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FOREWORD

Contract NAS5-9939 covered development of the Orbit Determination Program
system described in this report, and several modifications to the Mark II Error

Propagation Program developed under an earlier contract, Documentation of the

modifications to the Mark II program was completed as additions to the Mark II

1. TR-DA1508

2. TR-DA1509

3. TR-DA1510
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manuals, and was delivered as each modification was completed., Final documen-

tation of the Orbit Determination Program system is contained in

Program Description and Theoretical Basis for
the Orbit Determination Program,

Subroutine Descriptions and Listings for the
Orbit Determination Program,

Input - Output Summary for the Orbit Determina~
tion Program,

The program development was done in the Systems Development and Mission

Analysis Department under the technical direction of R, E, Brown, Engineering

! W.S. Bjorkman
W. F. Colescott
1 D.E. Ekman
o M.J. Brooks
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} Section Supervisor. Major technical contributors were:

Senior Engineering Specialist
Project Engineer
Project Engineer

Senior Programmer
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SECTION 1

LABELLED COMMONS

1,0 INTRODUCTION

Labelled commons are used by the Orbit Determination Program system for all
communication of data between subroutines where common usage is indicated,

Blank common is used only for temporary storage within a given subroutine, and
never for communication,

The data are assigned to the various commons according to the following rules:

1. Data required only by a set of functionally related subroutines are

grouped into a functional common, referenced only by that set of sub-
routines,

2., Data required only by a given link are preferrably stored in that link,

3. Data involving program dimensions which should be changeable are
grouped according to the dimension involved,

This section contains the descriptions and block data listings of all labelled commons
used by the ODP, arranged in alphabetical order. The descriptions contain general
classifications of the data and detailed descriptions of the individual quantities.
Where appropriate, references to paragraph numbers or equation numbers in the

referenced reports are given in parenthesis,

1-1

Space & Re-entry
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/BUFCOM/BUFF1(40), KEY

No block data,

BUFCOM is used as a storage array from which to write the key record of each
record pair on the output data tape, It also contains an output tape controlling
switch KEY, KEY is not written on the tape.

] .
. /BUFCOM/ BUFF1(40)

_Symbol | Dimension | Definition

NPAIR ' Record pair counter

-1: First record after summary
+1: Last record on tape
0: Other

NAMSTA Name of receiving station ‘

NMSTA 1 | Name of transmitting station, In simulator -

; NAMSTA = NMSTA1

I
L.
1 J
7] ’ 2 ; NEOT ‘ Beginning and end of tape indicator
j
!
|
! NRCD Arc record counter

6 ¢ NPTS Number of time points in following record

. 7 | KONT Arc continuation key :

; ‘ 1: Record pair is a continuation of :
previous record pair

0: Record pair initiates a new arc

Measurement system type indicator :
1: C-Band |
2: Goddard Range and Range Rate |
3: Unified S-Band :
4: DSIF (JPL)

, i

i 9 i  NALIGN Antenna alignment indicator for USBS

| 1: 30-foot dish, principal axis north
| 2: 85-foot dish, principal axis east |
| :
!

8 | MTYPE

10 MODE i Doppler mode indicator
‘ , 2: Two way :
3: Three-wa 3
I . y i

|

BUFCOM-1

PHILCO I Space & Re-entry

PHILCO-FORD CORPORATION Systems Division
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/BUFCOM/BUFF1 (40) (Continued)

[ LOC Symbol | Dimension | »___mlzg_fihitibx_;“ ]
Co11 DELT Observation period, seconds
12 KTAU Doppler n-count/t-count indicator
1: Count interval is fixed and

! found in TAU; data contains |
% doppler counts
§ 0: Doppler count is fixed and is |
: : found in TAU; data contains

3 doppler count interval

: In simulator, KTAU = 1 always
13 ONTIME - d Arc start time, seconds from 1950 ,
L 15 . TFIRST d Record start time, seconds from 1950 !
D17 . TLAST d Record stop time, seconds from 1950 >
19 . TAU d Fixed doppler count interval or fixed !
count, See KTAU ‘
21 FTR d Transmitter carrier frequency i
4 23 :; Cl d Refraction constants ; -
. 25 C2 d i ¥
L oa7 i DR d Range ambiguity in units of range data |
29 5 BIAS d Doppler offset bias ' .
! | RETR d Transponder transmit/receive ratio
I 33 — d(4 Not used by simulator |
| J
b - T

BUFCOM-2

PHILCO l Space & Re-entry

PHILCO.FORD CORPORATION Systems Division
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/CROCOM/CCRO (86)

No block data,

TR-DA1509

CROCOM is used for communication between the polynomial fitting subroutine
POLYFT and the simultaneous equation solver CROSIM, It contains the augmented

matrix, a tag indicating the number of polynomial coefficients to be solved for, and

a singularity flag, Subroutine CROSIM solves the equation AX=C, The augmented
i

B matrix must be supplied as [A: C] . The matrix A is destroyed in computation

i
and the vector X is developed in place of C,

/CROCOM/CCRO (86)

LOC

Symbol

Dimension

Description

i a—mmnd

85

86

KK

ISING

d(6, 7)

Set = 1 for singular A; set = 0 otherwise,

Augmented matrix, Matrix A must be
stored in the first KK rows and columns
of B, The vector C must be stored in the
(KK+1)th column., The solution X is !
developed in column KK+1. |

Number of rows of B to use;
number of elements of x to solve for,

Singularity flag, set by CROSIM,

PHILCO l

PHILCO-FORD CORPORATION

CROCOM-1

Space & Re-entry
Systemns Division
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/DATCOM/CDAT (2400)
No block data,

DATCOM is used for communication between the four raw data decoding subroutines
(CBTEST, GRTEST, SBTEST, DSTEST) and the polynomial fitting subroutine
POLYFT of the TDEP, It contains two time tags, a quality indicator, and the
values or four observables for up to 300 time points,

The size of the arrays in DATCOM arbitrarily causes any station pass containing
more than 300 time points to be split into two or more station passes. If space
permits, these arrays may be made larger by altering the DIMENSION and EQUIV-
ALENCE statements in subroutines CBTEST, GRTEST, SBTEST, DSTEST, and
POLYFT, and also altering the value of the variable INPMAX set by a DATA state-
ment in the subroutines CBTEST, GRTEST, SBTEST, and DSTEST. |

/DATCOM/CDAT (2400)
Edited Data Array

LoC Symbol Dimension Description
1 TIMTAG d(300) Data time tag, seconds from 1950,
601 TXTRA (300) Adjusted data time tag,
TXTRA(I) = TIMTAG (I) - TIMTAG (1)
901 IQ (300) Quality indicator
0: Good data

1: Angles bad
2: Range bad
4: Doppler bad:
>4: Combination of above

1201 XANG (300) X-angle, azimuth, or hour-angle;
radians,
1501 YANG (300) Y-angle, elevation, or declination;
radians
1801 RANGE (300) Range; km or seconds
2101 DOP (300) Doppler; counts or seconds
DATCOM-1

PHILCO l Space & Re-entry

PHILCO-FORD CORPORATION Systems Division
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/DATCOM/CDAT(299)

DATCOM is used for communication between the subroutines which compute the
observables and the data processing routines of the DCP. It contains all the data
which must be supplied for computation of the observables as well as the computed

observables and their partial derivatives.

/DATCOM/CDAT(299)
Table 1
Measurement Data

Loc | Symbol Dimension Definition

1| BIAS d(2) Doppler bias frequency

Spacecraft retransmission ratio

5 | oBS d(64) See Table 2 |
133 | FTR d Doppler transmission frequency
135 | OMEGA d Earth rotation rate
137 | SPDLT d Speed of light
139 | STA d(10) See Table 3
159 | TAU d Doppler count interval
161 | TB2CO d(18) Transformations from B-frame to C-frame at

signal reception by the receiving station, at end
of doppler interval and at beginning of doppler
interval

197 | TB2CT d(18) Transformations from B-frame to C-frame at
signal transmission by the transmitting station,
at end of doppler interval and at beginning of

doppler interval.

233 | TT2BO d(9) Unit North, East, Down vectors at receiving
station in the B-frame

251 | TT2BT d(9) Unit vectors at the transmitting station

269 | XV d(12) C-frame components of spacecraft position and

velocity at end of doppler interval and at be-

ginning of doppler interval

DATCOM-1

PHILCO I Space & Re-entry

PHILCO.FORD CORPORATION Systems Division
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Table 1 - Continued

Loc | Symbol Dimension Definition
293 | MLT If = 1, speed of light partials are computed;
if = 2, not computed.
294 | MODE ‘ Set = 2 or 3 for 2 or 3-way doppler, respectively
295 | MSTA If = 1, station location partials are computed;
if = 2, not computed
296 | MTIM If = 1, time bias partials are computed; if = 2, A
not computed
297 | NALIGN _ X-Y mount alignment key: =1 for principal axis -
north, =2 for principal axis east.
298 | NANG If = 1, angles and their partials are computed; N

if = 2, not computed _ -
299 | NFRAC If = 1, refraction effects are included; if = 2,

not included

DATCOM-2

:—_]PHILCD Space & Re-entry

PHILCO.FORD CORPORATION Systems Division
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OBS d(64)
Table 2
Observables and Partial Derivatives '

@y oy p ]
Azimuth Elevation .
X;ﬁmgle Y;ﬁngle Ranging Doppler Comments
Hour Angle / Declination / Observable / Observable
1 ‘17 33 49
a1 @y ) p Measurements
day day e - 22 |4 vehicle Position Partials
b ng X, axv 3x, ®)
4
B.al foz B'p B_ t Vehicle Velocity Partials
. va X, 3 X, 9 X, 3)
s J
. dar; da, 3p 3
] o Y o Measurement Bias Partials
} day da, 35 dag
da da d 35 Observing Station Clock Bias
_b—tl —a-t—z- &B Jtl Partials (total time derivative)
«
« 3 -} d 35
%1 %3 o a_p Speed of Light Partials
- dc d¢ de c A
g da ap aP
e ix_l 2 — S—— ¢ Receiving Station Position Partials
3 X °] R -} X @)
<
0 0
3 d Transmitting Station Position
0 0 s/ =P | } Partials (when operating in
axT BxT three-way doppler mode)
(3
,,,,,, i 0 0
; DATCOM-3
| PHILCO l..@
: | Space & Re-entry
wid PHILCO-FORD CORPORATION

Systems Division
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STA d(10)

TABLE 3
STATION DATA

Loc Quantity

1-3 Receiving station poSition in the B-frame
4-5 Receiving station refraction coefficients,
6-8 Transmitting station position.

9-10 Transmitting station refraction coefficients,

PHILCO I

PHILCO.FORD CORPORATION

DATCOM-4

Space & Re-entry
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/DCPCOM/CDCP(900)

Block data: Deck MC1378

DCPCOM is used for communication between the major links of the DCP, It
contains those quantities which are required by two or more of the links, and

those which are to be saved regardless of program overlay during a run,

/DCPCOM/CDCP(QOO)
Table 1
DCP Main Common

LOC Symbol Dimension Definition
KKKKKKK 1 CON d(8) Universal constants (Table 2)
17 CBODY (8, 11) Central body constants (Table 3)
105 MAX?Z ; Maximum length of state vector (program
dimension) ,
106 MAXQ Maximum number of equation of motion
- parameters in the state
107 MAXD Program dimension of equation of motion
arrays (DQDCOM)
108 Spares 2 | e
110 YTEST Value used for missing measurements on
the data tape (-0. 12345678E20)
111 IERR Error identifcation key
112 ETAPE (4) Parameters defining the planetary
. ephemeris tape position (see DPFMRS)
116 NRSEND Number of record pairs on the residual
tape
117 NESEND Number of record pairs on the estimation
tape
118 NEST Estimate tape record number used for
constructing a priori estimate
119 TBEGIN d Time of first data on the data tape,
seconds from 1950 Jan 0,0 ST
121 TEND d Time of last data on tape
123 STIMNX (20) Array of times of last data used in
estimation, each station

DCPCOM-1

PHILCO l Space & Re-entry

PHILCO-FORD CORPORATION Systems Division
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Table 1 - (Continued)

LOC Symbol Dimension Definition

143 SN ‘ d(13, 20) Station names, locations, orientations
with respect to the Earth-fixed refer-
ence frame

663 IFPLNT | (11) Yes/No options for inclusion of planetary
attractions in the equations of motions

676 IFOUTP | (11) Output options (Table 4)

687 IFEMPS | (8) Equation of motion options (Table 5)

695 NEMP | (8) Variational equation dimensions (Table 6)

703 IFHARM | (24) Yes/No options for inclusion of harmonic
coefficient sensitivities in the variational
equations

727 Spares (49 | mmmmemmmmmmm e e

731 NPROC (22) Process control options (Table 7)

753 Spares L) T B

756 IPROC (5) Internal process indices (Table 8)

761 KEYOUT | (10) Output control keys for trajectory

‘ integration (see OUTXPD)

771 NCB (3,2) Harmonic summation limits for Earth,
Moon, and body NBX

77 ICB Current central body numbers

778 JCB Central body type (1 = Earth, 2 = Moon,

3 = Other)

779 KCB Next probable central body

780 NTBL Number of integration points skipped in
filling SBFCOM

781 STIMR d(2) Process start and stop times, seconds
from 1950 January 0,0 ST

785 ETIMV1 d Desired anchor point time, seconds from
1950 January 0.0 ET

787 NSCTRL | (14 Data start control indices (Table 9)

801 DATEV1 | d(3) Date of desired anchor point (See DATINP)

807 RSTOP d Radius from body NTARGT for propa-
gation stop

809 DRECT d Rectification test magnitude.

PHILCO |

PHILCO-FORD CORPORATION

DCPCOM-2

Space & Re-entry
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Table 1 - (Continued)

LOC Symbol Dimension Definition

811 EPSDC d Non-optional filter gain, €

813 SCALE d(6) Scale factors for data start.

825 CONTROL | d(20) Data start control parameters (Table 10).

865 Spares (16) | mmmmmmemmee——

881 MSKIP “4,4) Array of missing measurement keys.

897 RSTP?2 d (RSTOP)?

899 CBRAN2, d (Slant range from central body)2 at the
anchor point.

| PHILCO |

PHILCO-FORD CORPORATION

DCPCOM-3
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CON d(8)
Table 2

Universal Constants

E%CS_EQ%SON Symbol Syl\ﬁ?btgl Units Block data value
1| 1 | HPI n/2 1. 5707963267948966
3 | 2 | PI 7 3.1415926535897932
5 3 TPI 27 6.2831853071795864
7 4 RTD 180/m deg/rad | 57.295779513082329
9 5 DTR /180 rad/deg | 0.017453292519943295
11 6 SPMSD sec/day | 86400,
13 | 7 | rRsPMsD day/sec | 1. 1574074074074074x10°
15 | 8 | sppLT c km/sec | 299792, 5 (speed of light)
CBODY (8, 11)
Table 3
Central Body Constants
Loc Units Definition
1,1 ith body name
2,1 km Radius of sphere of influence
3,1 km Equatorial radius
4,1 km Polar radius
5,1 rad/sec Angular velocity
6,1 rad Right ascension of the prime meridian,
from the ascending node of the Earth's
ecliptic on the body's equator
7,1 rad Inclination of Earth's ecliptic with body's
equator
8,1 rad Longitude of the node, measured in the
Earth's ecliptic from the Earths mean
vernal equinox of 1950. 0

PHILCO l

PHILCO-FORD CORPORATION

DCPCOM-4

Space & Re-entry
Systems Division
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IFOUTP (11)
Table 4
Output Options

Location : Affected o irs
cpep | IFOUTP | Y™l | guproutines* Definition
676 1 NPROUT OUTTRJ Integration output key for the
@ estimation/propagation link,
o 677 2 NRSOUT OUTTRS Integration output key for the
residual link,
678 3 NCvOoUT covouT Covariance matrix output key,
679 4 NESOUT ESTMAT Estimation process output key,
. 680 5 NSTTD STTDAT Output key for data start data selection.
681 6 NSTTF STTFIT Ouput key for data start polynomial
smoothing,
682 NSTTG STTBGN Output key for data start initialization,
683 NSTTM MXLEST Output key for output during maximum
_ likelihood estimation
J 684 9 NSTTR STTINE Output key for state output during
< data start,
685 10 NSTTS STTEND Output key for data start completion,
L 686 11 NDP@UT @GUTTRJ Double precision output key.
@GUTTRS3

* The values of IFOUTP(i) and their effects on output are described in the
description of the named subroutines and in References 1 and 2,

PHILCO l

PHILCO-FORD CORPORATION

DCPCOM-5

Space & Re-entry
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IFEMP (8)

" Table 5
Equation of Motion Options

Location Input s
CDCP | IFEMDP | Symbol O;E)tl;on* Definition and values**

687 1 | IFGRAV X Extra body harmonics included ?

688 2 | IFSOLR X Solar pressure included?

1 C1 not in state
0 not in equations of motion

-1 C1 in state

689 3| IFATMD X Drag model included ?
1C,, C3 not in state
0 ngt in ‘equations of motion
-1 C_ in state
-2 C3 in state
3 in state

- 3 Cz, C
690 4 | IFVENT X Venting included ?
1 C, not in state
0 né}t in equations of motion

-1C 4 in state

691 o IFTIME ET-UT parameters o
0 )’3, Y 4 not in state

-1 )’3 in state
-2y 4 in state
-3 )’3, Yy 4 in state

692 6 | IFHARM Harmonic key***

0 no harmonics for current
central body.

+4 zonal harmonics only

+5 tesseral harmonics

693 7 | IFDRAG Drag key***

0 if central body is not NBD
IFATMD if central body is NBD

694 8 IFBODY ‘ IFATMD + IFHARM

0 only if acceleration is inde-
pendent of central body
orientation

*  Yes/No options for inclusion in equations of motion (=1: yes),
** Values are computed by SETCAS
**% Valueg ;are computed by TRAJD, TRAJDP

DCPCOM-6

PHILCO I Space & Re-entry

PHILGO.FORD CORRORATION Systems Division
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NEMP (8) *
Table 6
Variational Equation Dimensions
Location s
CDCP | NEMDP Symbol Description
695 1 | NDRAG Location in RDEQ of drag parameters
sensitivities
696 2 | NHARM Location in RDEQ of harmonic coefficient
sensitivties
Bl 697 3 | NSOLR Location in RDEQ of solar pressure
sensitivities
‘ 698 4 | NVENT Location in RDEQ of venting sensitivities
699 5 { NTIME Location in RDEQ of sensitivities to ET-UT
o 700 6 | NPEND First raw of RDEQ not used for differen-
tial equations
701 7 | NEMP3 3 x NEMPS
702 8 | NEMP5 Number of equation of motion parameters

*The NEMP array is loaded by SETCAS during interpretation of the IFEMP array.,

DCPCOM-T7

PHILCO l

PHILCO - FORD CORPORATION

Space & Re-entry
Systems Division
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NPROC (22)
Table 7

Process Control Options

82{:** Field Niggc Symbol* Definition

1 Il 1 NPROCS Process type specification

2 11 2 NPROVR* Does data follow the process card? o
3-8 A6 3 NPRSTA Name of receiving station
9-32 2(13, 4 NDATE Dates for process start and stop

I7, 12) (dimensioned 3, 2)
33-36 | 14 10 NPREST Record number of a priori estimate -
37-38 | I2 11 NREWND* Rewind data tape before search?
NPSTOP Propagation stop event identification "
39-40 | I2 12 NPRSTO* | Store new estimate on tape ? N
NTARGT Target body number (propagation only) .
41-42 | 12 13 NPSKIP Number of time points to be skipped
between processed points
43-50 | 412 14 IFSKIP* Is Ith measurement to be skipped?
(dimensioned 4)

51-52 | I2 18 IFBADD* Is flagged '"bad" data to be processed ?
53-54 | I2 19 IFOUTL* Are "outliers" to be processed ? i
55-56 | I2 20 NRTAPE* Is residual tape to be written?
57-58 | 12 21 NRPLOT* Is residual plot desired?
59-60 | 12 22 NRLIST Residual output level option

*The options marked by an asterisk are yes/no options,
In each case, '"no" is designated by a zero or blank field and "yes'" by any non-
zero integer,

** The card locations of the options are given here for completeness, For a
more detailed description of the card and options, see Reference 1.

DCPCOM-8

:PHILCD Space & Re-entry
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IPROC (5)

Table 8

Internal Process Indices

Location .
cbep PROC Symbol Description
756 1 IPROCS NPROCS Mod 4
Process type, if any, to follow data start,
if any,
| 787 2 ITRSTA Location in NAMSTA of transmitting station.
| 758 3 INDSTA Location in NAMSTA of receiving station.
. 759 4 IFTSTT 1 if process start time is specified,
2 if not.
& 760 5 IFTSTP 1 if process stop time is specified,
(o 2 if not.

DCPCOM-9

PHILCO I Space & Re-entry

PHILCO.FORD CORPORATION Systems Division
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NSCTRL (14)
Table 9

Data Start Control Indices

Tocation

CDCP | NSCTRL Symbol Description
787 1 NPOINT Number of points to be used for the maximum

liklihood estimation.
788 2 NFPTS Number of points to be used for polynomial fit. .
789 3 NFSKIP Number of points skipped between used points =

in the polynomial fit.
790 4 NFPOLY Degree of polynomial +1. -
791 5 NFERR Number of points to shift for retry of poiy—

nomial fit. :
792 6 MFTRY Maximum number of trials allowed for poly-

nomial fit,

.

793 7 MTRY Maximum number of trials allowed for maximum

likelihood estimation.

794 8 KSCALE Scaling option

<0: scale factors are input in SCALE
= 0: no scaling

>0: normalize XM .

795 9 MAXPTS Maximum number of points to be loaded into
working array DATA.
796 10 MINPTS Minimum number of points to be loaded.
797 11 MAXAMB Maximum number of range ambiguity trials
for m. 1 e.
798 12 KAUTO _Logical yes/no (T/F) option for allowing re-

trial with new data if m. 1. e, is not completed
with original data.

799 13 Spares {2)

DCPCOM-10

PHILCO l Space & Re-entry

PHILCO-FORD CORPORATION Systems Division
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CONTRL d(20)
Table 10

Data Start Control Parameters

Location - e
ChCD CONTRT, Symbol Description
825 1 TFIT Time from ONTIME to start polynomial fit.
™ |
: 827 2 EPSBAR Convergence level for mean wgt sq of m. 1. e.
residuals.
] 829 3 EPSDEL Fractional change in wgt s8q of residuals.
831 4 EPSEUD Test threshold for pseudo inverse.
833 5 FITLEV Test factor for polynomial fit acceptance.
- 835 6 RCNST Position constraint factor.
o 837 7 VCNST Velocity constraint factor.
839 8 CNST (1): Constraint vector control
= 0: input G(I) in CNST (I+1)
, > 0: set G(I) on each trial
o < 0: set G(I) on first
(2-7): Input constraint vector
. 853 15 CNTL Convergence rate factor ( ) control
= 0 B = 30
< 0: B variable downward only
> 0: pB variable
855 16 BO Bo
857 17 BUP B increase factor
859 18 BDOWN B decrease factor
861 19 AUPPR Maximum fractional correction for increasing 3.
863 20 ALOWR Minimum fractional correction.

DCPCOM-11

PHILCO I Space & Re-entry

PHILCO.FORD CORPORATION : Systems Division
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$IBFTC MC1378 XR3+M94 9sNODDsLIST

BLOCK DATA
C DCP MAIN COMMON
C
COMMON /DCPCOM/CDCP(900)
C
C
DOUBLE PRECISION CON (8)
1 sCONTRL(2C) »RSTOP (2)
2 sEPSDC 2 SCALE (6)
C .
DIMENSION CBODY(8s111) »IFEMPS (8) #KEYOUT(10)
1 s NCB {392) oIFOUTP(11) sMSKIP(&s4)
c 2 s IFPLNT(11) sNSCTRL{14)
EQUIVALFNCE (CDCP(663) s IFPLNT) »(CDCP(T87)sNSCTRL)
1 s (CDCPL 17)+CBODY ) s{CDCPL{T761)+KEYOUT) +(CDCP(T780)sNTBL )
2 s (CDCP( 1) +CON ) »(CDCP(10T7)sMAXD )} »(CDCP{674)»ITARGT}
3 s (CDCP(825) s CONTRLY +»(CDCP(106)9sMAXQ ) s({CDCP(80T7)sRSTOP )
4 s {CDCP(B11)+EPSDC ) »(CDCPL10S5)sMAXZ ) »(CDCP{813)sSCALE )
5 2 (CDCP(687) 2 IFEMPS) »(CDCP(881)+MSKIP ) »(CDCP(110)sYTEST 1}
6 y(COCP(HT6)sIFOUTP) »(CDCP(T771)9NCB )
C
C UNIVERSAL CONSTANTS
C . CON(1)=P1/2 CON(2)1=PI
DATA CON / 145707963267948966 2341415926535857932
C CON{3)=2%pP] CON{4)=RTD CON(5)=DTR
1 36428318B53071795864 +1574295779513082329 9017453292519943295
C CON(g)=5PMSD CON{7)=RSPMSD CON(8)=SPDLT
2 +86400,D0 91e1574074074074074D=5 32997924500
C
C CENTRAL RODY CONSTANTS
C BODY NAME
DATA (CRODY{1sI191=1911)/ 6HMFRCRY +s6HVENUS +6HEARTH »6HMARS
1 s6HJUPTER 96HSATURN +6HURANUS s6HNEPTUN
2 s6HPLUTO  »6HSUN s 6HMOON
C SPHERE OF INFLUENCE (KM)
DATA (CRODY(251)91=1%11)/ 111030, »61600C. $925000. 3565000,
1 248U 4ED 2546 4E5 95204E5 s875.E5
2 9135,.,E5 11.E1V 2660C.
C EQUATORIAL RADIUS {KM)
DATA {CRODY(3s1)s1=1511)/ 25CQ. 36200, 963784165 93400,
1 371353, 960400, 925550 225000
22882, 2695550, 31738,
C POLAR RADIUS (KM)
DATA (CRODY{491)s1=1911)/ 250C. $6200., 9635645838+3400,
1 366600, 254040, 923725, 924445,
2 22882, 2695500 91738,
C ANGULAR VELOCITY (RAD/SEC)
DATA (CRODY(5s1)51=1911)/ 11%3./
C RT ASC OF PRIME MERIDIAN (RAD)
DATA (CRODY(691)s1=1911)7 11%#C./
C OBLIQUITY (RAD)
DATA (C8ODY{T7sI)s1=1511)/ 11%0./
C LONGITUDE OF NODE {(RAD)
DATA (CRODY{8s1)s1=1511)7 11%04/
C
¢ PROGRAM DIMENSIONS AND CONSTANTS
DATA  MAXZsMAXQsMAXD/ 306544/
DATA YTFST /=¢12345678E20/
C
C OPTIONS
C
DATA IFPLNT/Cs 1 19 19 5%09 1s 1/
DATA IFOUTP/2s 2s 1s Oy 6%10,s 1/
DATA IFEMPS/Gs 1s 19 5%0/
DATA KEYOUT/Cs 1s 39~1s 6%0/
DATA NCB /by 29 09 08 2% 0O/
C
C PROGRAM CONTRCL PARAMETERS
C
DATA NSCTRL/ 30 Ts 1» 49 45 55 10s 1+100s O

1 s 43y Cs ls O/
DATA RSTOP / U.DOs 1.D-1/
DATA EPSDC / u.DO/

PHILEO-FORD CORPORATION
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DCPCOOO01
. DCPCO002
DCPCO003
DCPCO004
DCPC0005
DCPCO006
DCPCO007
DCPCO008
DCPCO009
DCPCOO10
DCPLOO11 -
DCPCO012
DCPCO013
DCPCCO14
OCPCO015
DCPCO016
DCPCOOL17
DCPCOO18
DCPCOO19
DCPCO020
DCPCOO21
DCPCo0G22
DCPCO023
DCPCO024
DCPCO025
DCPCO0C26
DCPCO027
bCcpPCoo28
/DCPCO029
OCPCO030
DCPCO031
DCPCOO32
DCPCO033
DCPCO034
/DCPC0O035
DCPCOO036
DCPCO037
DCPCOO38
/DCPCO039
DCPCO040
DCPCO04AL
DCPCO042
/0CPCO043
DCPCOO44
DCPLCOO045
DCPCO046
/DCPCO04T -
DCPCO048
DCPCO049
DCPCOO50
DCPCOOS51
DCPCOO052
DCPCO053
DCPCO054
DCPCO055
DCPCOO0S6
DCPCO057
DCPCO0058
DCPCO059
DCPCO060
DCPCO061
DCPCO062
DCPCO063
DCPCO064
DCPCO065
DCPCOO66
DCPCO067
DCPCO068
DCPCO069
DCPCOOT70
OCPCO071
DCPCOOT72
DCPCO0T73
DCPCO074



DATA SCALE / 6#1.DU/
DATA CONTRL/ G.D+C»

N =

s 1.D-1»
y 1,040

DATA MSKIP /Cs05091>s
DATA ITARGT/4/

DATA NTRL
END

PHILCO l
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/4/

1eN+1le 14D-5s

1eN=19~1eD+0s

leD+cy 2.D+00

O9Ce093s

~
29090400

1:D=89 1.D+4

6%04D+0

1eD—1s 1:3D+0,

04049150/

1.D~8 /

DCPCOOT7S
DCPCO076
DCPCOOTT
DCPCO078
DCPCOO79
DCPC0080
DCPCO081
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TR-DA1509

/DCRCOM/ZBAR(30), ZHAT(30), ZTOT(30), DCSAVE(74)

No block data.

DCRCOM is used for storing differential corrections and other quantities to be

saved during linking in an estimation process. It is located in the DIFCOR link

of the DCP. The differential corrections are:

ZBAR

ZHAT

ZTOT

The deviation of the "nominal'" state at the anchor point
from the a priori estimate.

The deviation of the current best estimate of state at the

anchor point from the a priori estimate.

The deviation of the current a priori estimate from the

original a priori estimate.

The vectors ZBAR, ZHAT, ZTOT have dimensions MAXZ, and must be re-
dimensioned when the maximum length of the state vector is changed, The
affected subroutines are DIFCOR, ESTOUT and ESTMAT.

The array DCSAVE contains quantities set during initialization of ESTMAT to

be saved during any linking. The quantities are described in the table below,

PHILCO I
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DCRCCM-1
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DCSAVE (74)

ESTMAT Initialization Data

Loc Symbol Dimension Description
1 OBIAS d4) Measurement biases
9 YMOD d(4) Measurement moduli

17 EPSK d(4) Non-optimal filter gains
(FEPSDC* measurement
standard deviation)

25 Q2 d(4) Measurement variances

33 DPREV d Square of position deviation
from the nominal trajectory
at last failure of the linearity
test.

35 TFIRST d First station on-time, seconds
from 1950 Jan 0.0

37 STPTIM Process stop time, seconds
from TFIRST

38 TREF Start time for current data
arc, seconds from TFIRST

39 LABEL (12) BCD measurement names, units

51 SYMBOL 4) Abbreviated measurement names

55 LSKIP 2(4) Measurement skip options

59 LSTA 2 Internal switches

60 KOUTL £ Internal switches

61 NDIM (5) Internally computed dimensions

66 NASGN 9). Permanent transfer addresses
(for assigned "GO TO's")

PHILCO l
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/DFMCOM/CDFM (2232)

TR-DA1509

Block data: Deck MC1324 or MC1344

DFMCOM is used for communication between DPFMRS and its using subroutines.
The ephemeris tape record last used by DPFMRS is retained in DFMCOM to mini-

mize tape searching,

DFMCOM (MC1324) and DPFMRS (MC1322) may be interchanged with DFMCOM
(MC1344) and DPFMRS (MC1342) for space savings, with some reduction of

ephemeris capabilities (see DPFMRS).

Dimensions for the arrays in DFMCOM

for both deck pairs are given in the table below. Other decks referencing DFMCOM

need not be compiled provided DFMCOM is loaded before those decks.

/DFMCOM/CDFM(2232)

*CDFM(1524)

Planetary Ephemeris Storage

Symbol

Loc Dimension Description
1 IFM (14) Ephemeris output options
0: no output for the ith body
1: output position only
2: output position and velocity
| 15 RFM d(6, 12) Planetary positions and velocities
1159 DFM d(4) Nutations in longitude and obliquity and
nutation rates
167 BFM d(829) Position-velocity buffer
d(577)
1825 SNT (2,204) Nutation buffer
(2,102)

*Where two dimensions are given, the first refers to decks MC1322, MC1324,
and the second refers to MC1342, MC1344,

PHILCO ‘
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$IBFTC MC1344 XR3s5M94sNODDILIST

1
DATA IFM/0909297%#0529251+0/

BLOCK DATA
DOUBLE PRECISION BFMsDFMsRFM
COMMON /DFMCOM/IFM(14) sRFM{64912)

sDFM (4)sBFM (577)9sS5NT(2+102)

DATA SNT/204%0./
END ’

SIBFTC MC1324 XR3sM94sNODDsLIST

PHILCO I

PHILCO.FORD CORPORATION

1
DATA IFM/0s09s297%#0929291s0/

BLOCK DATA
DOUBLE PRECISION BFMs DFMsRFM
COMMON /DFMCOM/IFM(14)sRFM(64512)

sDFM (4)4BFM (B29),SNT (25204}

DATA SNT/408%0./
END

FMBD0001
FMBD0002
FMBD0O003
FMBD00O4
FMBDO0O005
FMBDOOO06

FMBD0001
FMBD0002
FMBD0003
FMBD0004
FMBD0O0OS
FMBD0O006

Space & Re-entry
Systems Division



TR-DA1509
/DQDCOM/CDQD (26N + 28)
No block data.
DQDCOM is used for communication between DEQD and the remainder of the pro-

pagation link of the DCP, Its size depends on the maximum number of variational
equations to be allowed. If

MQ =  Maximum number of equation of motion parameters permitted
in the state vector, then
N = 3M_ + 26
Q

For example, if up to six parameters are to be permitted simultaneously, N = 44,

and DQDCOM has length 1172, The values of M., N used must be compiled into

Q
MAXQ, MAXD of DCPCOM. Changes in these values require recompilation of
Subroutine Deck
DEQD MC133D
TRAJDP MC133F
ACCTRJ MC133A

OUTTRJ MC1327

See also SBFCOM.

DQDCOM-1
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Table 1
Principal Arrays

;rLocation Name Dimension | Definition
o A - |
[ 1 NDEQ 10 Array of fixed-point integration
control parameters.
|
S | CDEQ 10 Array of floating -point control
i parameters.
z | |
| XDEQ d(4) i Independent variable values. i
! |
{29 ADEQ | d(N) Second derivatives and stopping ‘ .
i functions. L
| 2N+29 RDEQ dm) Dependent variables. ”
| aN+29 VDEQ d(N) First derivatives
i ?
;. L6N+29 FDEQ | d(N, 10) Storage array used by DEQD . | '
CDEQ o

Table 2 -
Floating-Point Parameters ‘

Component Symbol A Befinitiqn j
1 H Current integration interval. } -
2 HP Previous integration interval, i
3 HO Starting interval size. ; »
4 HU Upper limit for doubling interval size,
r 5 HL Lower limit for halving interval size.
6 HE Interval for even-interval output.
7 EU Truncation error upper limit,
8 EL Truncation error lower limit.
9-10 Not used.

DQDCOM-2
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TR-DA1509

NDEQ
Table 3
Fixed-Point Parameters
Component Symbol Definition and Values
1 NI Integration mode option

0: Kutta Mode
1: Adams Mode

o 2 NO Output option
i
o 0: Output special points only.
™ #0: Output every NOth integration point.

3 NS Number of stopping functions (£ 5).

4 NA Interval control option

0: fixed interval size

# 0: interval size controlled by accuracy testing

5 NC Predictor-corrector option (Adams integration)
0: open formulas

e 1: predictor-corrector without recomputation |
of corrected second derivatives.

2: predictor-corrector

b

6 NE Number of equations to be integrated.
7 NT Number of equations + number of stopping functions.
8 P Point identification key

0: regular integration point

" 1: even-interval output point

3: stop point

9 1T Row number of stopping function causing stop.

Note: Components 1-6 are supplied prior to the call of DEQD, and components
7-9 are supplied by DEQD.

DQDCOM-3

PHILCOD I Space & Re-entry

PHILCO-FORD CORPORATION Systems Division



TR-DA1509

XDEQ (4)
Table 4
Independent Variable

Component Symbol Definition
1 X Running value of the independent variable.
2 XF Final value of the independent variable.
3 XE Next even-interval output point.
4 X0 Value of X at start of current integration interval.

PHILCC l
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TR-DA1509

/EDTCOM/INDDAT (40), BUFDAT(85, 6)

No block data.

EDTCOM is used for the storage of the identification (INDDAT) and data (BUFDAT)
records from the edited data tape in the DCP. The contents of these records are
described below.

INDDAT (40)
- Data Identification Array

Location Symbol Dimension Decription
""" 1 NEDT Record pair count
“ 2 NEOT End-of-tape indicator
-1 if NEOT =1
+1 if tape-end record
0 otherwise

3 NRSTA Name of observing station

4 NTSTA Name of transmitting station
- 5 NRCD Arc record count, 1 on first pair for

each data arc
6 NPTS Number of time points in the block

7 KONT Continuation key

| 0 if this block begins the arc
1 if another block preceeds

llll 8 MTYPE Measurement type
9 NALIGN X-Y mount orientation key
10 MODE Doppler mode, 2- or 3-way
11 DELT Measurement Time interval

EDTCOM-1
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INDDAT (40) (continued)

Location Symbol Dimension Description
12 KTAU Count mode
1 fixed interval (in TAU)
0 fixed count (in TAU)
13 ONTIME d - Arc start time, seconds from 1950
15 TFIRST d Block start time =
17 TLAST d Block end time
19 TAU d Fixed count or interval :
21 FTR d Transmitter frequency
23 CREFR d(2) Refraction coefficients
27 DRNGE d Range ambiguity
29 OMG3 d Bias frequency ; *
31 OMG4 d Retransmission ratio |
33 NBAD (4) Number of bad points, each measurement
37 SSDEV 4) Sample standard deviations
The BUFDAT array is a single precision array of dimension (85, 6) containing
the edited data as read from the data tape. Each row contains the following data
in the six columns:
BUFDAT (I,1) = Quality indicator
(I1,2) = Time, seconds from ONTIME

(I,3) = Angle 1
(I,4) = Angle 2

@, 5)
(I,6) = Doppler

i

Range

EDTCOM-2
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/DQ3COM/CDQ3(236)

No block data.

DQ3COM is used for communication between DEQ3 and the remainder of the
residual link of the DCP. It is referenced by

Subroutine .~ Deck
" DEQ3 MC133E
DTRAJ MC133G
TR3ACC MC133B
TR30UT MC1328
Principal Arrays
Location Name Dimension Definition
1 1 NDEQ 10 Array of fixed-point integration
g control parameters.
11 CDEQ 10 Array of floating-point control
parameters.
21 XDEQ d(4) Independent variable values.
29 ADEQ d(8) Second derivatives and stopping
_ functions.
45 RDEQ d(8) Dependent variables.
‘ 61 VDEQ d(8) First derivatives.
77 FDEQ d(s, 10) Storage array used by DEQ3.

The components of the arrays are the same as those described in DQDCOM.
DQ3COM is limited to three differential equations, however, and five stopping

functions.

DQ3COM-1
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Missing measurements at a given time are filled with the constant -0, 12345678E20.

Measurements which are rejected by the TDEP as outliers are flagged by a minus
sign.

The quality indicator is the sum of three indicators, I1 + 12 +1 " where each
indicator is zero if the corresponding measurement values are valid, and non-zero
if the measurements are missing or flagged '"bad' by the tracking station operator
or are garbled in transmission, The indicators are;

1 if angle data is bad or missing,

&
] =t
=
] ]

9 2 if range data is bad or missing,

—t
L]

4 4 if doppler data is bad or missing.

EDTCOM-3
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TR-DA1509

/EQMCOM/CEQM(2214)

Block data: Deck MC1376

EQMCOM is used for the storage of equation of motion parameters, their standard
deviations and correlation coefficients. It is used by SETCAS in constructing the

equation of motion portions of the a priori estimate and covariance matrix.

EQMCOM may be modified by overlay input at the case level (see References 1 and

s 2).

: /EQMCOM/CEQM(2214)

- Location Symbol Dimension Description o

= 1 SPCDAT d(31) Spacecraft position and velocity, values,
standard deviations and normalized
correlations.

g 63 EFEDAT d(83) Planetary gravitational constants, a.u.,
RE.

N 229 PREDAT. d(15) Solar pressure, drag (2), venting.

259 DELDAT d(5) ET-UT parameters (2).

] 269 EHADAT d(324) Earth harmonic coefficients.

917 'MHADAT d(324) Moon harmonic coefficients.

¢ 1565 XHADAT d(325) Extra body harmonic coefficients.

