O N T I N U A T I O N  OF K E Y  1,
P A R A M E T E R  NUMBERS F:XcFEDING 999 AR E S P E C I F i E D  B Y
1000 $ SET $ + KEY 7.

z r  is RE COM ME N OE : D T H AT T O TAL LY STA BL E I ’A R A M E T E R S  BE
A S S I G N E D  C O N S E C U T I V E  P A R A M E T E R  N U M B E R S  S T A R T i N G  W I T H
N U M B E R  1 , S I M I L A R L Y , FOR EACH AR C (P A S S )  IT IS
RE C OMM F~~UED THAT THE A R C ( P A S S) / S T A B L E  P A R A M E T E R S
BE A~ - - tCNED CONSECUTIVE PARAMETER NUMBERS STARTING
WITH NUMBER 1. HOWEVER , iF POTENTiAL 18 BEING
RECOVERED, THEN A GAP (EQUAL TO THE NUMBER OF POTEN-
T I A L  TERMS B E I N G  R E C O V E R E D )  SH OULD BE LEF T I N  THE
N U M B E R  ( M G OF TI lE TOTA I, L Y STABLE P A R A M E T E R S  B ETWEEN TI lE
TWO ‘b O l ’  C A R D S  SE P A R A T E D  B Y THE FIRST ‘201’ CARD .( T H I S  OB V I O U S L Y  A P P L i E S  ONLY W H E N  THE ‘601’ CARDS A R E
SO ARRANGED .)

TIlE I’RESENT VERS iON 1W FOTONAP IS R E S T R I C T E D  TO 1000
TOTALLY STABLE , 83 AR C STAB LE , A N D  83 PASS STA B LE
P A R A M E T E R S . (THERE IS NO L 1 M I f  ON T HE N U M B E R  OF
GROUND—POINTS .)

3. P A R A M E T E R S  I N I T I A L L Y D E F I N E D  AS EVALUATION TYPE
I ABE UPOAT EI )  Ti) EVALUATION TYPE 0 WHEN NUMBER
OF I T E R A T I O N S  S P E C I F I E D  BY K E Y  8 OF CAT E GORY
101 IS R E A C H E D .

4. C A L C U L A T E D  I ’A H A M E T E R  V A L U E S  R E P L A C E  THE A P R I O R I
VALUES WHEN NUMBER OF’ ITERATIONS SPECIFiED BY
KEY 7 OF CATE G ORY 101 IS R E A C H E D .

5, PASS STABL E P A R A M E T E R  C A R D S  MUST BE P L A C E D  W i T H
THE C A R D S  D E F I N I N G  THE SPANS OF DATA TO BE PRO-
CESSED (CATEGORY 201 AND 202 CARDS).

6. SOLAR PRESSURE CONSTANT K * ( A / M ) * ( t + G A M M A ) * A U * * 2 ,
W H E R E

K = SOLAR P R E S S U R E  AT ONE A S T R O N O M i C A L  UNIT
( N E W T O N S / M E T E R * $ 2 )
( 4 .5 D 6 )

A = CROSS SECTIONAL AR EA (METERS**2)

M MASS ( K G )

G A M M A  R E F L E C T I V I T Y
( 1  FOR P ERFECT R E F L E C T I V I T Y ,

0 FOR BL ACK B ODY,
= — 1  FOR T R A N S P A R E N T  B O D Y )

AU = ONE A S T R O N O M I C A L  U N I T  ( M E T E R S)
t~ 14959 1900 .0 3)
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601
I. THE DRAG COEFFICIENT C (D)A/M AS DEFINED IN

REFERENCE (2) Wh ERE

CCI)) = PROPORTIONAL,Iry CONSTANT ,
A = S A TE L L I T E  C R O s S — SE C T I O N A L  A R E A ,
M = SATELLITE MASS .

U N I T S  A R E  ME TERS S Q U A R E D / G R A M .

8 , ARC N U M B E R  IS NOT R E Q U I R E D  FOB T O T A L L Y  STABLE
P A R A M E T E R S  W I T H  THE E X C E P T I O N  OF’ STATE VECTORS ,
SOLAR PRESSURE AN D D R A G .

• 9, THIS APPLIES (114L,Y TO E RROR MODEL TERMS 24 ,25 ,26 ( G R O U N D
P O I N T  C O O R D I N A T E S )  FOR P H O T O G R A M M E T R  IC M E A S U R E M E N T S .
FOR THESE ERROR MODEL TERMS , K E Y 4  MUST RE SET E Q U A L  TO 4.

10. IF’ THE ERROR MODEL, TERM IS 24 ,25 , OR 26 (GROUND POINT
COO KE ) (M ATES ) FOR A P H O T U G R A M M E T R I C  M E A S U R E M E N T , TH EN
KEYS 9 A N D  10 A R E USED TO S P E C IF Y  THE G R O U N D  P O I N T  N UM -
BER (1000~ KE19 + K E Y 1 O ) .  IF’ THE GROUND POINT NUMBER
IS GREATER THAN ON E , KEY 6 SHOULD BE SET E Q UALI TO ZERO .
KEY 7 SHOULD LI E G I V E N  TIlE V A L U E  1 , 2 ,  OR 3 (R EPRESENT-
I N G  THE GROUND P O I N T  C O O R D i N A T E S  X , Y ,Z R E S P E C T I V E L Y ) .

11. TILL S APPLIES o NLY TO ERROR MOD EL TERMS 24 ,25 , ANt ) 26
(GROUND POINT COORDINATES) FOB PHOTOGRAMMETRIC MEASURE-
MENTS A N D  THEN O N L Y  IF THE P R O G R A M  IS US ED i N  A S 1M U I ~A —
T I O N  MODE.  R A N G E  M E A S U R E M E N T S  W I L L  LIE S i M U L A T E D  FOR TU I S
GROUND P O I N T  II’ K E Y  3 1 . IF KEY 3 = 0, N O N E  W I L L  LIE
S I M U L A T E D .

- 

- 

12. IF ’ KEYS = 0 , ALL A P R I O R I  P A R A M E T E R  V A L U E S  Wi LL.  BE
R A N D O M L Y  M O D I F I E D  (CONSISTENT WITH TUE INPUT SiGMA).
T H I S  A P P L I E S  O N L Y  TO THOSE P A R A M E T E R S  THAT A R E  I N P U T
AFTER THIS  C A R D .  ALSO , IT DOES NOT APPLY TO THE TYP E 7
PART OF A TYPE 9 RUN.

THIS CARD MAY ALSO BE USED TO START THE R A N D O M  N U M B E R
G E N E R A T O R  ( FOR P A R A M E T E R  VALUES , NOT FOR S I M U L A T E D
D A T A )  AT THE N — T B  P O I N T  IN THE B U i L T — I N  SE QUE NC E,
W H E R E  N = 1000 $ KEY9 t KEY 10 .

13. D R AG SEGMENTS.  THE US E R M A Y  D I V I D E  AN ARC iNTO SEVERAL
DRAG SEGMENTS BY S P E C I F Y I N G  A SEGMENT N U M B E R  ON K EY 3, THE
DRAG C O E F F I C I E N T  FOR EACH sE(;MENT MAY BE C O N S T R A I N E D
E I T H E R  TO SOME ABSOLUTE V A L U E  (ABSOL VE ;  C O N S T R A I N T )  OR TO
THE COEFFICIENT 01’ THE P R E V i O U S  SEGMENT ( R E L A T I V E
C O N S T R A I N T ) .  ( T U E  C O E F F I C I E N T  FOR THE F I R S T  SEGMENT IS
A L W A Y S  A B SO LUTELY C O N S T R A I N E D ) .  THE V A L U E  OF K E Y  3 15:

KEY 3 K $ ( N D R G — I )  , W U ERE K EQUALS PLUS OR MINUS
ONE , P O S I T I V E  FOR ABSOLUTE C O N S T R A i N T  AN t ) N E G A T I V E ~ OT HER-
W I S E ,  AND NDRG EQ UALS DRAG SEGMENT NUMBER ,
A MAXIMUM OF 15 DRAG SEGMENTS M A Y  LI E INPUT, TIlE START TiMES
FOR ALL DRAG SEGMENTS , EXCEPI’ THE F I R S T , ARE S P E C I F I E D  ON
230 C A R D S  ( THE i N I T I A L  DRA G SEGMENT OBVIOUSLY DOES NOT
NEED A START TIM E)
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5.2 CATEGORY 602 — ADD ITIONAL MEASUREMENTS FUR EMT

K EC OV ER Y

THE CATEGORY 602 CARDS ENABLE THE USER TO SPECIFY
ADD ITIONAL MEASUREMENTS WHICH WILL CONTRiBUTE; ro THE REcOVERyLW THE ERI~OR MODEL T E R M  D E F I N E D  I N  TUE C A T E G O R Y  601 C A R D .

• THEIR USE IS OPTIONAL , BUT IF  USED THEY MUS T LIE P R E C E D E D
BY THE D E F I N I N G  CAT . 601 C A R D . KEYS I AND 2 OF THE CATEGORY
602 CARDS MUST MATCH K EYS 5 A N D  6 OF’ THE CATE GORY 601 C A R D S .

A D D I T 1 O N A L ~ M E A S U R E M E N T S  C O N T R I B U T I N G  TO THE RE-
COVERY OF TUE STATE VECTOR ARE I)EFLNED BY THE C A T E G O R Y  701
CARDS , R A T H E R  T H A N  THESE .

C O L U M N  N A M E  D E s C R i P T I ON  OR V A L U E

1— 3 CATEGORY $ 602

4~ 5 SET I ANY NUMBER (Nor USED I N  P R O G R A M )

6 — 1 3  bAB EL1 A N Y  8 A L P H A N U M E R I C  C H A R A C T E R S  ( N U T
USED)

14—16 KEY 1 EMT NUMBER (MUST MATCH KEY S OF COR—
RESPOND iNG CATEGORY 601 CARD).

11— 19 KEY 2 M E A S U R E M E N T  N U M B E R  U SED IN KEY 6 OF’
CATEG o RY e 0 1  C A R D .

20—22 KEY 3
23—25 KEY 4
26—28 KEY 5
29—31 KEY 6 ADDITIONAL MEASUREMENTS CONTRIBUTING
32—34 KEY 7 TO THE RECOVERY OF ‘r ilE EMT
35—31 KEY 8
38—40 KEY 9
41—43 KEY 10

N OTE , 1. CATEGORY 602 CARDS SHOULD NOT LIE USED IN C O N J U N C T I O N
W I T H  DRAG OR SOLAR PRE SSURE .
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603
5.3 CATEGORY 603 — THRUSTING PARAMETERS

THE C A T E G O R Y  603 CARDS E N A B L E  THE USER TO RE COVER
DIS CRETE AND C O N T I N U O U S  T H R U S T  ( B U R N )  P A R A M E T E R S  FOR EACH
ARC ,

COLUMN NAME DESCRIPTION OR VALUE

1- 3 CATEGORY ~ 603

4— 5 SET I ZERO OR BLANK

6— 13 LABEL A N Y  8 A L P H A N U M E R I C  C H A R A C T E R S  FOR
P A R A M E T E R  LAB E L

14— 16 KEY 1 ARC NUMBER

17—19 KEY 2 BURN NUMBER (SEE NOTE 1)

20—22 KEY 3 PARAMETER FLAG (SEE NOTE 2):

23—25 KEY 4 TYPE OF BURN:
O DISCRKT E BURN
1 CUNTINUOUS BURN

26—28 KEY 5 EVALUATION FLAG OF’ 0, 1, OR 2 (SEE
INTRODUCTORY REMARKS FOR CATEGORY
601)

44—65 DATA I A PRIORI ESTIMATE OF’ PARAMETER AS DE—
FINED IN KEY 3

66—80 I)ATA2 A PRIORI SIGMA OF PARAMETER AS DE-
FINED IN KEY 3

NOTES: 1. FOR EACH ARC , THERE MAY BE A MAXIMUM OF TEN
DISCRETE BURNS (NUMBERED 1—10) AND ONE
CONTINUOUS BURN.

2, GUIDAN CE MODE AS DEFINED IN KEY 2 OF CATEGORY
208 DETERMINES WHICH ELEMENT DESCRIBED BY THE
PARAMETER FLAG WILL BE USED.

I DXDOT OR DELTA FOR DISCRETE BURN OR T(X)
FOR CONTINUOUS BURN.

2:DYDOT, T(Y)

3 DZDOT, T(Z)
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60 4/605
5.4 CATEGOR I E S  604 AN t ) 605 — R E C O V E R Y  (I F’ H A R M O N I C

CO E F’ F IC LENT S

CATEGORIES 604 AND 605 DEFIN E :  THE ELEMENTS (iF TIlE C
A ND S MATRiCES TO BE RECOVERED , THE: INFORMATIO N ON TILE CARDS
IS CONDENSED IN A MA NNER WHICH ENABLES TIlE USER TO S P E C I F Y
THE F O LL OWI N G:

1 • i~cJW AND C O L U M N  N U M B E R  OF TIL E ELEMENT

2. EVALUATION FLAG OF THE PARAMETER (0 OR 1
ONLY ) AS DEFINED IN CATEGORY 601

3, A PRiORI SIGMA OF’ THE ELEMENT (IN POSITIVE
OR NEGATIVE POWERS OF 10),

KEY 1 IS TUE COLUMN NUMBEI4 iN THE C AND S MATRICES ,
RESPECTIVELY , iT RANGES iN VALUE FROM 0 ru is FOR BODY NUMBER
2 AND 0 TO 10 FOR ALL OTHER BODIES. iF KEY I IS NOT DEFINED,
THE ELEMENTS ON THE CARD WILL REFER TO THE FIRST COLUMN
(M 0).

KEYS 2 THROUGH 10 OF THE SET 0 CARD D E F I N E  THE ROWS
OF TIL E COLUMN S T A R T I N G  W I T H  ROW N U MIIE R K EY 1 T H R O U G h  ROW
N U M B E R KE y 1+8, RE SPE CTIVF :Ly . SHO U LD THE C O L U M N  H A V E  MORE
THAN 9 E L E M E N T S ,  THE SET I C A R D  IS USED TO D E F I N E  THE R E M A I N -
ING ELEMENTS , A L L O W I N G  THE U SER TO D E F I N E  A M A T R I X  LIP TO
( M ,N ) = ( 1 7 , i 7) .  B L A N K S  IN ANY OF THESE KEYS iNDICATE THAT THF~
ELEMENT IS NOT BEING RECOVERED .

TUE F O L L O W I N G  E X A M P L E  I L L U S T R A T E S  THE P R E P A R A T i O N
OF’ THESE CARDS.

KEY 1 0  FIRST COLUMN (IF C

KEY 3 100 ELEMENT (1,0) HAS EVALUAT1ON=0 , SLGMA 1,0

KEY 8 435 ELEMENT (6,0) HAS EVALUA TION=1, SIGMA 1 , D—35

I
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60 4/605
5.4 ,1 CATE GORIES  604 AND 605. SET 0

COLUMN NAME DESCRIPTiON OR VALUE

1— 3 CATEGORY I 604 OR 605

4— 5  SET * 0

6— 13 LABEL, A N Y  8 A L P H A N U M E R i C  C H A R A C T E R S

14—16 KEY I CO LI JM N 1 OF C OR S M A T R I X  TO RE
SELECTED (M= 0, 1, ,..)

17—19 KEY 2 SPP E’Oi~ ELEMENT (KEY 1, KEY 1)
2 0 — 2 2  KEY 3 SPP FOR EL EMENT ( K E Y  1+1, KEY 1)
23—25 KEY 4 SPP FOR ELEMENT (KEY 1÷2, KEY 1)
26— 2 8 KEY 5 SPP FOR EL EMENT (K E Y  1+3, KEY 1)
29~~3l KEY 6 SPP FOR ELEMENT (KEY 1+4, KEY 1)
32—34 KEY 7 SPP FOR ELEMENT (KEY 1+5, KEY 1)
35—37 KEY 8 SPP FOR ELEMENT ( K E Y  1+6 ,  KEY 1)
38—40 KE Y 9 SPP FOR ELEMENT (KEY 1+1, KEY 1)
4 1 — 4 3  KEY 10 SPP FOR ELEMENT (KEY 1+8, KEY 1)

iF (SPP .GE. 100 .OR ,  SPP .LT , 500) ,  TIlE F O L L O W I N G  APPLIES:

WHERE S = SiGN LW EXPONENT AND EVALUATION FLAG AS
FOLLOWS:

I P O S I T I V E  EXPONENT, EVALUATION 0
2 = POSITIVE EXPONENT; EVALUATION 1
3 = NEGATIVE EXPONENT; EVALUATION 0
4 = NEGATIVE EXPONENT; EVALUATION 1

PP = A P R I O R I  SIGM A OF THE E L E M E N T  IN POSI-
T I V E  OR N E G A T I V E  POWE RS OF 10.

IF (SPP .LT. 100 .01k. SPP .GE. 500), THE FOLLOWING APPLIES:

IF SPP ,GT, 0, SPP 100 * S + pp
IF SPP ,LT, 0, SPP S

( C O N r I N U E D  ON THE FO L LOWING PAGE )

- 
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60 4/605

FOR ELEMENT (N,M) SIGNM IS GIVEN BY ( K A U L A ’ S RULE OF T H U M B ) :

IF’ N ,EQ. M ,EQ, 0, S1GOO 10 ** (—5)IF N .GT, M .E Q, 0 , SIGNO 10 ** ( — 5 )  * SQRT (2N+1)/N ** 2
IF N .GE . M ,GT . 0 , SI G N M  SI GNO *

SOR T ( 2 *  F A C T ( N — M ) / F A C T ( N - s - M ) )

SIGMA = K * SIGN M , WHERE K IS G i V E N  BY THE FOLLOWING:

IF S IS ODD AND POSITIVE , K PP/100
It” S IS EVEN AND POSITIVE., K = P P /b oo

II” S IS N E G A T I V E , K ASSUMES TIlE FOLLOWING LEIkCH’ VALUES
(AS A FUNCTION OF N):

K = KD (N+1), WHERE KD =

/ ,100, .033 , .033 , .033, .044 ,  .071 , .109,
.141, .196, .250, .340, .440, .610, 10 * 1.0/

S ALSO DETERMINES THE EVALUATION TYPE:

E V A L U A T I O N  0, IF S = 5, 6 , OR — 5
EVALUATION 1, IF S = 7, 8, OH —7
EVALUATION 2, IF S = 9 , 0 , OR —9

NOTE:  E V A L U A T I O N  2 MAY ONLY BE USED FOR THE E A R T H ’ S  G R A V I T Y
FIELD. ITS FUNCTION IS TO RANDOMLY (BUT CONSISTENT
WITH SIGMA ) MODIFY THE GRAVITY COEFFiCIENTS. IN A
TYPE 9 R U N , THE M O D I F I C A T I O N  OCCURS ONLY IN THE TYPE 2
PART OF THE RUN .
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604/605

5.4 .2 CATEGOR iES  604 AND 605 . SET 1

COLUMN NAME DES CRIPTION OR VALUE

1— 3 CATEGORY I 604 OR 605

4— 5  SET I 1

6— 13 LABEL AN Y 8 A L P H A N U M E R I C  CHARACTERS

14—16 KEY 1 COLUMN I OF C OR S MATRIX TO BE
SELECTED ( M 0 , 1,...)

17—19 KEY 2 SPP FOR ELEMENT (KEY 1+9, KEY 1)
20—22 KEY 3 SPP FOR ELEMENT (KEY 1+10 ,KEY 1)
23— 2 5 KEY 4 SPP FOR ELEMENT (KEY 1+lb ,KEY 1)
26—28 KEY 5 SPP FOR ELEMENT (KEY 1+12 ,KEY 1)
29— 3 1 KEY 6 SPP FOR ELEMENT (KEY 1+13 ,KEY I)
32—34 KEY 7 SPP FOR ELEMENT (K E Y  1+14 ,KEY 1)
35— 37 KEY 8 SPP FOR ELEMENT (KEY 1+15,KEY 1)
38—40 KEY 9 SPP FOR ELEMENT (K EY 1+16 ,KEY 1)
41—43 KEY 10 SPP FOR ELEMENT (K E Y  1+17 ,K E Y  1)
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604
5,4,3 CATEGORIES 604 AND 605. SET 2

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY I 604 OR 605

4 — 5  SET $ 2

6—13 LABEL ANY 8 ALPHANUMERiC CHARACTERS

14— 16 KEY 1 COLUMN N U M B E R  01” C OR S M A T R I X  TO BE SELECTED

17—19 KEY 2 SPP FOR ELEM E NT ( K E Y  I + 18, KEY 1)
20—22 KEY 3 SPP FOR ELEMENT (KEY 1 + 19, KEY 1)
23—25 KEY 4 SPP FOR ELEMENT (KEY 1 + 20, KEY I)
26—28 KEY 5 SPP FOR ELEMENT (KEY 1 + 21,  KEY 1)
29— 3 1 KEY 6 SPP FOR E LEMENT ( K E Y  1 + 2 2,  KEY 1)
32—34 KEY 1 SPP FOR ELEMENT (K EY 1 + 23 , KEY 1)
35—3 1 KEY 8 SPP FOR ELEMEN T ( K E Y  1 + 24 , KEY 1)
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606
5.5 CATEGORY 606 — MASCON R E C O V E R Y

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY I 606

4— 5 SET I ZERO OR BLANK

6—13 LABEL AN Y 8 A L P H A N U M E R I C  C H A R A C T E R S

14—16 KEY 1 SPP FOR MASCON 1
17— 19 KEY 2 SPP FOR MASCON 2
20—22 KEY 3 SPP FOR MASCON 3
23—25 KEY 4 SPP FOR MASCON 4
26—28 KEY 5 SPP FOR MASCON 5

WHERE S = SIGN OF EXPONENT AND EVALUATION FIJAG

S = 0 , NO MAS CON RECOVERY
S 1, POSITIVE EXPONENT, EVALUATION 0
S = 2, POSITIVE EXPONENT, EVALUATION 1
S = 3, NEGATIVE EXPONENT, EVALUATION 0
S = 4 , NEGATIVE EXPONENT, EVALUATION 1
PP A PRIORI SIGMA OF MASCON MASS IN POSITIVE

OR NEGATIVE POWERS OF 10. U N I T S  ARE SAME
AS THOSE FOR MU .
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5.6 C A T E G O R Y  610 — METEUH0LOC;ICAI, DATA AND GEOCEIVER TIME INTERVAL ,

COLUMN NAME D E S C R I P T I O N  OR V A L U E

1— 3 CATEGORY I 610

4— 5 SET I ZERO OH BLANK

6—13 LABEL AN Y 8 A L P H A N U M E R I C  CHARACT ERS

14—16 KEY 1 STATION NUMBER (IF THE STATION N U M B E R  IS NOT
A NUMBER BETWEEN 1 AND 100, THEN THE DATA W I L L
BE APPLIED TO ALL STATIONS).

17—19 KEY 2 IF KEY2 EXCEEDS KEY1 , THEN THE DATA WILL BE
A P P L I E D  TO ALL STATIONS WITH STATION NUMBERS
IN THE RANGE KEY 1 THROUGH K E Y 2 .

20—22 KEY 3 SEE KEY 4.

23—25 KEY 4 KEY3 + 0 .001 * KEY 4 = PER CENT R E L A T I V E  H U M I D I T Y

26—28 KEY 5 SEE KEY 6,

29—31 KEY 6 1000 * KEY5 + KEY6 + 0,001 * KEY? = TOTAL
PRESSURE (MB)

32—34 KEY 7 SEE KEY 6

35—31 KEY 8 NOT
38—40 KEY 9 USED

41—43 KEY 10 IF ( K E Y I O  .GE, 0) ,  DAT A APPLIED AS IS .

IF (KEY1O .LT. 0) ,  DATA ASSUMED APPLICAB LE FOR
SEA LEVEL ONLY. THE PROGRAM ACCORDIN GLY
ADJUSTS TEMPERATURE AND PRESSURE TO COMPENSATE
FOR STATION HEIGHT.

44— 65 D A T A I  T E M P E R A T U R E  (DEGREES CELSIUS)

66—80 DATA2 GEOCEIVER TIME INTERVAL (SECONDS)

(SEE NOTES ON THE FOLLOWING PAGE REGARDING DEFAULT VALUES)

I
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610

NC TES.  1. TIlE F O L L O W I N G  D E F A U L T  VALUES ARE USED

R E L A T I V E  H U M I D I T Y  50 PER CENT
PRESSURE 1013 MB
T E M P E R A T U R E  15 DEC CELSIUS
GEOCEIVE R T I M E  20 SECONDS

THE DEFAULT VALUES FOR PRESSU RE AND T E M P E R A T U R E  ARE ASSUMED
APPLICABLE FOR SEA LEVEL C O N D I T I O N S .  FOR STATIONS
ABOVE OR BELOW SEA LEVEL , THE PROGRAM ESTIMATES APPRO—
PRIATE ADJUSTMENTS TO THE DATA , THE OPTION (KEY 10 ,LT. 0)
IS INTENDED TO BE USED IN CASE THE USER WiSHES TO CHANGE
THE BUILT—IN DEFAULT VALUES .

2. IN ORDER TO OVERRIDE THE DEFAULT VALUES , A NONZERO INPUT
MUST BE USED . IT IS THUS NOT POSSIBLE TO I N P U T  A ZERO
RELATIVE HUMIDITY , THE SMALLEST VALUE BEiNG 0.001 PER CENT
(KEY 4 = 1), SIMILARLY , THE TEMPERATURE CANNOT BE INPUT
AS EXACTLY 0 DEGREES CELSIUS.