EQMCOM-1
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$IBFTC MC1376 XR3,M945NODDSLIST

BLOCK DATA EGMC0001

c EQUATION OF MOTION BLOCK DATA EQMC0002

COMMON /EGMCOM/EQMC(2214) EQMC0003

DOUBLE PRECISION SPCDAT(31)» EFEDAT(83) PREDAT(15) EQMC0004

1» DELDAT(5), EHADAT(324)»  MHADAT(324)»  XHADAT{(325) £QMC0005

EQUIVALENCE (EGMC(1) sSPCDATY » (EQMC(63) s EFEDAT) £QMCO006

1s (EQMC(229)sPREDAT)» {EQMC(259)sDELDAT)s (EQMC{269),EHADAT)  EQMC0007

2s  (EGMC(917}sMHADAT)» (EGMC(1565) sXHADAT) EQMC0008

¢ EQMC0009

c "SPACECRAFT POSITION (KM) EQMCO010

DATA (SPCDATAI)s1=15311/420967126Dbs~e62193760Dks~¢32562986D1 EQMC0011

¢ EQMC0012

c SPACE CRAFT VELOCITY (KM/SEC) EQMC0013
15465028256D14421881185D14,.36959843D1 EQMC0014

€ EQMC0015

¢ POSITION AND VELOCITY STANDARD DEVIATIONS (KMs KM/SEC) EQMC0016
293%14D~2,3%43333333333333333D-2 EQMCO017

. C EQMC0018
g c POSITION AND VELOCITY CORRELATIONS EQMC0019
3 3515%0,D0 EGMC0020
o c EGMC0021
‘ c CENTRAL BODY AND TIME OF ESTIMATE (YMe DHMe SECs) EQMC0022
S0 4y 34D0y 6701eD0y 1000004005 04DO/ EQMC0023
C EQMC0024

. C PLANETARY MU=S (KM#*3/SECk#2) EQMC0025
¢ MERCURY VENUS EARTH EQMC0026

. DATA (EFEDAT(1)sI=1y 83)7/21685.5300, 324B53+4D0s 398603.2D0 EQMC0027
: ¢ EQMC0028
I MARS JUPITER SATURN URANUS NEPTUNE  EQMC0029

1042977.8D0s  «1267106D9s  «379187D8»  +5803292D7s 702607207 EQMC0030

c EGMC0031

. C PLUTO SUN MOON BARYCENTER EQMC0032
- 2+43317886D6s  +132715445D12s  4902.779D0s  «40350579D6 EQMC0033
c EQMC0034

C AU(KM) AND MEAN EARTH RADIUS(KM) EQMC0035

39014959909, 637843255D0 EQMC0036

. C EQMC0037
. ¢ PLANETARY MU STANDARD DEVIATIONS (KM¥¥3/SEC*%2) EQMC0038
C MERC VENUS EARTH MARS JUPITER  SATURN URANUS EGMC0039

: 45130.D0s  160eD0s  150,D0s  1504D0»  381eDls  2284Dls  87+D3EQMCO040

c , EQMCO041

c NEPTUNE  PLUTO SUN MOON EQMC0042

551¢05D5s  24754Dls  4eD7s 25400 EQMCO043

C EQMCO044

c THREE SPARE LOCATIONS SAVED HERE EQMCO045

633%04D0 EQMC0046

: ¢ £QMCO047
¢ CORRELATIONS EQMC0048

7y 55%04D0/ EQMCO049

¢ EQMC0050

c VALUES OF SOLAR PRESS DRAG1 DRAG2 VENT £QMC0051

i DATA (PREDAT(1)s1=15151/,94D7» +10900s  «14294D0s  0eDO EQMC0052
c EQMC0053

" c STANDARD DEVIATIONS EGMC0054
s 1s «94D6 «109D=1s +1429D-1s leD=6 EGMCO055
C EQMC0056

c CORRELATIONS CENTRAL BODY FOR DRAG EQMC0057

2y  6%0.D0s 3.D0/ EQMC0058

c EQMCO059

c VALUES OF ET-UT RATEs  STANDARD DEV-5  CORRS EQMC0060

DATA {(DELDAT(I)s1=1,5)/35.00s 0eD0Os 2.D0s  1.D=5, 0.D0/  EQMCO061

¢ EQMC0062

¢ EARTH HARMONICS J20 J30 J40 Js0 EQMCO006 3

DATA (EHADAT{I)s1=1,324)/.1082D-2s =o23D-5» =~,18D=5, 0.D0 EQMCOGC64

¢ EQMC0065

c J60 J70 J21 Lz1 J22 L22 J31 EQMC0066

150eD0»  0uD0s  0eDOs  04DJs  ~—212D=5s  =—e46D0» —4190=5 EQMC0067

< . EQMC0068

c L31 J32 L32 J33 L33 Jal-La4 EQMC0069

25408D0s  —e14D=63 —=e293D0s —e1D-63  +743D0s  8%0.DO EQMC0070

c EQMC0071

C STANDARD DEVIATIONS J20 J30 J4Q J50-J70 EQMC0072

: 3, ¢108D=3s  «23D=6s  +18D=6s  3%.1D-6 EQMC0073

C EGMC00T74%

erco]
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C J21 L21 J22 L22 J31 .31 J32
4301D—65 e5D-19 212D-6 25D~19 «19D=63 »5D~13 «14D~7
C
C L32 J33 .33 Jal L4l J42 L&2
5565D-1s «1D-7s e5D~15 e 1D-7» #5D~1» 21D-T7» »50~-1
C
C J43 L43 Jbb L&4
6301D~75 e5D-1s 01D=T7, e5D~-1
C
C CORRELATIONS
T75276%06D0/
C
C MOON HARMONICS J20 J30~J70
: DATA (MHADAT(I)sI=1+324)/.207107D-3> 5#04D0
C
C J21 L21 J22 L22 J31-L44
1504005 0.DO0s ~e20716D-49 06D0s 14%0.D0
C
C STANDARD DEVIATIONS J20 J30-J70
29 «207107D~4» 5%1eD-6
C
C J21 L21 J22 Lz2 J31 131 J32
3)1'0—65 oED‘l’ 020716D‘50 «5D~1y 2 1D-6> .50—1’ 01D=-6
C
C L32 J33 L33 Jal L4l Ja2 L42
4305D~1 »1D=69 »5D~1, s1D-6s e5D~1s e1D-6> e5D=~1
C
C J&43 L43 Jas L&44
5901D=69 e5D~1y o 1D=64 «5D-1
C
C CORRELATIONS
6»276%0.D0/
C
C EXTRA BODY HARMONICS Jz20-J470 J21-L&4
DATA (XHADAT(1)sI=15325)/6%0.D0s 18%0,D0
C
C STANDARD DEVIATIONS J20-J70 Jz1 L21 Jaz2 L22
19 6%o1D~6 01D=b6s «5D-15 01D=6 «5D-1
C
C J31 L31 J32 L32 J33 .33 J&l
29106 «5D-1s s1D=63 #5D=-1s 0 1D=69 e5D~1s «10=-6
C
C L4l Ja2 L42 Ja3 143 Jaa L44
35e5D~15 e1D-61 e5D~1, »1D-69 e5D=-19 «1D-65 e5D-1
C
C CORRELATIONS
44 276%0.D0
C
C CENTRAL BODY NUMBER
5940D0/
END
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EQMCO0075
EQMCO076
EQMCO077
EQMC0078
EQMCQ079
EQMC0080
EQMCO081
EQMC0082
EQMC0083
EQMCO084
EQMC0085
EQMC0086
EQMC0087
EQMC0088
EQMC0089
EQMCO090
EQMC0091
EQMC0092
EQMCO0093
EQMCO094
EQMCO095
EQMC0096
EQMC0097
EQMC0098
EQMC0099
EQMC0100
EQMC0101
EQMC0102
EQMC0103
EQMCO0104
EQMC0105
EQMCO106
EQMC0107
EQMC0108
EQMC0109
EGMCO110
EQMCO111
EQMCO112
EQMCO113
EQMCO114
EQMCO115
EQMCO116
EQMCO0117
EGMC0118
EQMCO119
EQMC0120
EQMCO121
EQMCO122
EQMC0123
EQMCO0124
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/ESOCOM/CESO(804), DESO(2N2+4N+294)
No block data,

ESOCOM is used only by SETCAS for the temporary storage of the estimate re-
quested from tape by the case card. The arrays CESO and DESO are images of

the arrays CEST (ESTCOM) and DEST (ES1COM). DESO and its component arrays
= must be redimensioned when ESLCOM is redimensioned to preserve the correspond-
o ence between DESO and DEST.,

ESOCOM-1
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/ESRCOM/CESR (304)

No block data.

ESRCOM is used by the residual link of the DCP to permit overlay of state elements
before computation of residuals. It contains an image of the first 244 elements of
ESTCOM, as well as SER(14, 2) containing the columns of SE(ESTCOM) correspond-
ing to the receiving station (INDSTA) and transmitting station (ITRSTA), and CRF(2)
containing refraction coefficients to be used in lieu of those of the edited data tape.

ESRCOM-1
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/ESTCOM/CEST(804)

No block data.

TR-DA1509

ESTCOM is used for storing the current estimate of the quantities which may be

included in the extended state vector and ‘certain quantities required for their
interpretation. It is loaded in the main (0) link of the DCP (see also EQMCOM,

SETCAS).
/ESTCOM/CEST(804)
Table 1
Location Symbol Dimension Definition
1 NESPOS Estimate number; estimation tape record
count,
2 NBY Central body number at anchor point.
3 NBD Body with drag parameters in PREDAN,
4 NBX Body with harmonics stored in XHADAN,
5 NBH Body with harmonics included in state.
6 NUMSTA Number of stations on tape.
7 NAMSTA (20) Names of stations on tape.
27 KOUNTN Number of state elements.
28 Spare | | TTTToTmmmoosmoosoosoeoe-
29 ETIMVA d Vehicle ephemeris time at anchor point,
seconds from 1950 January 0.0 ET.
31 TX2Z d(3,3) Transformation, C-frame to coordinates
of state,
49 SPCDAN d(e) Vehicle position and velocity relative

to Earth at anchor point, C-frame.

PHILCO I

PHILCO-FORD CORPORATION

ESTCOM-1

Space & Re-entry
Systems Division
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Table 1 (Continued)

Location Symbol Dimension Definition

61  EFEDAN|  d(14) " Planetary gravitational constants and
ephemeris scale factors.
89 PREDAN d(4) Solar pressure, drag (2), and venting
coefficients.
97 DELDAN d(2) ET-UT, d(ET-UT)/dt.
101 EHADAN d(24) Earth harmonic coefficients.
149 MHADAN |~ d(24) Moon harmonic coefficients.
197 XHADAN d(24) Body NBX harmonic coefficients.
245 SE d(14, 20) - Station errors.

SE d(14, 20%)

Table 2

Row Units Definition

1 km Station location error, northing

2 km easting

3 km down

4 sec Station clock bias

5 sec/sec Station clock bias rate

6 km/sec Speed of light correction

7 rad Measurement bias, angle 1

8 rad angle 2

9 km range
10 counts doppler
11 rad Measurement standard deviation, angle 1
12 rad angle 2
13 km range
14 counts ‘ doppler

*The column number of a given station's errors corresponds to the location of
that station's name in NAMSTA.

ESTCOM-2

PHILCO | Space & Re-entry

PHILCO.FORD CORPORATION Systems Division
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/ESlCOM/DEST(2N2+4N+294)

No block data.

ES1COM is used for the storage of the covariance matrix and certain associated
indices and treatment codes. It is loaded in the SETCAS link, and is dumped on
the scratch tape, unit 09. It is read into ES2COM in the DIFCOR link of the DCP.

The dimensions of the arrays in ES1ICOM depend on N, the maximum permissible
length of the state vector. The dimensions of the arrays and their locations in

DEST are given as functions of N in the table below. Changes in N require recompil-
ation of the following subroutines which reference the commons. The value used for
N must be compiled into MAXZ in DCPCOM (See also DCRCOM).

Subroutine  Deckname

ES1COM SETCAS MC13sW
BLDCOV MC138X
COVOoUT MC13CV

ES2COM ESTMAT MC133J
ESTOUT MC1330
UPDATP MC138A
COVOUP MC138B

ES3COM STTEND MC1385

»»»»»»

ES1COM-1
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/EXIC/W(SG), CRX(9, 2)

No block data.

EXIC is used as an input buffer for the reading of the trajectory tape by the TDS.
The array W contains interpolation coefficients for the computation of vehicle state
at a given time (see EXINST). The array CRX contains the 'critical event' record
from the trajectory tape, defining data relevant to initialization, patching, etc.

EXIC-1

PHILCO I Space & Re-entry

PHILCO.FORD CORPORATION Systems Division
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/INPCOM/C(700)

Block Data: Deck MC13IP

INPCOM is used for storage and communication of physical and mathematical con-
stants by the TDS. It is also used in part as additional working common. The values
compiled in the block data subroutine may be altered by use of the overlay feature
of the program. Normally, values beyond C(117) should not be overlayed, since they

are used as working common and the required values are generated by the program.

/INPCOM/C(700)
Table 1
- LOC Symbol Dimension ) Description o
N 1 HPI One-half pi -
2 PI Pi
- 3 TWPI Two pi
4 RTD Radian to degree conversion factor
) 5 DTR Degree to radian conversion factor .
6 SPMSD Seconds per mean solar day
™ 7 RSPMSD Reciprocal of seconds per mean solar day:
8 AU Kilometers per astrdnomical unit
9 SPDLT Speed of light in km/sec !
|
10 STPSZ Step size constant used by SBEV2
11 BODC (10, 8) Planetary constants. See Table 2 '
91 Spares (1) | e :
112 XMIN Minimum acceptable length of data arcs §
(station passes) in seconds. Any arc
}; ;7 shorter than XMIN will be eliminated |

E INPCOM-1

’ PHILCO l Space & Re-entry

PHILCO.FORD CORPORATION ) Systems Division
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Table 1 (Continued)

TR-DA1509

LOC Symbol Dimension Description

113 XMAX Maximum acceptable length of data arcs
in seconds. Any arc longer than XMAX
will be divided into two or more arcs.

114 RDELAY When the spacecraft appears above the
horizon, the first measurement will be
delayed by a random interval computed
as the absolute value of a uniform distri- ?
bution with mean zero, standard deviation Gl
of RDELAY. May be set to zero if desired.

115 XTROUT Extra output key. If 0., only summary i
data will be written on the system output )
tape. If 1., all measurement values will -
be written out. %

116 | CFRAC1

: Refraction constants | {

117 CFRAC2 : J

! 118 Spares Y R .
o
200 S (23,12) Array of tracking station parameters. “

Each column corresponds to a station
number. Rows are assigned as follows:
Station name, BCD
Observation interval, seconds
Geodetic latitude, radians
Longitude, radians
Altitude, kilometers
Artificial horizon, radians
Artificial zenith, radians
Random range error standard
deviation, kilometers
Random doppler error std. dev.,;
counts/sec .1
10 Random angle 1 error std. dev.,:
radians
11 Random angle 2 error std. dev.,’
12 Range bias, km :
13 Doppler bias, counts/sec i
14 Angle 1 bias, radians
15 Angle 2 bias, radians i
16 Northing error, km |
17 Easting error, km j
18 Down error, km ;
19 Clock bias, seconds N

00 =IO Ut 1B W BN

©

PHILCO I

PHILCO-FORD CORPORATION

INPCOM-2

Space & Re-entry
Systems Division




?

TR-DA1509

Table 1 (Continued)

LOC Symbol Dimension Description
(200 Cont. )

20  Doppler offset bias, Hz

21 Transponder retransmission
ratio, (transmit/receive)

22 Transmitter carrier frequency,
Hz

23  Doppler count interval, seconds

476 B 91) Array of beacon parameters. The first 80
elements may be considered as an 8 x 10
array where each column corresponds to a ;
beacon number. Rows are as follows:
Name, BCD i
Latitude, radians
Longitude, radians
Altitude, kilometers
Artificial horizon, radians
Latitude error, km
Longitude error, km
Altitude error, km

0O =1 U1 WK

| The remaining 11 locations are:
81 Observation period, seconds

B 82 Spare
83 Random range error std. dev.,
km

- : 84  Random range rate error, std.

i dev., km/sec :

85 Random angle 1 error std. dev.,
radians

| 5 86  Random angle 2 error std. dev.,

| ; radians

87 Range bias, km

88  Range rate bias, km/sec

N 89  Angle 1 bias, radians

90  Angle 2 bhias, radians

91 Time or clock bias, seconds

556 DELBEC DELBEC = B(8l) !

L 567 OB (18) Onboard measurement data as follows:
1 Random height error std. dev., :
km i

2  Random height rate error std., !
dev., km/sec

3 Height bias, km
- 4  Height rate bias, km i
5 Time bias, seconds g
! INPCOM-3

z PHILCO | Space & Re-entry
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Table 1 (Continued)

LOC Symbol Dimension Definition
6  Altitude to cease radar observa-
tions, km
7 Period of radar measurements
8  Angle 1 error k, where?
2
2 ,2,.2,.2,.-1p
o'e"kl + k2 + k2 (2 sin ” )
k1 in radians
9  Angle 1k,, dimensionless '
10 Angle2 k1
11 Angle 2 k2
12 Subtended angle k1
13 Subtended angle k2
14 Period of angular measurements,
seconds,
15 Right ascension of reference
star, radians.
16 Declination of reference star,
radians.
Spare 17 e
Spare 18 e
573 DELRAD DELRAD = OB(7)
' 580 | DELOPT DELOPT = OB(14)
. 585 EMP (24) Equation of motion parameters, not now used
609 Spares L T B
673 IKAS Case counter
674 Spares | | TUTTToTToTTTTTTTTTTTOTTTOTTS
675 HEAD (24) HEAD(1-12) is a 12 word alphanumeric
' header used to identify the trajectory tape
on tape 10.
g HEAD (13-238) is an 11-word alphanumeric
i header written on the output data tape
1 HEAD (24) is not used

PHILCO I

PHILCO-FORD CORAPORATION
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Table 1 (Continued)

LOC Symbol Dimension Definition

699 ITAPE Key for data tape. If ITAPE # 0, then
no output tape will be written

700 IOCAS Not used

BOCD (8, 10)
il Table 2
} The first 7 columns correspond to celestial bodies as follows:

Earth
Moon
Sun
Venus
Mars
Saturn
Jupiter

U W N

g The remaining 3 columns are reserved for extra bodies. The row

assignments are as follows:

Name, BCD 3 9

Gravity constants, km®/sec
Semi-major axis, km

Semi-minor axis, km

Sphere of influence, km

Rotation rate, rad/sec

STEDT step size, seconds, not used
Interpolation interval, days, not used

W=IO U1 WN

i
=
i
|
il

INPCOM-5
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$IBFTC MC13IP NOREF3sM94sNODDsXR3

CMC13IP INPCOM BLOCK DATA FOR MESERP BLOK0O001
BLOCK DATA BLOK0002
COMMON/INPCOM/C(700) BLOKO0O03
DIMENSION BODC(10+8)» CON(10} BLOKOGO4
3y S(23512) B(91)» OB(18) EMP(24) HEAD(24) BLOKOOO5
EQUIVALENCE (C{1)sCON)s (C(11)+BODC) BLOK0006
1s (C{112)9XMIN)» (Cl113)9sXMAX)» {C(114) sRDELAY) BLOKOOO7
b4 ({C(675)sHEAD) BLOKOOOS8
3s (C(200195)s (C(4T6}9B)s (C(5671s0B)s (C(585)9EMP) BLOKOOOY
C (Clé6T73)91KAS) BLOKOO10
C (C(699)sITAPE) . BLOKOO11
C (C(700)»10CAS) BLOKOO12
C ’ Clly= PI/2 cl2y= Pl C(3)= 2%P] BLOKOO13
DATA(CON(I)91=1910)/1e57079633+3614159265+6.2831853 BLOKOO14
C Cl4)= RTD c(5)= DIR C(6)= SPMSD C(7)= RSPMSD C(8)= KM/AU BLOKOO15
1357629577969 ,0174532926+86400491415740741E-594149599E9 BLOKOO16
: C C{9)= SPD OF LIGHT Cl10)= SBEV CONSTANT FOR STEPSIZE FORMULA BLOKO0O17
L 292997T4es ol6/ BLOKOO18
C NAMES OF BODIES BLOKOO19
- DATA (BODC(I»1)sI=1510)/5HEARTH4&HMOON » 3HSUN s SHVENUS s 4HMARS» BLOK0020
ﬁ 16HSATURN s 6HJUPI TRy 6HBODY 8,6HBODY 956HBOD 10/ BLOKGO21
E C GRAVITY CONSTANTS BLOKOO22
DATA(BODC(192)91=197)/3986034294900.7588+413271545E12932476%5 BLOK0O023
14297748934 791870E791.267106E8/ ' B8LOK0024
™y C SEMI-MAJOR AXIS BLOK0025
: DATA(BODC(193)91=1+7)/63784165517384+6955000962004934004560400 BLOKOO26
4 157135047 : BLOK0027
o C SEMI-MINOR AXIS BLOK0028
DATA(BODC(I194)91=197)/63564583841738496955004962004+34004254050. BLOKOO29
w? 1166600,/ BLOKGO030
©od C SPHERE OF INFLUENCE (KM) BLOKOO31
n DATA (BODC(I55)sI=197)/9250004566000e91¢E10:61600042565000, 8LOK0032
° 15¢546EB448E8/ BLOKOO33
C ROTATION RATES (RAD/SEC) BLOKOO34
DATA (BODC{Is7)»I=1971/e72921152E~4s» +266169952E~5s 0.0 BLOKQQ35
1s 0e0 »,70882177E~4 $e170553347TE~3 ,,177491110E-3/ BLOK0036
e C MAX STEP SIZE (SEC) BLOKO0037
- DATA (BODC(I+6)91=197)/43200, +21600. »864000. 43200, BLOK00O38
1943200 986400, 91728004/ BLOKOO039
C INTERPOLATION INTERVALS BLOKOQ40
DATA (BODC(I98191=1,7)/7%404/ BLOKOO41
i DATAXMINs XMAXsRDELAY/ 569 4320049 10. / BLOK0Q42
DATA (C(1)912915111)/21%0./ BLOKOQ43
C EXTRA OUTPUT KEY BLOKOO44
C REFRACTION CONSTANTS BLOKOO4S
DATA (ClT)91=1159117)/00se34E=3+90138771E-3/ BLOKOQO46
DATA (C(1)s1=1185700)/583%0,/ BLOKOO47
END BLOKOO48

b
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/MESCOM/CMES(510)

No block data.

MESCOM is used for the transmission of output edited data to tape. It is written

as the second record of each record pair on the edited data tapes. Subroutine
POLYFT lifts data from DATCOM and transfers it to MESCOM for output in records
of 85 time points. The units of the observables are unchanged from those of
DATCOM. MESCOM is also used by subroutines MIXIT, EGRESS, and SCANIT.

} /MESCOM/CMES(510)

Data Output Buffer

LOC Symbol Dimension Description
| 1  XMES (85, 6) XMES (I, 1) Quality indicator
i 0: good data
1: Angles bad
2: Range bad

o 4: Doppler bad
>4: Combination of above

XMES (I,2) Time tag, seconds from
start of arc

XMES (I, 3) X, azimuth, or hour angle,
radians

XMES (I,4) Y, elevation, or declination,
radians

XMES (I, 5) Range, km or seconds

! XMES (I, 6) Doppler, km or seconds

MESCOM-1

PHILCO l Space & Re-entry

PHILCO-.FORD CORPORATION Systems Divisian
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/MIXCOM/IMIX (4)

No block data.

TR-DA1509

MIXCOM is used for communication of tape handling information between the MAIN
program and the merging subroutine MIXIT and the output subroutine EGRESS. It

contains the tape unit numbers for the output tape and the previously edited data

input tape as well as keys to indicate whether edited data are present on the edited
data input tape NIN and the scratch tape 12.

PHILCO I

PHILCO-FORD CORPORATION

/MIXCOM/IMIX (4)
LOC Symbol Dimension Description 7
1 LONNIN ) Edited data present on tape NIN f
g T: Yes
j F:. No
2 | LON12 £ Edited data present on tape 12 5
T: Yes g
F: No
3 NIN Edited data tape input tape unit number.
Initially = 11
4 NOUT Edited data tape output tape unit number.
Initially and terminally = 10

MIXCOM-1

Space & Re-entry
Systems Division
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/MLECOM/CMLE (1070)

Block data: Deck MC13B5

MLECOM is used for communication between the principal subroutines of the data
start link of the DCP. It contains quantities describing the data to be used for the
maximum likelihood estimation, option switches set during initialization, and

temporary storage of the state and associated data.

- /MLECOM/CMLE(1070)
‘ Table 1
LOC Symbol Dimension Definition

- 1 TSTART Time from ONTIME to start of data start

L interval.

2 TFINAL Time from ONTIME to end of data start
interval.

o 3 TMEAN d Data start epoch, seconds from ONTIME
(ST). Set to the mean time of the data to
be used.

- 5 STIMR1 d Seconds from 1950 Jan. 0.0 ST at TMEAN.

UTIMR1 d UT at ST = STIMR1
ETIMR1 d ET at ST = STIMR1

11 ETIMV1 d ET at vehicle retransmission of the signal

received at STIMR1

13 STIMR d ST of data point being processed.

o) 15 UTIMR d UT at STIMR

17 UTIMR d ET at STIMR

19 ETIMV d ET at vehicle retransmission of signal
received at STIMR.

21 UTIMT d UT at transmission by the transmitting
station,

23 ETIMT d ET at UTIMT

25 DELAY d Down-leg transmission delay,
ETIMR-ETIMV

MLECOM-1

1 PHILCD l Space & Re-entry

: é PHILCO.-FORD CORPORATION Systems Division
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Table 1 (Continued)

LOC Symbol Dimension Definition
27 STBIAS d(2) Receiving station clock bias and bias
rate, STIMR-UTIMR at UTIMR = 0 and
£ (STIMR-UTIMR).
31 OBIAS d4) Measurement biases.
39 DATAT d4) Measurement values at STIMR.
47 Q d(4) Variances of measurement random errors.
55 QI d) QD = 1/Q@
63 TD2C ’ d(s, 3) Transform from true equator, equinox
of date at ETIMRI1 to C-frame.
81 TB12C d(3, 3) Transform from B- to C-frame at
UTIMRI1. ’
99 X1 d(6) Vehicle state with respect to Earth,
C-frame, at ETIMV1.
111 XAl d(6) Vehicle state with respect to the central
body, C-frame, at ETIMV1.
123 XM d(6) Vehicle state in measurement coordinates
at ETIMV1. -2
135 PX12M d(s, 6) dX1/6XM
207 YMOD d4) Modulus of measurement values, n
215 YR d(4) Measurement residuals, y-y.
223 PI d(6,6) | Information matrix, HIQ 1H.
295 HY d(e) Projected residuals, H1Q 1(y-$).
307 TEST d(20) Vector of residual sums (see Table 2).
347 COEF d(2, 4) Coefficients of measurement polynomials.
363 AMU d Central body gravitational constant.
365 CTAU d Constant doppler interval or count from
the edited data tape.
367 DRA d Nutation in right ascension at ETIMRI.
369 Spares (12) . | === e e e
381 ILMEAS /(4,4) Measurement inclusion options versus
measurement number, type (T if measure-
ment is included).
397 " LMEAS /(4) Measurement options for this type, this
process.
V MLECOM-2

PHILCO l Space & Re-entry
Systems Division
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Table 1 (Continued)

LOC Symbol Dimension Definition t
401 LDATA 1(4) Measurement options for this time point,
405 LAUTO L Internal automatic retry option (see
KAUTO).
406 LMLE 4 Maximum likelihood convergence indicator,
T if converged.
407 LRESDL [} Residual switch, T output only, F include
in information matrix and HY.
408 Spares (B) | e e e e o s e e e
411 INROT (3,4) Rotation indices for each measurement
type (see MEAS2X),
423 NROT 4) Rotation indices for current measure-
ment type. '
427 NYR 4) Number of measurements included in
statistics,
431 NSTATE Number of state elements being estimated,
432 NPTSTT Number of time points loaded in DATA.
433 IQUAL Quality indicator value for full set of
measurements,
434 ITIME Column counter of current time in DATA.
435 ILBM (12, 4) BCI measurement labels.
483 ILBS (12, 4) BCI measurement coordinate labels.
531 LBM (12)
543 LBS (12) labels for this measurement type.
* 15655 LBALG (2) BCI antenna alignment label.
557 LBDPL , BCI label for 3-way doppler.
558 LBTAU 2) BCI label for doppler mode.
560 LBTYP 4) BCI measurement type labels.
564 Spares (7) | === e e
571 DATA (5,100) | Interval data buffer,
DATA (1,]) = time tag for Ith data
”point. "
DATA (M+1,I) = Mth measurement
value.

PHILCO |

PHILCO-FORD CORPORATION
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TEST d(20)
Table 2
Component Symbol Definition
1-4 TEST (M) Sum of the squares of the residual for each
measurement,
5 E ‘Weighted sum of the squares of the residuals
ZQI(M)y*TEST(M).
6 EBAR Mean weighted sum of the squares,
IQI(M)*TEST (M)/ NYR(M).
EDEL Fractional change in E, (E-ELAST)/E.
EHAT Value of E predicted for next trial.
EDHAT Value of EDEL predicted for next trial.
10 Spare e e et o
11-16 TEST(I+10) Values of TEST(I+4) (E, etc.) on previous trial.
17 EHATX Value of EHAT without constraint on the differential
correction,
18 EDHATX Value of EDHAT without constraint,
19-20 Spares = = | -mmmmmmmmmmmmssm—e e s mm e

PHILCO |

PHILCO-FORD CORPORATION
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SIBFTC MC13B5 M94sNODDSLIST -

BLOCK DATA MLEC0001

C MAIN COMMON FOR DATA START LINK MLEC0002
C MLECO003
COMMON /MLECOM/CMLE(1070) MLECO0004

C MLECO0005
DOUBLE PRECISION YMOD (4) MLEC0006
LOGICAL ILMEAS(494) MLECO007
DIMENSION INROT(3s4) MLEC0008

1 sTLBM (12s4) sLBALG (2) SLBTYP (4) MLECO009

2 »TLBS (12s4) sLBTAU (2} MLECO0010

C MLECO0011
EQUIVALENCE (CMLE(435) s ILBM s {CMLE(557)sLBDPL MLECO0012

) )

1 s{CMLE(483)5ILBS ) s(CMLE(558)sLBTAU ) MLECO0013

2 s (CMLE(411)sINROT ) »{CMLE(560)sLBTYP ) MLECOO14

3 s (CMLE(381)» ILMFAS) s {(CMLF(555)sLBALG ) s {CMLE(207)sYMOD ) MLECO015

C MLEC0Q016

C MEASUREMENT AMBIGUITIES MLECO0017

DATA YMOD / 2%6..2831853071795864 +2#1,D30 / MLECO0018

C MLECO019

: C MEASUREMENT INCLUSION KFYS MLEC0020

b} DATA TLMFEAS/ ToToeTsF  sTeToeTeT sTeTeTeT sTsTeFsT / MLEC0021

? C MLECO022

C ROTATION INDICES (FOR MFAS2X) MLEC0023

DATA INROT / 15293 9=39=291 =312 919293 / MLECO024

- C MLEC0025

C OUTPUT LABFLS MLECO0026

5 DATA ILRM /6HAZIMUTs6HELEVAT »6HRANGE s6H s 6HH s6HION MLEC0027

“““ ! 1 s6H s 6H s 6HRAD s 6HRAD 9 6HKM s 6H MLEC0028

2 s 6HX s 6HY s 6H2-WAY +6HDOPPLE 9+6H s6H MLEC0029

ey 2 s 6HRANGE s 6HR s 6HRAD s 6HRAD s 6HSEC s 6HCYCLES MLEC0030

1 3 s 6HX » 6HY s 6H2~WAY +6HDOPPLE,6H s 6H MLECO031

J 3 s 6HRANGE s6HR s 6HRAD s 6HRAD s 6HKM 96HCYCLES MLEC0032

< 4 2 6HHOUR A 6HDFCLINs6H sy 6HDOPPLE » 6HNGLE s 6HATICN MLEC0033

4 2 6H s 6HR 2 6HRAD » 6HRAD s6H s 6HCYCLES /MLECOO34

ey DATA TLRS /6HRANGF 9&6HAZIMUT sgHFLEVATI6HR-RATEs6HAZ~RAT»6HEL-RAT MLECO035

| 1 26H s §HH »6HION »6H s 6HE s 6HE MLECO0036

o 2 s 6HRANGE s 6HX »6HY s 6HR-RATE s 6HX-RATE s 6HY-RATE MLEC0037

- 3 s 6HRANGF 9 6HX s 6HY s 6HR-RATE s 6HX~RATE y 6HY~RATE MLFEC0038

2 s6H s 6H s 6H s 6H s6H s6H MLEC0039

3 s 6H s 6H y6H s 6H s6H s 6H MLECO0040

4 s 6HRANGE »6HR.Ae 16HDECLINS6HR-RATE »6HR.A«~RI6HDEC-RA  MLECO0041

- 4 s 6H s 6H s6HATION s6H s 6HATE 2+ 6HTE /MLECO042

DATA LBALG/6HN=S s 6HE-W / MLEC0043

DATA LBDPL/6HR-3WAY/ MLECO044

DATA LBTAU/G6HINTRVL s §HCOUNT / MLECO045

DATA LBTYP/6HC-BANDs6HG-RR +6HUSBS s6HDSIF 7/ MLECO0046

i C . MLECO0047
END

PHILCD l Space & Re-entry
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/OUTCOM/COUT (40)
No block data.

OUTCOM is used by nearly every subroutine in the Tracking Data Editor. It is
used for the transmission of output edited data to tape. It is written as the first

record of each record pair on the edited data tapes. It contains key information
about the associated data record written from MESCOM. It is also written without

an associated data record as the last record on an edited data tape, in which case

the end of tape condition is signalled by a flag in one of the words of the record.

/OUTCOM/COUT (40)
™ * Data Identification Buffer
LOC Symbol Dimension Description B
4 NREC Record pair counter |
i :
i 2 NEOT End of tape key !
-1, First record pair i
+1, Last record
0, Other :
3 OBSNAM Receiving station name ?
v 4 TRANAM Transmitting station name
5 NRCD Record pair counter for current arc
6 NPTS Number of time points in data record
7 KONT : 0; First record pair for this arc
b 1; Continuation record pair
- 8 MTYPE Measurement system type
B 1; C-Band
. 2; Goddard Range & Range Rate
3; Unified S-Band
4; DSIF (JPL)
9 NALIGN Antenna size (for USBS only)
1: 30-foot, principal axis north
2: 85-foot, principal axis east
10 MODE Doppler mode 1
2: Two-way
3: Three-way
11 DELT Time interval between time points,
seconds
OUTCOM-1
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Data Identification Buffer (continued)

LOC Symbol Dimension Description
12 KTAU Doppler type:
0: Doppler count is fixed in
COUT (19), data contains
time. ‘
1: Doppler interval is fixed
in COUT (19), data contains
counts,
13 ONTIME d Start of data arc, seconds from 1950
15 TFIRST d Start of record, seconds from 1950
17 TLAST d End of record, seconds from 1950 '
19 TAU d Fixed doppler count or interval (sec)
see KTAU, COUT (12)
21 FTR d Transmitter carrier freq. Hz
23 CRI d
Refraction constants
25 CR2 d
27 DR d Range ambiguity, units of range )
29 BIAS d Fixed doppler offset bias, Hz
31 RETR d Transponder retransmission/reception
ratio, e.g.: = 240/221 for USBS
33 NB (4) Outlier or missing data point count, ;
' four observables i
37 SD (4) Sample standard deviations, four obser-
vables, units of observables, computed
over entire arc. J
OUTCOM-2
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/POTCOM/PLOT C(42)

No block data,

POTCOM is used to communicate data to the plot routine RSPLOT, It is also used
by RSPLOT to store quantities which must be saved if linking within the residual link,

/POTCOM/PLOTC(42)

. Loc Symbol Dimension Description

L ; 1 TIME Time (from initialization time) of

) present RSPLOT call, in seconds,
} 2 DATA (4 Up to 4 data values to be plotted at
this time,

b 6 KDATA (4) If KDATA(I) =1, plot DATA (J)
o 10 DT Time scale increment, in seconds,

11 DATMAX (4) DATMAX (I) is the maximum value

: of DATA (I) to be plotted on scale,

: 15 LABEL (12) Each data type is identified on the plot
~~~~~ by a one-character BCI symbol. The
symbol is identified as to data type by
preliminary output of a label which may
be up to 12 characters in length, For
data type I, I=1, 2, , 4 LABEL (I) is

s the 1st word of the BCI label. LABEL
(I+4) is the 2nd word of the BCI label.
LABEL(I+8) is the BCI label of units of
DATA ().

27 SYMBOL (€] and SYMBOL(I) is the BCI character
~used in the plot.

31 DORD (4 DORD (I) is used in placing the symbol
for DATA()) in the correct plot position.

35 ™™ (3) TM(1) = even time interval point of the
last entry to RSPLOT.

TM(2) = TM(l) - DT/2.

| TM(3) = TM(1) + DT/2.

e POTCOM-1
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38 LINE : Counter for the number of intervals
(DT), to control output of a horizontal
line every 10 intervals,

39 LINE2 : Counter for the number of intervals, -
to control output of a time coordinate
every 5 lines,

40 LINE3 Counter for the vertical axis label.

41 LTM Temporary storage for a character
of the vertical axis label.,

42 N1 Used in assigned GO TO which controls
| ' _ output of vertical axis label,

POTCOM-2
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/RSCOM/KPTIME(8), RLSAVE (56)

Block data: Deck MC135B

RSCOM contains the maximum values of the scales on which data is to be plotted,
It is used by RESOUT in setting the data maximums for RSPLOT,

TABLE 1
/RSCOM/KPTIME(8)
Loc Symbol Dimension Description
1 KPTIME Logical variable if KPTIME is TRUE,

the time interval for the plots is taken
— as PTIME, Otherwise, it is computed
from BUFDAT, ’

2 PTIME See KPTIME

3 KPMAX If KPMAX is TRUE, the maximum
value of data type M to be plotted on
scale is taken as PMAX(M+1), Other-
~ wise, it is computed to be PMAX(1)

- + SE(M+10, INDSTA),

4 PMAX 5 See KPMAX

RSCOM-1
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TABLE 2
RLSAVE (56)
RESOUT Initialization Data

Loc Symbol Dimension Definition
1 OBIAS d(4) Measurement biases
9 YMOD d4) Measurement moduli mE
17 TFIRST d First station on-time, seconds )
: from 1950 Jan 0,0
19 STPTIM Process stop time, seconds
from TFIRST
20 TREF Start time for current data
arce, seconds from TFIRST
21 Spaxre { 1 == =—=- ﬁ A
22 KOUTL J Logical variable for inclusion of
outliers
23 LSKIP 2(4) Measurement skip options
27 NSUM (4) Number of measurements s
included in SUM, SUMSQ
31 SUM (4) Sum of residuals, each type B
35 SUMSQ (4) Sum of squares of residuals,
each type
39 NASGN (18) Permanent transfer addresses

(for assigned "GO TO's")

k|
!
sl
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$IBFTC MC1358 LIST»NODD

BLOCK DATA RSCMO001
COMMON /RSCOM/KPTIM(8) sRLSAVE(56) RSCM0002
LOGICAL KPMAX »KPTIME RSCM0003
EQUIVALENCE (KPTIM( 1) sKPTIME) »{KPTIM( 2)sPTIME ) RSCM0004
1 s (KPTIM( 3) oKPMAX ) s(KPTIM{ 4)sPMAX ) RSCM0005
DATA KPMAXsKPTIME/T»T/ RSCM0006
DATA PTIME/6U/ R5CM0007
DATA PMAX/1e350¢130e192%1004/ RSCM0008
END

PHILCO I
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/RSLCOM/INDRSL(16), BUFRSL(18, 14)

No block data,

TR-DA1509

RSLCOM is used to keep track of output quantities related to the data and residuals.

This data must be saved until the entire residual process is completed since the

plotting, if requested, is output line by line for each time point, All other printer

output must therefore be deferred until the plots are finished.

TABLE 1
INDRSL(16)

Loc Symbol Dimension Description

1 NRSPOS Present position on the residual tape (11)

2 NREOT Record-type descriptor for the residual
tape.

3 NRKONT Data arc descriptor (=0 for a record
not the last record of the arc) for the
residual tape,

4 NRBLK Number of INDRSL, BUFRSL, pairs
written on residual tape,

5 NRPTS Number of time points used,

6 NRSSTA Station name for these residuals.

7 NREST Number of estimation tape record pair

: used to define state for this residual
process.

8 MTYPE Data type., MTYPE =

1 C-Band .

2 Goddard R, R
3 United S-Band
4 DSIF

9 TRON d Time to start computing residuals
seconds from 1950 Jan 0,0 ST

11 TROFF d Time to stop computing residuals
seconds from 1950 Jan 0, 0 ST,

If TROFF=0, this time is the end
of the data arc,

PHILCO I
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13 TRFRST d Time of the 1st residual in BUFRSL
(in a block of 14 points on the tape),
seconds from 1950 Jan 0. 0 ST,

15 TRLAST d Time of the last residual of the block
of 14, seconds from 1950 Jan 0.0 ST,

TABLE 2
BUFRSIL(18, 14)

The residuals are collected in BUFRSL until 14 have been accumulated, They are
put on tape (11) either as temporary storage before output or because the tape '
option was requested . For each point I, I=1, 14 the following is a table of

BUFRSL(,) §
Loc Dimension Definition
1 Quality word. This is a fixed point number, = 2 10™ |
for all M for which a valid residual appears for
data type M.
2 Time of the data, seconds from 1950 Jan 0,0 ST,
3 Residual, data type 1
4 Residual, data type 2
5 Residual, data type 3
6 Residual, data type 4
7 d X
9 d Y
11 d 7
. State at time BUFRSL(2,])
13 d X
15 d Y
17 d V/
RLSCOM-2 |
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/SBFCOM/CSBF(18N+12)

No block data,

SBFCOM is used for communication between the propagation and estimation links ,
It contains the quantities computed during the trajectory integration which are
required in the processing of data,

| The dimension of the arrays in SBFCOM depend on M, the maximum permissible
number of motion parameters in the state vector, The dimension, N, is

N =27 +3M

! The dimensions of the arrays and their location in CSBF are given as functions of
“ N in the table below., The value of M used must be compiled into MAXQ of DCPCOM

(see also DQDCOM). Changes in M require the recompilation of the following
subroutines which reference SBFCOM,

Subroutine Deckname

o DIFCOR MC133H
o TRAJDP MC133F

; OUTTRJ MC1327
ESTMAT MC133J
ESTOUT MC1330
. UPDATP MC138A
- SBFCOM is loaded in the DIFCOR link of the DCP, It is loaded in the RSIDUL link

under the name SB3COM, with fixed dimensions RBF(6), VBF (6, 8).

SBFCOM-1
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TR-DA1509
/SB3COM/CSBF (120)
No block data.

SB3COM is used for communication between the sub-links of the RSIDUL link of the -
DCP. It contains the quantities computed during trajectory integration which are
required for the computation of residuals. It is identical to SBFCOM except that

the dimensions of RBF, VBF do not depend on the number of equation of motion

parameters. For SB3COM, N=6 always.

SB3COM-1
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/STNCOM/CSTN(7250)

Block Data: Deck MC1377

STNCOM is used for the storage of nominal station parameters, their standard
deviations and correlation coefficients. It is used by SETSTA (only) in construct-
ing the working arrays for the stations for which data is to be processed.

STNCOM may be changed only by recompilation of the block data. The working

array, however, may be changed by overlay input at the case level (see References

1 and 2).

The dimensions of the arrays in STNCOM allow inclusion of up to 50 stations in
the block data. If a larger station library is required and space is available,
STNCOM may be redimensioned by replacing each '"50" on card SSTA0041

by the new dimension.

/STNCOM/CSTN(7250)
Nominal Station Parameters

Loc Symbol Dimension Description
1 STANAM (50) Station names
51 STALOC d(3, 50) Station locations

Latitude (degrees)
Longitude (degrees)
Altitude (meters)

351 STACOR d(69, 50) Station location and measurement bias
errors, standard deviations, and

normalized correlations.

STNCOM-1
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SIBFTC MC1377 XR3,M94sNODDsLIST

BLOCK DATA STNCO001

C TRACKING STATION BLOCK DATA STNCOQ02

C STNC0003

COMMON /S5TNCOM/CSTN(T7250) STNC0004

DIMENSION STANAM (50} STNC0005

DOUBLE PRECISION STALOC(3+50) sSTACOR(69+50) STNC0006

EQUIVALENCE (CSTN{ 1) sSTANAM) s (CSTN( 51)»STALOC) STNC0007

1 » {CSTN{351) »STACOR) STNC0008

C STNC0009

C STATION NAMES STNCO0010

DATA STANAM/GHMERRIT s6HBAHAMA »6HANTIGU »s6HBERMUD »s6HCANARY STNCOO011

1 »6HASCENS »6HCRNRVN s 6HGUAM »6HHAWAT I s 6HGUAYMS STNCOO012

2 s 6HCORPUS 96HMADRID s6HMADRIX s6HCANBRA »6HCANBRX STNCOO13

3 s6HGLDSTN s6HGLDSTX »6HVANGRD s6HREDSTN »6HMERCRY STNCO014

4 s6HHNTSVL »6HWTRTWN s6HKENEDY »6HPATRIK »s6HSALVDR STNC0015

5 s 6HGRTURK »s6HPRETOR »6HARGUEL »6HWSANDS sBHELGIN STNC0O016

6 s 6HJOBURG s 6HWOMERA »s6HROSRAN s6HMADGAR s6HCARVON STNC0017

7 »6HSNTAGR »6HULASKR STNCO018

8 STNCO019

9 s 13#6HSPARES / STNCO020

C . STNCO021

2 C STATION LOCATIONS STNC0022
C LATITUDES (DEGREES) STNC0023

DATA (STALOC(1sI)sD=1s50) STNC0024

1/ 28e¢42486D0s 26+463636D0s 17414380D0s 32e34777D0s 27.74486D0 STNC0025

o 2y =T7e97299D0s =24.90639DUs 13,58333D0s 22012527D0» 2749584100 STNCO026
3y 27e695539D0s 40e41667D0s 40,41667D0s ~35431153D0s ~35.,31153D0 STNC0027

5 4y 35.38964D0s 3538964DU>s Oe DO Oe DOs Oe DO STNCOO028
S Oe DO» Oe DJUs 28.48177DCs 28+22655D0s 24411899D0 STNC0G29

63 21e46291D0s =25494372D0s 34458290D0» 3263582200 30442177D0 STNCO030

Ts =25488735D0s —3138287DJ0s 3542001400y -19,02028D00s -24¢87500D0 STNCO031

8y —33,14948D0s 64497683D0, STNC0032

e 9 STNCO033
1 13%#0.D0/ STNCOO034

. C LONGITUDES (DEGREES) STNC0035

: DATA (STALOC(2sI)s1=1950) STNC0036

é 1/ ~BU0e66442D0s =T78e26772D0Us 17414380D0s —64e65364D0s —15.60200D0 STNCO037
S 2s —1444016900s 113672369D0Us 144492500D0e~159466762D09=110.72079D0 STNCO038
3y =95e36358D0s =—3066667DCs =—3.6666TD0s 14941358300 149.13583D0 STNCO039

e 43=116¢84878D0»—~116484873D0» Oe DO» Oe DOs O DO STNC0O040
| 5, Oe DO» O DGy =80457651DDs ~80459929D0s ~T74e52074D0 STNCO041

1 63 =71013204D0y 28+35850D0+=12056115D09~106436956D0s —~86+79811D0 STNCO042
= 7y 27.64878D0s 136488502D0s 271412790D0s 47430278D0s 113.70833D0 STNCO043
8s 289433091D0% 212.48490D0y STNCOO044

9 STNCO04S

1 13%0.D0/ STNCOO46

. C ALTITUDES (METERS) STNC0047
: DATA (STALOC(3s1})sI=1+50) STNC0048
. 1/ 9« DO» 13. DOs 266  DO» 3« DO 36 DO STNCO0049
s 2y 1434 DUO» 58 DO» 20e DJs 1142. DO 18. DO STNC0050
= 3 50e DO» 50s DGy 5Ce DO 50« DO» 50« DO STNC0051
il 4y 1031e DOUs 1031. DG Os DO Os DGC» 0« DO STNCO052
5, 0o DO Oe DO» 14¢ DO» 15« DO>» 3. DO STNC0053

6> 25. DO» 1618, DOs 646e DO» 1232s DOy 28. DO STNCOO54

o 7s 1381.92D0s 15048 DOs 880.87D0s 1392.02D0 75+01D0 STNC0055
8s 694.94D0s 294,44D0s STNCOO056

9 STNC0057

1 13%04D0/ STNCO0058

C STNC0059

C STATION ERRORS STNC0060

C NORTHING (KM) STNCOO61

DATA (STACOR{ 151)s1=1+5Q1/ 50% QeDO / STNCD062

C EASTING (KM) STNC0063

DATA {(STACOR( 2s1)91=1s50)/ 50% 0D0O 7/ STNCOD64

C DOWN (KM) STNCD065

DATA {(STACOR( 351)s1=1+50)/ 50% CeDO 7/ STNCO066

C CLOCK BIAS (SEC) . STNCO067

DATA (STACOR!{ 451)3s1=1s501)/ 50% Q0eDO0 / STNCO068

C CLOCK RATE (SEC/SEC) STNC0069

DATA (STACOR( 531)9I=1+50)/ 50% QDO / STNCDOT0

C SPDLT {(KM/SEC) STNCOO071

DATA (STACOR( 6s1)s1=1550)/ 50% 0.D0 7 STNCO072

¢ ANGLE 1 (RAD) STNC0073

oy DATA {(STACOR{ Ts1)s1=1950)/ 50% 0DO / STNCOQ74

“?
|
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C ANGLE 2 (RAD) STNCCO75
DATA (STACOR{ 8s1)91=1550)/ 50% 0.D0 / STNCOO0T76
C RANGE (KM) STNCO077
DATA (STACOR( 951)s1=1250)/ 5C# 0.D0 / STNCO078
C DOPPLER (COUNTS) STNCOOT79
DATA (STACOR(10sI)s1=1s50)/ 50% 0.D0 / STNCO080
C STNCO0B1
C STANDARD DEVIATIONS STNC0082
C NORTHING (KM) STNCC083
DATA (STACOR(11s1)51=1+50)/ 50%10.D-3 / STNCO084
C EASTING (KM} STNCO085
DATA (STACOR(1251)s1=1550)/ 50%10D~3 / STNCO086
C DOWN (KM} STNCO0087
DATA (STACOR(1351)s1=1550)/ 50%104D=~3 / STNCQ088
C CLOCK BIAS (SEC) STNC0089
DATA  (STACOR(1451)s1=1550)/ 50% 1leD-3 / STNC0090
C CLOCK RATE (SEC/SECY STNCO091
DATA  (STACOR(15+1)191=1+50)/ 50% 1.D-12/ STNC0092
C SPDLT (KM/SEC) STNCOQ93
. DATA (STACOR{16s1)s1=15501/ 50%#10D0 7/ STNCO094
C ANGLE 1 (RAD) STNC0095
DATA (STACOR(1751)s1=1+50)/ 50% 1eD~3 / STNCOO096 g
C ANGLE 2 (RAD) STNCO097 .
DATA (STACOR(18s1)91=1s50)/ 50% 16D=3 / STNCO098 i
C RANGE (KM} STNCO099
DATA (STACOR(19s1)s1=1550)1/ 50% 1,D~1 / STNCO100
C DOPPLER (COUNTS] STNCO101 | o
DATA (STACOR{20s11+1=1550)/ : 50% 1.D0 / STNCO102 5
C STNC0103 :
C CORRELATIONS STNCO104
DATA ((STACOR{IsJ)sJ=1550)91=21565)/ 2250% 0.D0 / STNCO105 .
C STNCO106
C STANDARD DEVIATIONS IN MEAS RANDOM ERRORS (RADsRADsKMsCOUNTS) STNCO107
DATA ({STACOR(IsJ)sJ=1550)91=66+69)/ 100% 24D=3 » STNCO108 ad
1 50% o3D-1 » STNCC109
2 50%20.D0 / STNCO110

END
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/STPCOM/CSTP(58)
No Block Data.
STPCOM is used for the storage of constants computed by the initialization

subroutine STEPDI and the functions of the regularized incremental eccentric

anomaly used in the solution of Kepler's equation by STEPDT.

/STPCOM/CSTP(58)
Conic Step Functions

Loc Symbol Dimension Definition
1 TI d Tnitial time, seconds ET
3 X1 d(6) Initial position and velocity, R o’ VO
15 SU d Jps p = gravitational constant
17 RI d r, = |RO|
19 Al d 1/a, |a| = semi-major axis of the conic
21 SA d J 17 1aj
23 DI d d, = R,. VAR
25 SR d J'p/ r,
27 PR d Orbital period (for ellipses)
29 HP d PR/2
31 oM d a- ro/a)
33 EP d Convergence limit for STEPDT
35 | R d r= |R|
37 G d4) Universal functions, Go’ Gl’ GZ’ G3
45 B d Regularized anomaly, 3
47 FB d F(B) = Gg + d Go+ T Gy
49 D d d=d.G, + (1-r/2)G, o
51 F d4) R, V coefficients, f, g, f, g

STPCOM-1
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/SUMCOM/SUMARY (56)

No block data.

SUMCOM is used to contain summary information about the output edited data tape.
It is initially loaded by the MAIN program and is kept current by the decoding
subroutines CBTEST, GRTEST, SRTEST, and DSTEST. It is also used by
subroutines EGRESS and SCANIT. It is written as the first record on the output
edited data tape.

/SUMCOM/SUMARY (56)
Data Tape Header Record

Loc Symbol Dimension Description
1 HEADER | (11) BCD tape header

12 NUMSTA Total number of stations on tape !

13 NAMSTA | (20) Names of all stations on tape

33 TSTART | d Time of first data on tape or earlier,
seconds from 1950

35 TSTOP d Time of last data on tape or later,
seconds from 1950

37 STIMNX (20) Time of earliest appearance of each
station on tape as a receiving station
(or earlier), seconds from 1950

SUMCOM-1
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/TRICOM/ CTRJI(246)

No block data.

TRJCOM is used for the working storage of quantities required to be saved or
communicated during trajectory computation. It is loaded in the DIFCOR link,
and is relabelled TRSCOM for the MLESTT link and TR3COM for the RSIDUL link.

/TRICOM/CTRJI(246)
i Loc Symbol Dimension Definition
. ETFMS d ET of last call of DPFMRS
* 3 UTIMV d Current universal time, seconds from
1950 Jan 0.0 UT
5 5 TC2D0 d, 3) Transformation, mean equator, equinox
" of 1950, 0 (C), to mean equator, equinox
of date (D0)
o 23 TC2D d¢, 3) Transformation, to true equator, equinox §
of date (D) i
41 TB2D d@, 3) Transformation, central body-fixed (B),
to true equator, equinox of date
- 59 TB2C d(, 3) Transformation, central body-fixed to
mean equator, equinox of 1950.0
y 77 CBOD d(37) Central body working storage
- 151 RC d(3) Vehicle position relative to the central
7] body, C-frame components
- 157 vVC d@) Vehicle velocity relative to the central
‘ body, C-frame components
" 163 RCONIC | d(3) Encke reference position
169 VCONIC d@) Encke reference velocity
175 PCONIC d(6, 6) Conic transition matrix
TRJCOM-1
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CBOD d (37)
Central Body Working Storage

Location
CTRJ | CBOD Symbol Dimension | Definition

77 1 CBN Central body name

79 2 CBP d Sphere of influence

81 3 CBA d Equatorial radius

83 4 CBB d Polar radius

85 5 CBU d Gravitational constant

87 6 CBO d Angular velocity

89 7 DRA d Nutation in right ascension (Earth) 8
of 1950, 0 right ascension of the
prime meridian (planets)

91 8 HRA d Hour angle of the vernal equinox

93 9 OBL d Mean obliquity of the ecliptic e
(Earth) or inclination of Earth's
ecliptic on the planet's equator

95 10 DLN d Nutation in longitude (Earth) or
1950, 0 longitude of the ascending
node of the ecliptic on the equator

(planets)
97 11 OBT d True obliquity (Earth) or Earth's
~ mean obliquity of 1950.0 (planets)
99 12 NZH Highest order zonal harmonic B
101 13 NTH Highest degree tesseral harmonic
103 14 ZH d(6) Zonal harmonic coefficients -
115 20 TH d(18) Tesseral harmonic coefficients

TRICOM-2
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/TRKCOM/ CTRK(700)

Block data: Deck MC134S

TRKCOM is used for storage of tracking station descriptive data. It is loaded
by a Block Data subroutine, but may be altered by overlay input at the beginning

of the program run.

/TRKCOM/CTRK (700)
Tracking Station Identification

Loc Symbol Dimension Description
1 STANAM | (50) Station names
51 KODSTA | (50) Station ID codes
101 MOUNT (50) USBS antenna size |

1, 30-foot, principal axis north

2, 85-foot, principal axis east

S 151 TRF d(50) Transmitter frequency Hz
251 C1 d(50) ;
Refraction constants
_ 351 | C2 d(50) elractio &
451 BIAS d(50) Doppler fixed offset bias, Hz, used only
for USBS
. 551 RETR d(50) Transponder retransmission/reception
- ratio. Used for USBS and for Goddard
' Range - Range Rate in S-Band mode.
651 PAIR (50) Associated transmitting station names.

Use of the various arrays by the TDEP

STANAM

Tracking stations are identified on the Edited Data Tape by six-letter names

rather than by numbers. This is the array of possible names.

TRKCOM-1
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KODSTA

Tracking stations are identified on the Raw Data Tapes by two-digit decimal
numbers. The TDEP reads the number from the raw data tape, searches for

a match in KODSTA, picks up the corresponding name in STANAM, and puts

this name on the edited data tape. Exception: Subroutine GRTEST (Goddard
System Data) reads the number from the raw data tape, reassigns a new number,
and then uses the reassigned value to search for a match in KODSTA. This is
necessary to avoid conflicts due to duplication of station ID numbers. The
reassignments are:

On Tape Reassigned
26 30
22 31
52 32
27 33
28 34

Care must be exercised if subroutine GRTEST is to be altered to change either
the list of acceptable numbers from the raw data or the reassigned values.
Reassigned values less than 33 indicate to subroutine GRTEST that the tracker
is a regular system, whereas numbers greater than or equal to 33 indicate a

hybrid system tracker.

NALIGN

This array has meaning only for USBS data and is used only by subroutine SBTEST.

FTR

This array is meaningless for C-Band data and is ignored by CBTEST. It is

also ignored by GRTEST, which contains its own list of possible carrier

frequencies.

TRKCOM-2
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C1 and C2
These are used by all data subroutines.

BIAS

This array is meaningless for C-Band data and is ignored by CBTEST. It is
also ignored by GRTEST, which contains its own list of bias frequencies.

RETR

This array is meaningless for C-Band data and is ignored by CBTEST. It is
always used by SBTEST. It is used by GRTEST for S-Band frequencies (but

not VHF) but the Differential Correction Program (Subroutines DSDAT and
DSTATP) were altered to ignore this value for Goddard data because the Goddard
System receivers shift the received signal back up by the inverse of the trans-
ponder ratio to give an effective value of unity. This fact became apparent

after the TDEP was written.

PAIR

This array is used only for USBS data in the three-way doppler mode in case

the transmitting and receiving stations are not the same.

TRKCOM-3
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$18B
CMC

<

CHx
C

FTC MC1345 M94,NODDsXR3
1345 STATION BLOCK DATA FOR TRACKING DATA EDITOR CTRK0001
BLOCK DATA CTRK0002
COMMON /TRKCOM/CTRK(700) CTRK0QO03
DOUBLE PRECISION FTR{(5U)s C1(50)s C2(50)s BIAS(50)s RETR{50)CTRKO004
DIMENSION  STANAMI(50)s KODSTA(50) NALIGN{50)>» PAIR(50) CTRK00O05
EQUIVALENCE (CTRK(1)»STANAM) » (CTRK(51)sKODSTA) CTRK0O006
1» (CTRK{101)sNALIGN)s (CTRK{151)sFTR), (CTRK(251)sCl) CTRKOOO7
2y {CTRK{35119C2)» (CTRK{451)9BIAS), (CTRK(551)sRETR) CTRK0008
33  (CTRK{651)sPAIR) CTRK0O009
’ CTRK0010
DATA (STANAM(I)sKODSTA(I)sNALIGN(I13sPAIR{I)»FTR(I)sCI(I}sC2(1) CTRKOO11
1sBIAS(I)SRETR(I)s1=1+9)/ ' CTRK0012
CH*TRACKING SHIPS CTRKOO13
VANGUARD CTRKOO14
16HVANGRD» 62 1 6HVANGRD » 204546906+ ¢34D-3s +138771D-3CTRKOO15
29 1eD6s 1,085972859728597286 CTRK0O016
REDSTONE CTRKOOL17
16HREDSTNs 63 1s 6HREDSTN, 204546906y +34D=3s +138771D-3CTRK0018
2s 1.D6, 1,085972859728597286 CTRK0019
MERCURY CTRKO020
16HMERCRY s 649 1 6HMERCRY » 20454.69D6s o34D~3s «138771D-3CTRK0021
2 1.D6 1,085972859728597286, CTRK0022
HUNTSVILLE CTRKO0023
16HHNTSVL » 659 1s 6HHNTSVL » 2045.69D6s +34D~3, «138771D-3CTRK0024
2 1.D654 1,085972859728597286, CTRK0025
WATERTOWN CTRK0026
16HWTRTWN 66 ls  6HWTRTWNS 2045469D69 +34D~3y «138771D-3CTRK0027
2 1sD6) 1.085972859728597286 CTRK0OD28
LAND STATIONS CTRK0029
MERRITT ISLAND CTRK©030
16HMERRIT) 71 1s 6HMERRI T, 2045.69D6s «34D~3s «138771D-3CTRK0031
2s 1eD6y 1.085972859728597286» CTRK0032
GRAND BAHAMA ISLAND ' CTRK0033
16HBAHAMA 41, 1s 6HBAHAMA » 2045469D65s o34D-3s «138771D-3CTRK0034
2 1+D6s 1,085972859728597286 CTRK0035
ANTIGUA CTRK0036
16HANT IGUs 91 1s 6HANTIGU 2045,69D6s o34D~3s ©138771D-3CTRKO037
2 1+D6 1,085972859728597286 CTRK0038
BERMUDA CTRK0O039
16HBERMUD » 02+ 1s 6HBERMUD » 2045469D6s o34D=3s +138771D-3CTRK0040
2 106 1,085972859728597286/ CTRKOO41
DATA (STANAM(I)yKODSTALI)sNALIGN({I)»PAIR({IVsFTRII)sCL{I)5C21(1) CTRK0O042
13BIAS(I)sRETR(I)+1=10+181/ CTRKO043
CANARY ISLANDS CTRKOO44
16HCANARY » 04 s 1 6HCANARY » 20454.69D69 ¢34D=-3s «138771D-3CTRKO04S5
2 1.D6s 1,085972859728597286, CTRKO046
ASCENSION CTRKO047
16HASCENSs 751 1s 6HASCENS s 2045469063 +34D=3s +138771D-3CTRKO048
2 1eD6s 1,085972859728597286 CTRKO049
CARNARVON CTRKO050
16HCRNRVN 08» 1 6HCRNRVN » 2045469065 «34D=3s «13B771D-3CTRK0051
29 1065 1,085972859728597286 CTRKO0052
GUAM CTRKO053
16HGUAM 24y 1s 6HGUAM 2045.69D6s o,34D-35 o138771D-3CTRKO054
2 14D65 1,085972859728597286 CTRKO055
HAWAII CTRK0056
16HHAWAIT 129 1s 6HHAWATI TS 2045,69D6s +434D-35 «138771D~3CTRKO057
2 106, 1,085972859728597286, CTRK0058
GUAYMAS CTRK0059
16HGUAYMS, 14 1 6HGUAYMS » 2045.69D63 +34D-3s +138771D-3CTRK0O060
2 1eD6y 1,085972859728597286 CTRK0061
CORPUS CHRIST! CTRKO062
16HCORPUS» 16 1 6HCORPUS 2045,69D6s +34D-3s «138771D-3CTRK0063
2 1.06 1,085972859728597286 CTRKOQ64
MADRID CTRK0065
16HMADRID, 23y 2 6HMADRIDs 2045.69D63s o34D-3y +138771D-3CTRK0066
2s 1eD6s 1,085972859728597286 CTRK0O067
MADRID (BACKUP) v CTRKO068
16HMADRIX 94y 2s  6HMADRIXs 2045.69D6s +34D-35 «138771D-3CTRKO069
2» 1065 1,0859728597285972867/ CTRKO070
DATA (STANAM(I)sKODSTA(I)sNALIGN(I)sPAIR(IJsFTR(I1sCL(I19C2(I} CTRKOO71
1sBIAS(I)sRETR(1)s1=19522}/ CTRK0OO72
CANBERRA CTRKOO073

16HCANBRA 25

PHILCO "H##ii
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2» leD6s 1,085972859728597286s CTRKQO75

C  CANBERRA (BACKUP) CTRK0076
16HCANBRX» 93 2s  6HCANBRXs  2045.69D6s o34D-3s 138771D-3CTRKOOTT
2 1+D6s 1.,085972859728597286» CTRKO078
C GOLDSTONE CTRKOO79
16HGLDSTN 28s 2»  6HGLDSTNs  2045.69D6s o+34D=-3» «138771D~3CTRK0O080
2s . leD6>» 1,085972859728597286 CTRK0081
C  GOLDSTONE (BACKUP) CTRK0082
16HGLDSTXs  92» 2s  6HGLDSTXs  2045¢69D6» +34D-3, «138771D-3CTRK0083
29 1eD6y  1,085972859728597286/ CTRKO084
DATA (STANAM{I)sKODSTA(I)sNALIGNII}sPAIR(I)sFTR(IIsCL(I}sC2(1) CTRKD085
~ 1sBIAS(I)sRETR(I)91=23527)/ CTRK0086
C*%¥GODDARD RANGE~RANGE RATE SYSTEM STATIONS CTRK0087
C**REGULAR ) CTRK0088
C ROSMAN CTRK0089
16HROSRAN» 30 1y  6HROSRANs  2271.9328D65,34D~3, +138771D-3CTRK0O090
2 «5D6y +75D0 CTRK0091
C MADAGASCAR CTRK0092 |
16HMADGAR s 31y 1y  6HMADGARS 227149328D65434D~3s +138771Dp-3CTRK0093 ;w{
2 «5D6s »75D0 CTRK0094
C CARNARVON CTRKO0095 .
16HCARVON 32 1s  6HCARVON, 2271+9328D69434D=3s «138771D~-3CTRK0O096 a
2> ' +5D6s «75D0, CTRKO097
C*¥HYBRID CTRK0O098
C SANTIAGO CTRK0O099
16HSNTAGR 33, 1s  6HSNTAGRS 2271.9328D62434D-3» «138771D-3CTRK0O100
2 +5D6» #7500 CTRK0101 ;
C  ALASKA . CTRK0102 i
16HULASKR) 34 1s  6HULASKRS 2271.9328D63,34D=-3» +138771D-3CTRK0103 )
2 «5D6s «75D0/ CTRK0104

END CTRKO105 ) .

PHILCO l Space & Re-entry
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/TSTCOM/CTEST (400)

No block data,

TR-DA1509

TSTCOM is used for storage of a variety of program controls and constants.

Some .are obtained from input data; others are computed,

/TSTCOM/CTEST (400)

LOC Symbol

Dimension

Description

1 NYR
11 NPTS

21 NSTEP

31 NDEG
41 CSD

81 IRAW

82 KNTROL

86 (Spare)
87 FINISH

' 107 IFOMIT

(10)
(10)

(10)

(10)
(4, 10)

)

d(10)

4,10)

Year numbers for raw data tapes

Number of points to include in polynomial
fit, each tape

Polynomial walk step size in points, each
tape '

Degree of polynomial to fit, each tape

Number of standard deviations allowable
for outlier tagging. Each of 4 obser-
vables in following order:

1, Azimuth, X, or hour angle
2. Elevation, Y, or declination

3. Range
4. Doppler

Current location in above arrays; sequence
number of raw data tape in process

Use indicator for each observable, stan-
dard order:

0: no data, this observable
1: good data, this observable
4: Goddard system angles, ;
valid data every fourth time
point
__________________________ i
' !
Time of last data to be processed, seconds!
from 1950, each tape. |

Data supression keys, each observable in :
standard order, each tape.

!
+1: suppress g
0: do not suppress ]

PHILCO l
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/TSTCOM/CTEST(400) (continued)

LOC Symbol Dimension Description

147 KMAX (10) Number of valid station ID codes, each
tape.

157 ISTAOK (20, 10) List of valid station codes, each tape uses
one column,

357 TLO d(10) Bounds for valid data time tags,

377 THI d(10) seconds from 1950, each tape.

397

400 Spares e 1 o o i o e

PHILCO I
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/WCOM/IW(550), CW(1450)
No block data.
WCOM is used for storage of a large number of working common arrays that must

be made available to a number of scbroutines. All the values are generated by the

program and may not be altered by any data overlay process.

/WCOM /IW (550)
Table 1
LOC Symbol Dimension Definition
1 NSTX (3) Extra body keys once used by SHIFT.

Not now used by SHIF2,

4 NOX 3) Array of central body numbers for up to
three extra bodies; e.g., if the first
extra body is earth centered, NOX(1) = 1.

7 IXT Total number of extra bodies
8 isC (12) Upper-loaded array of numbers of sta-
tions to be considered. For example,
IsC =(1,5,12,0, ..., 0) indicates that
only stations 1, 5, and 12 are to be con-
sidered.
20 IBC (10) Upper-loaded array of numbers of bea-
cons to be considered.
30 IEMP (24) Not used
54 IOBR (4)

Reserved for indicators for on-board
measurements, Not presently in use,
58 IOBA (18)

59 Spares (122) | mmmmmmm e

WCOM-1
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Table 1 (Continued)
LOC Symbol Dimension Definition

180 IS (11, 12) The second index corresponds to the
station identification number. The first
row of this array IS(1, N) contains a 1, 2,
3, or 4 to indicate the type of measure-
ments to be made as follows:

1: C-Band
2: Goddard Range and Range
Rate

3: Unified S-Band
4: DSIF (JPL)

The next nine rows are error source
treatment indicators. Row order is:

Range treatment

Doppler treatment

Angle 1 treatment

Angle 2 treatment
Northing error treatment
Easting error treatment
Down error treatment ~
Clock bias treatment i

WO -3 U WN

For rows 2-5 the following code is used:

0: No measurement

1: Measure with random and
bias errors

.2: Measure with random errors
only

Rows 6-9 use the following code:

0: No error
.}: Include bias error

Row 10 is a key to indicate antenna
alignment (dish size) for USBS systems

1. 30-foot dish, principal axis
north

2: 85-foot dish, principal axis
east

Row 11 is a key for refraction effects.

1: Include
2: Omit

WCOM-2
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Table 1 (Continued)

1L.0OC Symbol Dimension ' Definition

312 IB 3, 12) Each of the first ten columns corresponds

to a beacon number; the rows contain indi-

cators for beacon location errors north,

east, and down in that order. The code is

identical to that used for rows 6-9 of the IS

array. Columns 11 and 12 contain:
IB(1,11) Range treatment indicator

A IB(2,11) Range-rate treatment

I indicator

) IB(3,11) Angle 1 treatment indica-

tor

* IB(1,12) Angle 2 treatment indicator

o 1B(2, 12) Time bias treatment indica-

tor
| IB(3, 12) Body number on which all
beacons are located

The treatment indicators are like those
used for station error treatments.

347 NBEAC NBEAC = IB(3, 12), the number of the body
. on which all beacons are located.
348 Spares T) | e e
355 ISEE (12) Spacecraft in-view indicator for stations.
Upper-loaded to correspond to ISC array
-1: Cannot see spacecraft ‘
¥ 0: Can see spacecraft
. 367 IBEE (10) In-view indicator for beacons. Upper-
, loaded to correspond to IBC array.
b -1: Cannot be seen by spacecraft
0: Can be seen by spacecrait
| 377 ICAS Case number used to search for desired
trajectory on tape 10.
378 Spares (2) | e
380 NMAX Number of columns in measurement
buffer XMES (NMAX = 85)
381 Spare | 0000 | e
g 382 NOR Current central body number,
383 ITARG Target body number. Only the target

: i body can occult the spacecraft as
| viewed from the earth.

WCOM-3
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Table 1 (Continued)

LOC

Symbol

Dimension

Definition

384

385

386

387

388

389

439

489

490

491

IK1

KSMAX

IK2

KBMAX

Spare

ISTIM

IBTIM

ITRIG

KOUNT

Spares

(0)

(50)

(60)

Indicator showing current location in
SSTART and SSTOP arrays.

Total number of station critical events
found by SBEV2,

Indicator showing current location in
BSTART and BSTOP arrays.

Total number of beacon critical events
found by SBEV2.

Event type indicator in conjunction with
STIME array times:

+K: Station K into view

-K: Station K out of view

13: Occulting starts

14: Occulting stops

Event type indicator in conjunction with
BTIME array times:

+K: Beacon K into view

-K: Beacon K out of view

Trigger to start record counter KOUNT
in EXINST:

0: No count

1: Count

Record counter incremented in EXINST
when tape 10 is read and ITRIG = 1.
Used for rapid repositioning of tape
after search for critical events.

PHILCO |
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/WCOM/CW (1450)

Table 2

LOC Symbol

Dimensions

Definition

10 VX

19 TX

25 Spares

156 BIASL

222 SSTART

297 SSTOP

372 BSTART
447 BSTOP

522 XMES

947 Spares

(3, 3)

(3, 3)

2,3)

(131)

(3,22)

(75)

(75)

(75)
(75)

(5, 85)

(187)

Extra bodies' initial position vectors, km,
equator and equinox of 1950, RX(I,J) is
the Ith coordinate of extra body J with
respect to body NOX(J).

Extra bodies' initial velocity vectors,
km/sec, arranged as above.

Initiai dates for extra bodies
Row 1 Whole days from 1950. 0
Row 2 [Fractional days from 1950.0

The second index refers to station or
beacon number; 1-12 for stations 1-12,
13-22 for beacons 1-10, Contains location
errors in km, north, east, down in that
order.

Station on-times, seconds from epoch,
arranged chronologically, Corresponding
station numbers are in KSTA array.

Station off-times, seconds from epoch,
arranged to pair with SSTART times.

Beacon on-off times. Analogous to the
SSTART and SSTOP arrays. Beacon
numbers in KBEA array.

Storage array for measurements to be
written on tape 12, Each column contains
a set of measurements and a time tag,
The rows are:

1 Time, seconds from epoch

2 Angle 1, radians

3 Angle 2, radians

4 Range, km or seconds

5 Doppler, counts

This table is written on tape 12 by rows.

Ernco]
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TABLE 2 (Continued)

LOC Symbol Dimension Definition

1134 XIN (6) Current spacecraft state vector :
body NOR, equator and equinox of 1950,
km and km/sec.

1140 TSEC Current time from epoch in seconds.
1141 Spares 1) | —emmmmmmmmmomomTomTmssoTTemee
1157 REFS 3) Not used - reserved for on-board measure-

ment reference data.

1160 TI 3) Current date in days from 1950. 0
1 Whole days

2  Fractional days

3  Not used

1163 AN (3, 3) | Transformation from equator and equinox
of 1950 to equator and equinox of date.

1172 TSECO Initial time, seconds from epoch. R
1173 GHAR Greenwich hour angle at TSECO, radians.

1174 Spares @4 | -
1178 TSTART Time, in seconds from epoch, at which

measurements are to start or, if in
process, time to read new control cards.

1179 FLTIM Time in seconds from epoch at which to
end the case.

1180 EVNT (6) Chronologically ordered critical event array
which contains the next to be considered of
each of the following six types of events:
Start station measurements
Start beacon measurements
Start on-board optical measure-
ments
Start on-board radar measure-~
ments
TSTART
FLTIM

1186 Spares @ | -mmmmmTomsmossoosTomeTTmoTTeTo

PHILCO l Space & Re-entry
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TABLE 2 (Continued)
LOC Symbol Dimension Definition
1188 TWT (2) Control times in seconds from 1950. 0
1. Time to start measurements
2, Time to stop measurements and
read next control cards.
1190 Spares (10) | memmmmeomsmmmmmmsmosssmomoose e
" 1200 STIME (50) Ordered array of times at which critical
, i events ISTIM occur.
, 1250 BTIME (50) Ordered array of times at which critical
. events IBTIM occur,
1360 SECR (12) Time array in calling sequence of SBEV 2,
- Not now used.
b 1372 SHFC (18) Orbital parameters for extra bodies, set
up by STEPI
1390 Spares @86y | -
1426 TWO Initial time in whole days from 1950. 0
1427 TFO Initial time in fractional days from 1950. 0
X 1428 Spares (13) | mmmmmmmmmmsmmmmmommmmsmmemmem e
1441 BECR (10) Time array in calling sequence of SBEV 2,
Not now used.

WCOM-T7
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SECTION 2
SUBROUTINES
2.0 INTRODUCTION

This section contains the descriptions and listings of all subroutines and functions
used by the Orbit Determination Program system, arranged in alphabetical order.
Each subroutine description lists the functions of the subroutine and the rules for
its usage, including required input and resulting output. All referenced commons
and subroutines not contained the standard IBSYS library are listed. Equations
describing the computations are given where required, and references are quoted

for necessary derivations.

Where labelled commons are referenced by the subroutines, a minimum descrip-
tion of the common variables is given. For more detailed descriptions, reference

should be made to Section 1 of this report.

Blank common is used throughout the program system as a '"scratch pad;'" that is,
for strictly internal temporary storage. Some care is required in any changes of
subroutines which use blank common to avoid loss of stored variables. Normally,
a call to a subroutine which uses N cells of blank common may be expected to
destroy any data stored in these cells, and the scratch pad for the using subroutine
should therefore begin at cell N+1, The length of blank common specified by the
subroutine description is the length used by the subroutine and any referenced

subroutines,
2.1 SUMMARY OF SUBROUTINE FUNCTIONS

The paragraphs below contain brief functional statements for each of the programs
in the ODP system and their component subroutines, A tabular cross-reference
summarizing all references to all commons and user-supplied subroutines is also
given,

2-1
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2.1.1 Differential Correction Program (DCP)

The Differential Correction Program accepts an a priori estimate of the space

vehicle state and other parameters and a tape containing measurement values, and

statistically combines these data into an improved estimate of the state and par-

ameters,

Subroutine
Name

ACCTRJ
ACCTRS3

BLDCOV
CBDAT

CBDATP
covouT

DATINP

DATOUP

DCP
DCROSS
DDOT

DEHA

| PHILCO l

PHILCO-FORD CORPORATION

DCP SUBROUTINES

Table 2,1

Function
Computes second derivatives for integration of the equations
of motion and variational equations.

Computes second derivatives for integration of the equations
of motion.

Builds portions of the covariance matrix,
Computes C-band observables as functions of vehicle state.

Computes C-band observables and partial derivatives as
functions of vehicle state.

Writes normalized covariance matrix on the system output
tape.

Converts date input to seconds from 1950 January 0. 0.

Converts seconds from 1950 January 0. 0 to date format
and writes date on the system output tape.

Main program for the DCP.
Computes the cross product of two vectors.
Computes the dot product of iwo vectors.

Computes hour angle of the vernal equinox and Earth's
rotation rate,

2-2
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Subroutine
Name

DEQD
DEQ3

DEQTR

DGTRN

DGTSN

DIFCOR
DINVRT

DLUNE

DMPLY
DMVTRN
DNORM
DPRMRS
DRAGD
DRAGDP
DSDAT

DSDATP

DSTAT

DTRANP

PHILCO l

PHILCO-FORD CORPORATION

TR-DA1509

Table 2,1 (Continued)
Function

Integrates equations of motion and variational equations.
Integrates equations of motion.

Computes parameters defining the precession of Earth's
equator,

Computes transformation matrix from a defined sequence of
rotations,

Computes transformation matrix from sines and cosines of
rotation angles,

Main program for propagation and differential correction.
Computes the inverse of an NxN matrix,

Computes the transformation from Earth's equator, equinox
of date to Moon-fixed coordinates.

Computes the product of two matrices,

Computes the product of a 3 x 3 matrix and a 3 x N matrix.
Computes the magnitude of a 3-vector.

Computes planetary positions and velocities.

Computes atmospheric drag.

Computes atmospheric drag and its partial derivatives,
Computes DSIF observables from vehicle state,

Computes DSIF observables and their partial derivatives
from vehicle state.

Computes tracking station position vectors and transformation
matrices.

Transforms covariance matrix from base coordinates to
output coordinates,

Space & Re-entry
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Table 2.1 (Continued)

Subroutine Function
Name

DTRDB Computes transformation matrix from base coordinates to
Darboux coordinates,

DVNORM Computes the magnitude of a 3-vector, and normalizes
the vector,

ENCKED Computes Encke acceleration,

ESTMAT Computes and adds differential corrections to the state and
covariance matrix,

ESTOUT Writes state estimate and covariance matrix on the estimate
tape and on the system output tape.

GRAVD Computes accelerations due to gravitational harmonics.

GRAVDP Computes accelerations and partial derivatives for gravita-
tional harmonics,

GRDAT Computes Goddard Range Range Rate observables from
vehicle state.

GRDATP Computes Goddard observables and partial derivatives from
vehicle state,

GTR2BD Computes central body transformations,

MEAS2X Computes cartesian coordinates from measurement coordinates,

MLESTT Main program for maximum likelihood data start.

MXLEST Computes maximum likelihood estimate of vehicle state.

OUTTRJ Writes integration output and forms state interpolation tables
for differential correction,

OUTTR3 Forms state interpolation tables for residual computation.

OUTXPD Wi‘ites vehicle state on system output tape.

OVRLYD Double precision input subroutine,

PHILCO l
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Subroutine
Name

PERTD

PERTDP

PSEUDO

RESOUT

RSPLOT
SBDAT

SBDATP
SETCAS

SETSTA
SETTAP
SOLRD
SOLRDP
STATE
STEPDI
STEPDP
STEPDT
STTBGN
STTDAT

STTEND

PHILCO I

PHILCO-FORD CORPORATION

TR-DA1509

TABLE 2.1 (Continued)

Function

Computes planetary gravitational accelerations.

Computes planetary gravitational accelerations and
their partial derivatives.

Computes the pseudo inverse of an N x N matrix.

Controls output of residuals on residual tape and
system output tape.

Plots residuals on the system output tape.
Computes S-band observables from vehicle state.

Computes S-band observables and partial derivatives from
vehicle state,

Performs case initialization, Builds a priori state and
covariance.

Sets up working arrays of station data.

Checks or writes tape headers and initializes tape positions,
Computes solar pressure acceleration,

Computes solar pressure acceleration and partial derivatives.
Computes vehicle state and transformation,

Initializes conic step functions,

Computes conic transition matrix,

Computes position and velocity on a conic,

Initializes maximum likelihood start.

Sets up data arrays for the m. £.e. start.

Stores completed maximum likelihood estimate.

2-5
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Table 2.1 (Continued)

Subroutine Function
Name

STTFIT Fits individual measurements to a time polynomial.

STTIME Computes residuals for maximum likelihood start.

TRAJD Initializes and controls trajectory integration for the
residual computation,

TRAJDP Initializes and controls trajectory integration for propagation

" and differential correction.

UPDATP Updates the covariance matrix in time. =

VENTD Computes acceleration due to venting.

VENTDP Computes acceleration due to venting and its partial
derivatives,

X20RBD Computes orbital elements from cartesian coordinates.

2.1.2 Tracking Data Editing Program (TDEP)

The Tracking Data Editing Program accepts as input one or more BCD tapes of

tracking data, each in one of four acceptable formats. The TDEP reads these o
data, performs necessary unit conversions, detects and tags outliers, and writes
these data on a binary tape in a format suitable for input to the DCP. As an
optional input, a tape of previously edited data may be combined with new data
and written as the TDEP output tape. |

2-6
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Subroutine
Name

CBTEST
CROSIM
DATINP
DATOUP

DSTEST
EGRESS
GRTEST
MIXIT
NUDATA

+ OPTW.

POLYFT

SBTEST

SCANIT

TDEP

PHILCO l

PHILCO-FORD CORPORATION

TR-DA1509
TDEP SUBROUTINES

Table 2,2

Function

Reads and decodes a BCD tape of C-Band tracking data.
Solves a set of simultaneous, linear algebraic equations,
Converts date input to seconds from 1950 January 0, 0.

Converts seconds from 1950 January 0, 0 to date format
and writes date on the system output tape.

Reads and decodes a BCD tape of DSIF (JPL) tracking data.

Transfers the final edited data to tape 10 if necessary and
writes a summary of the edited data on the system output
tape.

Reads and decodes a BCD tape of Goddard Range and Range
Rate System tracking data.

Reads edited data from tapes 12 and NIN; combines these
data and writes them on tape NOUT,

Allows the nominal values in the tracking station arrays to
be overlayed with different values.

Allows an optional return from the IBSYS error subroutine
FXEM when illegal characters are encountered on tracking
data read-in,

Tests a data arc (station pass) of edited data with walking
polynomials; tags outliers.

Reads and decodes a BCD tape of unified S-band tracking data.

Reads the final edited data tape and writes all the data on the
system output tape.

Main program for Tracking Data Editing Program; performs
overall control.

Space & Re-entry
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2.1.,3 Tracking Data Simulator (TDS)

The Tracking Data Simulator accepts as input a spacecraft trajectory tape, a

planetary ephemeris tape, and one or more sets of input cards that specify a traéking

station network and the time interval over which measurements are to be made,

The TDS uses these inputs to write a tape of simulated measurement data in a

format suitable for input to the Differential Correction Program.

TDS SUBROUTINES

Table 2.3
),
Subroutine .
Name Function |
ANTR1 Provides planetary positions and velocities by interpolation
on values read from the planetary ephemeris tape.
ARKTNS Four-quadrant arctangent subroutine. -
BACK Backspaces a specified tape (always tape 10 in the TDS) a
specified number of records. i
BARN Random number generator. Will generate uniform or Gaussian ~
random variables. i
BECSTA Computes pairs of on and off times for stations and beacons. | j
BIBCD Converts a binary integer to BCD,
BMEAS Makes a set of beacon measurements at a specified point in ?j
time.
CARDIN Reads data cards that specify the tracking network or changes A
thereto, o
CRITA Outputs the time at which a body starts or stops occulting
the vehicle.
CRITIC Takes arrays of station- or beacon-related critical events

and forms pairs of on-off times.

PHILCO l Space & Re-entry
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Subroutine
Name

CRITO
CROSS

DATOUT
DELEV

DOT

ERROUT
EXINST
FIEF
FIFL
FIST

FNORM

GHA
GOTOR

INITAP
LAYO

LOCAT

PHILCO |
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Table 2, 3 (Continued)
Function

Outputs the station or beacon critical events,
Computes the cross product of two vectors.

Converts whole and fractional days from 1950 January 0.0
to date and writes date on the system output tape.

Sorts the critical event array into chronological order and
determines the required measurement interval.

Computes the scalar product of two vectors,

A FORTRAN dummy replacement for the MAP-coded error
trace routine of the same name,

Provides spacecraft position and velocity by interpolation
on tables read from the spacecraft trajectory tape.

Reads tapes forward or backspaces tapes over end-of-file
marks,

Finds a specified case on the spacecraft trajectory tape
and reads the first record thereof.

Rewinds the spacecraft trajectory tape and checks the header.
Also initializes FIFL,

Computes the magnitude of a vector.

Computes the Greenwich hour angle of the first point of Aries
at a given time,

Solves Kepler's equation for incremental eccentric anomaly
given incremental mean anomaly,

Initialization subroutine for the TDS,

Reads station, (beacon and onboard) data cards and converts
units as required.

Adds location errors to station and beacon locations.

2-9
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Subroutine

Name

. MEASUR

MESERP

MNA

MTRN

NUTAIT

ORB

OYAL
PARAB
QUARTC

ROTEQ

ROVLEY

SBEV2

SHIF2

SKDOUT

SKDUL

PHILCO I
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Table 2.3 (Continued)
Function

Computes and stores an aré of appropriate type measurement
data.

Directs the overall logic flow for making simulated data
tapes with the TDS,

Provides the rotation matrix that transforms coordinates
in the earth's true equator and equinox to coordinates in the
moon's true equator.

Computes the 3x 3 product of two 3 x3 matrices.

Computes the transformation from mean equator and equinox
to true equator and equinox.

Computes orbital elements from a Cartesian state vector and
writes the elements in the system output tape.

Writes the data read by LAYO on the system output tape.
Fits a parabola through three points.
Finds the zeros of a quadratic.

Computes the transformation from mean equator and equinox
of 1950 to mean equator and equinox of date,

Reads fixed, floating, and alphanumeric data into labeled
common,

Creates an ordered array of times at which the vehicle
comes into or goes out of view of stations or beacons.

Given the state of a body or spacecraft with respect to a body,
returns the state with respect to any other body or bodies.

Writes out the measurement schedule on the system output
tape. /

Reads the control time cards and calls SKDOUT to output
the measurement schedule.

2-10
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Subroutine
Name

SMEAS

SORDR

SORDR2

STARTB

STARTS

STAT

STEPI

STEPT

TCONIC

TDS

TFRAC

TIMED

TIMES

VNORM

VTRN

VTRT

I’PHLCHDI!@#H
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Table 2. 3 (Continued)
Function

Makes a set of station measurements of a specified type at
a given time,

Sorts an array X into ascending order, preserving the
correspondence between X and another array NX,

Sorts an array X into ascending order, preserving the cor-
respondence between X and another array NX and, optionally,
a third array Y.

Loads the next beacon on time from the BSTART array into
position EVNT(1) of the critical event array.

Loads the next station on time from the SSTART array into
position EVNT(1) of the critical event array.

Obtains a vector from the body center to a station or beacon
and computes an orthogonal transform relating inertial
Cartesian quantities X, Y, Z to local tangent plane quantities
North, East, Down.

Performs initialization for STEPT

Finds the state of a body on a conic at a time, that conic
having been initialized by a call of STEPI.

Computes the time from periapsis corresponding to a given
true anomaly on a given conic section,

Executive driver for the TDS.

Computes integral and fractional parts of a sum. Used to
update the internal date format.

Converts a time interval from time format to seconds.
Converts a time interval in seconds to time format and
prepares a six-wor¢ BCD array for simplified output of
interval in days, hours, minutes, and seconds.

Normalizes a vector.

Given a 3x 3 matrix A and a 3x1 vector X, computes the
vector AX,

Given a 3x 3 matrix A and a 3x1 vector X, computes the
vector ATX.
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2.1.4 Residual Output Program (ROP)

The Residual Output Program accepts as input the estimate and residual tapes
written by the DCP for use in special purpose analysis of the residuals. The
program is intended only as a guidé for the use of the input tapes, and each
analytical function required must be programmed as required. Only the main

program is supplied.

2.2 SUBROUTINE DESCRIPTIONS

Descriptions and listings of each of the subroutines used by the ODP are given
in the following pages. Each subroutine is written as a separate section to

facilitate replacement as the subroutines are modified.

2-12
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Subroutine: ACCTRJ

Purpose: To compute the perturbation acceleration for Encke

integration of the equations of motion. Also, computes

derivatives for variational equationms.

Calling Sequence: CALL ACCTRJ

Common storages used:

Subroutines required:

PHILCO l

PHILCO-FORD CORPORATION

//144 cells,/DCPCEM/,/DFMCOM/ , /DQDCEM/ , /ESTCEM/ ,
/TRICOM/

DCR@SS ,DDT ,DMPLY ,DMVTRN ,DPFMRS ,DRAGDP ,DVN@RM,
ENCKED ,GRAVDP ,GTR2BD , PERTDP ,STEPDP ,STEPDT ,VENTDP,

SOLRDP

ACCTRJ-1
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Usage

ACCTRJ accepts the integrated dependent variables RDEQ,VDEQ of /DQDCéM/,

and computes the accelerations ADEQ. The components of RDEQ,VDEQ,ADEQ are

L]

I1=1,2,3 R, R , R , in C~frame coordinates

I1=4~21 tP,&’,'tﬁ

u

I =22 - (NPEND-1) @, F'Pu» )

The equation of motion model is described in Appendix D of Reference

ACCTRJ-2

PHILCO l

PHILCO-FORD CORPORATION
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CCT.

No Has time changed
: from previous entry?

*Yés
DPFMRS
Compute planetary
positions, velocities
Y.
(j Error? ==
iNo
{ Compute universal time
Return

STEPDT
Compute reference conic

position and velocity

STEPDP
Compute reference conic
transition matrix

No Does acceleration
depend on central
body orientation?

Yes

GTR2BD
Compute transformation

Compute total position,
veloeity and transition
matrix

Central Body Position, Velocity and Orientation
Vehicle Total Position, Velocity

ACCTRJ-3

Space & Re-entry
Systems Division



ENCKED No( Is solar pressure :)
Compute Encke included?
acceleratlon Yes

S@LRDP

Are central Compute pressure
body harmonics accelerstion and
included? gradient

Yes

GRAVDP N
Compute harmonic —=2(  Is drag included?g;)
acceleration and ‘ Yes

gradient

DRAGDP
Compute drag
acceleration and

No ( Is ET-UT , gradient
a state varisble?
Yes
Compute sensitivity '—E94:4is ventin includedl;)
of acceleration t Yes
to ET-UT VENTDP

Compute venting
acceleration and
PERTDP ~ gradient
Compute planetary
perturbations and
their gradients

o)

Compute transition
and sensitivity
matrices and their
derivatives

!

Compute stopping

functions
Return
Accumulation of
Perturbation Accelerations
ACCTRJ -l

PHILCO l Space & Re-entry
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XR3 sM94 sNODDsLIST
SUBROUTINE ACCTRJ

COMPUTES PERTURBATION ACCELERATICN FOR ENCKE INTEGRATION
COMPUTES STATE TRANSITION MATRIX DERIVATIVE AND
EQUATION OF MOTION PARAMETER SENSITIVITIES ’

REFERENCE - TR-DA15C8s APPENDIX D

DOUBLE PRECISION DDOT sDSQRT +DVNORM

COMMON /DCPCOM/CDCP(900)

DOUBLE PRECISION DRECT sRSTP2

DIMENSION CBODY{(8911) »ETAPE (4) »IFEMP(8)

1 s IPL (11) oIHM  (24) SNEMP (8B)

EQUIVALENCE (CDCP(112)sETAPE )} #(CDCP(663)1IPL )
1 s {CDCPITTT)s1CB ) 2 {CDCPUT79)sKCB )
2 »(CDCP{111)s1ERR ) s(CDCP(107)sMAXD )
3 s (CDCPU 17)+sCBODY ) +(CDCP(BBT)IIFEMP ) s (CDLP{695)sNEMP )
4 s {CDCP(BUQ)sDRECT ) s(CNHCPLT7C3) 9 IHM ) s {CDCPIBYT)sRSTPZ )

EQUIVALENCE (IFEMP( B)sIFBGDY) »(NEMP ( 1)sNDRAG )
1 s (IFEMP( 7)sIFDRAG) o+ (NEMP ( 8)sNEMPS )
2 s{IFEMP( 6)sIFHARM) s (NEMP ( 7)sNEMP3 )
3 s {IFEMP({ 3)5IFSCLR} » (NEMP ( 21 sNHARM )
4 s {IFEMP( S5)sIFTIME) +{NEMP ( B6)sNPEND )
5 s{IFEMP L 4) o IFVENT) »(NEMP { 3)sNSOLR )
6 s (NEMP ( 5)sNTIME )
7 s (NEMP { &) sNVENT )

COMMON /ESTCOM/CEST(8C4)

DOUBLE PRECISION DELDAN(2) »EFECAN(14) sEHADAN(2433) sPREDAN{4)
1 s ETIMVA

EQUIVALENCE (CEST( 97)9DELDAN) s{CEST(101)sEHADAN)

1 s {CEST( 61)+sEFEDAN) »(CEST{ 89)sPREDAN)
2 s {CEST( 29)>ETIMVA)

COMMON /TRJICOM/LCTRIL246)

DOUBLE PRECISION CBOD(37) sFTFMS SPCONIC{Bs6) sRC{3) sTB2C(3+3)
1 sCBO sCBU sUTIMV sRCONICIS) sVCI3)

2 »CBP sVCONIC(3)

EQUIVALENCE (CTRJIL 1) HETFMS ) s (CTRJL 59)sTB2C )
1 s (LCTRI(LTS) sPCONIC) S {CTRJ( 3)sUTIMV )
2 s {CTRJ(151)9RC } s {CTRJ(157)sVC )
3 s(CTRJIL T71+CBOD  J s{CTRI(163)sRCONIC) +(CTRIL169)sVCONICH

EQUIVALENCE (CROD { 2}»CBP ) s{CBPD (12)sNZH )
1 s {CBOD ( 2)s+CBA ) +(CROD ( 5)sCBU } 2(CBOD (20)sTH )
2 s {CBOD ( g)sCBO } s{CROD (13)eNTH ) 2 (CBOD (14)9s2H )

COMMON /DFMCOM/ TFM(14) sRFM(6912)

1 sDFM (4)sBFM (577)s5NT(25102)

DOUBLE PRECISION BFMsnFMeRFM

COMMON /DGDCOM/NDEGL1V ) sCDEGIIC) o XDEQ (&)

1 sADEQ(44) »RDEQ(44) sVDEQ(44) sFDEQ{44+10)

DOUBLE PRECISION ADEQsFDEQIRDEQsVDEQs XDEQ

DOUBLE PRECISION ETIMv

EQUIVALENCE {XDEQsETIMV)

COMMON D sDTP »GRAD

DOUBLE PRECISION Dl48) sDTP(342) sGRAD(34+6)

POSITION AND VELOCITY

IF (ETFMSeEQ.ETIMY) GO TO 2
PLANETARY POSITIONS AND VELOCITIES

CALL DPFVRS

IF (IERR.NE«Q}

ETFMS
UTIMV

= ETIMV
ETIMV-DELDAN(1)-DELDAN(2)*ETIMV

REFERENCE CONIC

CALL STEPDT

(ETIMVSsEFEDANSTCBs IERRYETAPE}

GO TO 999

(ETIMVSsRCONIC)

CALL STEPDP (PCONIC)
1F (IFBONY.EQ.V)
CENTRAL R0DY ORIENTATION

CALL GTR2BD {(ICBsDFMsD)

POSITION ANO VELOCITY RELATIVE TO CENTRAL BODY

2 CONTINUE

GO TO 2

Space & Re-entry
Systems Division

ACCJ0001
ACCJ0002
ACCJ0003
ACCJ0004
ACCJ0005
ACCJ0006
ACCJO007
ACCJ0008
ACCJO009
ACCJ0010
ACCJOO011
ACCJOO12
ACCJ0013
ACCJ0014
ACCJOO15
ACCJO016
ACCJ0017
ACCJ0O18
ACCJ0019
ACCJ0020
ACCJOQ21
ACCJ0022
ACCJ0022
ACCJ0024
ACCJ0025
ACCJ0026
ACCJ0027
ACCJ0028
ACCJ0029
ACCJO0030
ACCJOO31
ACCJ0032
ACCJ0033
ACCJ0034
ACCJ0035
ACCJ0036
ACCJI0037
ACCJ0038
ACCJ0039
ACCJ0040
ACCJ0041
ACCJ0042
ACCJ0043
ACCJO004a
ACCJ0045
ACCJ0046
ACCJO047
ACCJ0048
ACCJ0049
ACCJ0050
ACCJCO0S51
ACCJ0052
ACCJ0053
ACCJ0054
ACCJ0055
ACCJO0056
ACCJ0057
ACCJ0058
ACCJO059
ACCJ0O060
ACCJ0061
ACCJ0062
ACCJ0063
ACCJ0064
ACCJO065
ACCJ0066
ACCJO067
ACCJO068
ACCJ0069
ACCJO0T70
ACCJ00T1
ACCJ0072
ACCJ0073
ACCJO074



DO 3 I=1,3 ACCJO075

RC{1) = RDEQ(I)4+RCONIC(I) ACCJO0076
VC(I) = YDEQII)4VCONIC(T) ACCJ0077
DO 3 J=1+6 ACCJ0078
GRAD(1sJ) = 0.DO : ACCJ0079
3 CONT INUE ACCJ0080
C ACCJ0081
d ENCKE ACCELERATION ACCJI0082
C ACCJ0083
10 CALL ENCKED (CBUSRCONICSRDEQsADEQ) ACCJ0084
C ACCJ0085
C GRAVITATIONAL HARMONICS ACCJ0086
C ACCJ0087
20 IF (IFHARM.EQ.C) GO TO 30 ACCJ0088
CALL GRAVDP (CRASCBUINZHsNTH»ZHsTHsRC>TR2CsADEQs IFHARM ACCJ0089
1 yGRADsADEQINHARM) s THMs THM( 7)) ' ACCJ0090
IF (IFTIME.EQ.D) GO TO 35 ‘ ACCJ0091
C ET-UT SENSITIVITIES ACCJ0092
K =-1-IFTIME ACCJ0093 " .
CALL DCROSS (RCsTR2C(153)sDTP) ACCJ0094 -
DO 21 1=1»3 ACCJ0095
21 DTP(Isl) = CBO*DTP(Is1) ACCJ0096 3
" IF (KeEQ4U) GO TO 23 ACCJ0097 i
DTP(352) = ETIMV-ETIMVA ACCJ0098 :
DO 22 I=1s3 ACCJD099
22 DTP(IsK) = DTP(3+2)%DTP(I51) : ACCJ0100
GO TO 24 ACCJ0101 ;
23 K = 1 ACCJ0102 R
24 CALL DMVTRN (GRADsDTPsADEG(NTIME) s1sK) ACCJ0103 o
C ACCJ0104
C PLANETARY PERTURBATICNS ACCJ0105
C ACCJ0106
30 CALL PERTDP {(ICRsIPLsRCIEFEDANSRFMsADEQsADEG(22)9GRADs1) ACCJ0107
C ACCJG108 i
C SOLAR PRESSURE ACCJ0109
C ACCJ0110 -
40 1F (IFSOLR.EQ.Q) GO TO 50 ACCJ0111
CALL SOLRDP {RCsRFM{1310) sCBAsPRELANSADEQsADEQ(NSOLR) sGRAD s IFSOLR)IACCJ0112
C ACCJ0113 -
C ATMOSPHERIC DRAG » ACCJ0114
C ACCJ0115
56 IF (IFDRAG.EQ.0) GO TO &0 ACCJO116
CALL DRAGDP (RCsVCsTB2CsCBOsCRASPREDAN(2)»ADEQ ACCJ0117 :
1 s ADEQ(NDRAG) »GRAD» IFDRAG) ACCJO118
C ACCJO0119
C VENTING ACCJ0120
C } ACCJ0121
60 IF (IFVENTEQ.U) GO TO 80 ACCJO122 il
CALL VENTDP (VCsPREDAN(4) sADEQsADEQINVENT) sGRAD(154) 9 IFVENT) ACCJ0123
C ACCJI0124
C EMP SENSITIVITIES ACCJO0125 o
C ACCJO126
80 IF (NEMPS«EQeD) GO TO 83 ACCJO127
K = 22 ACCJ0128
DO 82 I=19413 ACCJ0129
CALL DMVTRN (GRAD(151)»RDEQ(K)sDs1sNEMPS) ACCJ0130 a
DO 81 J=1sNEMPS ACCJ0131
81 ADEQ(J+22) = ADEQ(J+22)14D(J) ACCJ0132
82 K = K+MAXD ACCJ0133
d : ACCJO134
C TRANSITION MATRIX ACCJ0135
83 CALL DMVTRN (GRAD(151)sRDEQ(4)sD{ 1)s156) ACCJO136
CALL DMVTRN {(GRAD(1+4)sVDEG(4)sD(19)35126) ACCJ0137
D{40) = CBU/DVNORMIRCONICsD(37))%%3 ACCJ0138
Dl&4l) = 3.D0%D(40) ACCJ0139
DO 84 1=1+3 ACCJU0140
D{42) = Dl41I*D(1+36) ACCJ0141
GRAD(IsI) = GRAD(Is11+D{40) ACCJ0142
DO 84 J=1s3 ACCJO0143
84 GRAD(IsJ) = GRAD(I»J)~D(42)%#D(J+36) ACCJO144
CALL DMPLY. (GRADYPCONIC+ADEQ(4)9336969339693+0) ACCJ0145
DO 85 1=1»18 ACCJ0146
85 ADEQ(I+3) = ADEQ(I+3)+D(1)1+D(1+18) ACCJ0147
C ACCJO148
C STOPPING FUNCTIONS ACCJO0149
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C
90

91

999

PHILLCO l
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GO TO 999

IF (NDEQ{(3)+EQ.«0Q)

D{1) = ONOT(RCHRCH

ADEQINPEND+1): = D(1)~CBP*CBP

DD 91 I=1,3

D(I+1) = RC(I)-RFM{1sKCR}

ADEQ(NPEND ) = DDOT(RDEQS>RDEQ)/D(1}-DRECT#DRECT
ADEQ(NPEND+2) = DDOT(D{(2)9sD(2))-CBODY(2sKCB)*CBODY(2+KCB)
ADEQ(NPEND+3) ‘= D(1)-RSTP2

ADEQ(NPEND+4) B DDOTIRCHVC)

RETURN
END

ACCJQ150
ACCJO151
ACCJ0152
ACCJ0153
ACCJO154
ACCJ0155
ACCJ0156
ACCJO157
ACCJ0158
ACCJO159
ACCJ0160
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Subroutine: ACCTR3

Purpose: To compute the perturbation acceleration for Encke
.integration of the equations of motion. (See also ACCIRJ).

Calling Sequence: CALL ACCTR3

Common storages used: //90 cells,/DCPC@M/,/DFMC@M/,/DQ3C@M/ , /ESRCEM/,
/TRICEM/

Subroutines required: DD@T,DPFMRS,DRAGD,ENCKED,GRAVD,GTR2BD,PERTD,
STEPDT,VENTID, S@IRD

ACCTR3~-1
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SUBROUTINE ACCTR3 ACC30001
C COMPUTES PERTURBATION ACCELERATION FOR ENCKE INTEGRATION ACC30002

C REFERENCE - TR-DA1508s APPENDIX D : ACC30003

c ACC30004

DOUBLE PRECISION  DDOT ACC30005

C ACC30006

L COMMON /DCPCOM/CDCP(900) ACC30007

DOUBLE PRECISION  DRECT sRSTP2 ACC30008

DIMENSION CBODY(8511) +ETAPE (4) »IFEMP(8) ACC30009

-EQUIVALENCE (CHCP(809)+DRECT ) »(CDCP(6BT)»IFEMP ) ACC30010

1 s {CDCP{112)sETAPE )} »(CDCP{663)5IPL ) ACC30011

2 s (CDCPUTTTIH»ICB ) »{CDCP(T779)»KCB ) ACC30012

3 s {eDCPL 17)5CBODY ) s{CDCP(111)sIERR ) »{(CDCP(8YT)»RSTP2 ) ACC30013

EQUIVALENCE (IFEMP( 7)»1FDRAG) s (IFEMP( 3)sIFSOLR) ACC30014

1 " S (IFEMP({ 8)>1FRODY) s{IFEMP{ 6)sIFHARM) s(IFEMP( 4).1FVENT) ACC30015

c ACC30016

COMMON /ESRCOM/ CESR(304) ACC30017

DOUBLE PRECISION  DELDAR(2) sEFEDAR(14) sEHADAR(24s3) sPREDAR(4) ACC30018

= 1 SETIMYVA ACC30019
- EQUIVALENCE (CESR( 97)sDELDAR} »{CESR{101)»EHADAR) ACC30020
1 s (CESR( 61)sEFEDAR) »(CESR{ 89)sPREDAR) ACC30021

o 2 s {CESRL 291 FTIMVA) ACC30022
5 c ACC30023
G COMMON /TRICOM/CTRI(246) ACC30024
DOUBLE PRECISION  CBOD(37) sFTFMS sRCONIC(3) sRC(3} ACC30025

o 1 2CBO +CBP sUTIMV sVCONIC(3) »VC{3) ACC30026
EQUIVALENCE {CTRJ(151) sRC ) s(CTRJ{ 3)sUTIMV ) ACC30027

. 1 s(rTRIL 7719CBON ) s{CTRJI{163)sRCONIC) 2 {CTRI{157)sVC ) ACC30028
B 2 s(CTRJIL  1)9ETFMS ) s{CTRJ( 59)sTB2C ) »(CTRJ(169)sVCONIC) ACC30029
EQUIVALENCE (CBOD ( 2)sCBP ) s{(CBPD (12)sNZH )} ACC30030

- 1 s(7BOD ( 3)sCRA ) »{CROD ( 5)9CBU ) s(CBOD (20)sTH ) ACC30031
’ 2 »(CBOD ( 8)sCBO ) »(CROD (13)sNTH ) »(CROD (14)sZH ) ACC30032
e ACC30033

e : COMMON /DFMCOM/ IFM(14) sRFM{6+12) ACC300234
1 sDFM (4) 9BFM (5771 sSNT(2,102) ACC30035

DOUBLE PRECISION  BFMsDFMsRFM ACC30036

' ACC30037

N COMMON /DQ3COM/NDEQ(10) sCDEQ(10) sXDEQ (4) ACC30038
. 1 sADEQ (8)sRDEQ (8)sVDEQ (8)sFDEQ (8s10) ACC30039
DOUBLE PRECISION  ADEQsFDEQsRDEQsVDEQsXDEQ ACC30040

DOUBLE PRECISION  ETIMy ACC30041

EQUIVALENCE (XDEQET IMV) ACC30042

o C ACC30043
COMMON D ACC30044

DOUBLE PRECISION Di4) ACC30045

c ACC30046

C POSITION AND VELOCITY ACC30047

G C ACC30048
1 IF (ETFMSeEQ.ETIMV) GO TO 2 ACC30049

c PLANETARY POSITIONS AND VELOCITIES ACC30050

& CALL DPFMRS (ETIMVEFEDARsICBsIERRSETAPE) ACC30051
IF (IERR.NE.O) GO TO 999 ACC30052

ETFMS = ETIMV ACC30053

UTIMV = ETIMV-DELDAR(1)-DELDAR(2)*ETIMV ACC30054

s 'd REFERENCE CONIC ACC30055
y CALL STEPDT (ETIMVsRCONIC) ACC30056
| IF (IFBODY.EQ.0O} GO TO 2 ACC30057
= C CENTRAL RODY ORIENTATION ACC30058
CALL GTR2BD (ICRsNFMs0) ACC30059

C POSITION AND VELOCITY RFLATIVE TO CENTRAL BODY ACC30060

2 CONTINUE ACC30061

DB B1EL§3 Acd3b062

RC(I) = RDEQIIV+RCONIC(T} ACC30063

VCI(I) = VDEQ{I)+VCONICI(T) ACC30064

3 CONTINUE ACC30065

¢ , ACC30066

c ENCKE ACCELERATION ACC30067

C ACC30068

10 CALL ENCKED {(CBUsRCONIC,RDEQsADEQ) ACC30069

'd ACC30070

c GRAVITATIONAL HARMONICS ACC30071

c ACC30072

20 IF {IFHARMJEQ.O) GO TO 30 ACC30073

CALL GRAVD (CBASCBUINZHINTHYZHs THaRCs TB2C 2 ADEQs IFHARM) ACC30074

PHILCO l Space & Re-entry

PHILCO.FORD CORPORATION Systems Division




C ACC30075
C PLANETARY PERTURBATIONS ACC30076
d ACC30077
30 CALL PERTD (ICRsIPLsRC,EFEDARIRFMsANEQ} ACC30078
C ACC30079
C SOLAR PRESSURE . ACC30080
C ACC30081
40 IF (IFSOLR.EQ.0) GO TO 50 ACC30082
CALL SOLRD (RC,RFM({1510)sCBAsPREDARYADEQ) ACC30083
C . ACC30084
C ATMOSPHERIC DRAG ACC30085
C ACC30086
.50 IF (IFDRAG.EQ.0) GO TO 60 ACC30087
CALL DRAGD (RCsVCsTB2CsCBOsCBASPREDAR(2) sADEQ) ACC30088
C ~ ACC30089
C VENTING ACC30090
C ACC30091
60 IF (IFVENT.EQ.O) GO TO 90 ACC30092
CALL VENTD (VCsPREDAR(4) sADEQ) ACC30093 .
C ACC30094
C STOPPING FUNCTIONS k ACC30095 o
C ACC30096 “
90 IF (NDEQ(3)«EQe0) GO TO 999 ACC30097
D(1) = DDOT(RCsRC) ACC30098 °
ADEQ{5) = D(1)-CBP*CBP ACC30099
DO 91 I=1s3 ACC30100
91 D(I+1) = RC(T}=RFMI{IsKCR) ACC30101 |
ADEQ(4) = DDOT(RDEQsRDEQ)/D(1}-DRECT*DRECT ACC30102 "
ADEQ{(6) = DDOTID(2)sD(2))-CBODY(2:sKCBI*CBODY(29+KCB) ACC30103
ADEQ{7) = D(1)-RSTP2 ACC30104
ADEQ(8) = DDOT(RCsVC) ‘ ACC30105
999 RETURN v ACC30106
END o

PH“.CQ I Space & Re-entry
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Subroutine:

Purpose:

Calling Sequence:

Input and Qutput

ANTR ,ANTR1

To interpolate as a function of time for the coordinates

of celestial bodies relative to a given central body.

CALL ANTR,ANTR1(TW,TF,NB,P¢,NV ,VE,DIS)

Symbolic

Data
I/¢ g:::tg:n Di:::fi::s s:::gl Di::n;ig:: Definition
1 ™ Time in whole days from
1950 Jan 0.0 UT.
I TF Time in fractional days
from TVW.
I NB Central body numbers.