3. THE GEOCE I VER T I M E  I N T E R V A L  MAY ALSO BE INPUT AS THE
LAST WORD OF EACH MEASUREMENT POINT RECORD (SEE APP. I),
THUS A L L O W I N G  FOR DIFFERENT TIME I N T E R V A L S  FOR EACH
MEASUREMENT POINT. A NON—ZERO TIME INTERVAL ON THE
MEASUREMENT POINT RECORD WiLL OVERRIDE THE VALUE INPUT
ON DATA2.
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612
5,7 CATEGORY 612 — L (JCKHEED—JACCHIA ATMOSPHERE CONSTANTS

COLUMN N A M E  D E FAULT DESCRIPTION OR VALU E

1— 3 CATEGORY * NONE 612

4— 5  SET I 0 0

6— 13  LABEL BLANKS A N Y  8 ALPHANUMERIC CHARACTERS

14— 16 KEY 1 0 CONSTANT I D E N T I F I E R
(SEE DATAI AND DATA2)

44—65 DATAI 7.18 CONSTANT Dl (KEY 1=0)
F, 10,3 CM. FLUX (KEY 1=1)
(SEE NOTE 2)

66—80 DATA2 —15 .738 CONSTANT D2 (KEY 10)

NO TE S; I .  DEFAULT VALUES APPLY TO CONSTANTS D l AND 02 UNLESS
N O N — Z E R O  VALUES ARE I N P U T .

2. F SHOULD BE I N P U T  IN U N I T S  OF 100D—22 WATT/
SQ. METER/CYCLE/SEC. THE DEFAULT VALUE IS GIVEN HI
F = 1, 5 + 0.8 * COS(TWOPI*T/11), WHERE T IS TIME
IN YEARS M E A S U R E D  FR OM J A N U A R Y  1, 1958.
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614
5, 8 CATEGORY 614 — CI’S F I L T E R  CONSTANTS

CO L UMN N A M E  DEFAUL T D E S C R I P T I O N  OR VALU E

1— 3 CATEGORY * NONE 614

4 — 5  SET I 0 0

6—13 LABEL BLANKS ANY 8 ALPHANUMERIC CHARACTERS

14—16 KEY 1 0 IDENTIFYING CONSTANT FOR
- DATAI AND DATA2

17—19 KEY 2 0 SMOOTHER LAG CONSTANT

44—65 DATA1 0 Q
66—80 DATA2 0 T

NOTES: 1, IF KEY 1=0, QP=Q, TP=T.
IF KEY 1 1 ,  QB Q, TB T,

2. PREVIOUSLY ENTERED VALUES FOR KEY 2 CAN BE OVERRIDDE N
ONLY BY N O N — Z E R O  E N T R I E S ,

3. THE SMOOTHER LAG CONSTANT IS THE N U M B E R  OF STEPS THAT
THE SMOOTHER LAGS THE FILTER , THE MAXIMUM LAG CONSTANT
IS 16 . IF KEY 2=0 THE SMOOTHER DEGENERATES TO A FILTER.

1 g.
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SECTION VI

M EASUR EMENT DATA

CATEGORY 700

THIS  SERIES C O N T A I N S  I N F O R M A T I O N  P E R T A i N I N G  TO THE
OBSERVED MEASUREMENT DATA EROM A STATION . A MEASUREMENT IS
DEFINED AS A TYPE OF DATA, I.E., RANGE, AZIMUTH. APPENL)IX
IV—A LISTS THE TYPES OF’ MEASUREMENTS USED AND TIlE CORRESPOND-
ING MEASUREMENT TYPE NUMBER . —

EA CH CATEGORY IN THIS SERIES HAS A SET 0 AND A SET
1 CARD . INFORMATION DEFINED ON THE SET 0 CARD REMAIN S CON-
STANT FOR A TOTAL RUN UNTIL ANOTHER SET 0 CARD F’0R THE SAME
MEASUREM ENT IS ENCOUNTERED . HOWEVER , IT IS POSSIBLE TO ALTER
THE MEASUREMENT DATA INFORMATION FOR A PASS ONLY BY INSERTING
THE APPROPRIATE SET 1 CARDS PRIOR TO THE CATEGORY 999 CARD
TERMINATING THAT PASS.

6 .1 CATEGORY 701 — G E N E R A L  F L A G S

CATEGORY 701 PROVIDES G E N E R A L  1NF ORM A TI OP :  FLAGS FOR
EACH M E A S U R E M E N T .  THE SET 0 CARD IS REQUIRED ONCE FOR EVERY
MEASUREMENT AND MAY APPEAR ANYWHERE IN THE DECK PRIOR TO THE
FIRST USAGE 01” THE M E A S U R E M E N T  DATA iT D E F I N E S .

THE CARD FORMAT FOR CATEGORY 701 IS LISTED ON THE
FOLLOWING PAGE .
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701
C O L U M N  N A M E  D E S C R I P T I O N  OR V A L U E

1— 3 CATEGORY * 101

4— 5 SET * ZERO OR 1 (SEE NOT E 2 ON THE FOLLOW-
ING PAGE )

6—13 LABEL MEASUREMENT LABEL TO BE PR iNTED (ANY
8 ALPHANUMER IC CHARACTERS)

14—16 KEY 1 MEASUREMENT NUMBER LESS THAN OR EQ UAL
TO 300 , ASS IGNED BY USER TO CORRELA TE
INFORMATION PERTAINING TO THIS
MEASUREMENT IN ALL CATEGORIES

17— 19 KEY 2 STATION NUMBER ASSIGN ED IN 1~EY 1 OF
CATEGORY 301 CARD FOR APPLICABLE STATION

20—22 KEY 3 MEASUREMENT TYPE NUMBER FROM APPENDIX IV—A

23—25 KEY 4 LOCATION OF M E A S U R E M E N T  WORD IN OB-
SERVATIONAL DATA INPUT (SEE APPENDiX
I)

2b-28 KEY S REFRACTION CORRECTIONS (SEE NOTE 3
ON THE F O L L O W I N G  P A G E ) :

0=00 NOT APPLY CORRECTIONS
I APP LY TROPOSPHER IC C O R R E C T I O N S
2 APPLY iONOSPHERIC CORRECTIONS
3=APPLY BOTH TROPOSPHER iC AND

IONOSPHERIC CORRECTIONS

29 — 31 KEY 6 T I M E  C O R R E C T I O N S  (— R / C ) — (SEE NOTE 4
ON THE FOLLOWING PAGE ):

0 D 0  NO T APPLY C O R R E C T I O N S
1~~APPLY CORRECTIONS

3 2 — 3 4  KEY 7 RECOVERY OF STATE VECTOR:
O M E A S U R E M E N T  CONTRiBUTES TO RE-

COVERY
1 MEASUREMENT DOES NOT CONTRIBUTE

TO R E C O V E R Y

35—31 KEY 8 MEASUREMENT TYPES 21—26: COORDINATE SYSTEM FOR
STATE VECTOR OBSERVATIONS:
- O I N E R T I A L , MEAN OF 1950

I IN E R T I A L  OF DATE
2 = E AR T Il  F I X E D

MEASUREMENT TYPE 27: CEOCEIVER
O SATELLI TE TO STATION
1 SATELLITE TO SATELLITE

(CONTINUED (IN THE FOLLOWING PAGE)
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701
38—40 KEY 9 NO T USED

41—43 KEY 10 NOT USED

44—65 D A T A1 DATA C O N V E R S I O N  CONSTANT (SEE NOTE 1)

66—80 DATA2 A PRIORI SIGMA OF THE MEASUREMENT (IN
U N I T S  O1’ E A R T H ’ S  P H Y S I C A L  CONSTANTS)

NOTES: 1. Til lS  CONSTANT IS USED FOR C O N V E R S I O N  OF DATA TO
THE UNITS OF THE PHYSI CAL CONSTAN TS OF THE
EARTH OR A N Y  OTHER CONVERSiONS REQUIRED.
FOR E X A M P L E :

A , EARTH CON STANTS MAY BE IN METERS
AND RANGE DATA ARE IN KM . WE NEED A
C O N V E R S I O N  CON STANT OF 1000.D0.

B . A N G U L A R  DATA MUST BE CONVERT ED TO
R A D I A N S . IF A Z I M U T H  DATA ARE IN DE-
GREES , WE NEED A CONVERSION CONSTANT OF
.01745329252 DO.

2. SET N U M B E R  1 IS USED TO O V E R R I D E  THE FLAGS DE-
F I N E D  IN THE SET 0 CARD FOR A P A R T I C U L A R  PASS.
IT MUST APPEAR BEFORE THE CATEGORY 999 C A R D
TERMINATING THAT PASS.

3, TROPOSPHERIC iNDEX OF REFRACTION AND STADAN OP-
ERATING FREQUENCY (FOR IONOSPHERIC REFRACTION)
ARE ENTERED BY MEANS OF THE CATEGORY 702 CARD ,
E L E V A T I O N  ANGLE DATA MUST BE CORRECTED FOR
TROPOSPHERIC REFRACTION (EITHER ON THE DATA
TAPE OR BY MEANS OF THIS C A R D ) ,

4. R/C CORRECTIONS MAY ONLY HE APPLIED TO MEASUREMENT
TYPES 1,2,3,4,5,8,9,10,11,14 ,15 AND 18. FOR ALL
OTHER MEASUREMENT TYPES, THE CORRECTIONS ARE EITHER
APPLIED A U T O M A T I C A L L Y  OR ELSE CANNOT BE APPLIED .

5. A N E G A T I V E  VALUE FOR DATA2 I N D I C A T E S  THAT THE
M E A S U R E M E N T S  ARE C O R R E L A T E D  AND THAT THEIR CO-
VARIANCE WILL BE INPUT AS PART OF THE MEASURE-
MENT RECORD . (SEE APPENDIX I—B: KALMAN FILTER
OUTPUT TAPE)
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702
6 ,2 CATEGORY 702

THIS  CARD IS O P T I O N A L  AND D EFAU L T VALUES W I L L  BE
USED IF THE CARD IS OMITTED , iT MA Y APPEAR A N Y W H E R E  T N  THE
DECK PRIO R TO THE FIRST USA GE OF THE DATA iT D E F I N E S .

COLUMN N A M E  DEFAULT DESCRIPT ION OR V A L U E

1— 3 CATEGORY * NONE 702

4— 5 SET * BLANKS ZERO OR 1 (SEE NOTE 2)

6—13 LABEL BLANKS ANY 8 ALPHANUMERIC CHAR-
ACTERS (NOT USED)

14—16 KEY 1 NONE MEASUREMENT NUMBER AS DE-
FINED IN THE CATEGORY 701 CARDS

17—19 KEY 2 0 HOURS MINIMUM
20—22 KEY 3 0 MINUTES SEPARATION
23—25 KEY 4 1 SECONDS (SEE NOTE 1)
26—28 KEY 5 0 MILLISECONDS

29—31 KEY 6 0 DEGREES M I N I M U M
32—34 KEY 7 0 MILLIDEGREES ELEVATION

3 5—37 KEY 8 90 DEGRE E S M A X I M U M
38—40 KEY 9 0 MILLIDEGREES ELEVATION

41—43 KEY 10 0 IF KEY 10 EXCEEDS VALUE OF KEY 1, TIlE
VALUES ENTERED ON THIS CARD WILL APPLY
TO MEASUREMENT NUMBERS Ml TO M2 WHERE
M1 KEYI AND M2 KEYLO . OPTION MAY BE
USED FOR SET $ 1  ONLY IF ALL THE
MEASUREMENTS (Ml. THRU M2) APPEAR IN
THE PASS.

44-65 DATAI 1, TROPOSPHERIC INDEX OF REFRACTION
(SEE NOTE 4)

66— 80 OATA2 N ONE STADAN OP E R A T I N G  FREQUENCY
IN HERTZ FOR USE WITH

- IONOSPHERIC REFRACTION
(SEE NOTE 3)

(NOTES CONTINUED ON THE FOLLOWING PAGE)

I
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702
NO TES: 1. M I N I M U M  S E P A R A T I O N  DEN OT E S THE I N T E R V A L  AT

WHICH DATA POINTS WILL BE ACCEPTED. THE SMALL-
EST INTERVAL ALLOWED IS ONE MILLISECOND ,

2. SET NUMBER 1 IS USED TO O V E R R I D E  THE INFORMA—
TION SPECIFIED IN THE SET 0 CARD FOR A PARTI-
CULAR PASS. IT MUST APPEAR BEFORE THE CATEGORY
999 CARD TERMINATING THAT PASS.

3. KEY 5 OF THE CATEGORY 701 CARD MUST BE SET TO 2
OR 3 IF I O N O S P H E R I C  R E F R A C T i O N  IS TO BE
APPLIED . 11” THE STADAN OPERATING FREQUENCY IS
NOT INPUT , IONOSPHERIC REFRACTION WILL NUT 131’:
APPLIED .