@ PY a3,7) km Array of position values.
1 N Dummy variable
) VE 3,7) km/sec Array of velocity values.
b 8 DIS km | Dummy variable.

Common storages used: None

Subroutines required: None

PHILCO l

PRILCO-FORD CORBORATION

ANTR-1

Space & Re-entry
Systems Division



Usage

ANTR 18 a single-precision planetary ephemeris routine which uses a JPL
tape of modified central differences. The bodies and their associated
numbers are:

I Body I

0 Earth

1 Moon

2 Sun

3 Vemus _ =
4 Mars

5 Saturn

6 Jupiter
The coordinates of all central bodies are computed relative to the body NB.

The output arrays contain

P@$(1-3,1I) = Position of body I relative to il
body NB, mean equator, equinox of 1950.0. -

VE(1-3,I) = Velocity of body 1 relative to }
body NB.

ANTR computes only the positions, and ANTR1 computes both positions and
velocities.

Method

On each entry, ANTR locates and reads the proper tape record, containing

R, = R(Tj)

R, = R(Tj + h)

h = ephemeris interval

and the modified central differences Szko, 6231, Gano, 64R1 .

ANTR~2

PHILCO l Space & Re-entry

PHILCO.FORO CORPORATION Systems Division




The ephemeris time,

T =TW + TF + AT

where

ESP<T +h
T 3

is meaningful, using
t = (T - 'rj)/h

u =1-¢

and the positions and velocities at time T are obtained from Everett's

formula and its derivative

y(e) = uy, +ty1} [ﬂ‘lr-—)baw—(—-——) 6y1}

\

8 Yo + 5%

+{u(112 - B(u2 A W T Vel 6471}

,,,,,

L«ﬁk 2 2
o 3u” -1 3t
hy(t) = {- v, + yl} + {- -—"13-!—-— azyo + =5 1 bzyl}

» 4 2 4 2
+{ S LS Y SN S LY ahy\
. 51 5! )
; ANTR~3
.
PHILCO Space & Re-entry
Systems Division
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$IBMAP MC13FM 600,MFTC
*

ANTR ' ANTROO10

ENTRY  EWORTO ANTR0020

ENTRY  HWORTO ANTR0030

ENTRY  INTR ANTRO040

ENTRY  INTRL ANTRO050

ENTRY  ANTR , ANTRO060

ENTRY  ANTR1 ANTRO070

ENTRY  GRAV ANTRO080

ENTRY  SCALE1l ANTR0090

FDH OPSYN  FDP ANTRO100

EGM EQU GRAV ANTRO110

MGM EQU GRAV+1 : ANTRO120

ANTR  NULL ANTRO130

INTR TXL #43,9%% POSITION ENTRY ANTR0140

ANTR1 NULL ANTRO150

INTR1 NULL ANTRO160

SXD VELs4 POSITION-VELOCITY ENTRY . ANTRO170

TXL #4299 %% ANTRO180

‘ STZ VEL ANTRO190
e SXA LDIRs& ANTR0200
SXA SYSLOCs4 ANTR0210

. CLA 604 ANTRO220
4 ~ ADD =21 ANTRO230
} STA oup ANTR0240
CLA 8s4 ANTR0250

ADD =21 ANTRO260

~ STA XNoV ANTR0O270
TAR  CLA* 354 ANTRO280

B STO TARG ANTR0290
FRA  CLA* TAYA ANTRO300

STO TARG+1 ANTRO310

CEN  CLA® Se4 ANTRO320

STO CENTER ANTR0330

o RADS CLA* 994 ANTRO340
$TO R ANTRO350

SXD TRAP 4 ANTR0360

SXD TRAP+192 ANTRO370

SXD HELIO-1,1 ‘ ANTR0380

. 2ET FILE ANTR0390
’ TRA NFIL : ANTRO400
CALL oFVIO« {TAPNOSFILE) ANTRO410

CLA FILE ANTRO420

STA FLE ANTR0430

STA FEL ANTRO &40

STA FLEA ANTRO450

STA FLPP ANTR0460

TSX «OPENs4 ANTRO4TO

5 FLPP  MON * ANTRO480
- CALL SETN(COM,COM+1} ANTR0490
CALL «FVIOa (COM+1sFLUT) ANTRO500

e NFIL  CLA VEL ANTROS510
TNZ NEU MUST INTERPOLATE TO ANTR0520

REM OBTAIN VELOCITY ANTROS530

CLA CENTER ANTRO540

SUB KERNO ANTRO550

= TNZ NEU MUST INTERPOLATE FOR ANTRO560
% REM NEW CENTRAL BODY ANTRO570
CLA TARG ANTRO580

SUB TARGO ANTRO590

TNZ NEU TIME HAS CHANGED ANTROE00

CLA TARG+1 ANTRO610

SUB TARGO+1 ANTR0620

TZE FLEE+6 ANTRO630

REM ANALYZE TABLE ANTRO640

REM NEEDS AS A ANTR0650

REM FUNCTION OF ANTRO660

REM CENTRAL BODY ANTRO670

NEU CLA TARG ANTR0680

FSB TABLE ANTR0690

N T™MI LOOK POSITION EPHEMERIS TAPE ANTRO700
’ STO COM+19 T-T0 ANTRO710
suB 20, ANTRO720

TPL LOOK ANTRO730

CLA COM+19 ANTRO740

PHILCO I Space & Re-entry

PHILCO-FORD GORPORATION Systems Divisian




FDH 4,
STQ COM+18
sTQ TEM
*IFIX TEM
5T0 TEM
*FLOAT TEM
STO COM+17
CHS
FAD COM+18
STO COM+1°
CLA TARG+1
FDH 4,
STQ COM
CLA COM
FAD COM+1
STO TARG+2
L.DQ COM+19
FMP =9,
570 TEM
*IFIX TEM
ADD KERNO+1
STA GG
LDQ COM+17
FMP =63,
570 TEM
*IFIX TEM
ADD KERNO+2
STA HH
AXT 2%#SEPs 4
572 XN+2*SEP s 4
TIX ¥=19b491
AXT -y
STZ SATPOS+64+4
TIX #=1549]
AXT BSEPs4
STZ KBO+BSEP 4
TIX *-1y491
LXA CENTER»4
PXD 4
COM
PDX s2
TRA HELIO
GEO AXT 351
CLA GRAV+3s1
STO KBO+351
TIX %2511
STZ KBO=1s2
CLA EWORTO
STO EWORT
CLA HWORTE
STO HWORT
TXH GG129440
CLA RJ
s5UB R
TPL GG12
CLA HWORTJ
STO HWORT
CLA GRAy+5
STO KB6-1
CLA GRAV+6
870 kBéd™
TXL GGl2y s %%
HELIO AXT BSEPs 1
CLA GRAV4+BSEPs 1
STO KBO+BSEPs1
TIX #-251s1
sTZ KB2-392
ORTHO CLA EWORTO
5TO EWORT
CLA HWORTO
STO HWORT
GGlz CLA VEL
TZE GG6
CLA EWORTO
STO EWORT

F"dlLI:C!"Hﬁiil

PHILCO-FORD CORPORATION

(T=-T0)/4

HELIO SPACING

MUST INTERPOLATE
SO0 CLEAR STORAGE

SET GRAVITATIONAL

COEFFICIENTS
T0 ZERO

TEST FOR
INCLUSION OF

JUPITER AND SATURN

IF EARTH IS
CENTRAL BODY

CHECK
FOR VELOCITY
OPTIONS

ANTROT750
ANTRO760
ANTROTT70
ANTRO780
ANTRO790
ANTRO800
ANTR0810
ANTRO820
ANTR0830
ANTR0840
ANTRO850
ANTRO860
ANTRO870
ANTR0880
ANTR0890
ANTR0900
ANTRO910
ANTR0920
ANTR0930
ANTR0940
ANTR0950
ANTR0960
ANTRO970
ANTR0980
ANTR0990
ANTR1000
ANTR1010
ANTR1020
ANTR1030
ANTR1040
ANTR1050
ANTR1060
ANTR1070
ANTR1080
ANTR1090
ANTR1100
ANTR1110
ANTR1120
ANTR1130
ANTR1140
ANTR1150
ANTR1160
ANTR1170
ANTR1180
ANTR1190
ANTR1200
ANTR1210
ANTR1220
ANTR1230
ANTR1240
ANTR1250
ANTR1260
ANTR1270
ANTR1280
ANTR1290
ANTR1300
ANTR1310
ANTR1320
ANTR1330
ANTR1340
ANTR1350
ANTR1360
ANTR1370
ANTR1380
ANTR1390
ANTR1400
ANTR1410
ANTR1420
ANTR1430
ANTR1440
ANTR1450
ANTR1460
ANTR1470
ANTR1480
ANTR1490

Space & Re-entry
Systems Division




i

GG6

GG

HH

RESET

TESTM

FLEE

l’bi".t::)"!ﬁ#i'

PHILCO-FORD CORPORATION

CLA
STO
CLA
TZE
CLA
STO
CLA
TS8X
PZE
PZE
CLA
TZE
CLA
$TO
CLA
TSX
PZE
PZE
AXT
CLA
FDH
sTQ
CLA
FDH
sTQ
LDQ
STQ
FMP
FSB
$70
STZ
LbQ
sTQ
FMP
FSB
STO
STZ
CLA
STO
CLA
STO
TIX
LXA
LXD
TXH
TRA
CAL
ORA
TZE
AXT
CLA
FAD
5TO
CLA
FAD
ST0O
TIX
TRA
TXH
AXT
eLs
STO
CLA
FSB
STO
5TZ
TIX
CLA
STO
CLA
S§TO
CLA
STO
AXT
CLA

HWORTV
HWORT

EWORT

GG+2
EVEL
VEL+1
TARG+1
TABs4

%%y 49

XN» s EWORT+1
HWORT

HH+2
HVEL
VEL+1
TARG+2
TABs4

¥y 463

XN+39 s HWORT+1

394
XN+634
EVEL
XNe+1844
XN+9s4
EVEL
XNe+12s4
XN+314
XN+6s4
MU
XN+1894
XN+9s 4
XN+394
XNe+394
XNet+bs4
MU
XNe+18s4
XNe+9s4
XNe+394
SATPOS+344
XN+18s4
SATVEL+394
XNe+1894
RESET+10491
CENTER» 4
VEL»2
RVPRT$250
RVPRT
KBé
KB6~1
FLEE
351
XN+21s1
XN+9s1
XN+21s1
XN+18s1
XN+9s1
XN+18s91
*¥-651s1
FLEE
RVPRT 9451
3.1
XN+651 "
XN+391
XN+9s1
XN+6s1
XN+9s 1
XN+691
*-65191
CENTER
KERNO
TARG
TARGO
TARG+1
TARGO+1
2191
XN+21s1

GEOCENTRIC
INTERPOLATION

HELIOCENTRIC
INTERPOLATION

PLACE
COORDINATES
IN OLD
FORMAT

POSITION OF SUN

VELOCITY OF SUN

IX2 NOT ZERO IF VELOCITY OPTION
GET COORDINATES FOR PRINTING

MOON~CENTERED

ANTR1500
ANTR1510
ANTR1520
ANTR1530
ANTR1540
ANTR1550
ANTR1560
ANTR1570
ANTR1580
ANTR1590
ANTR1600
ANTR1610
ANTR1620
ANTR1630
ANTR1640
ANTR1650
ANTR1660
ANTR1670
ANTR1680
ANTR1690
ANTR1700
ANTR1710
ANTR1720
ANTR1730
ANTR1740
ANTR1750
ANTR1760
ANTR1770
ANTR1780
ANTR1790
ANTR1800
ANTR1810
ANTR1820
ANTR1830
ANTR1840
ANTR1850
ANTR1860
ANTR1870
ANTR1880
ANTR 1890
ANTR1900
ANTR1910
ANTR1920
ANTR1930
ANTR1940
ANTR1950
ANTR1960
ANTR1970
ANTR1980
ANTR1990
ANTR2000
ANTR2010
ANTR2020
ANTR2030
ANTR2040
ANTR2050
ANTR2060
ANTR2070
ANTR2080
ANTR2090
ARTRZ{d0"
ANTR2110
ANTRZ2120
ANTR2130
ANTR 2140
ANTR2150
ANTR2160
ANTR2170
ANTR2180
ANTR2190
ANTR2200
ANTR2210
ANTR2220
ANTR2230
ANTR2240

Space & Re-entry
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oup §TO *iks ]

TIX OUP~1s151

CLA VEL

TZE ouTt

AXT 2191

CLA XNe+21s1
XNeV STO *%9]

TIX XNeV—=15101
ouT LXD HELIO-1+s1

LXD TRAP+12

L.XD TRAPs &4

TRA 1y4

REM

REM TSX TABs4
REM PZE BssK
REM PZE AssC
REM -
REM
REM
REM
REM

TAB SXD COM+9+4
SXD COM+8s2
SXD COM+7s51

STO ARG

CLA 14

STA TAB18

LRS 18

ADD 1ls4

STA TAB21

CLA 254

PAX vl

TXI *¥+1,19SEP

SXA TAB29s1

ARS 18

STA VELOP

AXT 291

NZT VEL

TXI VELOPsl,-1
VELOP CLA *is]

$TO VEL+2

STZ SATURN

ANA =03

SuUB =02

TNZ #43

CLA =2

570 SATURN

TXL POSOP»s1s1

REM

CLA ARG

TSX COEFFes4

AXT 394

CLS COM+13y4
STO COM+16s4

TIX #~244y1
CLA 1.
FSB ARG
TSX COEFFes4
TRA TAB1-1
REM

POsOP CLA ARG
TSX COEFF 4
AXT 354

CLA COM+1394
STO COM+16%4

TIX #-29441

CLA 1.

FSB ARG

TSX COEFF 4

LXD COM+994

CLA 254

STA TAB29

SXD COM+4s1
TAB1 AXT 0s2

AXT Osl

FﬂﬂlLC:CJ"Hﬁ#iI

PHILCO-FORD CORPORATION

(AC)=INTERPOLATIVE ARGUMENT

B=START OF DATA BLOCK
K=WORDS PER SUB BLOCK
A=START OF RESULT BLOCK
C=SKIP CODE WORD LOCATION

PICK UP SKIP
CODE WORD

TEST FOR INCLUSION OF SATURN
WHENEVER JUPITER IS PRESENT

VELOCITY OPTION

FORM THE
E1(2J)e

FORM THE
EQ(2J).

POSITION OPTION

FORM THE
E1(20)

FORM THE
E0(2J)

REFER TO
POSITION
STORAGE

ANTR2250
ANTR2260
ANTR2270
ANTR 2280
ANTR2290
ANTR2300
ANTR2310
ANTR2320
ANTR2330
ANTR2340
ANTR2350
ANTR2360
ANTR2370
ANTR2380
ANTR2390
ANTR2400
ANTR2410
ANTR2420
ANTR2430
ANTR2440
ANTR2450
ANTR2460
ANTR2470
ANTR2480
ANTR2490
ANTR2500
ANTR2510
ANTR2520
ANTR2530
ANTR 2540
ANTR2550
ANTR2560
ANTR2570
ANTR2580
ANTR 2590
ANTR2600
ANTR2610
ANTR2620
ANTR2630
ANTR2640
ANTR2650
ANTR2660
ANTR2670
ANTR2680
ANTR2690
ANTR2700
ANTR2710
ANTR2720
ANTR2730
ANTR2740
ANTR2750
ANTR2760
ANTR2770
ANTR2780
ANTR2790
ANTR 2800
ANTR2810
ANTR2820
ANTR2830
ANTR2840
ANTRZ850
ANTR2860
ANTR2870
ANTR2880
ANTR2890
ANTR2900
ANTR2910
ANTR2920
ANTR2930
ANTR2940
ANTR2950
ANTR2960
ANTR2970
ANTR2980
ANTR2990

Space & Re-entry
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LDQ VEL+2 : ANTR3000

ZAC ANTR3010

LGL 2 ANTR3020

PAX s 4 ANTR3030

sTQ VEL+2 ANTR3040

CAL =03 ANTR3050

ORS VEL+2 ANTR3060

TXH ENDs4s2 ANTR3070

TXH FORT+450 ANTR3080

TXI *4+1y19=3 ANTR3090

TIXI TAB1+2529~1 ANTR3100

FORT AXT 394 ' ANTR3110

TAB18 LDQ *%y1 X(0) ANTR3120

FMP COM+13s4 ANTR3130

STO COM ANTR3140

TAB21 LDQ *%y] X(1) ANTR3150

FMP COM+16194 ANTR3160

FAD COM ANTR3170

STO COM+4s4 ANTR3180

TXI *41s19~1 ANTR3190

TIX TAB1Bs4sl ANTR32200

. FAD COM+2 ANTR3210
. FAD COM+1 ANTR3220
TAB29 STO *%42 X(T) ANTR3230

e X1 TAB1+2424-1 ANTR3240
END NZT SATURN ANTR3250

- TRA END1 ANTR3260
: TXH END1»2r~4 COMPLETED SATURN ANTR3270
o LXD COM+4s 4 ANTR3280
o CLA TABSAT+24+4 ANTR3290
STA TAB29 ANTR3300

AXT 02 ANTR3310

CAL =0537000000000 TWO ADDITIONAL COORDINATES ANTR3320

SLW VEL+2 ANTR3330

TRA FORT ANTR3340

END1 LXD COM+4» 1 ANTR3350

TIX VELOPs 1,1 ANTR3360

1 LXD COM+9s4 ANTR3370
o LXD COM+852 ANTR3380
- LXD COM+751 ANTR3390
TRA 3s4 » ANTR3400

COEFF STO COM+10 CALCULATE ANTR3410

LDQ COM+10 POSITION ANTR3420

i FMP COM+10 COEFFICIENTS ANTR3430
STO COM+12 FOR EVERETTsS ANTR3440

FSB 1la INTERPOLATION ANTR3450

FDH 6. FORMULA ANTR3460

FMP COM+10 ANTR3470

s STO COM+11 ANTR3480
: CLA COM+12 ANTR3490
g FSB 4. ANTR3500
FDH 20, ANTR3510

FMP COM+11 ANTR3520

sl STO COM+12 ANTR3530
TRA 14 ANTR3540

. COEFFos STO COM CALCULATE ANTR3550
L CLS 1. VELOCITY ANTR3560
. FDH VEL+1 COEFFICIENTS ANTR3570
STQ COM+10 FOR EVERETT»S ANTR3580

LDQ COM INTERPOLATION ANTR3590

EMp COM FORMULA ° ANTR3E00

STO COM+12 ANTR3610

XCA ANTR3620

FMP 3, ANTR3630

FSB 1. ANTR 3640

FDH 6. ANTR3650

FMP COM+10 ANTR3660

570 COM+11 ANTR3670

CLA COM+12 ANTR 3680

FSB 3. ANTR3690

XCA ANTR3700

FMP 5, ANTR3710

XCA ANTR3720

FMP COM+12 ANTR3730

FAD & ANTR3740

PHILCO l Space & Re-entry
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FOH
FMP
STO
TRA
RVPRT AXT
AXT
AXT
CLA
FAD
ST0
CLA
TZE
CLA
FAD
ST0
X1
TIX
TXH
CLA

ALS 1

ADD
PAC
CLA
STO
CLA
ST0
TXI
TIX
RVPRT1 AXT
AXT
CLA
FsB
STO
Ci.A
TZE
CLA
FsSB
STO
TXI
TIX
TXH
TRA
LOOK CLA
FSB
TNZ
TSX
™I
CLA
FSB
TPL
TSX
FDH
sTQ

*IFIX TEM

STO

120,
COM+10
COM+12
1s4
052 EXPRESS ALL
3s4 BODIES GEOCENTRICALLY
391
XN+9s2
XN+9 94
XN+932
VEL
*44
XNe+992
XNe+9s4
XNe+992
*4+1029-1
RVPRT+394s1
RVPRT+19259-SEP
CENTER BUFFER
CENTRAL
CENTER BODY
4
XNs &
COM+351
XNes&
COM+651
*4l9by~]
*#-53191
052 EXPRESS ALL
394 BODIES IN TERMS
XN»2 OF THE CENTRAL
COM+394 BODY
XN»s2
VEL
*+4
XNe9o2
COM+694
XN. -2
*¥4+1929~1
RVPRT 1424491
RVPRT1+1,2»~SEP
FLEE
TLAST
TARG
#42
ERPs 4 ARGUMENT TOO LARGE
%1
TARG
TFIRST
*42 B
ERPs 4 ARGUMENT TOO SMALL
20.
TEM
HELIO SPACING
TEM

*FLOAT TEM

XCA
FMP
FAD
STO
CLA
Fs8
™I
FDH
5TQ

20.
TFIRST
COM+1 TIME ON RECORD
TABLE !
COM+1
FINDIT
20,
TEM

*IFIX TEM

ADD
PAX
TXL
T8X
FILE PZE
TRA
BRS TSX
FLE PZE

TIX -

1F RECORDS TO
s1 BE BACKED
BRSs1920 OVER
«REWs4
0
FINDIT
.85R’4
050,ERR
BRSs1s1

F“dlLJ:C)"!ﬁiil
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ANTR3750
ANTR3760
ANTR3770
ANTR3780
ANTR3790
ANTR 3800
ANTR3810
ANTR3820
ANTR3830
ANTR3840
ANTR3850
ANTR3860
ANTR3870
ANTR3880
ANTR3890
ANTR3900
ANTR3910
ANTR3920
ANTR3930
ANTR3940
ANTR3950
ANTR3960
ANTR3970
ANTR3980
ANTR3990
ANTR4000
ANTR4010
ANTR4020
ANTR4030
ANTR4040
ANTR4050
ANTR4060
ANTR4070
ANTR4080
ANTR4090
ANTR4100
ANTR4110
ANTR4120
ANTR&4130
ANTR4140
ANTR4150
ANTR4160
ANTR4170
ANTR4180
ANTR4190
ANTR4200
ANTR&210
ANTR4220
ANTR4230
ANTR4240
ANTR4250
ANTR4260
ANTR4270
ANTR4280
ANTR4290
ANTR&300
ANTR4310
ANTR4320
ANTR4330
ANTR&4340
ANTR%4350
ANTR4360
ANTR4370
ANTR4380
ANTR4390
ANTR4400
ANTR&410
ANTR4420
ANTR4430
ANTR&440
ANTR4450
ANTR4460
ANTR4470
ANTR4480
ANTR4490

Space & Re-entry
Systems Division




FINDIT AXT 10,2 ANTR4500
TSX +READs 4 ANTR4510

FEL  PZE * ANTR4520

PZE ERR,0ERR ANTR4530

1I0CT  TABLE»»569 ANTR4540

CLA TABLE ANTR4550

SUB COM+1 ANTR4560

TMI *42 ANTR45T0

TNZ LOOK TAPE NOT POSITIONED PROPERLY ANTR4580

TNZ FINDIT ANTR4590

AXT 56754 ANTR4600

CAL TABLE CHECK ANTR4610

ACL A+567 24 SUM ANTR4620

TIX %-1,4s1 ANTR4630

LAS ¢ ANTR4640

TRA %42 ANTR4650

TRA SCALE ANTR4660

BSRA TSX BSR4 ANTR46T0

FLEA PZE 0+0,ERR ANTR4680

i TIX FINDIT+1s291 ANTR4690
ERR CALL +FWRDe{FLUTSFMT) ANTR4700

. ERRR  TSX oFFILe sk ANTR4T10
. ' CALL EXIT ANTR4720
‘ ERP CALL «FWRD o (FLUTsFMT1) ANTR4730
CLA TARG ANTR&4740

TSX oFCNVesr4 ANTR&750

. TRA ERRR ANTR4760
FMT  BCI 7;(33HOTAPE ERROR IN ANTRe EXIT CALLED.) ANTR4T70

. FLUT PZE SYSTEM OUTPUT FILE ADDRESS ANTR4780
= FMT1  8CI 7,(7Horxme =sE20e8921H OUT OF RANGE IN ANTR) ANTR4790
SCALE AXT 189,4 ANTR4800

. LDQ A+189s6 SCALE ANTR4810
’ FMP SCALE1 GEOCENTRIC ANTR4820
o STO A+18934 EPHEMERIS ANTR4830
TIX %=3,4y] ANTR4840

AXT 378,44 ANTR4850

) LDQ B+37844 SCALE ANTR4860
\ FMP SCALE2 HELIOCENTRIC ANTR4870
o STO B+37844 EPHEMERIS ANTR4880
. TIX *=3,4,1 ANTR4890
CLA EGM ANTR4900

FAD MGM ANTR4910

: STO COM OF MOON ANTR4920
- CLA MGM ANTR4930
FDH CoM BARYCENTER ANTR4940

) sTQ MU FOR POSITION OF EARTH ANTR4950
TRA NEU ANTR4960

r SCALE1 DEC 63784165 EARTH RADIUS ANTR4970
s SCALEZ2 DEC 149599000, ASTRONOMICAL UNIT ANTR4980
: GRAY DEC 3,986032E5 EARTH ANTR4990
. DEC 4.900759E3 MOON ANTR5000
o DEC 1.32715445€11 SUN ANTR5010
DEC 3.247695E5 VENUS ANTR5020

= DEC 40297780E MARS ANTR5030
DEC 3.791870E€7 SATURN ANTR5040

» DEC 1.267106E8 JUPITER ANTR5050
. TEMPDT DEC 34440 EeTe=UeTe ANTR5060
TFIRST DEC 100 0 HR JAN 1151950 JD=2433292.5 ANTRS5070

B TLAST DEC 1153040 0 HR JUL 27,1981 JD=244481245 ANTR5080
RJ DEC 1E6 JUPITER TEST DISTANCE ANTR5090

EVEL® OEE © 7 84004 : EKTREB{00

HVEL DEC 345600. ANTR5110

MU PZE MASS RATIO OF MOON TO BARYCENTER ANTR5120

ocT 000000520052 MARSs JUPITER VELOCITY ANTR5130

HWORT OCT 0 ANTR5140

OCT 85271777117 777 MOON VELOCITY ANTR5150

EWORT OCT 0 ANTR5160

HWORTJ OCT 000000005252 BARYCENTER» JUPITER ANTR5170

HWORTE OCT 000000005200 BARYCENTER ANTR5180

EWORTO OCT 527777777777 ANTR5190

HWORTO OCT 000052525252 ANTR5200

; HWORTV OCT 525252525252 ANTRS210
L TARGO DEC 2040 FORMER TIME ANTR5220
KERNO PZE FORMER CENTER ANTR5230

PZE A GEOCENTRIC REFERENCE ANTR5240

Space & Re-entry
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PZE B HELIOCENTRIC REFERENCE ANTR5250

ARG ANTR5260
SATURN DEC 0 0=NOT NEEDEDsOTHERWISE COMPUTE SATURN ANTR5270
TABSAT PZE SATVEL ANTR5280
PZE SATPOS ANTR5290
1F DEC 1 ANTR5300
1. DEC 1e ANTR5310
3, DEC 3. ANTRS320
4, DEC 4o ANTRS330
5, DEC 54 » ANTR5340
6. DEC 6o : , ANTR5350
20, DEC 20. . ANTR5360
120, DEC 120. ANTR5370
86400, DEC 86400 ANTR5380
VEL BSS 3 VELOCITY OPTIONsHsSKIP CODE ANTR5390
SATPOS BSS 3 ANTR5400
SATVEL BSS 3 ANTR5410
TRAP  BSS 2 ANTR5420
* ANTR5430 -
TABLE DEC 0 RESERVE ANTR5440 -
A BSS 189 FOR ANTR5450
B BSS 378 WORKING ANTR5460 o
¢ BSS 1 EPHEMERIS ANTR5470 .
* ANTR5480 [
EPHTAB SYN TABLE+568 : ANTR5490
COM  BSS 21 ANTR5500 o
TARG PZE ANTR5510 7
PZE ANTRS5520 .
PZE ANTR5530 :
CENTER PZE ANTR5540
KBO PZE ANTR5550 }
KB2 PLE ’ ANTR5560
KB6  PZE . ANTR5570
R PZE ANTR5580 i
XN BSS 21 ANTR5590
XNe BSS 21 ANTR5600
TEM PZE ANTR5610
LDIR LDIR ANTR5620
TAPNO PZE 8 ANTR5630 .
T PZE . ANTR5640
SEP SYN XNe=XN ANTR5650
BSEP SYN 7 ANTR5660
END ANTR5670

PHILCO l
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Subroutine:

Purpose:

Calling Sequence:

ARKTNS

To obtain the arctangent of Y/X.

The solution is obtained

between +180 degrees if N is set equal to 180. If
N#180, the engle is computed between 0 and 360.

Input and Ouwtput

% = ARKTNS(N,X,Y)

Symbolic Data
1/¢ |Name or Di:x::ﬁ::s Syu:lsgl Dimensions Definition
Location or Units
I N Range key (see above).
I X
I Y
[ 2 radians tan" L (Y/x)
Common storages used: None
Subroutines required: Nome

PHILCO I

PHILCO-FORD CORPORATION

ARKTNS-1
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$IBFTC MCl3AT XR3,M945sNOREF»NODD

aANONn

10.
20

30
35
40

100
200
205
210

PHILCO l

PHILCO-FORD CORPORATION

FUNCTION ARKTNS(NsXsY)
COMPUTES 4-QUADRANT ARCTANGENT OF Y/X IN RADIANS
N=360 ANGLE LIES IN RANGE (0,360) DEG
N=180 ANGLE LIES IN RANGE (-180,180) DEG
USES ATAN2»s ALLOWS 0/0=0
IF(X}1005104100
IFLY) 20530540
ARKTNS =-105707963
GO TO 200
ARKTNS= 0,0
RETURN
ARKTNS=1,5707963
GO TO 35
ARKTNS = ATAN2{YsX)
IF{N~180)205,355205
IF(ARKTNS 1210935535
ARKTNS=ARKTNS+6428318531
GO TO 35
END

ATNS0001
ATNS0002
ATNS0003
ATNS0004
ATNSO005
ATNS0006
ATNS0007
ATNS0008
ATNS0009
ATNS0010
ATNSQ011
ATNSCO12
ATNSQ013
ATNS0014
ATNS0015
ATNSO016
ATNS0017
ATNS0018

Space & Re-entry
Systems Division



Subroutine : BACK

Purpose : To backspace a binary tape N logical records or a

BCD tape W physical records.
Calling Sequence: CALL BACK(M,N)
Input and OQutput

Symbolic| Data
1/9 | Name or D i::ﬁo‘:s Syu::gl Dimensions Definition
Location or Units )
1 M Tape logical number.
I | N | Number of records to be
,,_} backspaced.

Common storages used: None

Subroutines required: None

BACK-1

PHILCO I Space & Re-entry
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SIBFTC MCl3J3 XR3,M94sNODD
SUBROUTINE BACK(MsN)

C THIS SUBROUTINE BACKSPACES BINARY TAPE MsN LOGICAL RECORDS

C OR BCD TAPE Ms N PHYSICAL RECORDS
DO 100 I=1sN
BACKSPACE M

100 CONTINUE
' o RETURN

END

PHIL.CO l

PHILCO-FORD CORPORATION

BACK0001
BACK0002
BACK0003
BACKCO004
BACKO0005
BACKQ006
BACK0007
BACK0008
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Subroutine: BARN

Purpose: Random number generator. Provides either uniform random

variable over the interval (0, 1) or a normal random
number with zero mean and unit variance,

Calling Sequence: Y = BARN (I)

Input and Output

- Symbolic Data

L I/¢ |Name or Dgzgizgghs smaggl Dimensions Definition
vﬁ Location y or Units
I I +1, uniform distribution
e =1, normal distribution
= ¢ Y Random number

s Common storages used: None

Subroutines required: None

BARN-~1

PHILCO l Space & Re-entry
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$I1BMAP
BARN

GG
RDUN

SWITCH

HERE
RDNN

NEXT

RETURN

RETRN
L20

TRA
NOP

C

PHILCO Mi%iil

PHILCO-FORD CORPORATION

MC13B&4
SAVE
CLA
PDX
TXL
CLA*
TMI
CLA®
STO
CLA®
™I
LbQ
MPY
LLS
ALS
LRS
STQ
ADD
STO
ARS
ORA
FAD
NOP
TRA
ocT
LXA
CLA
STO
LDQ
SLQ
TRA
LDQ
sLO
FAD
STO
TIX
FDP
CLA
LLS
FSB
LRS
FMP
TXL
LDG
STQ*
RE TURN
HTR
DEC
ocT
ocT
HTR
END

(152)

1s4

092

GGs2sl

Gl

GG

594

HERE

394

RDNN

HERE
HERE+1
440

4490

440

HERE

HERE

HERE

440

HERE+2
HERE+2
NEXT
RETURN
231242163791737+200000000000
L20,1
HERE+2

C»0

TRA

SWITCH
RDUN

NOP

SWITCH

Cs0

Cs0
NEXT-3s151
1L.20+190
L20444+0
3550
L20+240
3540
L204340
RETRN92s1
HERE

5494

BARN

2050
200905915449193340,50
+002000000000
+076100000000
00

BARNO0OO
BARNO0O1
BARN0002
BARNOOO3
BARNOOO4
BARN0005
BARNO0OG
BARNOOO7
BARNOOOS
BARNO0OO9
BARNOO10
BARNOO11
BARNOD12
BARNOO13
BARNOO14
BARNOO15
BARNOO16
BARNOO17
BARNOO18
BARNOO19
BARN0020
BARNO021
BARN0022
BARN0023
BARNOO24
BARNOO25
BARN0026
BARN0O27
BARNOO28
BARN0029
BARNOO30
BARNOO31
BARNOO32
BARNGO33
BARNOO34
BARNOO35
BARNOO36
BARNDO37
BARN0OO38
BARNOO39
BARN0O040
BARNOO41
BARN00O42
BARNOQ43
BARNOO44
BARNOQ45
BARNOO46
BARNOO47
BARNOO48
BARND049
BARNOO50

Space & Re-entry
Systems Division



Subroutine:

Purgose :

BECSTA

Computes start and stop time arrays for stations
and beacons.

Calling Sequence: CALL BECSTA(KSTA,KBEA,KMAXS,KMAXB)

Input _and Output

Symbolic Data
1/¢ | Rame or Di.:::ﬁ::s s“y::gl Dimensions Definition
Location or Units
® |KSTA 75 Array of station numbers
corresponding to times in
SSTART,SST¢P arrays.
¢ | RBEA 75 Array of beacon numbers
corresponding to times in
BSTART ,BST¢P arrays.
¢ | RMAXS Number of station on-off
time pairs found.
¢ | RMAXB Number of beacon on-off
time pairs found.

Common storages used: /INPCgM/,/wCoM/,/EXIC/

Subroutines required: CRITIC,EXINST,SBEV2

PHIL.CO l

PHILCO-FORD CORPDRATION

BECSTA~1
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V BECSTA

IXK1 =0 IK2 = 0
TSTART=TWT(2), TIM(1)=TSEC
TIM(2) = MIN(FLTIM,TWT(2))

SSTART=FLTIM+9999.
BSTART=FLTIM+9999,
i :
(:AiAre there any stations? #:}Eg-—-
§ Yes

Target body is the
only occulting body ‘ -

SBEV2
Find all station related
vents from TIM(1) to TIM(2)

CRITIC
Form station on-off tables
from critical events

| TKL = 1 il
C Are there a.l*’ll_beacons? )—N-Q———
Yes |

Set MB@D(1)=body on which
beacons are located

SBEV2
Find all beacon related ¥
events 3

CRITIC
Form beacon on-off tables
1

JK2 = 1
| L
1 Y
ka{anboard optical includedi}-gf
I¢BTD5E=T§EC+9999. i L ¢Bmm;—rsmc |

PHILCO l Space & Re-entry

PHILCO-FORD CORPORATION Systems Division




$IBFTC MC13BA NOREF»M94sNODDsXR3
CMC13BA BECSTA COMPUTES START AND STOP ARRAYS FOR STATIONS AND BEACONSBCST0001

SUBROUTINE BECSTA(KSTAsKBEAsKMAXSsKMAXB) BCST0002

C SUBRS REQUIRED SBEV2 BCST0003

COMMON/ INPCOM/C(T00)/WCOM/IW(550)sCW(1450) BCST0004

COMMON/EXIC/W(36) »CRX(952) BCST0005

DIMENSION TWT(3)s TIM(2)s  STIME(50), 15C(12) BCSTO006

1s MBOD(4)s XIN(6)s TI(3)» §1(23912) BCSTO007

2 SECR(12)s ISEE(12)s ISTIM(50)» BTIME(50) BCST0008

3 IBC(10)s IB{36)» B(91)» BECR{(10)} BCST0009

4 IBEE(10)s IBTIM(50)+I0BA(3+6) BCSTO0010

DIMENSION SSTART(75) s SSTOP(75) KSTA(T5) ] BCSTOO11

’ BSTART(75) BSTOP(75)» KBEA(75) BCST0012

EQUIVALENCE (C(200)95)s (C(476)5B) BCSTO013

EQUIVALENCE (IW(8)sISC)s (IW{20)+IBC)» (IW(58)+10BA) BCSTO014

1 (IW(312)+1IB)>s (IW(355)915EE)s (IW(367)91BEE) BCSTO015

e 2 (IW(382)sNOR}s» (IW(383)sITARG) BCSTO016
7 3 (IW(384)91K1)s (IW(385)sKSMAX)s (IW{386)91K2) BCSTOO17
‘ 4y (IW{387)sKBMAX) » (IW(389)»ISTIM)» (IW(439)9IBTIM) BCSTO018

- ’ (IW(489)sITRIGYs (IW(490)sKOUNT) BCSTO0019
EQUIVALENCE (CW(1134)sXIN)s (CW(11403sTSEC) BCST0020

.- 1 (CW116019TI)y ({CW(1175)90BTIME)»ICWI1178)sTSTART) BCSTO021
b 2 (CW(1179)sFLTIM) s (CWI{1188)sTWT)» (CW(1441)9BECR) BCSTO0022
39 (CW(1200)sSTIME) s (CW{1250)sBTIME)s (CW(1360)sSECR) BCST0023

4y (CW(222)9SSTARTYs (CW(297)»SSTOP) BCST0024

5 (CW(372) +BSTART)» (CWI(44T)sBSTOP) BCST0025

ny DOUBLE PRECISION TWR BCST0026
; 1K1=0 BCST0027
2 1K2=0 BCST0028
TSTART = TWT(2) BCST0029

TIM(1) = TSEC BCST0030

TIM(2) = TWT(2) BCSTO0031

IF(TIM(2)eGToFLTIM) TIM{2)=FLTIM BCST0032

SSTART=FLTIM+9999, BCST0033

IF(ISC «EQe 0) GO TO 24 BCST0034

MBOD(2) = ITARG BCST0035

IF(ITARG -EQ, 1) MBOD{2) =0 BCST0036

MBOD(3) =0 BCSTO0037

s ITRIG=1 BCST0038
* CALL SBEV2{XINsT1sNOR>TIMsS923912sI1SC»SECRIISEES»ISTIMsSTIME»MBOD) BCST0039
IF(KOUNTeLESOQ) GO TO 2 : BCSTO0040

DO 1 I1=1,KOUNT BCST0041

1 BACKSPACE 10 BCST0042

M=0 BCSTO043

N=18 BCSTOO44

TWR=TSEC BCST0045

CALL EXINST{TWRsMsNsXINsXIN{4)sWsCRX»1051TRIGsKOUNT) BCSTOO46

2 KSMAX=MBOD(4) BCST0047

ITRIG=0 BCST0048

KOUNT=0 BCST0049

g CALL CRITIC(125ISCsSTIME»ISTIMs ISEEsKSMAXsTIMsSSTART+SSTOP»KSTAs BCST0050
. 1KMAXS) BCST0051
N 1K1 = 1 BCST0052
- 24 CONTINUE BCSTO053
BSTART=FLTIM+9999, BCST0054

e IF{IBC <EQs 0) GO TO 25 BCST0055
# MBOD(1) = IB(36) BCST0056
i MBOD(2) = © BCST0057
: ITRIG=1 BCST0058
CALL SBEV2(XINsTIsNOR»TIM»B»Bs10sIBCsBECRy IBEEsIBTIMsBTIMESMBOD) BCST0059

IF{KOUNT.LE.O} GO TO 241 BCST0086

DO 240 I1=1sKOUNT BCST0061

240 BACKSPACE 10 BCST0062

M=0 BCST0063

N=18 BCSTO064

TWR=TSEC BCST0065

CALL EXINST(TWR»MsNsXINsXIN(4) sWeCRX5105s ITRIGSKOUNT} BCST0066

241 KBMAX=MBOD(4) BCSTO067

ITRIG=0 BCST0068

KOUNT=0 BCST0069

CALL CRITIC(10sIBCsBTIMEsIBTIMs IBEEsKBMAXsTIMsBSTARTsBSTOPsKBEAs BCSTO070

1KMAXB) BCSTO071

IK2 = 1 BCST0072

25 CONTINUE BCST0073

. OBTIME = TSEC BCSTOO74

: g
:
G
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IF(10BA «+EQ»

RETURN
END

PHILCO |

PHILCO-FORD CORPORATION

FLTIM 49999,

BCSTO075
BCSTOO76
BCSTO077
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Subroutine: BIBCD

Purpose: To convert a binary integer to BCD.
Calling Sequence: BCD = BIBCD(BIN)
Input and Output
Symbolic Data
1/¢ | Rame or m:::ﬁ::s s:;;‘;l Dimensions Definition
w0 Location or Units
1 BIN Full word binary integer
0 s prw < 1078
¢ BCD BCD equivalent of BIN with
— leading zeros replaced by
blanks.

Ssd

Common storages used: None

Subroutines required: Nome

BIBCD-1

PHILCO I Space & Re-entry

Systems Division
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$IBMAP MC1316 50s+NODD ’
TTL 16 CONVERSION OF POSITIVE FIXED-POINT NUMBERS B1BC0001

RIBCD SAVE BIBCOOO2
CLA* 334 BIBC0003
TNZ NZ 81BCO004
CLA BLNKZ B1BC0O005
RETRN RETURN BIBCD B1BCOOOS
NZ sSSP BIBCO0OO7
sTO Sy BIBC0O0OOS
AXT 694 B1BC0009
CLA TEMP BIBCO010
sTO TEMP+T44 . BIBCOOIL
TIX *-ls491] BIBCOO12
AXT 634 BIBC0OO13
LDQ sV BIBCOO14
NDN . PXA 040 BIBCOO15
pvP TEN BIBCOO16
sTQ sv BIBCOO17
ALS 30 B818C0018
sTP TEMP+744 BIBCOO19
ORS TEMP+T44 B18C0020
NZT sv BIBCOO21
o TRA DN B18C0022
" TIX NDNs4s1 BIBC0023
PN LDQ MQTST B1BCO024
CRQ TEMPs 96 BIBC0O025
XCA . BIBC0O026
Y RETURN BIBCD BI18C0027
1 MQTST OCT 060504030201 B18C0028
i sV PZE 0 BIBC0029
RLNKZ OCT 606060606000 BIBCO030
TEMP SIX * BIBC0031
" BSS 6 BIBC0032
TEN  PZE 10 BIBC0033
END

PHILCO ‘ Space & Re-entry

PHILCO.FORD CORPORATION Systems Division




Subroutine: BLDC@V

Purpose: To build up square submatrices of the covariance
matrix from standard deviations and normalized cor~
relations.and to build subsets of the vector of state

variable BCD names from an array of possible names.

Calling Sequence: CALL BLDC#V(S,TITLE,KHSLD,NUMBER ,LOCAT)

Input and Output

jﬁ Symbolic Data
. I/¢| Name or Dﬁgzzgzzﬁs Smaggl Dimensions Definition
Location ym or Units
1 S d Vector of standard devia-
tions and correlatioms.
I | TITLE Vector of possible
state names.
ﬁﬁﬁﬁﬁﬁ I | KHOLD Construction of P will
begin with element
P(KHOLD+1,KHOLD+1).
- I | NUMBER Dimension of submatrix
P to be built on
this entry.
1 | L@CAT Array associated with S,
g used for choosing
. the desired element
of S.

Common Storages Used: /ES1C@M/
Subroutines Required: None.

BLDC@V-1
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2.

PHILCO i

PHILCO-FORLD CORPORATION

/ES1C¢M/. The arrays of ESIC#M (q.v.) used by BLDCOV are

¢ PNEW d(N,N) Covariance matrix, P
¢ STNAMN (N) Vector of state names
1 ILéCN (N) Vector of state element idendification

indices —

where N is the maximum length of the state vector.

Usage
The allowed state variables for the Differential Correction Program
are divided into logically related groups. BLDCOV is called for each
of the variable groups to be included inthe state, and for which the
related portion of the covariance matrix is to be built up from block
BLDC@V

is used only at case initialization and is called only by SETCAS. The

data arrays of standard deviations and normalized correlations.

resulting initial covariance matrix for a case allows correlations
between variables within the same variable group; correlations between
variables in different groups are set to zero by SETCAS., For example,
if the state consisted of variables from each of three groups, the

built-up initial covariance matrix would have the following form:

P, o ¢
¢ P, ]
¢ )] Py

where ¢ represents the null matrix. Each of the bloéks Pi’ i=13
Each requires a call of BLDC@V if it is to be
(Such a block might, instead, be

This choice is
exercised in SETCAS.) The variable groups and the related arrays
used in the calls of BLDCOV are as follows:

is built separately.
built from stored block data.

lifted intact from a previous tapeestored estimate.

BLDC@V-2

Space & Re-antry
Systems Division
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At each call BLDC@V will construct the square portion beginning in
P(KHALD+1,KHPLD+1) and ending in P(KH@T.D+NUMBER ,KHOLD+NUMBER). BLDCOV
will construct the subset from STNAMN(KH@LD+l) to STNAMN(KH@LD+NUMBER).
At any call of BLDC@V, KHALD is the size of the covariance matrix already
built, NUMBER is the number of additional rows and columns to be added
by this call.

The use of the arrays S, TITLE, ILOCN, and L@CAT is illustrated by the

following example:

Sﬁppose that the first six rows and columns of P have

already been built. Then KHOLD = 6. The first elements of
ILACN contain the identifying numbers for the six state
variables for which P has already been built. Now, suppose
that the next group to be added is the solar pressure, drag,
vent group. Let us assume that the two drag parameters are

to be included. Then NUMBER = 2 and IL@CN(7) = 2, IL@CN(8) = 3.

The various arrays are as follows:

ILOCN = (kl, kz, k3, k, ks, k6, 2, 3, N, My, .. )
TITLE = (3HSPR, 3HDR1, 3HDR2, 3HVNT) = PRENAM

KHOLD = 6
NUMBER = 2
LOCDAT = (7, 9, 10) = LOCPRE
S = PREDAT:
S(1) = Solar Pressure value
(2) =Drag 1 "
(3) = Drag 2 "
(4) = Venting "
{(5) = Solar Pressure Standard Deviation
(6) = Drag 1 " "
(7) = Drag 2 " "
(8) = Venting " "
(9) = Cc(1,2) , correlation between Solar Pressure and Drag 1
(10) = ¢(1,3)
(11) = c(1,4)
(12) = c(2,3)
(13) = c(2,4)
(14) =

C(3’4) BLDCOV-4
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The variable identifying numbers to be used are IL@CN(7) = 2
and ILACN(8) = 3.

BDLCOV first picks up elements 2 and 3 from the TITLE array and
puts them in positions 7 and 8 of the STNAMN array.

Next, the diagonal terms P(7,7) and P(8,8) of the covariance
matrix are loaded with the correct standard deviations from the

S array. For this purpose, the L@CAT array is used. Let K
be the integer part of L@#CAT(1)/2 + 1. That is, K = 4. The

. values 2 and 3 from the ILO¢N array are added to K to yield
- 6 and 7. Then P(7,7) and P(8,8) are loaded with S(6) and S(7),
- . respectively. For P(7,8) we wish to load C(2,3). We use the
L first index of C, viz., 2, to find L#CAT(2)= 9. To this 9 we
add the second index of C, viz., 3. This yields 12. Then 5(12)
is loaded into P(7,8). Also P(8,7) is set to P(7,8). Thus the
values of the L@CDAT array are seen to describe the location of
the various variables in the § array.
Finally the subset of P is un~-normalized by multiplying the
, off-diagonal terms by their related standard deviations, after

which all diagonal terms are squared to form variances.

o

BLDCOV - 5

A
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$IBFTC MC13SX XR34MI4sNODDSLIST

SUBROUTINE BLDCOV (S»TITLEsKHOLDsNUMBERsLOCAT) BLDCO0O1

C BUILDS PORTIONS OF COVARIANCE MATRIX BLDCO002

DOUBLE PRECISION  S(1) BLDCO003

DIMENSION LOCATI(1) »TITLE(L) BLDCOO004

COMMON /ES1COM/PNEW(30530)sSTNAMN(30) s TRAKER(30) BLDCO00S

1 »ITRETN (30)siLOCN (30)»KLOCN (54) BLDC000S

2 sNSN (12520) BLDCOOO7

DOUBLE PRECISION  PNEW BLDCOOOS8

C BLDCO009

1 DO 3 I=1sNUMBER BLDCOO10

[0 = KHOLD+I _ BLDCOO11

KK = ILOCN{IO)+LOCAT(1}1/2+1 BLDCOO12

- PNEW(10»10) = S5(KK) BLDCOO13

KK = ILOCN(IO) BLDCOO14

STNAMN(IO) = TITLE(KK? BLDCOO15

IF (I1.GE<NUMBER) GO TO 3 BLDCOO16

LL = LOCAT(KK) BLDCOO17

II = I+1 BLDCOO18

DO 2 J=11sNUMBER B8LDCO019

JO = KHOLD+J BLDCO020

- MM = ILOCN{JO)+LL BLDCOO21
PNEW(ID»JO) = S(MM) BLDCOO22

. 2 PNEW(JOSsIO) = PNEW(I0»JO) BLDCO023

3 CONTINUE BLDCOO24

DO 5 I1=1sNUMBER BLDC0025

. 10 = KHOLD+I BLDCOO26
DO &4 J=1sNUMBER BLDCOO27