4. INDEX OF REFRACTION = 1 + N ~ 10**(—6)WHER E

N = (77,6/T) * (P + 4810E/T)
P TOTA L ATMOSPHERIC PRES SURE IN M I L L I B A R S
T TEMPERATURE (DEGREES K)
E P A R T I A L  PR E SSURE OF WATER VAPOR (MILLIBARS )
p = P0 * E * * ( — A / H )  (A IN K M )
H = 8.47 * T/289,25
A = HEIGHT

AS DEFAULT, USE N 300, INDEX OF R E F R A C T I O N  = 1.000300 .

NOTE THAT THIS I N D E X  OF R E F R A C T I O N  IS NOT EMPLOYED
IN  THE H OPFIE I1D MODEL USED FOR G E O C E I V E R  M E A S U R E M E N T S
(FOR HOPFIELD MODEL CONSTANTS SEE CATEGORY 610 CARD).
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704
6.4 CATEGORY 704 — TIMING AND BIAS CORRECTIONS

THIS CATEGORY ENABLES THE USER TO AD D A TIMING COR-
RECTION TO THE OBSERVATION TIME AND A BIAS CORRECTION TO THE
OBSERVATION OF THE SPECIFIED MEASUREMENT . THE TiME COR-
RECTION NEED BE G I V E N  ONLY ONCE SINCE IT APPLIES TO ALL THE• DATA RECOVERED BY THE STATION (THE MEASUREMENT AND STATION
HAVE BEEN D E F I N E D  BY THE CATEGORY 701 C A R D ) .  THE BIAS MUST BE
DEF INED FOR EAC H MEASUREMENT TO W H I C H  IT IS TO RE APPLIED . ITMAY BE D E S I R A B L E  TO USE THE CATEGORY 704 , SET 1 CARD INSTEAD
OF THIS ONE.

COLUMN NAME DESCRIPTION OR VALUE

1— 3 CATEGORY * 704

4— 5 SET * ZERO OR 1 (SEE NOTE 1)

6—13 LABEL ANY 8 ALPHANUMERIC CHARACTERS (NOT
USED)

14—16 KEY 1 MEASUREMENT NUMBER AS D E F I N E D  IN THE
CATEGORY 101 CARD

44—65 DATA1 BIAS TO BE ADDED TO THE OBSERVATION
OF THE MEASUREMENT SPECIFIED IN KEY
1, UNITS AR E AS THOSE OF THE E A R T H ’ S
PHYSICAL CONSTANTS OR IN RADIANS FOR
ANGULAR D A T A ,

66—80 DAT A2 T I M I N G  CORRE CTION TO BE ADDED TO THE
OBSERVATiON TIME

NOTE: 1, SET NUMBER 1 IS USED TO OVERRIDE THE INFORMA-
TION SPECIFIED IN THE SET 0 CARD FOR A PARTI-
CULAR PASS. IT MUST APPEAR BEFORE THE CATEGORY
999 CARD TERMINATING THAT PASS.
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999
SECTION V I I

TERMINAL CARD

• 7,1 CATEGORY 999

THE CATEGORY 999 CARD IS USED TO INDiCATE TE R MINA-
TION OF A SE? OP CONTROL CARDS, IT IS REQUIRED TO HAVE A
CATEGORY 999 CARD WITH THE A P P R O P R iA T E  FLAG DEF iNING END OF
PASS , END OF’ AR C , (JR END OF ALL CONTROL CARDS .

COLUMN N AME DES CRIPTION OR VALUE

1— 3 CATEGORY * 999

4— 5 SET * ZERO OR BLANK

6—13 LABEL ANY 8 A L P H A N U M E R I C  CHARACTERS (NOT
USED)

14—1 6 KEY 1 ARC NUMBER

17— 19 KEY 2 STATION NUMBER

20—22 KEY 3 PASS NUMBER

23—25 KEY 4 TERMINATION FLAG (SEE NOTE 1):

1= END OF THE S T A T I O N / P A S S
2 1AST PASS OF THIS ARC DEFINED Iii

KEY 1, BUT MORE ARCS FOLLOW
3=END OF CONTROL CARDS . IF THE

MEASUREMENT OBSERVATIONS ARE ON
CARDS , THAT DECK FOLLOWS.

29—31 KEY 6 IF MEASUREMENT TYPES 19 OR 20 APPEAR IN THE PASS,
KEY 6 SPECIFIES THE MEASUREMENT AS FOLLOWS:

KEY 6 ,LT . 0 GRAR R
KEY 6 ,EQ . 0 TDRSS (SATELUTE TO SATELLITE)
KEY 6 .GT. 0 STATION ( K E Y  2)  TO SATELLITE TO

STATION (KEY 6) TO SATELLiTE TO
STATION ( K E Y  2 ) .

FOR SIMULATED PHUTOGRAMMETRIC MEASUREMENTS ,
SEE NOTE 2 ON THE FOLLOWING PAGE.
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NOTE; 1. ONE TERMINAL CARD IS SUFFICIENT FOR A PARTICU—
LIAR SUBSET OF TUE CONTR OL CARDS (E .G ., AT THE
END OF AN ARC,  IT IS NOT NECESSARY TO HAVE AN
END OF PASS INDICATOR AS WELL AS AN END OF ARC
I N D I C A T O R , AND , S I M i L A R L Y ,  FOR THE END OF ALL

- - CONTROL CARDS),

2, THIS APPLIES ONLY FOR SIMULATED PHOTOGRAMMETRIC MEASURE-
MENTS . DEPENDING ON THE VALUE OF KEY 6, STELLAR
ANGLE MEASUREMENTS ARE SIMULATED FOR THE FOLLOWING:

KEY 6 = 0, STELLAR CAMERAS 1 & 2
1, STELLAR CAMERA 2
2, STELLAR CAMERA 1

= 3, NO STELLAR ANGLES SIMULAT ED

NOTE THAT NO CONFLICT OCCURS WITH THE 2 SEPARATE
DESIGNATIONS FOR KEY 6, SINCE THERE CANNOT RE DATA
FOR MEASUREMENTS 19 AND 20 iN THE SAME PASS AS PHOTO—
G R A M M E T R I C  DATA .

- SEPT 1978

U 
FOTONAP USER ’S GUIDE OLD D O M I N I O N  SYSTE MS. iNC.  PAGE 87

_ _ _ _ _ _ _ _ _ _ _ _



EE~—~ ~~ TT~ ~~~~~~~~TA~~

APP
APPENDiX I

UBSF .RVATIOIIAL DATA

• SOURCE OF INPUT

THE OBSERVATIONS FROM THE TRACKING STATION WiLL BE
I N P U T  ON CARDS OR TAPE .  DATA TAPES WILL BE B I N A R Y  (SEE SEC-
TION 8) ,  A DETAILED DESCRIPTION OF EACH MODE 01” I N P U T  FOL-
LOWS. TIlE MODE IS INDICATED IN KEY 5 OF THE CATEGORY 101
CARD. ANY TYPE OF DATA MAY BE INPUT W I T H  ANY OF THE FOLLOWING
INPUT MODES, UNLESS OTHERWiSE SPECIFIED.

A, CARD DATA

OBSERVATIONS ON CARDS ARE ORDERED BY ARC/STATIQN/
PASS , AN IDENTIFI CATION CARD PRECEDES EACH SET OF OBSERVA-
TIONS GIVING THE ARC , STATION , AND PASS NUMBER AND A TERMINAL
CARD IS NEEDED AT THE END OF THE DECK .

1, IDENTIFIER

COLUMN NAME DESCRIPTiON OR VALUE TYPE

5 ID FLAG ZERO OR BLANK (SiGNIFIES INTEGER*4
START OF A NEW PASS)

6—20 ARC * SAME AS IN CATEGORY REAL *8
201/202 CARDS

21—35 STATION 0 SAME AS IN CATEGORY REAL*8
301, KEYS 3 AND 4

• 36—50 PASS * SAME AS IN CATEGORY HEAL *8
201/202 CARDS

(CONTINUED ON THE FOLLOWING PAGE)

I
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APP
2. OBSERVATIONS

COLUMN D E S C R I P T I O N  TYPE

1— 5 JUISI AN DAYS S INCE 1950 INT EG ER *4

• 6—20 SECONDS OF DAY REAL *8

21—35 OBSERVATION 1 REAL*8

36—50 OBSERVATION 2 REAL*8

51—65 OBSERVATION 3 REALJ *8

66— 80 OBSERVATION 4 REAL *8

3• TERMINAL CARD

COLUMN V A L U E

1 — 5  —1

6— 80 B L A N K

NOTE . IF E I T H E R  GEO CE IVER OR AVERAGE R A N G E  RATE DATA ARE PRESENT IN
THE MEASUREMENT POINT RECORD , THEN THE NUMBER OF OBSERVATIONS
PER RECORD IS LIMITED TO 3, THE LAST WORD IN THE RECORD BEING
RESERVED FOR THE AVERAGING TIME (SECONDS). E.G., IF THERE ARE
TWO OBSERVATIONS IN THE RECORD AND ONE IS A GEOCEIVER MEASURE-
MEN?, THEN THE AVERAG iNG TIME SHOULD BE WRITTEN IN COLUMNS
51 THROUGH 65 .

I
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APP
B. S I M U L A T E D  DAT A

THE OUTPUT OF THE DATA SIMULATOR IS WRITTEN AS A
BINARY TAPE. AN IDENTIFYING RECORD PRECEDES EACH PASS OF DATA
AND A TERMINAL RECORD INDI CATES THE END OF ALL DATA. AN END
OF FILE FOLLOWS THE TERMINAL RECORD.

1. IDENTIFYiNG RECORD

DATA WORD NAME D ESCRIPTION OR VALUE TYPE
1 ID FLAG ZERO OR BLANK (SIGNI— REAL*8

FIKS START OF A NEW
P ASS)

2 ARC N SAME AS IN CATEGOR ! REAL*8
201/202 CARDS

3 STATION * SAME AS IN CATEGORY REAL *8
301, KEYS 3 AND 4

4 PASS * SAME AS IN CATEGORY REAL*8
201/202 CARDS

5—9 NOT USED 0.D0 REAL*8

2. OBSERVATIONS

WORD LOCATION
FOR CATEGORY

DATA WORD DESCRIPTION TYPE 701, KEY 4

1 JULIAN DAYS SINCE 1950 REAL*8 1

2 SECONDS OF DAY REAL*8 —

3— 8 OBSERVATIONS 1—6 , REAL *8 3— 8 ,
RESPECTIVELY RESPECTIVELY

(CONTINUED ON THE FOLLOWING PAGE) , 
-

NOTE, IF EITHER GEOCEIVER OR AVERAGE RANGE RATE DATA ARE PRESENT
IN THE MEASUREMENT POINT RECORD, THEN THE AVERAGING TIME (SEC )
SHOULD APPEAR iN DATA WORD (N+3), WHERE N IS THE NUMBER OF
OBSERVATIONS IN THE RECORD.
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APP
3. TERM iNAL RECORD

DATA WORD VALUE TYPE

1 — 1 ,00 REAL*8

2 THROUGH 8 0 .00 REAL *8

B .1 K A L M A N  FILT E R OB SERVATION TAPE (F I L E  33)

I A .  NO HEADER RE CORD IS USED

2A .  O B S E R V A T I O N S

DATA WORD DESCRIPTION TYPE

1 J U L I A N  DAYS SINCE 1950 REAII*8

2 SECONDS OF DAY REAL *8

3— 6 OBSERVATIONS REAL*8

6—9 ASSOCIATED SATELLITES 14

NOTE. OBSERVATIONS CONSIST OF DISTANCE MEASUREMENTS TO SELECTED
GPS SATELLITES, WHOSE NUMBERS ARE SPECIFIED ON DATA WORDS
6 THROUGH 9.

3A , NO T E R M I N A L  RE CORD IS W R I T T E N
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APPB ,2 K A L M A N  F I L T E R  OUTPUT TAPE (FILE 29)

18 , H E A D E R  RE CORD CONSISTS OF 10 REAL *8 W O R D S ,  EACH ONE OF W HICH
IS 0,00.

N O t E , H EADER RECORD lB  DOES NUT SPE CIFY ARC OR PASS N U M B E R .  IN PROCESS-
ING THE DATA THE USER MAY SPECIFY AN Y ARC AND PASS NUMBER ON THE
201,202 AND 999 CARDS, THE OUTPUT FROM THE FILTER (SMOOTHER) MAY
THUS IN ANY SUBSEQUENT PROCESSING BE TREATE D AS C O M I N G  FROM DIFF-
ERENT ARCS. TUE REASON F O R  THIS IS THAT IN A BA TCH MODE NO SINGLE
ARC CAN MA TCH TUE SMOOTHER OUTPUT.

28 , E S T I M A T E D  P A R A M E T E R  VECTOR

DATA WORD D E S C R I P T I O N  TYPE

I JU1~IAN DAYS SINCE 1950 REAL*8

2 SECONDS OF DAY REA L *8

3—11 ESTIMATED 9 PARAMETER REAL*8
STATE VECTOR

NOTE,  STATE VECTOR CONSISTS OF-’ POSITION (3), VELOCITY (3), DRAG
C O E F F I C I E N T  ( 1) ,  CLOCK B I A S  ( 1)  AND BIAS  RATE ( 1) .  THE
ESTIMATED P A R A M E T E R  RECORD IS A L W A Y S  FOLLOWED BY A C O V A R I A N C E
RECORD .

3B , COVARIANCE MATRIX

DATA WORD D E S C R I P T I O N  TYPE

1—21 (6X6) COVARIANCE MATRIX REAL*8
(IN UPPER TRIANGULAR
FORM ) FOR FIRST 6 COM-
P O N E N T S  OF STATE VE CTOR

4B , NO T E R M I N A L  RECORD IS WRITTEN
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APP
C. MTAU F DATA

THE M ISSION TRAJECTOR Y AND A N A L Y S I S  U N I F I E D  FORMA T
( M T A U F )  DATA MUST BE W R I T T E N  ON A B I N A R Y  TAPE . THIS FORMAT
M A Y ,  OF COURS E , BE USED FOR A N Y  DAT A AS LONG AS THE OBSERVA-
TIONS FOR A STATION ARE IN ASCENDING ORDER OF TIME FOR A CIV—• EN PASS. THE UNITS OF DATA WORDS 4 THROUGH 9 MAY BE LEF T TOTH E USER’S D I S C R E T I O N , BUT MUS T BE CONVE RTED THROU GH THE CAT-EGORY 701 CARD IF D I F F E R E N T  FROM THE EARTH MOD EL U N I T S , AN DA N G U L A R  DATA MUST BE C O N V E R T E D  TO R A D I A N S .

WORD LOCATION
FOR CAT, 701 ,

DATA WORD DESCRIPTION OR VALUE TYPE KEY 4

1 STATION I D E N T I F I C A T I O N  1NTEGER *4

2 N U M B E R  OF FLOAT ING
POINT WORDS F O L L O W I N G  INTE GER *4

3 JL J L IAN DAYS S I N C E  1950 REA L *8 1

4 SECONDS OF DAY REAL *8

5 X — A N G L E  REAL *8 3

6 Y — A N G L E  REAL *8 4

7 A Z I M U T H  REAL *8 5

8 ELEVATION REAL*8 6

9 RANGE REAL *8 7

10 RANGE RATE RE ALI *8 8

11 TIME INCREMENT ASSOCI— 9
ATED WITH AVERAGE
RANGE RATE DATA REAL *S

I
I
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APP
U . GEOS FORMATTE D DATA

DATA IN TI4~ STANDARD GEOS FO RMAT MAY BE I N P U T  VIA
CARDS (OPTICAL DATA ONLY) OR TAPE, WHICH iS PRODUCEI) EXTERNALLY .

1. CARD F ORMAT

WORD LOCATION
FOR CAT. 701,

COLUMN DESCRIPTION TYPE KEY 4

1— 2 YEAR OF LAUNCH INTEGER*4

3’14 NOT USED

15—17 STATION ID INTEGER*4

18 STATION ID INTEGER*4

19—20 YEA R INTEGER*4
21—22 MONTH INTEGER*4
23—24 DAY TIME OF INTEGER*4
25—26 HOURS OBSERVATION IPJTEGER*4 1
27—28 MINUTES INTEGER*4
29—30 SECONDS INTEGER*4
31—34 MILLISECONDS INTEGER*4

35—37 HOURS INTEGER*4
38—39 MINUTES RIGHT INTEGER*4 3
40—41 SECONDS ASCENSION INTEGER*4
42—44 MILLISECoNDS INTEGER*4

45 SIGN OF DECLINATION
(PLUS OR MINUS) ALPHANUMERIC

46—47 HOURS INTEGER*4
48—49 MINUTES DECLINATION INTEGER*4 4
50—51 SECONDS INTEGER*4
52—53 MILLISECONDS INTEGER*5
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E. PHOTOGRAMMETRIC DATA

PHOTOGRAMMETRIC DATA IS INPUT iN BINARY FORM , EACH INPUT
RECORD CONSISTS OF 6 FLOATING POINT WORDS. THERE ARE THREE TYPES OF
RECORDS ASSOCIATED WITH EACH PHOTOGRAPH .

1. THE IDENTIFYING RECORI). THIS MUST ALWAYS BE THE FIRST
RECORD FUR EACH PHOTOGRAPH .

2. THE STELLAR ANGLE RECORDS IF STELLAR CAMERA ORIENTATION
ANGLE MEASUREMENTS HAVE BEEN MADE, THEN THiS RECORD MUST
FOLLOW THE iDENTIFyING RECURD,

3, THE GROUND POINT IMAGE RECORD , THERE IS ONE RECORD ASSO-
CIATED WITH EACH GROUND POINT IMAGE APPEARING ON THE
PHOTOGRAPH, THESE RECORDS MUST FOLLOW THE STELLAR ANGLE
RECORD. (IF THE STELLAR ANGLE RECORD IS NOT PRESENT, THEY
MUST FOLLOW THE IDENTIFYING RECORI),)

FOLLOWING IS A DESCRIPTION OF THE AI3OVE THREE TYPES OF RECORDS,

IDENTIFYING RECORD ,

DATA WORD NAME DESCRIPTION OR VALUE

I ID FLAG ZERO

2 ARC # SAME AS KEY 1 IN CATEGORY 201/202

3 N STELLAR ANGLE INDICATOR.
—2, STELLAR ANGLE RECORD FOLLOWS.
— 1, OTHERWISE.

4 PHOTO ~ SAME AS KEY 3 iN CAT 201/202 CARDS

5 TIME WOl TIME OF PHOTOGRAPH (SEE NOTE 1).
6 TIME WD2 WOl = JULIAN DAYS SINCE 1950

WD2 SECONDS OF DAY
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APP

STELLAR ANGLE RECORD.

DATA WORD NAME DESCRIPTION

1 91(1) VECTOR OF STELLAR CAMERA 1 ORIENTATION
2 91(2) ANGLES (IN RADIANS) W ,R .T, INERTIAL
3 91(3) SPACE.

4 B2(1) VECTOR OF STELLAR CAMERA 2 ORIENTATION
5 92(2) ANGLES (IN RADIANS) W ,R,T, INERTIA L
6 92(3) SPACE.

GROUND POINT IMAGE RECORD.

DATA WORD DESCRIPTION

1 GROUND POINT NUMBER (SAME AS KEYS 9 & 10 OF
CATEGORY 601 CARD)

2 X PLATE MEASUREMENT

3 Y PLATE MEASUREMENT

4 RANGE MEASUREMENT

5&6 0

NOTES. 1. JANUARY 1, 1950 IS JULIAN DAY I (SINCE 1950), DAY
NUMBERS CHANGE AT MIDNIGHT.

2. A ZERO IN ANY MEASUREMENT WORD INDICATES THE ABSENCE
OF THAT MEASUREMENT.

SEPT 1978
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2. TAPE FORMAT

THE GEOS DATA TAPE MUST BE BINARY .

WORD LOCATION
FOR CAT. 701,DATA WOR D DESCRIPTION TYPE KEY 4

1 STATION NUMBER (SEE
NOTE 1) INTEGER*4

2 JULIAN DAYS SINCE 1
1950 REAL*8

3 SECONDS OF DAY REAL*8

4 OBSERVATION 1 REAL*8 3

5 OBSERVATION 2 REAL*8 4

THE DATA WORDS ARE AS FOLLOWS FOR THE TYPE OF DATA
SPECIFIED:

DATA TYPE OBSERVATION 1 OBSERVATION 2

OPTICAL RIGHT ASCENSION DECLINATION

RANGE RANGE 0.

RANGE RATE 0. RANGE RATE

RANGE AND
RANGE RATE RANGE RANGE RATE

NOTE: 1, STATION NUMBER FOR GEOS—A DATA IS OBTAINED FROM
COLUM NS 15—1 8 OF THE CARD DATA; FOR GEOS—13 DATA
FROM COLUMNS 15—17.
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APP Ii
APPEND iX II

PLANETARY INFORMATION

THIS INFORMATION RELATiNG TO THE VARIOUS BODIES USED IN TUE
REDUCTION IS IN THE PHOTONAP PROGRAM AS “DEFAULTS .” ANY DEFAUI1T MAY BE
OVERRIDDEN AS SPECIFIED IN THE APP ROP RIATE CATEGORI ES,
CATEGORIES.

A. GENERAL CONSTANTS

RADIUS (iF
INFLUENCE BODY RADIUS GRAVITAT IONAL

BUOY I LABEL (METERS) (METERS) CONSTANT

1 PROBE 1. 1. 0.

2 EARTH 10630480. 6378165 .  .3986032 1)15

3 MOON 761112 00. 1738090. .49027180 013

4 SUN 1. 69565. 1)8 .132715445 021

S BLANKS - -
DESCRIPTION VALUE

TIME UNITS PER DAY 86400.SECONDS

TRUNCATION ERROR 5. 0-16

NUMBER OF BODIES 4

NUMBER OF TERMS IN POWER SERIES
FOR POSITION AND VELOCITY 16

NUMBER OF TERMS IN POWER SERIES
FOR VARIATIONAL EQUATIONS 12
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B. COEFFICIENTS OF THE SPHFRICA L~ HARMONICS FOR EARTH

BODY NUMBER: 2

SOURCE (IF SPHERICAL HARMONIC
COEFFICIENTs GODDARD EARTH MODEL

NUMBER OF ATMOSP HERIC SHELLS: 8

ANGLE OF PRIME MERID IAN
AT EPOCH: COMPUTED INTERNALLY

ROTATION RATE: .7292115854931 D—4
(RAD/SEC )

ECCENTRICITY—SQUARED ,6b9342162296594 0—2

1/FLATTENING 298.3

NUMBER OF COLUMNS EACH
IN C AND S MATRICES: 15

NUMBER OF
COLUMN ELEMENTS

0 22
1 14
2 11
3 10
4 9
5 8
6 7
7 6
8 5
9 7

10 3
11 4
12 II
13 10
14 9
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APP II
C. COEFFICIENTS OF THE SPHERICAL HARMONICS FOR MUON

BODY NUMBER: 3

NUMBER OF ATMOSPHERIC
SHELLS: 0

ANGLE OF PR iME MERID iAN
AT EPOCH: 0

ROTATION RATE: .266169947699999 0—5 - -

(RAD/SEC )

ECCENTRICITY—SQUARED: 0

NUMBER OF COLUMNS EACH
IN C AND S MATRICES: 5

TOTAL NUMBER OF ELEMENTS
IN LOWER DIAGONAL: 19

NUMBER OF
COLUMN ELEMENTS

0 9
1 4
2 3
3 2
4 1

0, COEFFICIENTS OF THE SPHERiCAL HARMONICS FOR SUN

BODY NUMBER: 4

NUMBER OF ATMOSPHERIC SHELLS; 0

NUMBER OF COLUMNS EACH IN
C AND S MATRICES: 1

SUM OF ELEMENTS IN LOWER
DIAGONAL: I
C00=1.
800=0.
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APP II
E. COEFFICIENTS OF THE SPHERICAL HARMONICS FOR EARTH

(GODDARD EART h MODEL)

THE VALUES GIVEN BELOW FOR THE C AND S M~. .HICES (22X22 )  ARE
STORED iN PHOTONAP AS “DEFAULT” CONSTAN TS . ONLY THE ELEMENTS OF THE
LOWER DIAGONAL (N .GE . H) WH ICH ARE USED iN THE PROGRAM HAVE BEEN
LISTED.