. JO = KHOLD+J BLDC0028

e "IF (1+EQed) GO TO & BLDCOO029
: PNEW(I0»JO) = PNEW(I0»JO)*PNEW(10910) BLDC0030

P PNEW(JO2I0) = PNEW(I0+J0) BLDCO031
4 CONTINUE BLDCOG32

5 PNEW(IO»I0) = PNEW(IOs10)%%2 BLDCO033

999 RETURN BLDCOO34

END

i
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Subroutine: BMEAS

Purpose: Makes a set of beacon measurements RMEAS(2-5)
at time RMEAS(1).

Calling Sequence: CALL BMEAS (NBEAC ,BRBD,X6UT ,RMEAS)

Input and Output
Symbolic Data
1/¢ | Name or Di.:::ﬁ;:: Syu:ltagl Dimensions Definition
location or Units
E I NBEAC Beacon identifying number
1 BRDB 3) Semi-major axis, semi-minor

axis, spin rate for body on
which beacons are located.

| X¢ur (6) Spacecraft position, velocity
with respect to body on which

beacons are located.

P RMEAS (5) 1. Time

] 2. Range

3. Range rate
4, Angle 1

‘ } 5. Angle 2

Common storages used: /INPCEM/,/wCdM/

Subroutines required: ARKTNS,BARN,CRUSS,DET ,MNA ,MTRN,NUTAIT,
STAT ,VN@RM,VIRN

BMEAS-1
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$IBFTC MC13MB NOREF»M949NODDsXR3

CMC13MB BMEAS  LIKE SMEAS BUT FOR BEACON BMES0001

SUBROUTINE BMEAS(NBEACsBRDBsXOUT sRMEAS) BMES0002

COMMON/ INPCOM/C{700) /WCOM/IW(550) sCW(1450) - BMES0003

DIMENSION OMG(3)s  RMEAS(5)s BRDB(3)s BI(91), ™(9) BMES0004

1s RTU3), SCI5)) XOUT(6)s DUM(3)y  AN{(3:3) BMES0005

2 TI(2) EN(393)s A(393}s  X(6) X5(6) BMES0006

N Us(3)s X1(3) XJ13)s XK{3) R{4)s 1B(36)BMES0007

EQUIVALENCE - (C(9)+SPDLT ) (C1608)sEMP24)s  (CL4T6)9B) BMES0008

1 {CW{1140)sTSEC)»(CW(1160)sTI)s (CW(1163)3AN) BMES0009

Zs {CW(1172)»TSECO) s {CW(1173)sGHAR) BMES0010

, {IW(53), IEMP24)s {IW{312)+1B)s (IW(347)9NB) BMES0011

EQUIVALENCE (R(1)sRAT)s (R{2)}sRDOT)s (R(3)sANG1)s {(RI4)sANG2) BMES0012

1s (TMI1) aXT)s  (TMI4)sXJ)s (TM(T)aXK)s (SCILL11sUS) BMES0013

C SUBROUTINES REQUIRED ' BMES0014

C ARKTNS BMESO015

¢ BARN BMESO0016

c CROSS BMES0017

4 DOT » VNORM BMES0018

C MNA : BMES0019

C MTRN»VTRN BMES0020

. d NUTALT BMES0021
‘ c STAT BMES0022
L DATA {(OMG(I)s1=192)/2%04/ BMES0023
o RMEAS(1)=TSEC BMES0024
OMG(3)=BRDB(3) BMES0025

. GHAB=GHAR+BRDB (3)* ( TSEC-TSECO) BMES0026
‘ IFINB=2) 19253 BMES0027
. 1 CALL VTRN(ANyXOUTsX) BMES0028
o CALL VTRNTAN,XOUTI(4)sX14)) BMES0029
GO TO 5 BMES0030

- 2 GHAB=0, BMES0031
TIME=TI(1)+T1(2) BMES0032

CALL NUTAIT(TIMEsWMsCRsDASENSEPSIL) BMES0033

CALL MNA(  TIMEsWMsCRyDASEPSILsRRyGsGP yWWsEN) BMES0034

CALL MTRN{EN,ANsA) BMES0035

CALL VTRN{AN,XOUT sX ) BMES0036

CALL VTRNI{AN,XOUT(4)sX(4)) BMES0037

GO TO 5 BMES0038

3 DO 4 I=136 BMES0039

4 X{11=XOUT(1) : BMES0040

5 CONTINUE BMES0041

| KBEAC=8%NBEAC~6 ‘ BMES0042
i CALL STAT(B(KBEAC)»GHABsTMsRTsSCsBRDB) BMES0043
CALL CROSS(OMGsRTsDUM) BMES0044

DO 6 I=1s3 BMES0045

J=1+3 BMES0046

XS(I)=RTLI}=-X(I) BMES0047

6 XS(J)=DUM(T1-X{J) BMES0048

RAT=VNORM{XS,US) BMES0049

» RDOT=DOT(USsXS (%)) BMES0050
‘ DEN=YNORM (X sUS ) BMES0051
DO 7 1=1,3 BMES0052

i 7 XKCIy==US{1) BMES0053
CALL CROSS(XKsX{&}sXJ) BMES005&

- DEN=VNORM(XJ sXJ) BMES0055
r CALL CROSS{XJsXKsXI) BMES0056
, ANG1=ARKTNS(360sDOTI{XSsXI)sDOTIXSsXJ)) BMES0057
- CALL CROSS(XSsXKsDUM) BMES0058
DEN=VNORM (DUM»DUM) BMES0059

ANG2=ATAN (DOT(XSsXK)/DEN) BMES0060

IFCIEMP24oNELO) R{1)=R{1)+EMP24%R(1)/SPDLT BMES0061

DO 9 I=1s4 BMES0062

J=1+30 BMES0063

IF(1B{J)+EQs0) GO TO 9 BMES0064

IF{1B(J).EQs2) GO TO 8 BMES0065

L=86+1 BMES0066

R{I)=R(I)+B (L) BMES0067

8 K=82+1 BMESD068

M=1+1 BMESG069

RMEAS({M}=R(I1)+B (K)*BARN(-1) BMES0670

9 CONTINUE BMES0071

IF(IB(35)¢NE.,O) RMEAS({1)=RMEAS{1)48 (91) BMES0072

RETURN BMES0073

END BMES0074

o8
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Subroutine: CARDIN

To read change cards and following data cards.

Purpose:
Calling Sequence: CALL CARDIN(INITS)

Input and Output

Symbolic Data
1/¢ | Name or Diz::ﬁ::s Sju:;:I Dimensions bDefinition
Location or Units

I INITS Initialization key; initializes
if INITS = ~1.

Common storages used: /INPCOM/,/wCoM/

Subroutines required: 1AYd

CARDIN-1

PHILCO ' Space & Re-entry

Systems Division
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Vig7 CARDIN
(:Is initialization \ No ,
required?

i Yes

Clear fixed-point
storage arrays

12 e

— -

[ Read a change card |

185(Fnd of change cards?)
] No 2
Q Type of change? )_e_agn —6?
Return f Station .

for B array

[set IT2 to station # | LAYJ
Read new data

* Beacon

Read new data *
for S array Beacon change or Meas,
7 )
~
J

measurement type
delﬁti_‘)!l.( Type of change?

Jaddition ( Type of change? )_____deletlon
Insert station # IT2 - *addition
in ordered ISC array Insert beacon # IT2

- in ordered IBC array o
Set IB(1-3,IT2)

Remove station # IT2
from ISC array

Remove beacon # IT2 |
from IBC array

&
C Type of change? )._d_e_]&tion
jaddition

Set treatment indi-
cators IB(31-36)

~— __ IC=0 -

CARDIN-2

B
& .
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$IBFT

CMC13AR

12
102

13
20

21

23
24
25

26

27
28
29
30
301
31
32

35

36

38

39
40

PHILCO l

leLcﬂ-FDﬂD CORPORATION

C MC13AR NOREF »MI44NODD>s XR3

CARDIN SAME AS PUTIN BUT CALLS LAYO
SUBROUTINE CARDIN(INITS)

COMMON/ INPCOM/C(T700) /WCOM/ IW(550) sCW(1450)

DIMENSION EMP(24)» S(23s12) B(91)» oB(18)
1» IEMP(24), 15C(12)» IBC(10)s 10BR(22)
29 ITEMP(25)s 15(11512)»s 1B8(36)

EQUIVALENCE (IW{8)s1S5C)>» (IW(20}5IBCYy (IW(30) s IEMP)
1» {IW(54)310BR)s (IW(1B0)sIS)s (IW(312)918)
29 {CL200)45) s (CL4T6)+B) {C1567)50B)
3s (C(585),EMP)

REQUIRED SUBROUTINES
LAYO

IF(INITS.GEeQ) GO TO 12

DO 1 1=8+75

IW(1)=0

CONTINUE

READ ( 55102) NCHsSNAME, ITEMP

FORMAT(I1»A6,2512)
IF(NCH} 1009100413

GO TO (20535+,55,5,70) sNCH

CONTINUE

IT2=ITEMP(2)

CALL LAYO (S(1sIT2)sNCHsITEMP )
S{1sIT2)=SNAME

IFCITEMP) 28,528,211

IF{ISCeEQeIT2) GO TO 31

NIT=0

DO 27 I=1s12
IFLISC(I)) 23523524
ISC{Iy=1T2

GO TO 31
IFCIT2-1I8CIIY) 264+31,27
IsT=18C(1)

NIT=1T2

IsCtiy=IT2
IF(NIT.NE«IT2) GO TO 25
ITS=ISCI{I+1)
I1SC(I+1)=1IST
IF(ITS.EQs0) GO TO 31
15T=1TS
CONTINUE

GO TO 31
CONTINUE

DO 29 I=1»11
IFLIT2-1SC( 1Y)
CONTINUE
1sC(12)=0

GO TO 12

DO 301 J=lIsll
1SC(J)=18C(J+1)
GO TO 12
CONTINUE

DO 32 1=1s11
IS(I»IT2)=1TEMP(I+2)

GO TO 12

CONTINUE

IT2=8%#(ITEMP(2)~1)+1

IF(ITEMP(2)+EQ00) 1IT2=81

CALL LAYO (B(IT2)sNCHsITEMP )

IF{IT2sNE«B1) B{IT2)=SNAME

IT2=1TEMP(2)

ITEMP(2)=0 INDICATES A MEASUREMENT TYPE CHANGE CARD
IF(IT2.EQ-0) GO TO 48

IF(ITEMP)43543536

IF(IBC.EQe1T2) GO TO 46

NIT=0

DO 42 I=1,9

IFCIBC(I}) 38538539

IBC(1)=1T2

GO TO 46

TFLIT2-1IBC(1)) 4146542

IST=IBC{I)

NIT=1T2

IBC(IN=IT2

12930429

CRDNO0OO1
CRDNO002
CRDNO003
CRDNO0OO4
CRDNOOOS
CRDNQOOG
CRDNOOQO7
CRDNOOOB
CRDNOOO9
CRDNOOQlO
CRDNOO11
CRDNOO12
CRDNOO13
CRDNOO14
CRONOQ15
CRDNOO16
CRDNOO17
CRDNOO18
CRDNOO19
CRDNOO20
CRDNOO21
CRDN0022
CRDNOO23
CRDNOO24
CRDNQ025
CRDNOOZ26
CRDNOO27
CRDNOO28
CRDN0029
CRDNOO030
CRDN0031
CRDNOO32
CRDNOO33
CRDNOO34
CRDNOO35
CRDNOOQ36
CRDN0037
CRDNOO38
CRDNO0039
CRDNOQ4O
CRDNOO41
CRDNOD42
CRDNO043
CRDNOO44
CRDNOOA4S
CRDNOO46
CRDNOQ4T
CRDNOO48
CRDNOO49
CRDNOO50
CRDNOO51
CRDNOO52
CRDNOO53
CRDNOO54
CRDNOQ55
CRDNOO056
CRDNOO57
CRDNQO58
CRDNO0O059
CRDNQO60O
CRDNOO61
CRDNOO62
CRDN0063
CRDNOO64
CRDNO0O65
CRDN0O0O66
CRDNO067
CRDNQOO6S
CRDNO069
CRDNOO70
CRDNOO71
CRDNOOQ72
CRDNOOT73
CRDNOO74

Space & Re-entry
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41 TF(NITeNEeIT2) GO TO 40

ITS=1BC{I+]

)

IBC(I+1)=1S8ST

IF(ITS.EQ.O
IST=ITS

42 CONTINUE
GO TO 46

43 CONTINUE
DO 44 1=149
IF(IT2-1BC(

44 CONTINUE
1BC(10)=0
GO TO 12

) GO TO 46

1)) 12545444

45 DO 451 J=1s9
451 IBC(J)=IBC(J+1)

GO TO 12
46 DO 47 I=193

J=3¥([T2-1)+1

47 IB(J)=ITEMP
GO TO 12
48 IF(ITEMP)49

(1+3)

249951

49 DO 50 I=1,10

50 IBC(I)=0
60 T0 12
51 CONTINUE

IB(36)=1ITEMP(3)

DO 52 1=1+5
J=30+]

52 IB{J)=ITEMP
GO TO 12

55 CONTINUE
IF(ITEMP)56

(1+3)

856959

56 DO 57 I=1s22

57 I0BR(I1)=0
GO TO 69
59 CONTINUE

DO 60 I=1s22
60 IOBR(IN=ITEMP(I+1)

69 CONTINUE
CALL LAYO
GO TO 12

70 CONTINUE

(OB sNCH»s ITEMP

DO 71 I=1+24
71 IEMP{I)=ITEMP(I)

CALL LAYO
GO TO 12
100 RETURN
END

PHILCO |
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(EMPyNCH»ITEMP

]

)

CRDNOOT75
CRDNOO76
CRDNOO77
CRDNOO78
CRDNOO79
CRDNOO8O
CRDNO081
CRDNQO82
CRDNQO83
CRDNOO8B4
CRDNO0085

-CRDNO0OB6

CRDNOO87
CRDNOOSS
CRDNOOB9
CRDN0090
CRDNOO91
CRDNO092
CRDN0O093
CRDNOOS4
CRDNQO9S
CRDNQ0O9%6
CRDNO097
CRDNOO98
CRDN0OO99
CRDNQ100
CRDNO101
CRDNO102
CRDNO103
CRDNO104
CRDNO105
CRDNO106
CRDNO107
CRDNO108
CRDNO109
CRDNO110
CRDNO111
CRDNO112
CRDNO113
CRDNO114
CRDNO115
CRDNO116
CRDNO117
CRDNO118
CRDNO119
CRDNQ120
CRDNO121
CRDNO122
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Subroutine: CBDAT

Purpose: Computes three C-Band measurements (azimuth,
elevation and range).

Calling Sequence: CALL CBDAT

PR,

AAAAA

Eo—-

Common storages used: /DATCEM/
Subroutines required: DMVTRN,DNORM

CBDAT-1
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Usage

The equations describing the measurement model are givem in Appendix C
of Reference 1.

The principal communication between the data subroutines (CBDAT, CBDATP,
etc.) with their using programs is through the labelled common DATCOM.

The quantities used by each subroutine are described in tabular form
in Table 1.

The output array ¢BS is described in Table 1, below.
COMMON LOCATIONS

COMMON LOCATION NAME DIMENSION DESCRIPTION

DATCOM c(139) STA d(5) STA(1-3), receiving station
position in B-frame, (km).
STA (4-5), refraction
constants.

c(161) TB2C@ d(18) TB2CS (1-9), B-frame to
C-frame transform at time
of measurements. TB2C¢
(10-18) are not used.

c(233) TT2B@ d(9) Unit North, East, Down
vectors at station in
B-frame.
é c(269) xv d(3) Spacecraft postion in C-frame

at time received signal left
the spacecraft, (km).

S s e

€(299) NFRAC Refraction key: <+1, include
refraction corrections;
+2, omit.
c(s) ¢BS d(64) ¢BS(l), azimuth (rad)
c(37) #BS(17), elevation (rad)
C(69) ¢BS(33), range (km)
CBDAT=-2

PHILCO l Space & Re-entry
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o 3 1
Ranging Doppler
Observable /Observable COMMENTS
49]
P 0 Measurements
%’%— %5— Vehicle Position
v v Partials
y ¥
A A0
B o A .
1 -2 2. 28 >Vehic le Velocity
[ X X ax ox Partials
v v v v
) ¥ v v
ey 3, .
-B-c% = :ﬂ %L Measurement Bias
1 2 P 4 Partials
ey da . Observating Station Clock
| —2 28 2 Bias Partials
oT ot arT ot
Aor Ao
1 2 3 3
= = ;f sﬁ Speed of Light Partials
i} ) A
~ A Qe .
-5—-1- -5—2- 20 2 >Rece£vi.ng Station
— R ?«xR axk — Pogition Partials
2 y y 4
0 0 4« A b
3 2% |
0 0 20 Transmitting Station
48| ax,r '-6il a"'r > Position Partials
6] © 32] O (When operating in three-
'\l/ ‘l/ " way doppler mode)
e
Layout of ¢BS-Vector in DATC#M. Used by all data and partial subroutines.
Only those portions of the ¢BS-Vector relevant to the data type being
computed are loaded by the various data and partial subroutines; (e.8:s
CBDAT uses only ¢BS(1), ¢BS(17), ¢BS(33)).

CBDAT-3

PHILCO l Space & Re-entry
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SIBFTC MC13CE M94sNODDsXR3

CMC13CE C~-BAND MEASURFMENTS cB8DTO001

SUBROUTINE CBDAT CBDT0002

COMMON /DATCOM/ BIAS(2)» QBS(64) FTR OMEGA CBDTO003

ls SPDLTs STA(10)» TAU, T82C0(18) CBDTO004

2 TB2CT(18)y TT2BO(9)» TT2BT(9) Xv(12) CBDTO005

3s MLT, MODE» MSTA MT IM CBDT0006

4y NALIGN» NANG NFRAC c8DT0007

DOUBLE PRECISION RT(3), SX(3) TT2C{9) X5(3) CBDTO008

1s BIAS CEs OBS» DELTE CcBDTO009

2 DNORM » Es Fs FTR» . OMEGA cBDTO010

3 RAT, RTMG SE» SPOLT, STA C8pT0011

4o Ts TAUs T82CO TB2CT 177280 CBpTO012

59 TT2BTs XTDs XTE XTN» XV CBDTO013

C CBDTO014

C DECLARE LIBRARY FUNCTIONS DOUBLE PRECISION TO SATISFY UNIVAC CBDTO0015

DOUBLE PRECISION DATAN2sDATANsDCOSsDSINSDSQRT - CBDTOO016

C CBDTOO017

FQUIVALENCFE ({SX(1)sXTN)» {SX(2)sXTE)» (SX{3})sXTD} cBPTOO018

y C NsEsD VECTORS IN C FRAMF CBDTO019

CALL DMYTRNITB2COsTT2BOsTT2C2193) CBDT0020

. C STATION VECTOR IN C FRAME CBDTO021

i CALL DMVTRN(TB2CO9sSTA»RT»1s1) cBoT0022

S C RANGE VECTOR IN C FRAME CBDT0023

o DO 1 1=1,3 CBDTO0024

1 XS(IV1=XV(I)-RT(1} cBDTO025

C s RANGE VECTOR IN TOPOCENTRIC COORDINATES CBDT0026

CALL DMVTRN(TT2C»XS9SXs291) CBDT0027

“ C STATION AND RANGE VECTOR MAGNITUDES CBDT0028

o RTMG=DNORM(RT) CBDTO029

RAT=DNORM(XS) CBDT0030

oy C AZIMUTH, ELEVATIONs AND RANGE ) CcBDTO0031

. OBS(1)=DATAN2(XTEsXTN) : CBDT0032

- ORS(17)=NATAN(-XTD/DSQRT{XTN*XTN+XTE*XTE)) CBDT0033

OBS5(33)=RAT CBDT0034

GO TO (247) sNFRAC CBDTO035

C REFRACTION CORRECTIONS CBDT0036

C ELEVATION CORRECTION CBDT0037

Kot 2 E=0BS(17) CBDTO038

¥ IF{E«LT,.01) GO TO 606 . CcBDT0039

SE=DSIN(F) CBDT0040

CE=DCOS(E) CBDTO041

IF(EeGToe176452393D0) GO TO 5 CBDT0042

i T=(1403585796D0-(,01072014D0-(61279119D~7~e1227363D-7/E}/E)}/E)*STACBDT0043

1(4)%CE/SE i CBDT0044

3 F=RTMG/RAT cBDTO045

4 DELTE=T—F*({(STA(4)+TXT/24)#CE~T*SE) CBDT0046

GO TO 6 : CBDT0047

e 5 DELTE=STA(4)*CE/SF CBDTO048

6 OBS{17)=0BS(17)+DFLTF CBDT0O049

o C RANGE CORRECTION CBDT0050

. 606 0ORS(33)=0BS(33)+(STA(4)/(STA(S)*DSIN(OBS(17}))))%1,,D=3 cBDTO0051

C AZIMUTH 1S NOT CORRECTEP FOR REFRACTION CBDT0052

s 7 CONTINUE CBDT0053

IF(OBS(1)elLT40eN0) ORS(1}1=0RS(1)+6.2831853071795864 CBDT0054

- IF(OBS(1)1eGTe6+2831853071795864) ORBS(1)1=0RS(1)~6.2831853071795864 CBDT0055

4 RETURN CBDTO0056
END
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Subroutine: CBDATP
Purpose: Computes three C-Band measurements and their
partial derivatives.

Calling Sequence: CALL CBDATP(R2)

Input and Output

Symbolic Data
_ 1/¢ | Name or m:::ﬁ:‘ s’;;:gl Dimensions Definition
. Location or Units
¢ R2 d s2 kmz Slant range squared.

Common storages used: /DATCEM/

Subroutines required: DCR@SS,DD@T,DMVTRN,DNORM

CBDATP-1

:]PHILCO Space & Re-entry
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COMMON LOCATIONS

COMMON | LOCATION | NMAME | DIMENSION DESCRIPTION

DATCOM c(135) OMEGA d Earth rotation rate, (rad/sec).
c(137) SPDLT d Speed of light, (km/sec).
c(139) STA d(5) STA(1-3), Receiving station position

in B-frame (km). \
STA(4~5) Refraction constants.

c(161) TB2CH d(9) B-frame to C-frame transform at )
: time of measurements. -
c(233) TT2B¢ d(9) Unit North, East, Down vectors at

station in B-frame.
Cc(269) Xv - d(6) Spacecraft position and velocity

in C-frame at time received
gsignal left the spacecraft
(km, km/sec).

c(293) MLT Speed of light partial option key*. .
€(295) MSTA Station location partial option

key*. "
€(296) MTIM Station clock partial option key*. )
c(299) NFRAC Refraction correction option key*.

*When option key = 1, option will ;
be included; option will be -~
omitted if key = 2.

c(5) ¢BS d(64) Measurement and partial output
vector. See Table 1 in description
of CDBAT. p

W

CBDATP-2
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SIBFTC MC13CD  XR3sMI4 sNODDHLIST

CMC13CD  C-BAND MEASURFMENTS AND PARTIAL DERIVATIVES €BDPO0O1

SUBROUTINE CBDATP(R2) CBDP0002

COMMON  /DATCOM/ BIAS(2)s OBS(64) s FTRs OMEGA CBDPO0O3

1, SPOLT, STA(10) s TAUS TB2CO(18)  CBDPOOO4

2 TB2CT(18)s TT2BO(9)s  TT2RT(9)s  XV(12) CBDPOOOS5

, 3 MLTs MODE » MSTA MT IM CBDPO006

4 NALIGNS NANG s NFRAC CBDP0007

DOUBLE PRECISION DCXS(3)s DN{3)) DUM( 3) ) CBDP00OS

15 EA(3), , EN(3)s - OMG(3) CBDOPO009

2 RT(3) SX1{3)) TT2¢t9) - CBDPOO10

3 X516} 2113) CBDPOO11

DOUBLE PRECISION BIASs CEs 0BS» DDOT CBDP0012

1s DELTE, DEN» DNORM Es E2 CBDPOO13

2 E3 Fs FTR» OMEGA » RAT CBDPOOL4

3 RTMG » R2s SE» SPDLT, STA CBDPOO15

4 S1s 52, Ts TAU, TB2CO  CBDPOO16

5 TB2CTy TT2RO s TT2RT XTD s . XTE CBDPOO17

69 XTNy XV CBDP0OO18

C CBDPOO19

C DFCLARE LIRRARY FUNCTIOMS DOURLE PRECISION TO SATISFY UNIVAC €RNPO020

- DOUBLE PRECISION DATAN2sDATANYDCOSsDSINSDSQRT CBDP0021
. C CBDP0022
; EQUIVALENCE (TT20(1)9EN)» (TT2C(4) 91EAY s (TT2C(7)+DN) CBDP0023
. 1s (SX{1)12XTNY» (SX{2) sXTE) » (SX{3)sXTD) CBPPO024
CALL DMVTRN{TB2COsSTAsRTs1y1) CROPO025

o CALL DMVTRNI(TB2COs»TT2BO»TT2Cs193} CBDP0026
: DO 1 I=1s3 ; CBDP0027
e 1 OMG(1)=TR2CO(1+6)*OMEGA CBDP0028
CALL DCROSS{OMGyRT »DUM) CBDP00ZS

DO 2 =143 CBOP0O30

= XS{1)=XV{I)=-RT(T) CBDPOO31
2 XS{I+3)=XV{1+3)=DUM(T) CBOP0032

CALL DMVTRN(TT2C sXSsSXs291 ) CRDP0033

RTMG=DNORM(RT) CBDPOO34

R2=DDOT (XS »XS) CBDPOO35

RAT=DSQRT(R2) CBDPO036

c COMPUTE AZIMUTHs FLEVATIONs AND RANGE CBDP0037

e O0RS{11=NATAN2 {XTE»XTN) CBDP0038
0BS{17)=nATAN(=-XTD/DSQRTIXTN*XTN+XTE*XTE}) CBDP0039

ORS{33)=RAT CBDP0O0O4O

20 E=0BS(17) CBDP0041

IF{E«LTL.01) GO TO 56 CBDPO0O42

e SE=DSIN(E} CBDPO0A43
: CE=DCOS(F) CBDPO044
IF(FeGEes1745329300) GO TO 5 ’ CBDP0045

E2=E*E CBDPO046

" E3=E2%E CBDPDOAT
N T=(1403585796D0-+01072014D0/E+41279119D-7/E2=41227363D~7/E3)%STA(4CBOPO04S
1)*CE/SE CBDPO004Y

o 3 F=RTMG/RAT CBDPOO50
« 4 DELTE=T—F* (A{STA{4)+T*T/24)*CE-T*SE) CBDPOO51
GO TO 6 CBDP0052

5 DELTE=STA(&)*CE/SE CBDP0053

6 ORS{17)=0BS(1T7)+DFLTE CBDPOO5S4

~ C RANGE CORRECTION CBDPOOSS
b 56 ORS{33)=0BS{233)+{(STA{4)/(STA(S)®EDSINIOBS{17}))}))1%#1.D~3 CBDPOOS56
e e AZIMUTH IS NOT CORRECTED FOR REFRACTION CBDP0057
60 CONTINUE CBDPO058
IF(OBS(1)+LT«04D0y ORS(1)=0RS5(1)+6.2831853071795864 CBDPO0OS59 |
IF(OBS(1)eGT2642821853071795864) OBS(1)=20B5{1)~6.,2831853071795864 CBDPOO6D

c COMPUTE PARTIAL DFRIVATIVES o CBDP0Q6L

c VEHICLE STATE PARTIALS ¢BOP00AS

CALL DCROSS (DNsXSsDCXS) CBDP0063

$2=DDOTINCXSsDCXS) CBDPO064

S1=DSQRT(S2) CBDPOO6S

CALL DCROSS(DCXSsXS»0BS{18)) CBDP0066

DO 7 1=1,3 : CBDP0067

OBS(I4+1)=DCXS(1)/82 CBDPQ068

ORS(1+17)=0BS(I1+17)/(R2%51}) CBDP 0069

OBS{I+33)=XS(I)/RAT CBDP0OO70

OBS(I+4}=0.D0 CBDPOOT1

0BS{1+20)=0.D0 CBDP00T2

7 OBS{1+36)=0.D0 CBDPOOT3

C MEASUREMENT BIAS PARTIALS CBDPOO74

PHILCO I Space & Re-entry
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10

11

12

13
14

15
16

0BS(8)=1.D0

0BS(241=14D0

0BS(40)=1.00

GO TO (8510)sMTIM

OBSERVING STATION TIME RIAS PARTIALS
CALL DCROSS(XSsOMGy»Z1)

DO 9 I=1,3

Z1I)=Z1(T14XS(1+3)

08S(9)1=DNOTI{OBS(2)s21)
ORS(25)=NDDT{(OBS(18)s21)
0BS{41)=nNDOT{XSsXS(4))/RAT

GO TO (11912)sMLT

SPEED OF LIGHT PARTIALS
DEN=SPDLT#*SPDLT
ORS{10)=nDOTIOBS(72)sXV(4))*RAT/DEN
0BS(261=nDOT(OBS(18) 9 XV(4) ) %*RAT/DEN
0RS(42)1=NDOTIXSsXV(4))/NEN-RAT/SPDLT
GO TO (13216)sMSTA

OBSERVING STATION LOCATION ERROR PARTIALS
DO 14 1=2934516

CALL DMVTRN(TB2COsOBS(1)+0BS{1+9)+2s1)
DO 15 I=11,13

ORS{11=~0BS(I)

ORS{I+16)=-0BS(1416)
ORS{1+32)=-0BS(1+32)

RETURN

END

PHIL.CO l
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CBDPOO77
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Subroutine:

Purpose:

CBTEST

To read C~Band raw data tapes, decode the data,

convert units and, using subroutine PJLYFT, test for
outliers and write the edited data in the DCP format

on Unit 12.

Calling Sequence: CALL CBTEST (IERR)
Input and Output:

Symbolic Data
1/¢ | Name or Di:::gig:g Syszzg Dimensions Definition
Location or Units
¢ IERR Error flag. Set = 2 by

CBTEST if more than

20 stations are accumu-
lated. Set =0
otherwisge.

Common storages used:

Subroutines required: DATINP, POLYFT

PHILCO I

PHILCO.FORD CORPORATION

/TRRCOM/ , /dUTCOM/ , /TSTCR/ , /DATCOM/ , /SUMCEM/
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V CBIEST

IERR =0 M@PUNT=1
INPCNT=0 KTAU =1
MIYPE =1 DR=1.D30

i

Read a data record
from unit 09

_ Convert time tag
MJDE =0 _IDP=999 and place in TIMIST
| I=1 l —No (1STIf < TIMTST < TSTHI? )
- { Yes
— INPCNT = INPCNT + 1
| KNTRL(T) = 1 ! TIMTAG(INPCNT) = TIMIST
r TQAN=1 IQRA=0 IQRD=4
(Suppress Ith observable?)ﬂ’—— i
Yes C Bad data? )ﬂ)—
| KNTRPL(I) = O | | Yes
\ ; [ IQAN=1 IQRA=2 |
[ I = T+1 f—
Yo 1 —285 (" New data are? )
=0 I> 37 ) I %o
y Yes Has there been a )%
| KNTRPL(4) = 0 | change of station?
* Yes
DPP(I) = -.12345678E20 INPCNT = INPCNT - 1
I = 1,INPMAX Backspace 9
YR = NYR(IRAW)
TFINSH = FINISH(IRAW)
TSTLY = TL¢(IRAw;
TSTHI = THI(IRAW —
KSMAX = KMAX(TRAW) | ISTART = 1 ]
ISTART = 0
I I=1 I
=20
l KSTA = I |

, ! ‘ | Station ID found in Yo
(" End of tape record? block data? 2232

No
* No '
Backspace unit 09 Alld:z:ezeigeg%wk
Reread the data record ‘ *No
Yes l I=7T1#+1 ]

Y
C ID = IDG?
No

Is ID=ISTAPK(I,TRAW) \Yes

No
( for any I=1,KSMAX?

PHILCO l
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No stations yet in '\ Yes
summary record data? /

y No
Is the station already\ No
in the summary data? /
Yes

X = TIMTAG(INPCNT) [ NUMSTA = ;WMSTA +1 lY
KK = Station location es
| in NAMSTA C NUMSTA > 207
i STIMNX(KK) = T
- AMIN1 (STIMNX(KK) ,X) NAMSTA(NUMSTA)=STANAM(KSTA)

STIMNX (NUMSTA )=TIMTAG( INPCNT)

™ ID@=ID

. @BSNAM=STANAM(KSTA)
TRANAM=@BSNAM
CR1=C1(KSTA)
CR2=C2(KSTA)

( omit azimuth?  )-ies

j No i
i Convert azimith to AZ(INPCNT)=~-,12345678E20
radians and store JQAN = 1

_— I

(_ Omit elevation? _:}xbs

" * - |
Convert elevation to EL(INPCNT)=-,12345678E20
radians and store JQAN = 1
B |
1 -
C Omit range? D
y No f
| . Store range ] RANGE(INFCNT)=
[ -.12345678E20
IQRA = 2
"’% i
o
CBTEST-3

7
lé.
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7

Compute adjusted time
tag for PPLYFT
TXTRA(INPCNT)=
TIMTAG(INPCNT)~TIMTAG(1)
IQ(INPCNT)=IQAN+IQRA+IQRD

1

Data array full? "\ Yes
INPCNT = INPMAX?

*No

Data arc of maximum  \ Yes (0
time duration? J N
* No
No . Assign 20 to JUMP
Max time reached? ) TSTART = 0
Yes .
[ Assign 999 to JUMP :
0=
C INPCNT 17 es .y
* No
Compute DELT
Set @¢NTIME -
Make all values of eleva- '
tion positive by adding
appropriaste multiple of
2rm to entire arc.
Remove jumps of 2w in azi-
muth that arise from
passing through zero;
make all values positive
by adding 2 as required. (991)
PPLYFT . Write warning
Test for outliers and error message.
write data on tape 12
| Compute TSTART and TST$P | '
‘ NUMSTA = NUMSTA - 1
990 )er TERR = 2
C JUMP = 7 ) 1 (999
‘ ' CBTEST-4
PHILCO I " Return Space & Re-entry
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$IBFTC MCl34Y M94,NODDsXR3

CMC134Y  C~BAND RAW DATA PROCESSOR . CBTS0001
SUBROUTINE CBTEST(IERR) " CBTS0002
COMMON  /TRKCOM/CTRK(700) ' CBTS0003
DOUBLE PRECISION FTR(50)» C1(50)s C2(50)s BIAS(50)s RETR(50)CBTS0004
DIMENSION  STANAM(50)s  KODSTA(50)»  NALIGN(50)s PAIR(50) CBTS0005
EQUIVALENCE - (CTRK(1)sSTANAM) » (CTRK(51)sKODSTA) CBTS0006 .
1  (CTRK(101)sNALIGN)s (CTRK(151)sFTR)s (CTRK(251)»C1) CBTS0007
2y (CTRK(351)sC2)s {CTRK(45119BIAS), (CTRK(551) sRETR) CBTS0008
3% (CTRK(651)sPAIR) CBTS0009
¢ . , CBTS0010
COMMON  /OUTCOM/COUT (40) : CBTS0011
DOUBLE PRECISION ONTIMEs TFIRSTs  TLAST» TAUs TRF CBTS0012
1» CR1» CR2» DR» BIASFs  RATIO CBTS0013
EQUIVALENCE , (COUT(1)sNPAIR)» (COUT(2) »NEOT) CBTS0014
1»  (COUT(3)»0BSNAM) » (COUT(4) s TRANAM) {COUT(5) »NRCD) CBTS0015
2s  (COUT(6)sNPTBLK)s  {COUT{7)sKONT)» (COUT(8) sMTYPE) CBT50016
3s  (COUT(9)»sMOUNT)» (COUT(10) sMODE) » (COUT(11)sDELT) CBTS0017
4»  (COUT(12),KTAU) s (COUT(13)sONTIME)s  (COUT(15)sTFIRST) CBT50018
5y {(COUT(17),TLAST)s {COUT(19)»TAU s {COUT (21) s TRF) CBTS0019
6s (COUT(23),CR1)s (COUT(251sCR2) s (COUT (27)»DR) CBTS0020
. 7y (COUT(29),BIASF) (COUT(31)sRATION (COUT(33) 4NB1) CBTS0021
; 8s  (COUT(34),NB2) s (COUT(35) sNB3) » (COUT (36) sNB&) CBTS0022
, ¢ CBTS0023
COMMON /TSTCOM/CTEST(400) CBTS0024
DOUBLE PRECISION FINISH(10)s TLO(10) s THI(10) CBTS0025
. DIMENSION  NYR(10)s NPTS(10)s NSTEP(10)s  NDEG(10) CBTS0026
1s €SD (451005 KNTROL (4} » IFOMIT(4510)s KMAX(10) CBTS0027
. 2s 1STAOK(20+10) CBTS0028
EQUIVALENCE (CTEST(1)sNYR)» (CTEST(11)sNPTS) CBTS0029
1» (CTEST(21)sNSTEP)s  (CTEST(31)sNDEG)s (CTEST(41)+CSD) CBTS50030
pe 2s  (CTEST(B1)sIRAW)s (CTEST(82) sKNTROL)s (CTEST(87)sFINISH)  CBTS0031
: 3s  (CTEST(107)»IFOMIT)s (CTEST(147)sKMAX)s  (CTEST(157)»ISTAOK) CBTS0032
" 4y (CTEST(357)sTLO) s (CTEST{377) s THI) CBT50033
c CBTS0034
COMMON  /DATCOM/CDAT (2400) CBTS0035
DOUBLE PRECISION TIMTAG(300) CBTS0036
DIMENSION  TXTRA(300)s  1G(300)» AZ(300), EL(300) CBTS0037
L 1s. RANGE(300)s  DOP(300) CBTS0038
. EQUIVALENCE (CDAT(1)sTIMTAG)» (CDAT(601) » TXTRA) CBTS0039
L 1s (CDAT(901)»1Q)s (CDAT(1201)9AZ)s (CDAT(1501) sEL) CBTS0040
25 (CDAT(1801)sRANGE)» (CDAT(2101)sDOP) CBTS0041
c CBTS0042
COMMON  /SUMCOM/SUMARY (56 ) CBTS0043
DOUBLE PRECISION TSTART»sTSTOP CBTS0044
DIMENSION  HEADER(11)s  STIMNX(20) CBTS0045
REAL NAMSTA(20) CBTS0046
. EQUIVALENCE (SUMARY (1) sHEADER)» (SUMARY(12)sNUMSTA) CBTS0047
e 1» (SUMARY(13)sNAMSTA)»> (SUMARY(33)»TSTART)s (SUMARY(35)sTSTOP)  CBTSO048
2s  (SUMARY (37) s STIMNX) CBTS0049
o c CBTS0050
. DOUBLE PRECISION TFINSHs  TMAX»s TIMTSTs  TSTLO» TSTHI  CBTS0051
DIMENSION DI(3) CBTS0052
c CBTS0053
c THESE TWO ARRAYS MUST HAVE THE SAME DIMENSION AS THE ARRAYS IN  CBTS0054
C DATCOM. THE DIMENSION IS EQUAL TO THE VARIABLE INPMAX. CBTS0055
* c THE VARIABLE INPMAX 1S SET BY A DATA STATEMENT CBTS0056
i C IN THIS SUBROUTINEs CBTS0057
c TO AVOID TRUNCATING GODDARD SYSTEM DATA FRAMESs INPMAX MUST CBTS0058
c BE A MULTIPLE OF FOUR CBTS0059
DIMENSION  HOLD(300)s ITEM(300) CBTS0060
¢ CBTS0061
¢ CBTS0062
602 FORMAT(A2) CBTS0063
605 FORMAT(I252X+0153XsF3e051Xs2F24051XsFbe3+2XsFTe392XsF7e352XsF12e6)CBTS0064
901 FORMAT(1B8HO*** STATION CODEs13,29H DOES NOT EXIST IN BLOCK DATA/ CBTS0065
16X 34HPROCESSING OF THIS TAPE ABANDONED./ CBTS0066
26X 38HPROGRAM PROCEEDS TO NEXT TAPEs IF ANY.) CBTS0067
902 FORMAT(24HO*%* TOO MANY STATIONSe/ CBTS0068
16X » 49HPROGRAM CONTROL PASSES TO TERMINATION OPERATIONS.) CBTS0069
DATA EOTIND/2HED/ CBTS0070
DATA INPMAX/300/ CBTS0071
DATA TMAX/¢432D5/ CBTS0072
DATA TEST/~.12345678E20/ _ CBTS0073
1ERR=0 CBTS0074
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C

C
1
2

C
20

C

C

C
21
22

C

C
220
23

C

C
30

C
31
32

C
33

C
34

INPCNT=0

MTYPE=1

MOUNT=1

MODE=0

KTAU=1

1D0=999

SET RANGE AMBIGUITY LARGE

If RANGE REALLY DOES RECYCLEs YOU WILL CHANGE THIS
DR=1.D30

DO 1 I=1%3

KNTROL(I)=1

IFCIFOMIT(I»TRAW) oNELO)} KNTROL(I)=0
CONTINUE

KNTROL (4)=0

DO 2 I=1,INPMAX

DOPLI)=TEST

YR=NYR(IRAW)

TFINSH=FINISH(IRAW)

TSTLO=TLO(IRAW)

TSTHI=THI (IRAW)

KSMAX=KMAX{ [RAW)

ISTART=0 _

TEST FOR END OF TAPE INDICATOR
READ(95602) ARCIND
IF(ARCIND+EQ.EOTIND) GO TO 100
BACKSPACE 9

READ A LINE OF DATA

READ(95605) IDsIDCsDAYsHRsXMINsSECs AZXsELXsRAX
FIND IF STATION NUMBER 1S UNCHANGED
IF(IDsEQ,IDO) GO TO 22

TEST IF STATION ID VALID

DO 21 I=1sKSMAX
IF(ID«EGsISTAOK(IsIRAW)) GO TO 22
CONTINUE

GO TO 20

CONTINUE

DECODE DATA KEYS AND CONVERT TIME TAG
DI(1)=YR¥100,+1.
DI(2)=(DAY*100++HR)*100¢+XMIN
DI(3)=5EC

CALL DATINP(DIsTIMTST)

TEST TIME TAG FOR VALID RANGE OF TIMES
IF{TIMTSTeGE«TSTLOSANDeTIMTSTeLESTSTHI) GO TO 220
GO TO 20

INPCNT=INPCNT+1

IQ(INPCNT =0

TIMTAG(INPCNT)=TIMTST

IQAN=0

IQRA=0

1QRD=4

IF(IDC.NELD) GO TO 23

1QAN=1

1QRA=2

IF{ISTART.EQ.0) GO TO 30

IF STATION CHANGE, A NEwW DATA ARC IS FORCED
IF(IDsEQeIDO) GO TO 40
INPCNT=INPCNT-1

BACKSPACE 9

GO TO 60

NEW DATA ARC

ISTART=1

FIND STATION ID IN BLOCK DATA

DO 31 1=1,50

KSTA=1

IF{ ID+EQ.KODSTA(I})) GO TO 32

CONTINUE

GO TO 991

IF{NUMSTALEQ.0) GO TO 34

IS STATION NAME ALREADY IN SUMMARY DATA
DO 83 I=1sNUMSTA

KK=1

IF(NAMSTA(I}.EQ.STANAMI(KSTA)) GO TO 35
CONTINUE

NEW STATION NAME

NUMSTA=NUMSTA+1

PHILCO l
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CBTS0075
CBTS50076
CBTS0077
CBTS0078
CBTS0079
CBTS0080

- CBTS0081

CBTS0082
CBTS0083
CBTS0084

 CBT50085

CBTS0086
CBTS0087
CBTS0088
CBTS0089
CBTS0090
CBTS0091
CBTS0092
CBTS0093
CBTS0094
CBTS0095
CBTS0096
CBTS0097
CBTS0098
CBTS0099
CBTS0100
CBTS0101
8750102
CBTS0103
CBTS0124
cBTS0125
CBTS0126
CBTS0127
CBT750128
CBTS0129
CBTS0130
CBTS0131
CBTS0132
CBTS0133
CBTS0134
CBTS0135
CBT50136
CBTS0137
CBTS0138
CBTS0139
CBTS0140
CBTS0141
CBTS0142
CBTS0143
CBTSO144
CBTS0145
CBTS0146
CBTS0147
CBTS0148
CBTS50149
CBTS0150
€BTS0151
CBTS0152
CBTS0153
CBTS0154
CBTS0155
CBTS0156
CBT50157
CBTS0158
CBTS0159
CBTS0160
CBTS0161
CBTS0162
CBTS0163
CBTS0164
CBTS0165
CBTS0166
CBTS0167
CBTS0168
CBTS0169
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IF(NUMSTAGT.20) GO 70O 992 CBTS0170

NAMSTA(NUMSTA)=STANAM(KSTA) CBTSO171
STIMNX(NUMSTA)=TIMTAG{ INPCNT) CBTS0172

GO TO 36 CBTS0173

C OLD STATION NAME CBTS0174

C UPDATE STATION FIRST ON TIME CBTS0175

35 X=TIMTAG{INPCNT) CBTS50176

STIMNX{KK)}=AMINI (STIMNX[KK)sX) CBTS0177

36 IDO=1ID CBTS0178

OBSNAM=STANAM{KSTA) ’ CBTS0179

TRANAM=OBSNAM CBTS0180

CR1I=C1(KSTA} CBTS0181

CR2=C2(KSTA} CBTS0182

40 CONTINUE i CBTS0183

d LOAD ROW OF DATA ARRAY CBTS0184

- IF(KNTROL(1),NE.O) GO TO 41 CBTS0185
% AZ{INPCNT)=TgST CBTS0186

i 1QAN=1 €BTS0187
- GO TO 42 CBTS0188
41 AZUINPCNT)=AZX*,0174532926 CBTS0189

o 42 IF(KNTROL(2),NE.0) GO TO 43 CBTS0190
] EL(INPCNT )=TEST CBTS0191

IQAN=1 CBTS0192

GO TO 44 CBTS0193

43 EL{INPCNT)=ELX%*,0174532926 CBTS0194

- 44 TF{KNTROL(3).NEsOJANDsRAXsNEsOs) GO TO 45 CBTS0195
RANGE ( INPCNT)=TEST CBTS0196

. IGRA=2 ~ CBTS0197
GO TO 46 CBTS0198

45 RANGE(INPCNT)=RAX CBTS0199

46 TXTRAUINPCNT)=TIMTAG(INPCNT)-TIMTAG{1) CBTS0200

1Q( INPCNT )= IQAN+IQRA+IQRD CBTS0201

IF(INPCNT.EQ, INPMAX) GO TO 60 CBTS0202

IF(TXTRA(INPCNT ) «GE.TMAX) GO TO 60 CBTS0203

IF(TIMTAG (INPCNT) «GE.TFINSH) GO TO 100 CBTS0204

GO TO 20 CBTS0205

60 ASSIGN 20 TO JUMP CBTS0206

ISTART=0 CBTS0207

GO TO 70 ; _ CBTS0208

100 ASSIGN 999 TO JUMP CBTS0209

70 IF(INPCNT.LE.1) GO TO 990 CBTS0210

C FROM HERE TO EFN 705 IS ALL TO FIND THE MOST COMMON TIME INTERVAL CBTS0211

- C BETWEEN MEASUREMENTS. THIS WILL BE PUT INTO DELT CBTS0212
MANY=1 CBTS0213

. ITEM({1)=1 CBTS0214
‘ HOLD(1)=TIMTAG(2)-TIMTAG(1) CBTS0215
y IF(INPCNTsLEW2) GO TO 704 CBTS0216
= DO 703 I=3,INPCNT CBTS0217
HERE=TIMTAG(I)=TIMTAG(I-1) CBTS0218

g DO 701 J=1sMANY CBTS0219
IF{HERE.EQ.HOLD(J)) GO TO 702 CBTS0220

" 701 CONTINUE CBTS0221
MANY=MANY+1 CBTS0222

HOLD (MANY }=HERE CBTS0223

o ITEM(MANY )=} CBTS0224

o GO TO 703 CBTS0225
- 702 ITEM(J)=TTEM(J)+1 CBTS0226
703 CONTINUE CBTS0227

704 MOST=1 CBTS0228

ISRCH=1 CBTS0229

DO 705 I=1sMANY CBTS0230

IF(MOSTeGELITEM(I)) GO TO 705 CBTS0231

MOST=ITEM(T) . CBTS0232

ISRCH=1 CBTS0233

705 CONTINUE CBTS0234

DELT=HOLD{ ISRCH) CBTS0235

ONTIME=TIMTAG(1) CBTS50236

C MAKE ALL ELEVATIONS POSITIVE IF NECESSARY CBTS0237

C BUT RETAIN CONTINUITY CBTS0238

DO 710 I=1sINPCNT CBTS0239

: IF(EL(I).EQ.TEST) GO TO 710 CBTS0240
i IF(EL(I)+GEaQs) GO TO 710 CBTS0241
DO 71 L=1sINPCNT CBTS0242

IF(ELIL)«EQ.TEST) GO TO 71 CBTS0243

EL(L)=EL(L)+628318531 CBTS0244
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71 CONTINUE CBTS0245

710 CONTINUE CBTS50246
C SMOOTH OUT THE AZIMUTH DISCONTINUITIES AT ZERO=TWO PI CBTS0247
DO 72 1=1sINPCNT CBTS0248
KK=1+1 CBTS0249
IF(AZ(1)4NEWTEST) GO TO 73 CBTS0250
72 CONTINUE CBTS0251 .
GO TO 79 CBTS0252
73 IF(KKeGT4INPCNT) GO TO 79 CBTS0253
KHOLD=KK~1. CBTS0254
DO 78 1=KKsINPCNT CBTS0255
IF(AZ(I)4EQeTEST) GO TO 78 CBTS0256
DIFF=AZ{1)-AZ (KHOLD) CBTS0257
IF(ABS(DIFF).LTe3,14159266) GO TO 77 CBTS0258
IF(DIFFeLTo0.) GO TO 74 CBTS0259
TI=KK CBTS0260
LL=KHOLD : CBTS0261
GO TO 75 CBTS0262
74 11=1 CBTS0263
LL=INPCNT CBTS0264
75 DO 76 M=II,LL CBTS0265 -
IF(AZ(M)<EQ.TEST) GO TO 76 CBTS0266 :
AZ(M)=AZ(M)+6428318531 CBTS0267 !
76 CONTINUE CBTS0268
77 KHOLD=1 CBTS0269
78 CONTINUE CBTS0270
79 CONTINUE CBTS0271 i
c DO POLYNOMIAL FITS, TEST FOR OUTLIERS CBTSD272 <
c PUT DATA ON TAPE 12 CBTS0273 -
CALL POLYFT(INPCNT) CBTS0274
TSTART=DMINL(TSTARTsTIMTAG(1)) CBTS0275 : —
TSTOP=DMAX1(TSTOP s TIMTAG(INPCNT)) CBTS0276
990 INPCNT=0 CBTS0277 ,
GO TO JUMP,(205999) CBTS0278 =
991 WRITE(65901)1D CBTS0279
GO TO 999 CBTS0280
992 WRITE(6+902) CBTS0281
NUMSTA=NUMSTA-1 CBTS0282
IERR=2 CBTS0283
999 RETURN : CBTS0284
END CBTS0285
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Subroutine:

Purpose:

Calling Sequence:

Input and Qutput

COvVeUT

To output the normalized covariance matrix

in the base coordinate system and, optionally,

either Darboux or local tangent plane coordinates.

CALL C@V4UT (NNP,X,LD)

Symbolic Data
1/¢ | Name or DiProgfam SMa;hl Dimensions Definition
Location mensions ymbo or Units
I NNP Dimension of upper-left
portion of P to be
output.
1 X d(6) km Vehicle position and
km/sec velocity in base co-
ordinate system (body
centered),
I LD LD=1, P will (also)
be output in Darboux,
or;
1D=2, P will be output
in local tanget plane.

Common Storages used:

Subroutines Required:

l’kﬂli:ﬂ)"iﬁ#i