(N,M) C—MATRIX S—MATRIX

(0,0) 1.0 0.0
(1,0) 0.0 0,0
(2,0) —0.108265170—02 0.0
(3,0) 0,254503060—05 0.0
(4,0) 0.16714981D—05 0.0
(5,0) 0.20b72093D—06 0.0
(6,0) —O ,64006172D—O6 0,0
(7,0) 0,40721283D—06 0.0
(8,0) 0.329265290—06 0.0
(9 ,0) 0.329155840—07 0.0
(10,0) 0.969061940—07 0,0
(11,0) —0.94884616D—Q7 0.0
(12,0) 0,2970741BD—06 0,0
(13 ,0) 0,892848300—08 0.0
(14,0) —0.198914680—06 0.0
(15,0) 0,261868790—06 0.0
(16,0) —0.753014560—07 0.0
(11,0) —0.207189090—06 0.0
(18 ,0) 0,109646650—05 0.0
(19 ,0) 0 ,280 804 15 D—06 0,0
(20,0) —0 ,I0442261D—07 0.0
(21,0) — 0 .199686 55D— 06 0.0

(1,1) 0.0 0.0
(2 ,1) —0 , 132673 86D —0 8 — 0 .1374 34 6 3D—0 7
(3 ,1) 0.216187490—05 0 ,2571596 1D—06
(4 ,1) — 0 , 5052256 3D— 06 —0.41990625 0—06
(5,1) — 0 ,5 14 I3652D— 07 —0 .849624480—07
(6,1) — 0 , 62776599 0—07 —0.240975260—07
(7,1) 0.18536930D—06 0,82971843D—07
(8,1) 0.16810163D—07 0.674160700—07
(9,1) 0,10635335D—06 —0.116343590—08
(10 ,1) 0,504758620—07 —O ,11855531D—06
(11, 1) —0.112833020—07 0,144396490—07
(12,1) —0.433698640—07 —0.611999520—08
(14 ,1) —0 ,78800000 0—08 0 .280000000—08
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APP Ii
COEFFiCIENTs OF THE SPHERICAL HARMONICS FOR EARTH
(GODDARD EART H MODEl, ) (CONTINU ED)

(N,M) C— MATRIX S—MATRIX

(2,2) 0.156651050—05 —0.886993190—06
(3, 2) 0,3 172 1424 0— 06 —0 .20782031 0— 06
(4,2 ) 0,77399648D—07 0,151541840—05
(5,2) 0,103629620—06 —0.491635180—07
(6,2) 0,589642460—08 —0.43267643D—07
(7,2) 0,326963490—07 0.91811314 0—08
(8,2) 0,364835580—08 0,565081180—08
(9 ,2) 0 ,14393 1890—09 0,635036 000—09
(10.2) —0.31904367D—08 —0 .199279020—08
(11,2) 0.154012630—08 —0,565961010—08
(12,2 ) —0,55840112D—09 0.4123530 60—09

(3,3) 0 .102505450—06 0 .194903640—06
(4,3) 0.590140360—07 —0.127537340—01
(5, 3) —0 ,13284 881 D— 07 — 0 .82 14 1685 D—08
(6 ,3)  0.15677410 0—09 — 0 .125049200—09
(1,3) 0 ,4096 9843D—0 8 — 0 ,323865900—08
(8 ,3) —0 ,2349 7899D— 09 —0 .694290310—09
(9 ,3) — 0 . 78604634 0— 09 — 0 ,10403207 0— 09

(10,3) — 0.27093037 0— 09  —0 .678825620—09
(11,3 ) 0.28624221D—l1 —0.591980130—09
(12,3) 0,32492286D—09 0,30174968D—09

(4,4) —0 .360851150—08 0,638665910—08
(5,4) —0.22939341D—08 0.279153690—09
(6 ,4) —0 ,368619880—09 —0 ,17000671D—08
(7.4) —0.593539360—09 —0.205645940—09
(8,4) —0.304161450—09 0.687761750—10
(9,4) 0,18305857D—10 0,396006050—10
(10,4) —0 .419880920—10 0.66383804D—1 0
(11,4) 0.217068300—10 —0,314263070—10
(12 ,4) —0 .161033140—11 —0 .1307 5824D—1 0

(5.5) 0,329547780—09 —0,164038770—08
(6.5) —0 .21086437D—09 —0,428585490—09
(7,5) —0 .611525500—12 0.205372550—10
(8,5) —0 ,133869690—10 0.106449930—10
(9 ,5) —0.28465477D—1 1 —0 .9545536 1D—1 1
(10,5) —0.70420595D—11 —0 ,462784780—11
(11,5) 0,90622364D—12 0.134561190—11
(12,5) 0.468383910—12 —0,708767580—13
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APP II
E. COEFFICIENTS OF TUE SPHERICAL HARMONICS FOR EARTH

(GODDARD EARTH MODEL) (CONTINUED)

(N ,M) C—MATRIX S—MATRIX

(6,6) 0.642957960—11 —0,566082370—10
(7,6) —0 ,222480620—tO 0.116243020—1 0
(8,6) —0.161235290—11 0.863463030—11
(9,6) 0,811647690—12 0,338705810—11

(10 ,6) —0.8 6 576 52 6D—13 —0 ,4 5648 1180— 12
(11,6) — 0 ,2285 1966 0— 13 0 ,318732030— 12
(12,6) 0 .14076353 0—12 0 .129510530—12

(7,7) 0,284362470—12 0.181840310—U
(8,7) 0.401861110—12 0.352389460—12
(9 ,7) —0,144851960—12 —0 .894738580—13
(10 ,1) 0,758998310—15 —0.278123940—13
(11,7) 0 .251180640— 14 —0 .462940050— 13
(12,7) — 0 , 226896600— 14 —0 . 177291870—14

(8 ,8) —0,114408560—12 0,108136790—12
(9,8) 0,576806080—13 —0.70069340D—14

(10,8) 0 ,3270744 2 D—1 4 —0 .154 19090D—1 3
(11,9) — 0 .797 10182D—1 5 0 .276021370—14
(12,8) —0 ,59655886D— 1S —0 .532896810—15

(9,9) —0 .27852107D—14 0.68246085D—14
(10 .9) 0,21771546D—14 —0,596440970—15
(11.9) 0.202556880—15 0.29791962D—15
(12,9) 0.800405020— 16 0 ,152992520— 15
(13 ,9) 0.116693430—15 0 .729044070—16
(14,9) 0,214299600—16 0.393364020—16
(15,9) 0.19111588D—16 0.129503560—16

(10,10) 0.238453640-15 —0.16547946D—15
(11,10) —0.114418250—15 —0.63795139D—17
(12,10) —0,41115119D—1 8 0,92092414D—17

(11,11) 0.108956430—16 —0.72917983D—11
(12,11) —O .12096806D—18 0.176607930—17
(14,11) 0.947000000—21 —0.473000000—21
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APP TIE. COEFFICIENTS OF THE SPHERICA L HARMON ICS FOR EARTH
(GODDARD EARTH MODEL) (CO NT INU JED)

(N ,M ) C—MATRIX S—MATRIX

(12,12) —0 ,161267750—18 —0,102485460—19
( 13,12 )  — 0 . 5 3 1 17 7 4 6 0— 1 9  0 . 18 13/420 0— 18
(14,12) 0,141846460—20 —0.214977600—19
(15,12) —0.686091720—20 0,268015880—20
(16,12) 0,145266550—20 —0,854498030—21
(11,12) 0,333926790—21 —0 .133968000—21
(18 ,12) —0.858437860—21 —0.325509950—21
(19 ,12) —0 .21429342 0—2 1 —0 ,2519209 80—2 1
(20 , 1 2)  —0,100023950—23 —0,192964440—22
(21, 12) —0.673346000—22 —O .38649635D—22
(22 ,12) —0 ,4 5549 18 8D—2 2 0 ,55 156 132 0—23

(13,13) —0,231671040—19 0,257741830—19
(14,13) 0.12735201D—20 0.33 889121D—20
(15 ,13) —0.53201984D—21 0.105281660—22
(16 ,13) 0.10899155D—21 —0.22497911D—22
(17,13) 0.140607900—22 O.27931267D—22
(18 ,13) 0.90043288D—23 —0.395344290—22
(19,13) —0.131895080—22 —0.20960017D—22
(20,13) 0.45213213D—24 0.317868380—24
(21,13 ) —0 .313853940—23 0.109039240—24
(22,13) —0.232376090—23 0,280142050—24

(14 ,14) — 0 ,b29 732 730— 21 — 0 ,62 6 0 10 11D— 22
(15 ,14) 0.13944315D—22 —0.490262130—22
(16 ,14) — O . 1 4 7 0 3 7 4 7 D — 2 2  — 0 ,2 7 3 0 0 9 3 8 0 — 2 2
(17 ,14) —0.31 0012660—23 —0 ,647463520—24
(18 ,14) —0.692086270—24 —0 ,451865400—24
(19 ,14) O.76819701D—25 O .10456152D—24
(20,14) 0.977770690—25 —0 .136347870—24
(21,14) O.78997767D—25 0.44469234D—25
(22,14 ) —0,387309250—25 O.86391484D—26

I
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APP II
F. COEFFICIENTS OF THE SPHERICAL HARMONICS FOR EARTH

(NW LI MO DEL)

TUE VALUES GiVE N HF.1.OW FOR THE C AND S MATRIC ES (8X8 )  ARE
STORED IN PHOTONAP AS “DEFAULT” CONSTAN TS . ONLI THE ELEMENTS OF THE
LONER DIAGONAL (N .GE, H) WH ICH ARE USED IN THE PROGRAM HAVE BEEN
LISTED ,

(N,M) C—MATRIX S—MATRIX

(0 ,0) 1, 0.
(1,0) 0. 0.
(2,0) —0,10826817 0—2 0.
(3 ,0) 0,25928363 0—5 0,
(4 ,0) 0,153 0— 5 0,
(5 ,0) 0 .16583124 0—6 0.
(6,0) —0 .793221286 0—6 0,
(7 ,0) 0 .426028163 0— 6 0.

(1,1) 0, 0.
(2,1) 0.25819888 0—7 0.7733 0—1
(3 ,1) 2,32226542 0—6 0.302 D—6
(4,1) — 0,47434165 D— 6 —0.549 0—6
(5,1) 0,256904652 0—7 —0.107 D— 6
(6,1) —0.708116211 0—7 0.1495 0—6
(7 ,1) 0 ,2 195775j 5  0—7 0.659 D.8

(2,2) 0.158146814 0—5 —0,985 0—6
(3,2) 0.33131808 0—6 — 0,311 0—6
(4,2) 0.603738364 0—7 0.149 0— 6
(5,2) 0.987191792 0—7 —0,493 0—7
(6,2) 0,199045344 0—7 —0 .597135 0—7
(1 ,2)  0 ,298807137 0—7 —0 ,1985 0—7

(3,3) 0,794821 D—7 0.23 D—6
(4,3) 0,59761426 0—7 —0.101594 0—7
(5,3) —0.9910308 0—9 —0.397 0—8
(6,3) —0,4146178 0—9 0.289 0—8
(7,3) 0,49300664 D—8 0.985 0—9

(4,4) —0 ,99305623 0—8 0,99305623 0—8
(5,4) —0.397100076 0—8 0,107 0—8
(6,4) — 0,98422298 0—9 —0,98422298 0—9
(7,4) —0.9980591 0—9 —0,51 0—9

(5 ,5) 0,4924414 0—9 —0 .105 0—8
(6 ,5) —0.9684786 0—10 —0.596 0—9
(7,5) 0,21235299 D—1 0 0.10598 0—10

(6,6) —0.100181314 0—9 —0 ,1001 81314 0—9
(7 ,6) —0 ,3054029 0—10 — 0,200917 0— 10
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APP II
C, COEFFICIENTS OF THE SPHERICAL HARMONICS FOR MOON

THE VA LUES GIVEN BELOW FOR THE C AND S MATRICES (11X I1) ARE
STOREI) IN PHOTONA P AS “DEFAULT” CONSTANTS. ONLY THE ELEMENTS OF THE
LOWER DIAGONAL (N ,GE, M) WHICH ARE USED IN TUE PROGRAM HAVE BEEN
LISTED,

(N ,M) C—MA T RiX S MATRIX

(0 ,0) 1. 0.
(1,0) 0. 0,
(2,0) — .20263 0—3 0.
(3,0) .2223 0—4 0,
(4 ,0) — .941 0—5 0.
(5,0) .1614 0—4 0,
(6,0) .1089 0—4 0.
(7,0) — .1734 0—4 0.
(8,0) .2011 0—4 0.

(1,1) 0. o.
(2,1) — .878 0—5 .15 D—5
(3,1) .3636 0—4 .74 0—5
(4,1) — .1236 0—4 .564 0—5

(2,2) .2191 D—4 .131 D—4
(3,2) — .259 0—5 — .2 D—5
(4,2) .361 0—5 .51 0—6

(3,3) ,265 0—5 — .496 D—5
(4 3) .164 0—5 — .276 0—5

(4.4) .91 0—6 .76 0—6

SEPT 1978
,~~~~~ 1PTQ!A.P~. USER S GU IDE OLD DOMINiON SYSTEMS, iNC. PAGE 106



__________________ - - - 1

APP IIIAPPENDIX III

STATION SURVEYS

A . SURVEY DATUM 
H

PROGRAM ID - -~

NUMBER DATUM

1 NAD—27, CLARKE 1866 SPHEROID2 MERCURY DATUM , FISCHER SPHEROID3 CAPE ARC MODIFIED , CLARKE 1880 SPHEROID4 TOKYO DATUM , BESSEL SPHEROID5 C—s
6 OTHER

B. CURRENT MSFN STATIO NS

THE FOLLOWING TABLES GIVE THE COORDINATES OF THE
CURRENT MSFN STATIONS FOR S—BAND , C—BAND AND STADAN NETWORKS.
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APP III
CURRENT MSF N STATIONS

S—BAND

STATION LAT LONG HEIGHT
STA LO 141 NAME TYPE (I)ECRFES) (L)F.GREES) (METERS)

NiL , 11 1 MERRITT IS. USBS3O 28.508272 —80,693417 10

bOA 2 2 BERMUDA USHS3O 32,351286 —64.658181 21

GRAND
GBM 41 4 BA HAMA USBS3O 26,632858 —78,237664 5

ANG 91 5 ANTIGUA IS. USBS3O 17.016692 —61,752689 50

CARNA RVON,
CR0 8 8 AUSTRA LIA USBS3O —24,907592 113 ,724247 58

HAW 12 9 HAvIA II USBS3O 22.124897 —159,664989 1150

GUAYMA S,
GYM 14 10 MEXICO USBS3O 27.963206 — 110 ,720850 19

CORPUS CHRiST!,
TEX 16 11 TEXAS USRS3O 27.653750 —97 .378469 10

CWM 24 12 GUAM USBS3O 13.309244 144.734414 127

GOLDSTONE ,
GDS 28 13 CALIFORNIA USBSB5 35.341694 — 116 .873289 965

GLD 92 PIONEER USBS85 35.389669 —11 6,849061 1029

ACN 15 1-1 ASCENSION USBS3O —7 .955056 —14.327578 592

CANBERRA,
CNB 25 15 AUSTRALIA USBSH5 —35.597222 148,979167 1097

TIDBINBII~LA ,
NBF 93 AUSTRALIA USBS85 —35,402233 148.980058 673

MADRID,
MAD 23 17 SPAIN USRS85 40.455358 —4 .161394 825

CEREBROS,
RID 94 SPAIN USI3SB5 40.452983 —4.366767 778

GRAND
CT! 4 18 CANARY IS. USBS3O 27.764536 —15 .634536 173

SEPT 1978
FOTONAP USER’S GUIDE OLD DOMINION SYSTEMS, INC. PAGE 108



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~

APP III
CURRENT MSFN STATIONS

C—BAND

STATION bAT LONG HEIGHT
STA LO HI NAME TYPE (DEGREES) (DEGREES) (METERS)

BOA 2 2 BERMUDA FPQ—6 32.347964 —64,653742 19
BDA 2 2 BERMUDA FPS—16 32.348103 —64,653800 18

GRAND
CII 4 4 CANARY IS, MPS—26 27.763206 —15 .6348-14 168

C ARN AR VON
CR0 8 8 AUSTRALIA FPQ—6 —24.897378 113.71 6078 62

WOOMERA ,
WOM 9 9 AUSTRA LIA FPS—16 —30 .819728 136 .836989 151

HAW 12 12 HAWAII FPS—16 22 ,122092 —159 . 665383 1140

PT, ARGUELdJO,
CAL 13 13 CALIF. FPS— 16 34 .582903 —120 ,56 1150 646

EGL, 17 17 EGLIN AFB FPS—16 30.421767 —86 .198114 28

PAF 21 21 PATRICK AFB FPQ—6 28,226553 —80.599292 15

CMV 31 31 CP. KENNEDY FPS—16 28,481767 —80 .576514 14

GRAND
CDI 41 41 bAHAMA FPS—16 26.615778 —78.347833 14

GRAND
GB! 41 41 BAHAMA TPQ— 18 26.636350 —78 .267722 12

GRAND
CT! 51 51 TURK IS. TPQ—18 21,462889 —71.132114 28

SSI 61 61 SAN SAL. FPS—16 24,118825 —74,504136 5

MLA 71 71 MERRITT IS. TPQ—1 8 28.424860 —80.664417 12

ASCENSION
ASC 75 75 IS, FPS—16 —7,934847 —14.412606 110

ASCENSION
ASC 75 75 IS. TPQ—18 —7.972761 —14,401694 143

PRE 76 76 PRETORIA MPS—25 —25 .943734 28 .358489 1626

WHITE SANDS ,
WHS 85 85 N.M, FPS—16 32,358222 —106,369564 1232

ANT 91 91 ANT IGUA IS, FPQ—6 17.144031 —61.792850 58
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APP III
CURRENT MS~ N STAT IONS

STA DAN

STATION LAT I1ONG HEIGHT
STA LO III NAME TYPE (DEGREES) (DEGREES) (METERS)

TAN 22 22 TANANARIV F. SBAND —19.019844 47.302625 1385

TAN 22 22 TANANAR 1V E VHF —19.020939 47.302625 1385

ROSM AN
ROS 26 26 N ,C, SBAND 35.196034 —82 .875864 876

ROSMAN ,
ROS 26 26 N.C. VHF 35.194934 — 82.875864  876

SANTIAGO ,
SAN 27 27 CHiLE SBAND —33.156481 —70,666742 695

SA NTIAGO ,
SAN 27 27 CHILE VHF —33 .151167 —70.666742 695

FAIRBANKs ,
FRB 28 28 ALASKA SBAND 64,972167 —147,512389 371

FAIRBANK S,
FRB 28 28 ALA SKA VIW 64,971696 —147.510803 311

CR0 52 52 CARNARVON SUAND —24,904128 113.715294 51

CR0 52 52 CARNARV ON VHF —24.905228 113.715294 51
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APP IV

APPENDIX IV

MEASUREM ENTS ANt) ERROR MODEL TERMS

A , MEASUREMENTS

A MEASUREMENT MUST BE DENOTEI’) BY ITS TYPE NUMBER ON THE APPRO-
PRIATE CATEGORY CARD FOR CORRECT ASSOCIATION WITHIN THE PROGRAM . PHOTO—CRAM~4ETRIC DATA FALLS INTO A SPECIAL CLASS AND IS GIVEN IN SECTION A.1,

MEASUREMENT
TYPE NUMBER DESCRIPTION

1 RANGE. THE DISTANCE BETWEEN THE OBSERVING STATION AND
THE SPACECRAFT, NOMINAL UNITS ARE IN METERS ,

2 AZIMUTH . THE ANGLE IN THE LOCAL TANGENT MEASURED CLOCK-
WISE FROM NORTH TO THE PROJECTION OF STATION TO SPACE-
CRAFT IN THE LOCAL TANGENT PLANE. UNITS ARE RADIANS.

3 ELEVATION. THE ANGLE BETWEEN THE STATION TO SPACECRAFT
VECTOR AND ITS PROJECTION ONTO THE LOCAL TANGENT PLANE.
UNITS ARE IN RADIANS.

4 TOPOCENTRIC RIGHT ASCENSION. TUE ANGLE BETWEEN THE PRO-
JECTION OF TUE STATION—SPA CECRAFT VECTOR ONTO THE EARTH’S
EQUATORIAL PLANE AND THE EARTH CENTER—E QUINOX OF DATE
VECTOR . UNITS ARE IN RADIANS .

5 TOPUCENTRIC DECLINATION . THE A NGLE BETWEEN TUE STATION—
SPACECRAFT VECTOR AND ITS PROJECTION ONTO THE EARTH’S
EQUATORIAL PLANE. UNITS ARE IN RADIANS ,

6 DIRECTION COSINE I. THE COSINE UP’ THE ANGLE BETWEEN THE
STATION—SPACEC RAFT VECTOR AND THE LOCAL TANGENT EAST
POINTING AXIS . L IS POSITIVE WHEN THE SPACECRAFT IS
EAST OF THE STATION.

7 DIRECTION COSINE M , THE COSINE OF THE ANGLE BETWEEN THE
STATION-SPAC ECRAFT VECTOR AND THE LOCAL TAN GENT NORTH
POINTING AXIS . M IS POSiTIVE WHEN THE SPACECRAFT IS
NORTH OF THE STATION.

8 X30. X—ANGL E FOR 30 FOOT DISH ANTENNA iS DEFINED AS THE
A NGLE BETWEEN THE PROJECTION OF THE STATION—SPACECRAFT
THE LOCAL VERTICAL AXIS . IT IS POSITIVE WHEN THE SPACE—
CRAFT IS EAST OF THE STATiON . UNITS ARE IN RADIANS .

9 Y30, Y—ANGLE FOR 30 FOOT DISH ANTENNA IS DEFINED AS THE
ANGLE BETWEEN THE STATION—SPA CECRAFT VECTOR ANt) THE PRO-
JECTION OF TillS VECTOR ONTO THE EAST—VERTICAt~ PLANE, IT
IS POSITIVE WHEN THE SPACECRAFT IS NORTH OF THE STATION.
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ApP IV

10 ALTIMETE R, THE HEIGHT OF TIlE SPACECRAFT ABOVE THE REFER-
ENCE PLANETARY (EARTH) SURFACE . NOMINAL UNITS ARE METERS.

11 RANGE RATE. TIME DERIVATIVE OF RANGE (MEAS . TYPE 1).
NOMINAL UNITS ARE METERS/SEC .

12 DIRECTION COSINE L RATE.

13 DIRECTION COSINE M RATE .

14 X85, X—ANGLE FOR 85 FOOT ANTENNA, THE ANGLE BETWEEN
THE PROJECTION OF THE STATION—SPACECRAFT VECTOR ONTO
THE NORTH—VERTICAL PLANE AND THE STATIO N VERTICAL AXIS.
IT IS POSITIVE WHEN THE SPACECRAFT IS SOUTH OF THE STA-
TION. UNITS ARE IN RADIANS ,

15 185, I—ANGLE FOR 85 FOOT ANTENNA. THE ANGLE BETWEEN
THE STATION—SPACECRAFT VECTOR AND iTS PROJECTION ONTO
THE NORTH—VERTICAL PLANE. IT IS POSITIVE WHEN THE
VEHICLE IS EAST OF THE STATION , UNITS ARE IN RADIANS.

16 RANGE SUM. THIS MEASUREMENT IS ASSOCIATED WITH SATEL-
LITE TO SATELLITE TRA CKING. IT IS DEFINED AS THE DIS-
TANCE BETWEEN THE OBSERVING STATION TO THE SECONDARY
(SYNCHRONOUS ) SATF:LLITE PLUS THE DISTANCE BETWEEN THE
LATTER SATELLITE AND THE PRIMA RY (USER) SATELLITE.
NOMINAL UNITS ARE IN METERS.

11 RANGE SUM RATE. THE TIME DERIVATIVE OF RANGE SUM (MEAS .
TYPE 16), NOMINAL UNITS ARE METERS/SEC.

18 AVERAGE RANGE RATE. THE CHANGE IN RANGE DIVIDED BY
THE ELAPSED TIME INCREMENT DURING WHICH THIS CHANGE
IN RANGE OCCURRED. FOR SMALL TIME INCREMENTS , TIlLS
MEASUREMENT TENDS TO BE IDENTICAL WITH RANGE RATE.

19 * ELAPSED TIME FOR RANGING, THiS MEASUREMENT TYPE IS
ASSOCIATED WITH SATELLITE TO SATELLITE TRACKING OR
TRACKING TO A REMOTE GROUND TRANSPONDER . IT IS DEFINED
AS (1) THE TOTAL SIGNAL PROPAGATION TIME OVER THE PATH:
GROUND TRANSMITTER—SECONDARY (SYNCHRONOUS) SATELLITE—
PRIMARY (USER) SATELLITE—SECONDARY SATELLITE—GROUND
RECEIVER, OR (2) GROUND TRANSMiTTER—PRIMARY SATELLITE—
REMOTE TRANSPONDER—PRIMARY SATELLiTE—GROUND RECEIVER .
FOR FURTHER DETAILS SEE CATEGORY 999 CARD. UNITS ARE IN
SECONDS ,

20 * ELAPSED TIME FOR DOPPLER. THIS MEASUREMENT IS ASSOCIA TE D
WITH SATELLITE TO SATELLITE TRACKING OR REMOTE TRANS-
PONDER TRACKING. IT IS DEFINED AS THE ELAPSED TIME
REQUIRED TO COUNT A FIXED NUMBER OF DOPPLER PLUS BIAS
FREQUENCY CYCLES. FOR FURHTER iNFORMATION SEE CATEGORY
999 CARD . UNITS ARE IN SECONDS.

* THESE MEASUREME NTS ARE A LSO USED FOR RAW GRARR DATA GENERATION . A
SECONDARY ARC IS NOT REQUIRED FOR RAW GRARR DATA .
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APP IV

21—26 THESE MEASUREME NT TYPES CORRESPOND TO GEOCENTRIC STATE
VECTOR (SiX ELEMENTS) OBSERVATIONS X ,Y ,Z,XDOT,YD OT ,
ZOO? RESPECTIVELY. STATE VECTOR OBSERVAT IONS MAY BE
IN ANY ONE OF 3 COORDINATE SYSTEMS: INERTIAL OF DATE ,
MEAN OF 1950 , OR EARTH FIXED , NOMINAL UNITS ARE IN
METERS AND METERS/SEC.

21 GEOCEIVER MEASUREMENT (RANGE DIFFERENCES)

A .1 PHOTOGRAMMETRIC MEASUREMENTS

FOR PHOTOGRAMMETRIC TYPE MEASUREMENTS, THE FIRST NINE MEA S-
UREMENT TYPES ARE MODIFIED AS FOLLOWS. MEASUREMENTS ARE IDENTIFIED AS
BEING PHOTOGRAMAETRIC BY A NEGATIVE STATION IDENTIFICATiON FOR THE
STATION ASSOCIATION WITH PHOTOGRAMMETRIC MEASUREMENTS (SEE KEY 2 OF
CATEGORY 701 CARD AND KEY 3 OF CATEGORY 301 CARD).

MEASUREMENT
TYPE NUMBER DESCRIPTION

1 131 (1) (STELLAR CAMERA 1
2 B1(2) ORIENTATION
3 131(3) ANGLES)

4 132(1) (STELLAR CAMERA 2
5 B2(2) OR IENTATION
6 132(3) ANGLES)

7 X— PLAT E, X COORDINATE MEASURED ON PHOTOGRAPH . UNITS
NORMALLY IN MILLIMETERS OR MICRONS . IJNITS MUST BE IN
METERS IN PROGRAM.

8 I—PLATE. Y COORDINATE MEASURED ON PHOTOGRAPH. UNITS
NORMALLY IN MILLIMETERS OR MICRONS. UN ITS MUST 13K IN
METERS IN PROGRAM.

9 RA NGE. DISTANCE FROM SATELLITE TO GROUND POINT. UNITS
IN METERS.

SEPT 197 8
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APP ly

B. ERROR MODELS AND PARAMETERS

THE GENERALIZED LEAST SQUARES ESTIMATiON PROCESS UTILiZED BY
THE PROGRAM MAKE S USE OF A SET OF’ LINEARIZED OBSERVATIONAL EQUATIONS
OF THE FORM

M(T) A (T,1)*P(1) + A (T,2)*p(2) + •,, A (T , N)*P( N)

WH ERE

M(T) REPRESENTS THE MEASUREMENT DISCREPANCY AT TIME T
(OBSERVED MINU S COMPUTED).

A ( T ,K) REPRESENTS THE PARTIAL DERIVATIVE OF THE MEASUREMENT
(AT TIME T) WITH RESPECT TO ER ROR MODEL PA RAM ET ER
NUMBER K.

P(K) REPRESENTS THE K—TH ERROR MODEL PARAMETER DISCREPANCY
(TRUE MINUS NOMINAL ),

FOR EACH MEASUREMENT TYPE TUE USER MAY SPECIFY ANY COMBINATION
(OUT OF THE ALLOWABLE SET) OF ERROR MODEL PARAMETERS TO LIE RECOVERED OR
ESTIMATED , THESE MAY INCLUDE SATELL iTE STATE VECTOR EI1EMENTS AT EPOCH ,
SPHERICAL HARMONIC COEFFICIENTS ASSOCIATED WITH THE GRAVITY FIELD, SATF.L-
IJITE DRAG AND SOLAR PRESSURE COEFFICIENTS , TRACKING STATION COORDINATES ,
PLUS A NUMBER OF MEASUREM ENT PECULIAR BIAS AND TIMING PARAMETERS .

EACH UP’ THE PERMiSSIBLE ERROR MODEL PARAMETERS IS IDENTIFIED IN
THE PROGRAM BY MEANS OF A SO—CA LLED “ERROR MODEL PARAMETER NUMBER” AS
DESCRIBED ON THE FOLLOWiNG PAGE.

SEPT 1978
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ERROR MODEL APPLIES TO
PARAMETER NO , DESCRIPTION MEA S. TYPES

1 1ST COMPONENT OF STATE VECTOR AT EPOCH ALL

2 2ND COMPONENT OF STATE VECTOR AT EPOCH ALL

3 3RD COMPONENT OF STATE VECTOR AT EPOCH ALL

4 4TH COMPONENT OF STATE VECTOR AT EPOCH ALL

5 5TH COMPONENT OF STATE VECTOR AT EPOCH ALL

6 6TH COMPONENT OF’ STATE VECTOR AT EPOCH ALL

7 CORRECTION TO STATION SURVEY (EAST) 1—9 ,11—20
AND 27

8 CORRECTION TO STATION SURVEY (NORTH) 1— 9 ,11— 20
AND 27

9 CORRECTION TO STATION SURVEY (VERTICAL) 1—9 ,11—20
AND 27

10 MEASUREMENT BIAS (ZERO SET) ALL

11 MEASUREMENT TIMING ERROR ALL EXCEPT
24,25,26

12 REFRACTION 1,3,11,18
AND 27

13 PARAMETER WHICH IS PROPORTIONAL TO ALL. EXCEPT
ELAPSED TiME FROM EPOCH 16,17,21—26

14 SCALE , PARAMETER WHICH IS PROPORTIONAL
TO VALUE OF MEASUREMENT ALL

15 DYNAMIC LAG (PROPORTIONAL TO SECOND
TIME DERIVATIVE OF MEASUREMENT) ~,2,3,11,j3

16 AZIMUTH PLANE TILT ERROR 2,3

18 NON—PERPENDICU LARITY OF’ RADAR ELEVAT 1ON SHAFT 2

18 ERROR DUE TO DEFLECTiON OF RF RADAR AXIS
FROM MECHANICAL AXIS 3

19 ERROR DUE TO NON-PERPENDiCULARITY OF RADAR
RF AXIS AND ELEVATION BEARING SHAFT 2

19 ERROR MODEL TERM PROPORTIONAL TO SIN(ELEVATION) 3
20 ERROR MODEL TERM PROPORTIONAL TO SIN(AZIMUTH) 2
21 ERROR MODEL TERM PROPORTIONAL TO CUS (AZIMUTH) 2

SEPT 1978
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APP IV

22 isi COMP. OF SECONDA RY SA 1Ej ~[,ITE AT EPOCH 16 ,11 ,19 ,20
AND 27

23 2ND COMP . OF SKCONI)ARY SATELLITE AT EPOCH 16,11,19 ,20
ANt) 21

24 3RD COMP. OF SECONDARY SATELI1 I rE AT EPOCH 16 ,17,19 ,20
AND 27

25 4TH COMP. 01’ SECONDARY SATELLITE AT EPOCH 16,17,19,20
AND 27

26 5TH COMP. OF’ SECONDARY SATELLITE AT EPOCH 16,17,19,20
AND 27

27 6TH COMP, OF SECONDARY SATELLITE AT EPOCH 16,17,19 ,20
ANt) 27

28 SATELLITE SOLAR PRESSURE COEFFICIENT ALL

29 SATELLITE DRAG COEFFICIENT ALL

THE INPUT CONTROL INFORMATION ASSOCIATED WITH EACH OF THE ABOVE
TYPES OF ERROR MODEL PARAMETERS 15 SPECIFIED BY THE PROGRAM USER BY
MEANS OF TUE CAT EGORY 601 INPUT CARDS. THE USER IDENTIFIES THE ERROR
MODEL TYPE BY MEA NS OF KEY S (COLUMNS 2 6 — 2 8 )  AND TUE A PPI~iCABLE MEAS—
UREMENF NUMBER BY MEANS OF’ KEY 6 (COLUMNS 29—31). IF MORE THAN ONE
MEASUREMENT NUMBER IS CONTRIBUTING TO THE RECOVERY OF A GIVEN PARAM-
ETER TYPE, THE USER INPUTS SUCH INFORMATiON BY MEANS UP’ THE CATE-
GORY 602 CONTROL CARDS.

THE RECOVERY OF’ GRAViTY COEFFICIENT PARAMETERS IS SPECIFIED BY MEANS
OF THE CATEOGRY 604 AND 605 CONTROL CARDS AND ALL MEASUREMENT TYPES CON-
TR IBUrE TO THEIR RECOVERY OR EST IMAT IUN. THESE PARAMETERS ARE ALWAYS
TREATED BY THE PROGRAM AS TOTALLY STABLE AND ARE ASSIGNED PARAMETER NUM-
BERS (BY THE PROGRAM ) STARTING WITH THE NUMBER FOL LOW ING T HE LARGEST
TOTALLY STABLE PARAMETER NUMBER SPECIFIED BY THE USER V IA  THE CATEGOR Y
601 CARDS.

STATE VECTOR COMPONENTS MAY tIE CARTESiAN OR KEPLERIAN , SEE CATEGORY
205 CARD .

GEOCEIVER MEASUREMENTS (TYPE 27) ARE MODELLED AS RANGE DIFFER-
ENCES, FOR THESE MEASUREMENTS , THEREF’URE, A B I A S  (ERROR MODEL, TERM 10)
HAS NO EFFECT. THE EFFECT OF A FREQUENCY BIAS IN THE TRANSMITTER
IS REPRESENTED BY ERROR MODEL TERM 13.

SEPT 1978
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APP LV
H.1 PIIOT OG RAMMETR IC ERROR MODELS AND PARAMETERS

ERROR MODEL APPLiES TOPARAMETER NO, DESCRIPTiON MEAS. TYPES

1 1ST C OMPONENT UP’ STATE VECTOR AT EPOCH 7,8,9
2 2ND COMPONENT OF STATE VECTOR AT EPOCH 7,8,93 3RD COMPONENT OF STATE VECTOR AT EPOCH 7,8,94 4TH COMPONENT OF STATE VECTOR AT EPOCH 7,8,95 5TH COMPONENT OF STATE VECTOR AT EPOCH 7,8,96 6TH COMPON ENT OP’ STATE VECTOR AT EPOCH 7,8,9

11 MEASUREMF :NT TIMING ERROR 7,8,9

12 TERRAIN CAMERA ORIENTAT iON ANGLE (Al) 1—9
13 TERRAIN CAMERA ORIENTATION ANGLE (A2) 1—9
14 TERRAIN CAMERA ORIENTATION ANGLE (A3) 1—9

15 TERRAIN CAMERA/STELLAR CAMERA 1 INTERLOCK
ANGLE (El) 1,2,3

15 X COORDINATE OF PRINCIPAL POINT IN IMAGE
PLANE 7 ,8

16 TERRAIN CAMERA/STELLAR CAMERA 1 INTERLOCK
ANGLE (E2 ) 1,2,3

16 Y COORDiNATE OF PRINCIPAL POINT iN IMAGE
PLANE 7,8

11 TERRAIN CAMERA/STELLAR CAME RA 1 INTERLOCK
ANGLE (E3) 1,2,3

11 CAMERA FOCAL LENGTH (C) 7,8

18 TERRAIN CAMERA/STELLAR CAMERA 2 INTERLOCK
ANGLE (Fl) 4,5,6

18 SYMMETRIC RAD IAL LENS DISTORTION PARAMETER
(KI ) 7,8

19 TERRAIN CAMERA/STELLAR CAMERA 2 INTERLOCK
ANGLE (F2) 4 ,5 ,6

19 SYMMETRIC RADIAL LENS DISTORTION PARAMETER
(K2 ) 7,8

20 TERRAIN CAMERA/STELLAR CAMERA 2 INTERLOCK
ANGLE (F3 ) 4,5,6

SEPT 1978
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APP IV
PARAMETER NO, DESCRIPTION MEAS, TYPES

21 LIENS DECENTERING DiSTORTION PARAMETER (P1) 7,8
22 LENS DECENTERING DISTORTION PARAMETER (P2) 7,8
23 LENS DECENTERINC DISTORTION PARA METER (P3) 7,8

24 X COORDiNATE OF GROUND POiNT (GX) 7,8,9
25 Y COORDINATE OF GROUND POINT (GY)  7 ,8,9
26 Z COORDINATE OF GROUND POINT (GZ) 7 ,8 ,9

28 SATELLITE SOLAR PRESSURE COEFFICIENT 7 ,8,9

29 SATELLITE DRAG COEFFiCIENT 7 ,8,9

SEPT 1978
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APP V
APPENDIX V

A. JOB CONTROL LANGUAGE FOR RUNNING PUOTO NAP ON CDC ô400 (EXAMP LE)

ETGEM , T700 .

TASK (T NET74 549 ,PW =*** * * ,TRTS) MORU UCH

ATTACH (DTEMP ,TEST, ID ET74549)

UPDATE(D , K CARDS, P~ DTEMP , L 7 , 8, *=~~)

ATTACH(NAPO,Io=Er74549)

RFL (116000)

SEGLOAD ( I CARDS)

LOAD (NAPU)

EXECUTE( ,CARDS)

CLIST(T=U)

EXIT(S)

CLIST(T U)

789

—COMPILE SEG

—COMPILE PB4

189

6789

NOTE. THE ABOVE EXAMPLE IS SET UP TO RUN TEST CASE PB4 , WHI CH IS
STORED ON FILE TEST. TO RUN A USER SUPPLIED DECK:

(I) REPLACE ABOVE EXECUTE CARD BY EXECUTE.

(II) DELETE —COMPI LE P84 CARD

(III) INSERT USER SUPPLIED DEC K BETWEEN 789 AND 6789 CARDS
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