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//248 cells,/ES1CEM/
DTRANP, DTRDB, DMVTRN
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Organization of IL@#C and KL@C

These index arrays are used throughout the Differential Correction Program
to identify the elements of the state vector. The allowed state variables

are divided logically into type groups; each group has its identifying
code number as follows:

Code Description Maximum Number of Elements
1 Spacecraft position and velocity 6
2 Planetary mu's and ephemeris 14
parameters
3 Solar pressufe, drag, and venting
Ephemeris time to universal time 2
conversion
5 Earth gravitational harmonics 24
6 Moon gravitational harmonics 24
7 Extra body gravitational harmonics 24
100+k Tracker location and measurement 10

bias for station k. (k is an
internal number assigned by
the DOC.P.)

The values of KL#C are upper loaded and are considered in pairs. The

first value of a pair is one of the type group codes described above; the
second value of a pair is the number of variables from that type group that
are included in the state. The specific variables are identified by values
in the IL#C array. The following example shows how the ILBC and KL@C arrays

are built up, and should make their use clear:

Suppose the state is to consist, first of all, of all six spacecraft posi-
tion and velocity elements. Then KL#C(1l) = 1, identifying the spacecraft
group; KLO#C(2) = 6, indicating a total of six spacecraft elements. Then the
first 6 elements of IL#C are the identifying numbers of the elements chosen
from the spacecraft group, in this case, the numbers 1-6. Thus, having

inserted zeros in the unused locations:

cévéuT-2
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A
3
S

1 (1 1 (1
6 2
0 3
0 4
. 5
. 6
. 0
54 Ko/ 0

r 30 . 0

Suppose we wish also the mu's of the earth and moon to be included in the
state. Then KL#C(3) = 2, identifying the planetary mu group; KLEC(4) = 2,
indicating two elements from that group; IL#C(7) = 3, indicating earth mu;
and ILGC(8) = 11, indicating moon mu. Thus, we have:

| KLdC 11d4C
1 1) £ )
6 2 Spacecraft elements
i y 3 &
) 2 4
: 0 5
. J
4 6
5 ) 3 } Planetary mu elements
54 k : 11
0./ o
i 3
L

\°/

”§ COVEUT-3
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Suppose we wish also to include one gravitational harmonic for the moon,

namely, J, ..
amely, 3,0
Then, KL#C(5) = 6, indicating the moon harmonic group; KL#C(6) = 1, in-
dicating only one element from that group, and IL#C(9) = 2, identifying

the second element from that group, viz., J3 0
3

Then, we have, showing the correspondence,

KL&C T1dC

' (1) ] 1 -~/ 10 %

012 2 Spacecraft elements -

2 | 3 -

2| ] 4

6 |1 5 w

1 u 6

i r 3 Planetary mu's

: Ll |

) { 2 } Moon harmonics G
' 0

54 0
J

30 0

o
i

CovauT-4
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OQutput Format for Normalized Covariance Matrix

Since the covariance matrix is symmetric, it is unnecessary to display the
entire matrix; COVAUT prints out the lower-left triangular part of the co-
variance matrix. Let the matrix be considered as partitioned as shown

below:

= Pv,v Pv,u
P P
u,v u,u
o
The matrix PV v is concerned exculsively with spacecraft position and

velocity, Pu " exclusively with non-spacecraft elements of the state
3

vector, and Pu v and PV u show correlations between these two groups.

> ]

Further divide the lower-left triangular portion of P as follows:

C@VeUT-5
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P
v,V
P Pl
u,v u,u
PZ
u,u
P3
u,u
KVEH 6 6 T _}
Columns Columns Columns Columns I

If the matrix is n X n in size, and KVEH is the number of space-

craft position and velocity elements in the state, then

r = (n - KVEH) modulo 6.

following order:

l’bﬂld:(!"!ﬁ#i
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Then the matrix is printed out in the
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Standard deviations from PV v coordinates
2

of estimate

Normalized Pv v in corrdinates of estimate

Normalized Pu v in coordinates of estimate
I’

Standard deviations from Pv v after transformation
b

into alternate coordinates (Darboux or tangent plane)

Normalized PV v transformed into alternate coordinates
3

Normalized Pu v in alternate coordinates
9

Standard deviations from Pi
b

Normalized Pl
u,u

Standard deviations from Pi u
]

Normalized P2
u,

Standard deviations from Pi u
2

Normalized P3
u,u

C@vVAUT-7
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The first block of output will be KVEH Columns wide, one Column for each
spacecraft position or velocity element included in the state. The
second block of output, representing the first block expressed in alter-
nate coordinates, will be either three or six Columns wide. 1If the
spacecraft portion of the state consists of only position elements or
only velocity elements, the transformation will cause the output to
occupy three Columns. If the spacecraft portion of the state consists
of at least one positim element and at least one velocity element,

the transformation will cause the output to occupy six Columns.

The remainder of the output is printed six Columns at a time. (Obviously
the last block may occupy fewer than six Columns.)

Simplified C@VOUT

The DCP is restricted in the selection of state elements in that either
ali position and velocity components must be included or all must be
omitted. A simplified COVOUT (deck MCI3CV) which uses this restriction
to simplify and contract the subroutine is provided. It is completely
interchangeable with the complete version (MC13cd).

cevéuT-8
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Ccgvgur

Are any diagonal No
terms negative?

Yes

Output list of negative
diagonal terms

——

)
No Does state contain any_:>

spececraft elements?

Yes

Output wanted in No
™ ' coordinates of estimate?
' 1Yes

Normalize and output

Pv,v and Pu,v
No Output wanted in
alternate coordinates?
Yes

Transform, normalize
and output Pv v and Pu
k] 1

v

; Normalize and output
- non-spacecraft portion
of matrix (Pu,u)' if any

Return

CAVPUT-9
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SIBFTC MC13CO XR3,M94sNODDsLIST

SUBROUTINE COVOUT (NNPsXsLD) COVT0001

< OUTPUTS NORMALIZED COVARIANCE MATRIX COVT0002

DOUBLE PRECISION  X(6) sDSQRT COVT0003

COMMON /ES1COM/PNEW(30530) s STNAMN(30) s TRAKER(30) COVT0004

1 »ITRETN (30)+ILOCN (30)sKLOCN (54) CoVT0005

yNSN (12520) COVT0006

DOUBLE PRECISION  PNEW COVT0007

c COVT0008

COMMON DsAsPDsPP,T COVT0009

DOUBLE PRECISION  D(34) sA(353) sPD(63s6) sPP(6,6) sT{33) CcovT0010

c : CovT0011

DIMENSION BN(9) covT0012

DATA BN/2H Ns2H Ve2H Ws2HND»2HVD»2HWD CoVT0013

1 »6H »6HODARBO » 6HOTANGT/ COVTO0014

c COVT0015

600 FORMAT(1HU»51Xs 17THCOVARTIANCE MATRIX) COVT0016

601 FORMAT(1HU»37Xs44HTHE FOLLOWING STATES HAVE NEGATIVE DIAGONALS//47COVT0017

1XsSHSTATE» 10X BHVARIANCE) COVT0018

602 FORMAT(41X»A6s1XsA35D2248) COVT0019

603 FORMAT(1HC7Xs6(12XsA6)) COVT0020

7 604 FORMAT(A636(15XsA3)) CovVT0021
4 605 FORMAT(8X3s3HSTD»1X36D1848) CovVT0022
606 FORMAT(1X3sA6,1XsA354XsF1249+5(6XsF12:9)) €OoVT0023

607 FORMAT(1H ) : COVT0024

d CoOvVT0025

- C OUTPUT WILL APPEAR IN COORDINATES OF ESTIMATE COVT0026
C IF LDeNE.U OUTPUT WILL (ALSO) APPEAR IN ALTERNATE COORDINATES CoOvVT0027

: C LD=1s OUTPUT IN DARBOUX COVT0028
c LD=2s OUTPUT IN LOCAL TANGENT PLANE CovT0029

d COVT0030

WRITE(6+600) CoVT0031

NP=NNP CovVT0032

il KVEH=0 COVT0033
KDEL=0 COVT0034

KP=1 covT0035

DO 2 I=14NP COVT0036

j IF(PNEW({Is1),GEeOs) GO TO 2 COVT0037
L IF(KPWEQeU) GO TO 1 CoVT0038
WRITE(62601) , COVTO0039

KP=0 COVT0040

1 WRITE(635602) TRAKER(I)sSTNAMN(I)sPNEW(TsI) COVTO0041

: 2 D{I)=DSQRTI(DABS(PNEW(IsI1)) COVT0042
- IF(KLOCN(1)eNEs1) GO TO 20 COVT0043
c OUTPUT PORTION OF P MATRIX ASSOCIATED wITH SPACECRAFT COVI0044

d OUTPUT IN COORDINATES OF ESTIMATE COVT0045

KVEH=KLOCN {2} COVT0046

o DO 3 I=1,KVEH COVT0047
3 PD(IsI)=1s COVT0048

DO 4 J=2,KVEH COVT0049

s DO. 4 1=JsKVEH COVT0050
4 PD{TsJ=1)=PNEW(I1sJ=1)/D(1)/D(J=1) COVT0051

wd WRITE(6607) €ovVT0052
WRITE{65604) BN{T7)s{STNAMN(T) s I1=1sKVEH) COVT0053

WRITE{65605) (D{I)sI=1sKVEH) COVTO0054

P WRITE(6s60T) COVT0055
DO 5 1=1,KVEH COVT0056

= 5 WRITE(6s606) TRAKER(1)sSTNAMN(I)s(PD(IsJ}sJ=1s1) COVT0057
[F(KVEHeEQ.NP) GO TO 8 CoVvT0058

KP=KVEH+1 COVT0059

DO 7 I=KPsNP © COVT0060

DG & J=1sKVEH COVT0061

6 PP{Js1)=PNEWITI5J)/D(1)/D(J) COVT0062

7 WRITE(65636) TRAKER(T)sSTNAMN(I) sAPP(Js1)sJI=1sKVEH]} COVT0063

8 IF(LD+EQe0) GO TO 20 COVT0064

d OUTPUT IN DARBOUX OR LOCAL TANGENT PLANE COVT0065

KKJ=0 COVT0066

KP=0 CoVT0067

Kv=0 COVTO0068

) KVEH=3 COVT0069
: K=KLOCN{2) COVTO0070
j DO 9 1=1sK COVT0071
b IF{ILOCN(I)a Ee3) KP=1 COVT0072
9 IF(ILOCN(I}eGEe4) KV=1 COVT0073

IF(KP+KVeEQe2) KVEH=6 COVT0074
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10

11

12

13

14

15

16

17

18
19
20

21

22
23

24

IF(KPoEQoUsANDeKV4EQel) KKJ=3
KDEL=KVEH-K

NP=NP+KDEL

DO 10 I=1s6

DO 10 J=146

PP(14J)=0e

DO 11 I=1,K
KROW=TLOCNI(I)

DO 11 J=1sK
KCOL=ILOCN(J}
PP{KROWsKCOL)=PNEW(I4J)
CALL DTRDB(XsX(4)sTHLl.D)

‘DO 12 I=153

DO 12 J=1,3

AlIsN=T(IrI)

CALL DTRANP(PPs63AsAsPDs0)

DO 13 I=1sKVEH
D(I)=DSQRT{DABS(PD{IyI1)}))

PD(IsIV=10

DO 14 I=2sKVEH

DO 14 J=1sKVEH

PD(Js I-1)=PD(Js1-1)/D(J)/DII~1)
M=KKJ+1

M1=KKJ+KVEH

WRITE(696U4) BN(LD+7) s (BN(I)sI=MsMl)
WRITE(6s605) (D(I)sI=1sKVEH)
WRITE(6:607)

DO 15 T=1sKVFH

M=KKJ+I

WRITE(6:606) TRAKER(1)sBN(M)s(PDIIsJ)sJd=151)
IF(KVEH«EQeNP) GO TO 99

KP=KVEH+1

DO 19 I=KPsNP

KROW=I~-KDEL
D{I1)=DSQRT(DABS(PNEW(KROW»KROW}))

DO 16 J=1sKVEH

PP(Js2)=0,

DO 17 J=1»K

KCOL=TLOCN(J)
PP({KCOL»2)=PNEW(KROWsJ)

CALL DMVTRN(AsPP(1s2)ePP3s1s1)
IF(KVEHeEQs6) CALL DMVTRN(AsPP(492)sPP(4,1)51s1)
DO 18 J=1sKVEH
PP(Js1)=PP(J,y1)/D(1)/DLSHY
WRITE(656U6) TRAKER(KROW) s STNAMNIKROW) » (PP{Js1)sJ=1sKVEH)
CONTINUE

QUTPUT PORTION NOT ASSOCIATED wWITH SPACECRAFT
K=KVEH

IFENP.LE«K) GO TO 99

KV=NP-K

JJ=6

IF(KVelTo6) JJ=KV

DO 23 I=1sJJ

L=K+I

L1=L-KDEL

DO 22 J=1»1l

M=K+J

M1=M-KDEL
PD{1sJ)=PNEW(L1sM1)/D(L)/D(M)
PD(IsI)=1e

KysLl-JJ+l

KKJ=KV-KDEL

LLJ=L-~-KDEL

WRITE(65603) (TRAKER(I)sI=KKJsLLJ}
WRITE(6s604) BN(T7)s {STNAMN(I) s I=KKJsLLJ)
WRITE{695605}) (D(I)sI=KVsL)
WRITE(65607)

KV=Kv-1

DO 24 1I=19JJ

KP=KvV+1

KKJ=KP-KDEL

WRITE(65606) TRAKER(KKJ) s STNAMNIKKJ) s {PD(IsJ)sJd=151)
IF{NP+EQ.KP) GO TO 99

KP=KP+1

DO 26 I=KPsNP

PHILCO I
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cOvT0075
COVT0076
CcovT0077
CoVvVT0078
COVT0079
covVT0080
CovVT0081
CcovTo082
covT0083
COVT0084
CovVT0085
CovVTo086
covT0087
covTo088
covTO089
COVT0090
CovVT0091
cOovT0092
COVT0093
COVTO0094
COVTOQ095
cOVT0096
CovT0097
covT0098
COvT0099
COVT0100
COoVT0101
COVT0102
COVT0103
CcOovVT0104
COVT0105
COVT0106
CcovVT0107
covTol08
COvT0109
covT0110
COVTO11l1
COoVTO1l12
COVTO113
COVT01l1l4
cOvVT0115
CcOVT01ile
COVTO117
covT0118
CoVTO1l19
covrol20
covT0121
covTol122
covTo123
COVT0124
COovVT0125
CovVTO126
covTo127
CovVT0128
covT0129
COVvT0130
CcOVT0131
CcovTO132
COVT0133
COVT0134
COVT0135
CovTO136
COVT0137
covio13s8
cOvVTO0139
COVTO0140
CovTOl4l
COVTO0142
CcovT0143
COVTOl44
COVTO0145
CcOVT0146
COVTO147
COVT0148
COVTO149
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I1=1-KDEL : COVT0150

DO 25 J=1lsJJ CovT0151

L=KV+J CcOoVvT0152

L1=L-KDEL COvVT0153

25 PP(Js1)=PNEW(L1sI1)/DIL)/DI(]} COVTO154

26 WRITE(65606) TRAKER(I1)aSTNAMNIIL)»(PP(Js11sJ=15JJ) CcOVTO155

K=K+Jd COVT0156

GO TO 21 COVT0157

' 99 RETURN covTo158

END
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$IBFTC MC13CY  XR3,M94,NODDsLIST

SUBROUTINE COVOUT (NNP#XsLD) COVT0001

c OUTPUTS NORMALIZED COVARIANCE MATRIX -- SIMPLIFIED VERSION COVT0002

c ASSUMES EITHER A SIX-ELEMENT OR ZERO-ELEMENT VEHICLE STATE CoVT0003

DOUBLE PRECISION  X(6) sDSGRT COVT0004

COMMON JESLCOM/PNEW(30530) s STNAMN(30) s TRAKER (30) COVT0005

1 »ITRETN (30)sILOCN (30)sKLOCN (54) COVT0006

2 sNSN (12520) COVT0007

DOUBLE PRECISION  PNEW COVT0008

c : COVT0009

COMMON SAVE(12)5B>DDsTsAsDsPD COVT0010

DOUBLE PRECISION  A(353) sB(6) »D(30) sDD(6) sPD(6+6) »T(343) CovVT0011

c ’ COVT0012

DIMENSION BN(9) COvT0013

DATA BN/2H Ns2H Vs2H Ws2HNDs2HVD» 2HWD COVT0014

1 »6H s 6HODARBG » 6HOTANGT/ COVT0015

c COVT0016

600 FORMAT(1HO»51X»17HCOVARIANCE MATRIX) COVT0017

601 FORMAT(1HG»37X944HTHE FOLLOWING STATES HAVE NEGATIVE DIAGONALS//47COVT0018

1Xs5HSTATE » LOX» BHVARTANCE) CovVT0019

602 FORMAT(41XsA631XsA3+D2248) COVT0020

= 603 FORMAT{1HOsTXs6(12XsA6)) covT0021
T 604 FORMAT{A636(15X»A3)) COVT0022
~ 605 FORMAT(8X23HSTD»1X»6D1848) COVT0023
606 FORMAT(1X3sA651XsA324X3F12e995(6XsF1249)) COVT0024

607 FORMAT(IH ) COVT0025

- c COVT0026
c OUTPUT WILL APPEAR UNCONDITIONALLY IN COORDINATES OF ESTIMATE covT0027

" c IF LDeNE.O OUTPUT WILL FIRST APPEAR IN ALTERNATE COORDINATES CovVT0028
c IF SPACECRAFT STATE ELEMENTS ARE PRESENT COVT0029

c LD=1s OUTPUT IN DARBOUX COVT0030

¢ LD=2» OUTPUT IN LOCAL TANGENT PLANE COVT0031

c €OoVT0032

o WRITE(6+600) COVT0033
NP=NNP COVT0034

KP=1 COVT0035

DO 2 I1=1,NP COVT0036

~ IF(PNEW(I51),GT+04) GO TO 2 COVT0037
----- IF(KP,EQ.0) GO TO 1 COVT0038
WRITE(65601) COVT0039

KP=0 COVT0040

1 WRITE(65602) TRAKER(I)sSTNAMN(I)sPNEW(I,1) CovVT0041

] 2 D(I)=DSQRT(DABS(PNEW(Is1))) CovT0042
- IF(KLOCN(1)eNEsl) GO TO 20 COVT0043
IF(LDsEGsC) GO TO 20 COVTO0044

- ¢ OUTPUT IN ALTERNATE COORDINATES COVT0045
‘ CALL DTRDB(XsX{4)sTsLD) COVT0046
i DO 12 1=1,3 CoVT0047
DO 12 J=1,3 COVT0048

\ 12 Al1,0)=T(Js 1) COVT0049
e CALL DTRANP{(PNEW»30sAsAsPDs0} COVTO0050
~ DO 13 1=146 COVT0051
i DD(1)=DSQRT(DABS(PD(I+11)) COVT0052
13 PD(Is1)=1. COVT0053

DO 14 1=2,6 COVT0054

5 DO 14 J=I,6 COoVT0055
14 PD(JsI-1)1=PD(JsI-1)/D(J)/DII-1) COVT0056

a WRITE(656U4) BN(LD+7)s(BN(I)sI=156) COVT0057
WRITE(63605) (DD(I)s1=156) COVT0058

WRITE(696UT7) COvVTO059

DO 15 I=1,6 COVT0060

15 WRITE(6s6U6) TRAKER(I)sBN(I)»(PD(IsJ)sd=1s1) COVT0061

IF(NP.EQ.6) GO TO 20 COVT0062

DO 19 I=7,NP COVT0063

CALL DMVTRN(AsPNEW(1s1)5192) COVT0064

DO 18 J=156 COVT0065

18 B(UI=B(INI/DI1Y/D(S) COVT0066

19 WRITE(69606) TRAKER(I)sSTNAMN(I)s(B(J)sJ=1s6) CcOVT0067

20 CONTINUE COVT0068

c COORDINATES OF ESTIMATE COVT0069

K=0 COVT0070

21 IF{NP.LE«K) GO TO 99 COVTO071

KV=NP=K COVTCO072

JJ=6 COVT0073

IF(KVeLTa6) JJ=KV COVTO0T4

PHILCO l Space & Re-entry

PHILCO-FORD CORPORATIGN Systems Division



22
23

24

25
26

99

DO 23 1I=1sJJ

L=K+I

DO 22 J=1»s1

M=K+J

PD(I9J)=PNEW({LsM)/DI(L)/D(M)
PD(I»I1=1s

KV=L~JJ+1

WRITE(6+603) (TRAKER(I}sI=KVslL)
WRITEL6+604) BN(T7) s {STNAMNII ) s I=KVal)
WRITE(69605) (D(I)sI=KVsL)
WRITE(6+607)

KV=KV-1

DO 24 I=1sJJ

KP=KV+1

WRITE(65606) TRAKER(KP) »STNAMNI(KP) s (PD(1sJ)sJ=1s1)
IF({KP.EQsNP) GO TO 99

KP=KP+1

DO 26 I=KPsNP

DO 25 JU=1lsJJ

L=KV+J

B(J)=PNEW(L»1)/D(L)/D(I)

WRITE(62606) TRAKER(I)}sSTNAMNII) o (B(J)ad=lrJJ)
K=K+JJ

GO TO 21

RETURN

END

PHILCO l
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cOvVT007%
COVT0076
covT0077
covTo078
COVTO0079
covTo080
covT0o081
COVT0082
covT0083
COvVTo084
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CcovVT0086
covT0087
covT0088
covT0089
COVTO090
COVTO0091
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COoVT0093
COVT0094
COVTO0095
COvVT0096
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CcOVT0098
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Subroutine: CRITA

Purpose: To output the time at which a body starts or stops
occulting the vehicle.

Calling Sequence: CALL CRITA(TIME,BNAM,CNAM,NSUT ,KSW)

Input and Output

o Symbolic Data
f 1/¢ | Name or Di:::gi::' sg:;ﬁl Dimensions Definition
Location or Units
I | ToME Seconds | Time for output.
B 1 BNAM Name of occulting body (BCD).
L I CRAM Name of body being occulted.
1 NéUT Output tape unit.
" 1 RSW If RSN = 1, occulting just
starting.
) KSN = 2, occulting just
stopped.
Common storages used: None
Subroutines required: TIMES
CRITA-1
PHILCO : Space & Re-entry
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SIBFTC MC13CA NOREF»MI4sNODDI»XR3

CMC13CA  CRITA OQUTPUTS OCCULTING BODY CRIA000
SUBROUTINE CRITA(TIMEsBNAMsCNAMyNOUT sKSW}) CR1A001
DIMENSION ANAM(2)s AL(6) CRIADOZ
DATA (ANAM(J)sJ=152)/6HSTARTSs6H STOPS/ , CRIA003

1 CALL TIMES{TIMEsDsA) CRIAQO4
SW=ANAM(KSW) ‘ CRIAD0O5
WRITE (NOUTs100) AsBNAM»SWsCNAM CRIAQO6

100  FORMAT(6A691Xs1A6s1Xs1A691X922HOCCULTING VEHICLE FROMs1X91A6) CRIAQ0O7
RETURN CR1A008
END CRIA009

PHILCO I Space & Re-entry
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Subroutine: CRITIC
Purpose: Takes station-related or beacon-related critical

events from the STIME or BTIME arrays and forms
arrays of station on-off times or beacon on-off
times - SSTART,SST@P orBSTART,BSTUP.

Calling sequence: CALL CRITIC(NCX,IXC,XTIME,IXTIME,IXEE,RXMAX,

TIM,XSART ,XST#P , KXN', KAMAX)
Input and Qutput
a Symbolic Data
I/¢ | Name or b é::ﬁ::s s;l;;gl Dimensions pefinition
Location or Units
. I |[NCX NCX = 10, beacons
= 12, stations.
I | IXC As Array of station numbers, ISC or
needed Arxay of beacon numbers, IBC.
I | XTIME As Array of critical event
needed times from SBEV2. i
I | IXTIME As Array of critical event types, ;
needed corresponds to XTIME. ;
I | IXEE As ISEE or IBEE array;in view
indication for stations/beacons
listed in IXC array.
I | KXMAX Number of critical events
in XTIME array.
i I |TIM 2) Time span over which critical
events were found.
¢ | XSTART (73) On times off times, and
. ¢ | xsTOP (75) related station/beacon
¢ | XN (75) number.
¢ | RAMAX Number of on-off pairs in
XSTART ,XST@P.

Common storages used: /INPCOM/

Subroutines required: BARN, SORDR2

CRITIC-1
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Functions of CRITIC

CRITIC receives as inputs a list, IXTIM, of critical event types such as
station/beacon into view, station/beacon out of view, occulting starts,
and occulting stops; a list, XTIME, of times sssociated with these events;
a list of station/beacon numbers, IXC; a corresponding list of in-view
indicators, IXEE, that describe conditions at the time TIM(1), which is fhe
start time for the list of critical events; and a stop time, TIM(2), which
is the end time for the list of critical events, From these input data,
CRITIC forms three corresponding lists: XSTART, a list of station/beacon
on times, XST@P, a list of station/bescon off times, and KXN, a list of
station/beacon numbers. On times for which no corresponding off time is
found are assigned off times of TIM(2), One extra on time for each
station/beacon is added to the list; this on tiﬁe is set very large and
merely fulfills a progrsm logic requirement.

To each on time is added a smsll, "random" number representing the acquisi-
tion delay after the station/beacon in-view event. The standard deviation
for this delay is found in C(114) of INPC@M, Subroutine BARN is the random

number generator.

The Differential Correction Program requires that data ares not exceed a
maximum time span, Therefore, CRITIC examines all on-off time pairs and
appropriately breaks up, by inserting additional off and on times, any
station/beacon on periods longer than XMAX, which is stored in C(113) of
INPC@M,

Next, CRITIC eliminates on periods shorter than XMIN (found in C(112)).

Finally, CRITIC sorts all three output lists by ascending order of on times
in list XSTART,

CRITIC-2
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$IBFTC MC13CC NOREFsM945sNODD9XR3

CMC13CC  CRITIC SORTS START-STOP ARRAYS FROM STIME OR BTIME ARRAY CRIC0001

SUBROUTINE CRITICINCXsIXCsXTIMEsIXTIMy IXEEsKXMAXsTIMsXSTART»XSTOP»CRIC0002

1KXN s KAMAX ) CRIC0003

C SUBROUTINES REQUIRED SORDRZ  BARN CRIC0004

COMMON/INPCOM/C(700) CRICO005

DIMENSION  XTIME(1)s IXTIM(1)s IXC{l)y  IXEE(1) CR1C0006

1s KXN(1)» XSTART(1)s XSTOP (1) CRIC0007

2, TIM(2) CR1C0008

EQUIVALENCE  {C(112)sXMIN)s (C(113)»XMAX)s (C(114)sRDELAY) CRIC0009

LOGICAL NBEAC»STOP CRICO010

DATA C2XR3/ 3446410162/ CRICO011

DELA=C2XR3*RDELAY . CRICO012

NBEACSNCXoEQ¢10 CRIC0013

TIMEND=XT IME (KXMAX ) CRICO014

STOP=TIMENDWNE«TIM(2)+99999., CRIC0015

IF(STOP) GO TO 50 CRIC0016

TIMEND=TIM(2) CRIC0017

« KXMAX=KXMAX~—1 CRIC0018
| 50  CONTINUE CRICO019
o KA=1 CRIC0020
KM=0 CRIC0021

IF(NBEAC) GO TO 1 CRIC0022
IF(IXTIMeEQe134ANDoXTIMESEQsTIM) GO TO 19 CRIC0023

1 DO 5 I=1,NCX CRIC0024

K=IXC(D) CRIC0025

IF{K+EQsD) GO TO 6 CRIC0026

3 IFCIXEE(I)) 55252 CRIC0027
] 2 KXN(KAY=1 CRIC0028
- XSTART (KA)=XTIME (KM) CRIC0029
IF(KMeEQeO) XSTART(KA)=TIM CRIC0030

IF(KMeEQeKXMAX) GO TO 35 CRIC0031

KMP 1=KM+1 CRIC0032

DO 3 L=KMP1jsKXMAX CRIC0033

L IF(IXTIM(L)¢EGe13) GO TO 4 CRIC0034
IFCIXTIM(L)+1) 39493 CRIC0035

3 CONTINUE CRIC0036

35  CONTINUE CRIC0037

XSTOP (KA)=TIMEND CRIC0038

o GO TO 41 CRIC0039
4 XSTOP (KA)=XTIME(L) , CRIC0040

41  KA=KA+1 CRICO041

5 CONTINUE CRIC0042

; 6 CONTINUE CRIC0043
o IF (KMeEQWKXMAX) GO TO 100 CRICO044
KM=KM+1 CRICO045

K=IXTIM(KM) CRIC0046

IF(KeEQe13) GO TO 20 CRIC0047

. IF(K) 175100048 CRIC0048

8 IXEE(K)=0 CRICO049

XSTART(KA)=XTIME (KM) CRIC0050

o KXN(KA) =K CRIC0051
IF{KMeEQeKXMAX) GO TO 70 CRIC0052

» KM1=KM+1 CR1C0053
DO 10 L=KMI1sKXMAX CRIC0054

IFCIXTIMILY = 13) 951259 CRIC0055

9 IFCIXTIM(L) + K) 10s12,10 CRIC0056

~ 10 CONTINUE CRIC0057
<<<<< ; 70 XSTOP(KA)=TIMEND CR1C0058
11 KA=KA+1 CRIC0059

GO TO 6 CRIC0060

12 XSTOP(KA)=XTIME(L) CRIC0061

GO TO 11 CRIC0062

17 K=K CRIC0063

IXEE(JKI=-1 CRIC0064

GO TO 6 CRIC0065

19 KM=l CRIC0066

20  CONTINUE CRIC0067

IF(KMsEQ,KXMAX) GO TO 100 CR1C0068

KM=KM+1 CRIC0069

. K=IXTIMIKM) CRICO070
! IF(KeEQel4) GO TO 1 CRICO071
; IF(K) 2151000522 CRIC0072
e 21 JK==K CRIC0073
IXEE(JK)=-1 CRIC0074

PHILCD I Space & Re-entry
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GO TO 20 ’ CRICO075

22 IXEE(K)=0 CRIC0076
GO TO 20 CRICO077
100 KAMAX=KA-1 CRICO078
KDLET=0 CR1C0079
DO 110 I=1,KAMAX CRIC0080
110 XSTART(I)=XSTART(I)+DELA*  BARN(1) CRIC0081
KA=KAMAX CRIC0082
DO 120 I=1,KA CRIC0083
IF (XSTOP(1)~XSTART(I}-XMIN) 10151025102 CR1C0084
101  XSTART(I)STIM(2)+9999. CR1C0085
KDLET=KDLET+1 : CRIC0086
GO TO 120 CRIC0087
102 IF(XSTOP(I)~XSTART(I)-XMAX) 12051205103 CRIC0088
103 XSTART(KAMAX+1)=XSTART(I)+XMAX CR1C0089
XSTOP(KAMAX+1) = XSTOP{I) CR1C0090
XSTOP (I)=XSTART (KAMAX+1) CRIC0091
KAMAX=KAMAX+1 CRIC0092
KXN-CKAMAX ) =KXN (1) CRIC0093
105  IF(XSTOP(KAMAX)~XSTART(KAMAX)~XMAX) 11951205104 CRICO094
104  XSTART{KAMAX+1)=XSTART (KAMAX ) +XMAX CRIC0095
XSTOP (KAMAX+1) =XSTOP (KAMAX ) CRIC0096 7
XSTOP(KAMAX)= XSTART (KAMAX+1) CRIC0097 e
KAMAX=KAMAX+1 CRICO098 :
KXN(KAMAX ) =KXN (13 CRIC0099
GO TO 105 CRIC0100 -
119  IF(XSTOP(KAMAX)=XSTART(KAMAX)~XMINeLT¢04) KAMAX=KAMAX-1 CRICO0101
120 CONTINUE CR1C0102 s
CALL SORDR2(XSTARTsKXNsKAMAX 2+ XSTOP) CRIC0103 e
KAMAX =KAMAX~KDLET CRIC0104
IF(STOP) GO TO 200 CRICO105 .
201 KAMAX=KAMAX+1 CRICO106
XSTART (KAMAX ) =XTIME (KXMAX+1) CRIC0107
GO TO 200 CRICO108 =
1000 WRITE (6,700) A CRIC0109
700  FORMAT(1HO»20H***¥CRITIC ERROR*¥%¥) CRICO110
200 RETURN CRICO111
END CRICO112

PHILCO l Space & Re-entry
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Subroutine: CRITY
Purpose: To output at a station (or beacon) critical event.

Calling Sequence: CALL CRITY (TIME,SNAHE,K,R,EL,NﬂUT,NHEAD)
Input and Output

Symbolic Data
1/¢|Name or DE::g:::Qs s::;gl Dimensions Definition
Location or Units
I [|TIME Seconds [Time of critical event for
output.,
S I |SNAME Station name.
= I |K If K= 1, station is turned off
. R = 2, station is turned on
I R (3) Vehicle position with respect
to station.
I IEL Vehicle elevation.
= I |NGUT Output tape number
1/9 |NHEAD If NHEAD = 1, a header is
output and NHEAD
is set = 2,
. NHEAD = 2, no header is
3 output.

Common storages used: None

Subroutines required: FN@RM,ARKTNS,TIMES

CRIT@-1
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$IBFTC MC13CR NOREFsM94sNODDsXR3

CMC13CR CRITO CRICOG10
SUBROUTINE CRITO(TIMEsSNAME sKsRsELs NOUTsNHEAD) CR100020
DIMENSION R(3)s Al{6)s SWTCH(2) CRI00030
DATA RTDs (SWTCH(J)sJ=192)/574295779694H CFF23H ON/ CR100040

C SUBROUTINES REQUIRED ARE FNORMsARKTNSsTIMES CRIO0050
SW=SWTCH(K) CRIO0060
GO TO (152)sNHEAD CRI00070

1 CONTTINUE CRICO080
NHEAD=2 CRIOO0090
WRITE (NOUT»100) CR100100

100 FORMATI1HO»30X»37THSTATION CRITICAL EVENT AND CONDITIONS/1H »9X»15HCRIQ0110
1TIME FROM EPOCH»20XsSHEVENT» 17X »5HRANGE » 10X s THAZIMUTH»6X s SHELEVATICRIO0120

20N) CR100130

2 CONTINUE ¢RI00140

RM=FNORM(R) CRIO0150

. AZ=ARKTNS(180sR{1)sR(2)) CR100160
E AZ=AZ#*RTD CRIO0170
ELD=EL#RTD CRIN0180

CALL TIMESITIMEsDsA) CRI00190

. WRITE {NOUT»101) A»SNAMEsSWsRMsAZ+ELD CRI00200

- 101  FORMAT(6A657Xs2A698XsE15,893XsF8e356XsF743) CR100210
| RETURN : CR100220

~ END CR100230

PHILCO l
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Subroutine: CROSIM

Purpose: Solves simultanecus linear algebraic equations in
double precision.

Calling Sequence: CALL CROSIM

Common storages used: /CRECEM/

Subroutines required: None.

CROSIM-1
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1. Use of CROSIM

Common assignments, CCR@(86)

Location | Name | Dimension Description

1 A d(6,7) Input: Augmented matrix of
coefficients.

Qutput: Solution vector will
appear in the first L
elements of column L+1.

85 L Number of rows of A to be
considered.
86 ISING Output singularity indicator.

ISING = 0: Solution found
ISING = 1: Singular matrix,
no solution found.

mw

CROSIM will solve up to six linear equations. More equations may be
accommodated by altering the dimensions of the input/output matrix A and
making the appropriate changes in the common size and assigmments. The
upper left L by L subset of A must be loaded with the equation co-
efficients; the first L elements of column L+l must be the constant terms.
The original matrix is destroyed during computation. The solution is
developed in the first L elements of column L+l. All elements of A and
all internal computations are in double precision.

CROSIN-2
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9

2. Method qf Solution

Reference: Hildebrand, F.B.: Methods of Applied
Mathematics, Prentice-Hall, Inc., Englewood Cliffs,
N’.JD, 1952’ po 503, EE S So

The method of Crout, described in the reference, has been modified slightly
to improve accuracy. The modification is a re~ordering of the equations

- as necessary to use the available diagonal element of greatest magnitude

f as a divisor in each step ot the reduction. 1If, at any step, the diagonal
element of greatest magnitude is identically zero, the singularity flag
ISING is set to 1 and the reduction is abandoned. If no singularity

condition occurs, ISING is set to zero.

Crout's method for systems with real coefficients proceeds from the
augmented matrix of the system

: f1 %12 - %1n : €1 |
) M= a,, 8y, ¢ oo a,, | c2 = (a | c),
[} L] L ] ‘ * l
. anl an2 s o ann ; cn
i which may be considered as partioned into the coefficient matrix a and
s the column vector ¢, to an auxiliary matrix
¥ t 1 4
a3, a0 - a; ; N ‘
- ' ' ' " ' '
M a, By oo 2y : <, = (a : c’)
' ' ' iy
a, 80 4 a . ‘ <
CROSIM-3
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of the same dimensions, and thence to the required solutiom vector

»
]
M
e ¢ *« N

x

n
The procedure for finding the elements of M' from those of M is described
by the following rules:

1. The elements of M' are determined in the following order: elements of
the first column , then elements of the first row to the right of the first
column; elements or tne second coiumn beiuw tne first row, then elements
of the second row to the right of the second column; and so on until all

elements are determined.

2. The column operations may be divided into thfee steps as follows:

a. Each element aij on or below the principal diagonal of M' is obtained
by subtracting from the corresponding aij of M the sum of the products of

elements in the 1 th row and corresponding elements in the j th column of
M', all uncalculated elements being imagined to be zeros. That is

=1

1y~ k‘::l 4 ’fcj i=3 .

i}

a = a

For the first column, this is clearly no operation at all.

b. The magnitude of the diagonal element aii of the 1th column of M' is

compared with the magnitudes of the elements of the ith column below the

diagonal a = i+l,n. If the largest of these, say a' K’ is greater

e * th th

in magnitude than a 11, then the entire i~ and k rows of M (and M')
are interchanged. This step is purely a numerical device to minimize
round-off errars.

CROSIMr4
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¢. Each element a;, below the principal diagonal is finally determined by

ij
division by the diagonal element a;j of M'. That is
C mal /oot : >
ajy = ag; / al a>3

3. Row operations consist of a single step: Each element aij to the right
of the principal diagonal is obtained by subtracting from the corresponding
element a, i of M the sum of thetgroducts of elements in the ith row and
corresponding elements of the j  column of M', all calculated elements

being imagined to be zeros. That is

i-1
8y =g, - kz:l %k 2kj (1<)

Clearly for the first row this involves no operation at all.

The procedure for obtainimg the final solution vector from the matrix a'

and the vector c¢' into which M' is partitioned is described by the following
rules: ' |

1. The elements of x are determined in the reverse order L xn_l, o o 0,
L3 from the last element to the first.

2. The last element X is determined by dividing the last element

o c; of ¢' by the last element a;n on the principal diagonal of M'.

That is

. x =c'/a'
‘ n ' “nn

3. Each of the remaining elements x, of x is determined by subtracting
from the corresponding element ci of c' the sum of the products of elements
in the ith row of a' by corresponding elements of the columm x, followed

by a division by the diagonal element aii of M', all uncalculated elements

of x being imagined to be zeros. That is

CR@SIM=-S
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]
851

Core storage space is saved in CRUSIM by causing the matrices M and M' to

share the same storage locations.

CRASIM-6
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CMC134Q

10
11

12

13
14

F’lill.t:t)lii#iil

PHILCD-FORD CORPAORATION

SUBRQUTINE CROSIM

COMMON  /CROCOM/CCRO(86)

DOUBLE PRECISION A(6s7)

EQUIVALENCE (CCRO(1)sA) {CCRO{85)sL )

DOUBLE PRECISION SUM

ISING=0

M=L

N=M+1

IK=1

IL=IK

SUM=DABS(A(IK»IK))

DO 2 I=iK»M
IF(SUMeGESDABS{A(IsIK)}) GO TO 2
IL=1

SUM=DABS(A(I,1K))

CONTINUE

IF(IKeEQeIL) GO TO 4

DO 3 J=1,N

SUM==A(TIKsJ)
ALIKyJY=ALTIL, )

AlILsJ)=5UM

IL=1K+1

IFLA(IK»IK)eEQeQe) GO TO 11
DO 5 I=IL»»M
A(l9IK)=ALTIK)/ALIKsIK)
JJ=1K-1

IL=1K+1

IF{JJ«EQ.0) GO T0O B8

DO 7 J=ILsN

DO 7 1=1,JJ
ALIKsJ)=AlIK,J)=ALIKs I} ¥ALT )
IF(IKeEQeM) GO TO 10

JJ=IK

IK=IK+1

DG 9 I=IKsM

DO 9 J=1sJdJ
A(I9sIK)=ALISIK)I~A(I s J)%¥A(JsIK}
IFLIK=M) 16,1

IF(A(MsIM) eNE4Oe) GO TO 12
ISING=1

GO TO 14

DO 13 1I=1sM

JJ=M-1

IL=JJ+1
ACILsN)Y=A(ILsN)/ZALILSIL)
IF(JJEQ.0) GO TC 14

DO 13 J=1sJJ
AlJaNI=ALIsN)-ALTLN)RALIS IL)
RETURN

END

DOUBLE PRECISION SIMULTANEOUS LINEAR EQUATION SOLVER CRSMO001

CRSMO002
CRSM0003
CRSMO004
(CCRO(86)sISING) CRSMOQ05
CRSMOQ06
CRSMO007
CRSM0008
CRSM0009
CRSMO010
CRSMO011
CRSM0012
CRSMO0O13
CRSMOO14
CRSMO015
CRSMOO16
CRSMOO17
CRSMO018
CRSMO019
CRSMO020
CRSMO021
CRSM0022
CRSM0O023
CRSMO024
CRSM0025
CRSMO026
CRSMOO27
CRSM0028
CRSMO029
CRSM0030
CRSM0031
CRSM0032
CRSM0033
CRSMOO34
CRSMO0035
CRSMQ036
CRSMO037
CRSM(0038
CRSM0O039
CRSM0040
CRSMOO4]
CRSMO042
CRSM0043
CRSM0044
CRSMO045
CRSMO046
CRSMO047
CRSM0048
CREMOO4S
CRSM0050
CRSMOO51
CRSMO0O52
CRSMO0053
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Subroutine:

Purpose:

Calling Sequence:

CR@SS

Computes the vector cross prcduct of two vectors.

Input and Output

CALL CR¢ss (a,B,C)

Symbolie Data
I/¢ |Name or Di;ggzgghs SMaghl Dimensions Definition
Location n YHOOL! or Units
I A,B (3) Input vectors
¢ c (3) AXB

Common storages used:

Subroutines required:

l’PHLJ=C3|H§§i

PHILCO-FORD CORPORATION

None

None

CR@SS-1
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$SIBFTC MC13MK XR3,M94sNODDsLIST

SUBROUTINE CROSS (AsBsC) CROS0001
DIMENSION A(3)sB(3),C(3)sIN(4) CROS0002
DATA IN/2939192/ CROS0003
DO 1 I=1s3 CROS0004
J = IN(I) CROS0005
K = IN(I+1) CROS0006
1 C{IY = ALJ)I*BIK)I-A(K)*B(J) CROS0007
RETURN CROS0008
END

PHILCO I
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Subroutine: DATINP

Purpose: ' To convert from calendar date (in date format)
to double-precision seconds from Oh, Jan 1, 1950.

Calling Sequence: CALL DATINP(DI,DPSEC)

Input and Qutput

Symbolic Data ,
1/¢ | Name or Dizzzgiizs sMa§21 Dimensions Definition
Location ym or Units

. I DI 3 DI(2) = PAY HR MI For-

DI(1l) = YR MO. } Date
No
DI(3) = SEC. mat |

¢ | DPSEC d » Double~precision seconds
£rom OR, Jan 1, 1950,

Common storages used: 8 cells.

Subroutines required: None

DATINP-1
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Date Format:

The calendar date is represented by a three-element, single-precision

array DI.

Let:

YR be the year number from 1900;
i.e., the year 1967 is represented as
67. ; the year 2001 as 101,

MO be the number of the month.
DAY be the day of the month.
HR be the whole hour on the 24-hour clock. g
MIN be the whole minutes past the hour,
SEC be the whole and fractional seconds.
Then:
DI(1l) = ¥YR.X 102 + MO.
DI(2) = DAY X 10% + ER. x 10Z + MIN.
DI(3) = SEC.
Example:
h m s )
JAN 24, 1967, 11 26 16.482 is represented as: o
DI(1l) = 6701,
DI(2) = 241126,
DI(3) = 16.482

DATINP-2

PHILCD l Space & Re-entry
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$IBFTC MC13TV

2N RAXARAES]

2
700

10

12

13

PHILCO I

bHI LCO-FORD CORPORATION

XR3sMI4,NODDsLIST
SUBROUTINE DATINP(DI,DPSEC)

DI(1}) = YEAR MONTH. (INPUT)

DI(2) = DAY HR MIN. (INPUT)

DI(3) = SECONDS. (INPUT)

DPSEC = DOUBLE PRECISION SECONDS FROM JAN 0s 1950 (OUTPUT)
DOUBLE PRECISION DPSEC

COMMON Yol(5)sJJ

DIMENSION J{11)sDI(3)

DATA J/31+5999091205151,181+5212224352739304»334/

I=DI(1)

1(2)=DI1(2)

IF{I1elTe5000,0Rel(2)elTe0) GO TO 2
1(3)=1(2)/10000
1(4)=1(2)-10000%1(3)

1(2)=1(4)/100
I(5)=1(4)~100%1(2)
Y=60%(1(5)+60%1(2)
DPSEC=Y+D1(3}

GO TO 10
WRITE(69700) DI
FORMAT(22H1IDATINP EX1IT»
16H SEC =sF946)

sTOP

1(3)=1{3)-1
I1(4)=1{1)/100
I(L)=1(1)=100%I(4)~1
IF{1.GTell) GO TO 2
IF(I) 2913912

JJ=1

1(31=1(3)+J(JJ)
I(5)=1(4)—4%(1(4)/4)
IFCI(1)/72+1(5)eblEe0) 1(3)=1{3)~1
Y=I{3)+{2+1461%(1(4)=-50)1/4
DPSEC=DPSEC+86400,%Y

RETURN

END

)

YRMOe =9F10e2s12H DAYHRMINs =9F12029

DAT10001
DAT10002
DAT10003
DATI000%
DATI0005
DATIOO006
DATIO0007
DATI0008
DATI10009
DATI10010
DATI0011
DATIOO012
DATI0013
DATIO014
DATIOO015
DATIOOLl6
DATIO0017
DATIOO18
DATIOO19
DATI0020
DATIOO21
DATIO022
DATIOO023
DATIO0024
DATI0025
DATIO026
DATIO027
DATIQ028
DATI Q029
DATIO030
DATIO0031
DATIOO032
DATIO0033
DATIOQO034 .
DATIO0035
DATI0036
DATI0037
DATIO0038

Space & Re-entry
Systems Division



Subroutine: DAT@UP

Purpose: To convert from double-precision seconds from

‘Oh Jan 1, 1950 to calendar date.

Calling Sequence: CALL DAT@UP(DPSEC, D, K)

Input and Qutput

N Symbolic » Data

f% ‘ 1/¢ | Name or Dizzggigﬁs SMaﬁgl Dimensions Definition

. Location ym or Units

3 Double-precision seconds

: 1 | DPSEC d from OR Jan 1, 1950
D(1) = YR MO. }Date

- D(2) = DAY HR MIN, For=

D

¢ > D(3) = SEC. mat™®

n 1 K K = 0 causes the calendar
and Julian dates to be
written on the system
output tape.

*
See DATINP Description.

Common storages used: 10 cells.

Subroutines required: None.

DAT@UP-1

PHILCO l Space & Re-entry
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$IBFTC MC13TWw XR3,M94,NODDsLIST

(akaXaNakakakel

601

602

10

11

12

13

14

15

16

17
20

30

40

999

PHILCO |

PHILCO-FORD CORPORATION

SUBROUTINE DATOUP{DPSECsDsK) DATO0001
DATO0002
DPSEC = DOUBLE PRECISION SECONDS FROM 1950 (INPUT) DATO0003
D(1) = YR MO, FORMAT OF DATINP {QUTPUT) DATO0004
D(2) = DAY HR MIN. FORMAT OF DATINP {OQUTPUT) DAT00005
D(3) = SEC. FORMAT OF DATINP (QUTPUT) DATO0006
K= 0 GIVES CALENDAR DATE FORMAT OQUTPUT DATOQ007
DATOQ008
DOUBLE PRECISION DPSECS TDUM DATO0009
DIMENSION C(12)y D{3)s IY(4) DATOQ010
COMMON Y(8)s TDUM DATO0011
EQUIVALENCE (Y(2)Y»1Y) DATO0012
DATO0013
DATA C/ 3HJANs 3HFEBs 3HMAR» 3HAPRs 3HMAYs 3HJUN DATO0014
ls 3HJUL» 3HAUGs 3HSEPs 3HOCTs 3HNOVs 3HDEC / DATO0015
DATO0016
FORMAT(1H »A351351Hs9I591Hs»I1395H HRSssI395H MINssF9e5s4H SECs48XsDATOQ017
111HJULIAN DATEsF1040sF848) DATO0018
FORMAT({21HONEG DAYS IN DATOUP =4»F8e0) DATO0019
DATOQ020
TDUM=DPSEC DATOQ021
Y(T7T)=AINT{TDUM/86400,D0) DATO0022
IF({TDUM«GTe0,)GO TO 10 DATO0023
WRITE(6+602) ¥Y(T) DATO0024
GO TO 999 DAT00025
CONTINUE DAT00026
TDUM=TDUM—Y (7)#86400, DATO0027
Y(8)=TDUM/86400,.,D0 DATO0028
IY(l)y = YI(7) DATO00029
IY(2) = 1Y{1)y/365 DATO0030
IY(3) = IY(L)y-(1461%1Y(2)+1)/4 DAT00031
IF (1Y{(331GE.0) GO TO 12 DATO0032
IY(2) = I1Y(2)~1 DATO0033
GO 70 11 DATO0034
IY(4) = IY(2)=2-4%(1IY(2)/4) DATO0035
IYt2) = 1Y(2)+50 DATQ0036
JJ =0 DATO0037
KD = 0 DATO0038
CONTINUE DATO0039
MD = KD DATO0040
JJ = Ju+l DATO0041
GO TO (145165145159 14915914914915514515s14) »JJ DATO0042
KD = KD+31 DAT00043
GO TO 17 DATO0044
KD = KD+30 DATO0045
GO TO 17 DATO0046
IF (I1Y{4)eEQe0) KD=KD+1 DATO0047
KD = KD+28 DATO0048
IF (KDeLEoI¥(3)) GO TO 13 DATO0049
IY(l) = 1Y(3)-MD+1 DATO00050
Y{1) = C{JJ) DATO0051
D(1}=JJ+100*1Y(2) DATO0052
IY(2) = 1Y(2)+1900 DATO0053
DATO0054
CONTINUE DATO0055
Y{(4)=AINT(TDUM/3600.D0) DATO0G56
TDUM=TDUM—Y (4} %3600 DATOQ057
Y(5)=AINT{TDUM/60,D0) DATO0058
TDUM=TDUM=Y (5) %60, DATO0059
IY(3)=Y(4) DATO0060
IY(4)=Y(5) DATOO0061
Y{6)=TDUM DATO0062
YY=S1Y(4)+100%#(1Y(3)4100%1Y (1))} DATO0063
D(2)=YY DATO0064
D(3)=Y(6) DATO0065
DATO0066
CONTINUE DATO0067
Y(8) = Y(8)+0e5 DATO0068
YY = AINT(Y(8)) DAT00069
Y{(8) = Y{8)~-YY DATO0070
Y{7) = Y(7)+YY+2433282. DATO0071
IF (KeNEsU) GO TO 999 DATO0072
WRITE (69601) Y DATO0073
RETURN DATO0074
END

Space & Re-entry
Systems Division



Subroutine:

Purpose:

DATGUT

Converts whole and fractional days since 1950 Jan 0,0
to date format., Optionally writes out calendar and
Julian dates.,

Calling Sequence: CALL DAT@UT (TW,TF,IW,YF,K)

Input and Output

Symbolic Data
I/@ |Name or Dizgizzgns ghtgol Dimensions Definition
Location v or Units
I ™ days Whole days since 1950 Jan 0.0
I TF days Fractional days
) W Calendar date
@ YF Time of day
I K If K = 0, date is written out
If X # 0, date is not written

Common storages used: 8 cells

Subroutines required: ERRPUT, TFRAC

PHILCO l

PHILCO-FOAD CORPORATION

DAT@UT-1

Space & Re-entry
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Restrictions:

The permissible time range is from 1950 Jan 0.0 to but not including
2100 Jan 0.0, Times outside this range cause exit through ERR@UT.

Date Format:

The output quantities YW, YF are the floating point numbers

W = YYMM,DD
YF = HHNN,SSSSS

where _
YY = Year - 1900
MM = Month (number) .
DD = Day of the month
BH = Hours since midnight
NN = Minutes
S5853S = Seconds x 103 ) -

1]

DAT@UT-2

PHILCO | Space & Re-entry
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SIBFT

3
601 FORMAT(A691391Hs91I59]1Hss13s5H HRSs91395H MINssFTe394H SECs48Xs

1

11

12

13

14

15

16

17
20

30

40

999

Frnco]

ﬁHl LCO-FORD CORPORATION

C MC13DA XR34MI4sNODDSLIST

SUBROUTINE DATOUT (TWsTFsYWsYFsK)

COMMON Y(8)

DIMENSION Cl12)sF(10)51Y14)

EQUIVALENCE(Y(2),1Y)

DATA <C{1)/36H JAN FEB MAR APR MAY
1 /2C(T)/36H JUL AUG SEP ocT NOV
2 /sF(1)1/30H(6X920HDATE 1950 OR BEFORE,)

/sF16)/30H(6Xs19HDATE 2100 OR LATER.)

111HJULIAN DATEsF10.0,F848)

CALL TFRAC (TWsTFeY(7)9Y(8))
JJ =1

IF (Y(7)eLTe0e) GO TO 3

IF (Y(7)eLTe547874) GO TO 10

JJ = 6

CALL ERROUT {(1sF(JJ))

CONTINUE

IY(1l) = ¥(7)

1Y(2) = 1Y(1)/365

IY(3) = IY(1)~(1461%IY(2)+1)/4

IF (IY(3)«GE,Q0) GO TO 12
IY{2y = 1Y(2)~1

GO 7O 11

IY(4) = IY(2)=2=-4%(1Y(2)/4)
IY{(2) = 1Y(2)450

JJ = 0

KD = 0

CONTINUE

MD = KD

JJd o= JJ+l

GO TO (1491691435159 14915914914515314515414) »JJ
KD = KD+31

GO TO 17

KD = KD+30

GO TO 17

IF {IY14)eEQ,Q) KD=KD+1

KD = KD+28

IF (KDelLEeIY(3)) GO TO 13

IY(1) = IY(3)~MD+1

Y1) = C(JJ)

YW = FLOAT{IY{1)+100%(JJ+100%1Y(2)))/100.
1Y(2) = 1Y{2)+1900

Y(6) = Y(B)*24,

1Y(3) = ¥(6)

Y{6) = 60%(Y(6)~FLOAT(IY(3)))
IY(4) = Y(6)

YI6) = 604%(Y(6)~FLOATIIY(4)))

YY = IY(4)+100%1Y{(3)
YF = YY+Y(6)/100.

IF (KeNE«O) GO TO 999
Y(8) = Y(B)+0e5

YY = AINT(Y(8))

Y(8) = Y(8)-YY

Y(T7) = Y(T)+YY+2433282.
WRITE (6+601% Y

RETURN

END

JUN
DEC

/

DAT00001
DAT00002
DATO0003
DATO0004
DATO0005
DATO0006
DATO0007
DATO0008
DATO00009
DATO0010
DAT00011
DAT00012
DAT00013
DATO0014
DATO0015
DATO0016
DATO0017
DAT00018
DATO0019
DAT00020
DAT00021
DAT00022
DAT00023
DAT00024
DATO0025
DAT00026
DATO0027
DATO0028
DAT00029
DATO0030
DATO0031
DAT00032
DAT00033
DATO0034 .
DAT00035
DAT00036
DATO0037
DAT00038
DATO0039
DAT00040
DATO0041
DATO0042
DATO0043
DATO00044
DATO0045
DATO00046
DATO0047
DATO0048
DATO0049
DATO0050
DATO0051
DATO0052
DATO0053
DATO005&
DATO0055
DATO0056
DATC0057
DAT00058
DATP0059
DATOG080
DATO0061

Space & Re-entry
Systems Division



Subroutine: DCP

Purpose: Main program for the Differential Correction Program.

Common storages used: //11 cells,/DCPC@M/,/EDTC@M/,/ESTCEM/
Subroutines required: DATINP,DIFC¢R,MLESTT,RSIDUL,SETCAS,SETSTA,SETTAP

DCP-1

i \‘g

@j PHILEQ IIII Space 8 Re-entry
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Discussion:

The Differential Correction Program was designed as a flexible post-flight
data analysis program. It is capable of processing given data in any
desired order, of generating an a priori estimate from the data itself,

of propagating the state and covariance to a desired event, and of output-

ting residuals in a variety of forms.

The sequence of steps taken to process a given set of data is controlled

at two levels. The case level is used for the definition of the quantities
to be included in the state for the ensuing steps, and the process level

is used to accomplish specific steps without redefinition of the state

composition.

The main program described here controls the program flow as required to
accomplish the specified tasks. The subroutines and secondary control
routines used are listed below with functional descriptions (see the Flow

Diagram below).

SETTAP Reads tape identification cards and checks or writes
tape headeré as required. Outputs tape identification =
cards. Sets TERR = 1 if any tape header disagrees

with the corresponding identification card.

SETSTA Locates the stations on the data tape, and loads
working arrays for those stations from a larger array

containing data for up to 50 stations. Computes station

location vectors and transformations., Sets IERR = 2
if any station is not found in the array of available

stations.

DCP-2

|=P1HJCCJ"!§§i

PHILCO-FORD CORPORATION
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SETCAS Reads option cards and sets internal option variables,
Reads state definition cards and the associated overlay
cards. Combines overlayed block data with a previously
computed estimate from the estimation tape to form an
a priori estimate of the state and its covariance.

Sets internal indices used for interpretation of the
state., Sets IERR for any invalid request in the state

definition cards.

_ MLESTT Computes an estimate of the state from specified data
% for use as an a priori estimate, using maximum likeli-
b hood estimation in measurement space. Sets IERR = 15
if the MLE does not converge.

o DIFCER Controls the integration of vehicle equations of motion
- and variational equations for propagation or estimation
of the vehicle state. Controls differential correction 4

;; of the state. Sets IERR for any error noted.

RSIDUL Computes and outputs residuals of specified data from

a specified state estimate.

Subroutines SETTAP and SETSTA comprise the program initialization for a

given run, and are called only once during the run.

The DCP reads a case header card with the following contents:

Col 1-6 Number of estimate on the estimation tape to be used

in building the a priori estimate.

Col 7-72 Hollerith case identification for user reference.

DCP-3

PHILCO | Space & Re-entry
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If the program encounters a blank card, or a card with a blank or O in 1-6,
when it expécts a case card, the run is terminated. The subroutine SETCAS

performs case-initialization, and is called once per case.

Following case initialization, the program reads a set of process control
cards. For each, it searches the data tape for the data requested on the
card and reads the first block of data into BUFDAT (EDTC#M). It then calls
the appropriate data processing subroutine (MLESTT, DIFCOR,RSIDUL) and pro-

ceeds with the next process card. 1If the program encounters a card with a

blank or 0 in column 1 when it expects a process card, the case is termina-

ted and the next case card is read.
The process control card has the format
(211,A6,2(13,17,12),14,1812)

Its contents are read into the array NPR#C. The components of NPR@C, their

card locations, and their meanings are described in Reference 1.

DCP-4

I’F"LI#CI"!@#H
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ICP

[ Set tape position indicators |

< SETTAP >
Check/Write tape headers ‘

( All tape headers correct?
y Yes

SETSTA
Losd working arrays for
all stations on data tape

(' A1l stations in STNCEM?
Yes

)No

)No

[ Read and write process card |

Process number blank? )

100

[ Read and write case header |

. YSS(

Estimate number blank? )
y Mo
SETCAS
Set a priori estimate and
covariance matrix
Initialize internal indices

( Valid state definition?

es

)NO

Yes /—
1\

y No
Convert process times to
seconds from 1950 Jan 0,0
Position estimation tape
.Position data tape

1

PLAE Was data found? )
y Yes
C Start from dats required? 4)&
. y Yes

MLESTT
Compute a2 priori estimate
from specified data

[ Output tape record counts |

PHILCO I

PHILCO-FORD CORPDRATION

e Was fit obtained? D)
900 Y Yes
¢ Start only? T)les
[ Output error message i Yo
950 C Propagation or estimation? )_Igl_o___

f Yes

DIFC@R
Propagate to desired event
Estimate from specified data

Did estimate converge?

i e

RSIDUL
Compute residusls of given
data from current estimate
I

DCP-5
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@;2)

(" Stop time < tape start?  )-les
{No
( Start time > tape end? :}Ibs
yNo 1
Qii{:ﬁ Rewlind option ) (900)
‘On
- Rewind data tape
Skip header
* No
L—(  Start time given? ) -] Start time = STIMNX |
Yes
225
Read index record
Set NN to backspace to @NTIME
Start
——L( End-of-tape? ) End —-—J, Backspace NN records ]
y No 1
20 (T Start time-gNTDE <0 o~ W N2 i
£= .
( Correct station? :) °
y Yes
[ Backspace NN records  ———
Yes
——'{:;7 Correct station? ;)
* No
| Skip data record, read index f=——i
C End-of-tape? ) les
y No
(C Stop time < gNTIMET __)—28 -
t No 1
—(  Start time > block end? )——omt 900
y No
C Correct station? )—N—o———
*Yés

Read data record

Identify transmit station

DCP - Data Tape Search

PHILCO l

PHILCO-FORD CORPORATION
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SIBFTC MC13M3 XR3sMI4sNODDSLIST ’
DCP - DIFFERENTIAL CORRECTION PROGRAM DCP 0001

d
¢ DCP 0002
¢ DEVELOPED BY PHILCO-FORD CORPORATION DCP 0003
C FOR GODDARD SPACE FLIGHT CENTER DCP 0004
C CONTRACT NAS5-9939 DCP 0005
C DCP 0006
C RFFERENCF TR-DA1508s PROGRAM DESCRIPTION AND THEORETICAL BASISs  DCP 0007
C ORRIT DETERMINATION PROGRAM DCP 0008
d TR=DA1509s SURROUTINF DFSCRIPTIONS AND LISTINGSs DCP 0009
C ORBIT DETERMINATION PROGRAM DCP 0010
C TR-DA1510s INPUT-OUTPUT SUMMARYs ) DCP 0011
C ORR1T DETERMINATION PROGRAM DCP 0012
C DCP 0013
C DECEMBER 1967 DCP 0014
c DCP 0015
COMMON /DCPCOM/CDCP(900) DCP 0016
DIMENSTON IPROC (5) +NDATE(3+2) sSTIMNX(20) neP 0017
1 sNPROC{22) sPDATE(32) DCP 0018
DOUBLE PRECISION  STIMR (2) sTREGIN s TEND DCP 0019
EQUIVALENCE DCP 0020
; 1 {CDCP(111)>IERR ) s (IPROC( 1)sIPROCS) s(NPROC( 1)sNPROCS) DCP 0021
. 2 s (CDCP{756) s IPROC ) s{IPROC( 2)5TITRSTA) s{NPROC!{ 2)sNPROVR) DCP 0022
3 »(CDCP(117)sNESENN) »{IPROCL 3)»INDSTA) s{NPROC( 3)»NPRSTA) DCP 0023
4 s (CDCP{118)sNEST ) »(IPROCE 4)»IFTSTT) »(NPROC( 4)sNDATE ) DCP 0024
5 s (CDCP{731)sNPROC ) »{IPROCI 5)sIFTSTP) 5(NPROC( 4)sPDATE ) DCP 0025
. 6 »(cDCPL116) sNRSEND) s (NPROC({10) sNPREST) DCP 0026
7 s (CDCP1123) 9 STIMNX) s INPROC(11) sNREWND) DCP 0027
8 s (CDCP({781)sSTIMR ) DCP 0028
9 » (CDCPL119) s TBEGIN) _ DCP 0029
1 s (CDCP(121)sTEND ) DECP 0030
i C : DCP 0031
COMMON JESTCOM/CEST(804) DCP 0032
DIMENSION NAMSTA(20) DCP 0033
EQUIVALFNCE {CFST( 7)sNAMSTA) s(CFSTU 1) sNESPOS) DCP 0034 -
1 s {CEST{ 6)sNUMSTA) DCP 0035
'Y DCP 0036
COMMON JEDTCOM/ INDPAT (40) s BUFDAT (86461 DCP 0037
N DOUBLE PRECISION  ONTIME sTLAST DCP 0038
- EQUIVALENCF CINDDAT( 2)9NEOT ) s{INDDATU 41 sMTSTA ) DCP 0039
1 » CINDDAT( 5)sNRCD ) »{INDDAT(13)sONTIME) DCP 0040
2 s CINDDAT( 3)sNRSTA ) s (INDDAT(17)sTLAST ) DCP 0041
f c DCP 0042
- COMMON HEAD(11) DCP 0043
c DCP 0044
DIMENSION DIAGN(132}»NERR(19) DCP 0045
DATA DIAGN{ 1)736HMTAPF HEADFR DOES NOT AGREE. DCP 0046
1 /sDIAGNL 6)742HSTATION CANNOT BE FOUND IN 2LOCK DATA. DCP 0047
2 /sDIAGN( 13)/42MSTATE REQUESTED FROM TAPE WITH NEGATIVE ES DCP 0048
2 /sDIAGN{ 20)/18HTIMATF NUMBZR. DCP 0049
3 /sDIAGN( 23)/36HSTATE TYPF NAMED DOFS NOT EXIST. DCP 0050
e A /3DIAGN{ 29)/24HSTATE TYPF DUPLICATED. DCP 0051
1 5 /sDIAGN{ 33)/42HINCLUSION OF HARMONICS FOR TWO BODIES IS N DCP 0052
s 5 /sDIAGN( 40)/18HOT PERMITTED. DCP 0053
6 /sDIAGNT 43)/42HSTATE REQUESTED FROM TAPE ESTIMATE DOES NO DCP 0054
6 /sDIAGN( 50)/18HT EXIST THEREINe DCP 0055
| 7 /sDIAGN( 53)/42HSTATION PARAMETERS REQUESTED FROM TAPE, ST DCP 0056
7 /sDIAGN( 601/24HATION NOT IN ESTIMATE. DCP 0057
i 8 /sDIAGN{ 64)/20HTO0 MANY STATE VARIABLES. DCP 0058
9 /9DIAGN{ 691/642HTO0 MANY FQUATION OF MOTION PARAMETERS. /DCP 0059
DATA DIAGN( 76)/42HCENTRAL BODY REQUESTED FROM TAPE ESTIMATE DCP 0060
1 /»DIAGN( 83)/30HDOES NOT AGREE WITH TAPE. DCP 0041
2 7sDIAGN! 88)/36HOBSFRVING STATION NOT ON DATA TAPE. DCB 0062
3 /sDIAGN( 94)/42HPROCFSS INTERVAL OUTSIDF DATA TAPE RANGF. DCP 0063
4 /3DIAGN{101)/42HPROCESS INTERVAL CONTAINS NO DATA FOR REQU DCP 0064
4 /sDTAGN(108)/18HESTFD STATION. DCP 0065
5 /sDIAGN(111)/30HDATA START FAILED TO CONVERGE. DCP 0066
6 /sDIAGN{116)/36HTIME PRECFEDES EPHEMERIS TAPE RANGE. DCP 0067
7 /sDIAGN(122)/36HTIMF FOLLOWS EPHEMERIS TAPE RANGE. DCP 0068
8 /sDIAGN(1281/20HESTIMATION FAILED TO CONVERGE. /DCP 0069
DATA NERR/ 19 63 13s 233 29s 335 425 53y 64y 69 DCP 0070
1 > T6s 88s 9451015171511651225128+123 / DCP 0071
c DCP 0072
5101 FORMAT(16s11A6) DCP 0073
6201 FORMAT(211sA652(13s17s12)s14+1812) DCP 0074

PHILCO l Space & Re-entry
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6101 FORMAT(1H1s45XsDTH® %% CASE INITIALIZATION #%3%/9XsSHCASE s11A6515HsDCP 0075

1 TAPE ESTIMATEs»16510H RFQUESTFD) DCP 0076
6201 FORMAT(1H1+48Xs20H%%% PROCESS CARD *¥%/103H0 PROC OVR STATION DCP 0077
1 START STOP NEST 1 2 3 4 5 6 7 8 DCP 0078
29 10 11 12/21594XsA693X92(14s17512)91651214) DCP 0079
6901 FORMAT(15HO*** FRROR STNP/1Xs11A6) DCP 0080

6902 FORMATI(20HOTAPE STATUS SUMMARY/26H RESIDUAL TAPE CONTAINS »13.13DCP 0081
1H RECORD PAIRS/26H ESTIMATION TAPE CONTAINS o13,13H RECORD PAIRS) DCP 0082

C DCP 0083
Cxx#% RUN INITIALIZATION DCP 0084
C DCP 0085
d CHECK/WRITE TAPE HEADERS DCP 0086
1 CONTINUF DCP 0087
NFSPOS = O DCP 0088
NRSPOS = O DCP 0089
CALL SETTAP DCP 0090
IF (IERR.NE.0Y GO TO 900 DCP 0091
C DCP 0092
C SET UP STATION DATA DCP 0093
2 CONTINUE DCP 0094
CALL SETSTA DCP 0095
IF (IFRR.NF.0) GO TO 600 DCP 0096 ’
C DCP 0097 %
Cxx%x CASE INITIALIZATION DCP 0098 £
C DCP 0099
C READ CASE HEADER DCP 0100 -
100 CONTINUE oCcp 0101 v
READ 18,5101)  NESTsHFAD . DCP 0102 v
IF (NEST.EQ.Q) GO TO 950 DCP 0103 w
WRITE (6s6101) HEAD sNFST DCP 0104
C pcP 0105
C SET UP A PRIORI STATE AND COVARIANCE DCP 0106
CALL SETCAS DCP 0107
IF (IERReNELO) GO TO 900 ‘ DCP 0108 . =
C DCP 0109
Cx#%% PROCESS CONTROL , DCP 0110
C DCP 0111
C READ ANn INTERPRFT PROCFSS CARD DCP 0112
200 CONTINUF DCP 0113
REFAD (5,5201)  NPROC DCP 0114
IF (NPROCS.EQ.0) GO TO 100 pCP 0115
WRITE (6+6201) NPROC DCP 0116
IFDSTT = NPROCS/4 DCP 0117 .
IPROCS = NPROCS=-4*IFDSTT DCP 0118
IF (NPREST.GT.NESFND)  NPREST = NESEND DCP 0119
C DCP 0120
C CONVERT PROCESS TIMES TO SECONDS DCP 0121
DO 201 1=142 ’ DCP 0122 e
IPROC(I43) = 2 DCP 0123
IF (NDATF(2s1)eLELO) GO TO 201 DCP 0124 )
PDATE(1s1) = 190%*NDATE(1s1)+1 DCP 0125 .
PDATE(2+1) = NDATE(2s1}) DCP 0126 ‘
PDATE(3,1) = NDATE(3»1) DCP 0127
CALL DATINP (PDATE(1s1),STIMR(I)) DCP 0128
IPROC(I+3) = 1 DCP 0129 .
201 CONTINUE DCP 0130 ]
C DCP 0131
.c POSITION ESTIMATION TAPF ] DCP 0132
210 IF (NPRFST.LE.C} GO TO 220 DCP 0133
NN = NPREST-NESPOS-1 DCP 0134
IF (NN) 21112155213 DCP 0135
211 NN =-2%NN ' DCP Q136
" DO 212 I=14NN- Dée 0137
212 BACKSPACE 12 DCP 0138
Go TO 215 , DCP 0139
213 DO 214 I=1.NN DCP 0140
READ (12} SKIP DCP 0141
214 READ (12) SKIP DCP 0142
215 CONTINUE DCP 0143
READ (12} CEST DCP 0144
C DCP 0145
C POSITION EDITED DATA TAPE DCP 0146
220 CONTINUE DCP 0147
IF (NPROCS<EQ.1) GO TO 300 DCP 0148
IFRR = 13 DCP 0149
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PHILCO.FORD CORPORATION Systems Division



DO 221 INDSTA=1,NUMSTA - DCP 0150

221 IF (NPRSTALEQ.NAMSTACINDSTA) ) GO TO (2225223) »IFTSTP DCP 0151
IFRR = 12 DCP 0152
Go TO 900 DCP 0153
222 IF (STIMR(2)eLT.TREGIN) GO TO 900 DCP 0154
223 IF (STIMR(1).GT.TEND) GO TO 900 DCP Q155
IF (NREWNDEQ+0) GO TO 224 DCP 0156
REWIND 10 DCP 0157
READ (10) SKIP DCP 0158
224 IF (NDATF(231)+LE.O) STIMR(1) = STIMNX{INDSTA) DCP 0159
225 READ (10) INDDAT DCP 0160
NM = 1 , DCP 0l61
NN = 2#NRCD-1 DCP 0162
IF (NEOT) 232s226+227 DCP 0163
226 IF (NRSTASEQeNPRSTA) NM = 2 DCP 0164
IF (STIMR(11eLT.ONTIME) GO TO 227 DCP 0165
IF (STIMR(1)eEQ.ONTIME) GO TO (227+228) sNM DCP 0166
GO TO (2305228) »NM DCP 0167
227 NM = 1 DCP 0168
NN = NN+2 DCP 0169
228 DO 229 1sleNN DCP 0170
229 BACKSPACE 10 DCP 0171
GO TO (225,231) sNM DCP 0172
230 CONTINUE DCP 0173
READ (10) SKIP DCP 0174
231 READ (10) INDDAT DCP 0175
IERR = 14 DCP 0176
IF (NEOT.GT+0) GO TO 900 DCP 0177
IF (STIMR(2)4LT.ONTIME) GO TO (900+232) »IFTSTP DCP 0178
232 IF (STIMR{1)«GT,TLAST) GO TO 230 DCP 0179
IF (NRSTANESNPRSTA} GO TO 230 DCP 6180
IFRR = 0 DCP 0181
READ (10) BUFDAT DCP 0182
DO 233 ITRSTA=1,NUMSTA DCP 0183
233 IF (NTSTA.EQeNAMSTA(ITRSTA)) »O TO 300 DCP 0184
C DCP 0185
Cx#%% DATA START DCP 0186
C DCP 0187
o 300 IF (IFDSTTLEQeQ) GO TO 350 : DCP 0188
CALL MLESTT ) DCP 0189
IF (IERRNESQO) GO TO 900 DCP 0190
‘ 350 IF (IPROCS.EQeJ) GO TO 200 DCP 0191
GO TO {40054009500) HIPROCS DCP 0192
Vi C DCP 0193
Crex¥% PROPAGATE/ESTIMATE DCP 0194
C . DCP 0195
400 CONTINUE DCP 0196
; CALL DIFCOR DCP 0197
== IF {IERRNF0) GO TO 900 DCP 0198
. GO TO 200 . DCP 0199
o C DCP 0200
] Cx¥xx QUTPUT RESIDUALS DCP 0201
: C DCP 0202
S 500 CONTINUE DCP 0203
’ CALL RSINUL (NRsPOS) DCP 0204
IF (IERR4NF,.0Q) GO TO 900 DCP 0205
GO TO 200 ) DCP 0206
C DCP 0207
s Cxx#% PROGRAM STOPS DCP 0208
¢ DCP 0209
C ERROR STOP DCP 0210
900 CONTINUE DCP 9211
* RN % NERR(IERR) HeEB 6212
NM = NERR(IERR+1)-1 DCP 0213
WRITE (6+6901) (DIAGN(I) »I=NNsNM) DCP 0214
C DCP 0215
C NORMAL STOP DCP 0216
950 CONTINUE DCP 0217
WRITE (6+6902) NRSENDsNESEND DCP 0218
sSTOP DCP 0219
B END
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Subroutine:

Purpose:

Calling Sequence:

Input and Qutput:

DCR@SS

To form the double precision cross

of two vectors.

CALL DCR@SS(A,B,C)

product

Symbolic Data
I/¢ | Name or Diizzgzizs sma§21 Dimensions Definition
Location ym or Units
I A d(3) Pre~vector
1 B d(3) Post-vector
¢ C a(3) AXB
Common storages used: None
Subroutines required: None
DCR@SS-1

lDFHLﬁﬂﬂliiii
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SIBFTC MC13M2 XR3,M34,NODDSLIST

PHILCO l

PHILCO-FORD CORPDRATION

SUBROUTINE DCROSS(A1B5C)

DOUBLE PRECISION AsBsC
DIMENSION A(3)3B(3),C(3)sIN(4)
DATA IN/233+192/

DO 1 I=1,3

J = IN(I)

K = IN(I+1)

COIY = ACJI*BIKI=A(K)*B(J)
RETURN

END

DCRS0000
DCRS0001
DCRS0002
DCRS0003
DCRS0004
DCRS0005
DCRS0006
DCRSO007
DCRS0008

Space & Re-entry
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Subroutine: DD@T '

Purpose: Computes the inner product of two 3-vectors in double

precision.

Calling Sequence: & =DDgT (X, Y)

Input and Output

Symbolic Data
1/¢ | Name or Diz:;gzzzs Smaggl Dimensions Definition
Location ym or Units
I X da(3) Pre-vector.
1 Y d(3) Post-vector.
[} DD@T d .Inner product X.Y

Common storages used: None

Subroutines required: None

DDYT-1
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SIBFTC MC132D XR34M94sNODDsLIST

Frico]

PHILCOQ-FORD CORPORATION

DOUBLE PRECISION FUNCTION DDOT (XsY)

DOUBLE PRECISION X{3)»Y(3)sSUM
SUM = Oe

DO 2 1=1,3

SUM = SUM+X{T1)#Y(I)

DODOT = SUM

RETURN

END

DDOT0001
DDOT0002
DDOT0003
DDOTO004
DDOT0005
DDOTO006
DDOT0007

Space & Re-entry
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Subroutine: DEHA

Purpose: To compute the Greenwich hour angle of the gruye equinox
of date and the Earth's angular velocity.

Calling Sequence: CALL DEHA (T,DA,RA,@M)

Input and Qutput

Symbolic Data
1/@| Name or Diz:zizgﬁs SMa§21 Dimensions Definition
Location o or Units
I T d T sec Time from 1950 January
0.0 UT
I DA d 8¢ rad Nutation in right ascension
¢ RA d e rad Hour angle of the true
equinox of date
() o™ d w rad/sec Earth's angular velocity

Common storages used: None

Subroutines required: None

DEHA-1
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Method

Universal time is defined as 12h + Greenwich hour angle of a

point on the equator whose longitude is

L = 18" 38™ 455836 + 86401845542 'Eu + 050929 r’uz

measured from the mean equinox of date, where f; is measured in Julian

centuries from 1900 Jan 0.5 UT. Setting Tu = Julian centuries from 1950

Jan 0.0 UT,
L-12h = 1,746 647 719 162 569 + 0.0172 027 914 509 729 83 [du]
+ 0.506 408 971 100224 10 x 10-14 rdujz + wt radians
fdu] = integer part of [36525 Tu]
= whole days since 1950 Jan 0.0 UT
t = seconds from 0h of date
w = Earth's angular velocity
= {(Lrlz ) +2ﬁ}//86400 radians/second
fa 1]
a

The G.H.A. of the true vernal equinox, ¢, is
v =112 + fo

where &x is the nutation in right ascension.

PHILCO l
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$SIBFTC MC132Y XR3,4M94sNODDsLIST

SUBROUTINE DEHA (TsDAsRA,OM)

C HOUR ANGLE OF THE TRUE EQUINOX
DOUBLE PRECISION TsDAsRA,OM
1 sC(7)sDU,TSyDMOD
DATA  C/14746647719162569 »1,472027914509729 D=-02
1 $5.064089711002241D~1557.292115854896487D~05
2 v1.172242988657926D-19»6,283185307179586
3 98464 D+04/
C
1 DU = AINTAT/CUT))
TS = T=C(7)%pU
OM = Cl&4)+C(5)*DU
TS = DA+OM¥TS+CI1)+DU*{C(2)+DU*C(3))
RA = DMODITSsCi69)
999 RETURN
END

PHILCO |
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DEHA0001
DEHA0002
DEHA0003
DEHAO004
DEHAQO005
DEHAQQ06
DEHAO0007
DEHA0008
DEHAQ009
DEHAD010
DEHAQO11
DEHAQ012
DEHAQ013
DEHAQO14
DEHADO15
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Subroutine: DELEV

Purpose: To sort the critical event array in ascending order and

determine the measurement interval DEL.

Calling Sequence: CALL DELEV (EVNT,KEV,DEL,KST@P,NSTA)

Input and OQutput

Symbolic Data

o I/¢ |Name or D§;:§Z§§ns sMaggl Dimensions Definition

. Location ym or Units

¢¢¢¢¢¢ I |EVNT (6) seconds |Critical event times, All

. except the first must be in

i ascending order on entry.

I§ |KEV (6) Critical event keys; KEV(I) is

; the key for EVNT(I).
DEL seconds |Measurement interval,

o ¢ |ksTgP Key indicating type of first
of ordered output critical
events, KSTPP = KEV(1)

I |NSTA Number of station having
earliest next on time.

Common storages used: /INPC@M/,/wC@M/

Subroutines required: None

DELEV-1
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$IBFTC MC13DL NOREFsM94,NODDsXR3

CMC13DL  DELEV EVDEL WITH DIFFERENT LOGIC FOR FINDING DEL . DELVOOQO1

SUBROUTINE DELEV(EVNTsKEVsDELsKSTOPsNSTA) DELV0Q02

COMMON/INPCOM/C(700) /WCOM/ IW(550) sCW(1450) DELV0003

DIMENSION EVNT{(6)s KEV(6)» S5(23512)y 15C(12) DELVO00O4

EQUIVALENCE (C(200)sS)s (C(556)»DELBEC)s (CI{573)sDELRAD) DELV0005

1s (C(580)sDELOPT) s (1W(8)s1SC) DELV0006

IF(EVNT(1)sLECEVNT(2}) GO TO 4 DEL V0007

ESAV=EVNT{1) DELV0008

KSAV=KEV(1) DELVO0009

DO 1 J=1s4 DELVO00O10

1=J+2 . ) DELVO0011

IF(ESAV-EVNT(1)) 2421 DELVOO12

1 CONTINUE DEL V0013

J=J+1 - DELVO0O14

2 CONTINUE DELVO0015

DO 3 I=1,J DELVO0O16

EVNT{I)=EVNT(I+1) DELVOO17

3 KEVII)=KEV(1+1) DELVOO18

J=J+1 DELVOO19

EVNT(J)=ESAV DELV0020

KEV(J)=KSAV DELV0021

4 CONTINUE DELVO022

KSTOP=KEV(1) DELVOQ023

- GO TO (209305409509100+100)sKSTOP DELV0024
20 N=ISCINSTA) DELV0025

1T DEL=S(2sN) DELV0Q26
‘ GO TO 100 DELV0027
30 DEL=DELBEC DELV0028

GO0 TO 100 DELVO0Q29

40 DEL=DELOPT DEL V0030

b GO TO 100 DELVO031
S 50 DEL=DELRAD DELV0032
100 RETURN DEL V0033

END DELV0034 .

fae
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Subroutine: DEQD
Rurpose: Integrates second-order differential equations in
double precision.

Calling Sequence: CALL DEQD(FSUB,¢SUB)

Joput and Oytput

Symbolic Data
1/¢ | Name or Di:::ﬁ::s s::l:gl Dimensions Definition
; Location or Units

FSUB Neme of subroutine which
. evaluates derivatives

¢SUB Name of subroutine which
~ controls output.

Common storages used: //(40),/DQDC@M/

Subroutines required: FSUB,¢@SUB

DEQD-1
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Restrictions

An "EXTERMAL FSUB,¢SUB" statement must be included in the calling program.
The subroutines FSUB,¢SUB must have zero length call lists. For use with
@VERLAY, FSUB,¢SUB and the labelled common DQDCOM must be included in the
link containing DEQD or in a higher link.

The functions of these subroutines are

FSUB Computes the second derivatives of : .
the dependent variables, and any .
stopping functions.

¢SUB Provides for output at completion of integrationm
of each interval (regular points) and at certain
points obtained by interpolation.

The Kutta mode may not be used if any interpolation is required (i.e.,
even-interval output or stopping functions). ‘

sage

DEQD is designed to integrate the second-order differential equations

d
- (RDEQ(1)) = VDEQ(L)

d
- (VDEQ(1)) = ADEQ(L)

from initial conditions pre-loaded into RDEQ,VDEQ, and derivatives loaded
into ADEQ by the subroutine "FSUB". NE upper-loaded equations are in-
tegrated from the pre-loaded x = XDEQ(l) to the specified final point
XDEQ(2).

DEQD-2
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If NS # 0, NS functions are loaded into ADEQ by "FSUB", starting at
ADEQ(NE+1). The first zero of these functions, if any, causes a return
from DEQD with XDEQ(l) at the zero, and IP = 3. The function causing
the return is ADEQ(IT).

Interpolated values of RDEQ,VDEQ may be obtained at even intervals for
output purposes during Adams integration. The first point interpolated
is the pre-loaded XDEQ(3) and others follow at the interval HE.

The integration, interpolation, and accuracy formulas are described in

Appendix D of Reference 1,

DEQD-3
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Yy =

Set up initial values of
constants and switches
Set up start mode

!

Load dependent variables
into I.C., locations

L
Test sense and size of
starting interval

(200

Cycle columns of
derivative storage

\

< FSUB N
Compute ADEQ /-

[ Load ADEQ—~FDEQ |

202

=45 @ Compute & test

C IRT D3

=1
(220) Interval
initial point

_YG_S_(Special point (IP#0)7)

y No
(output desired (Np£0)T e —
Yes
~(221

C_ oime )

Adanms correstor

— @ Continue open
Adams integration

@ Continue Kutta
substitutions

=2’

C Point type (IP) 3
§>1
Store dependent
variables as I.C.s

Return

PHILCO I

PHILCO-FORD CORPORATION

@ Reset interval
end-point and
resume integration

<1 Gtart status?)

Completed
Not completed
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(300)

CDoubling delay complete?}No——'-

y Yes
C B[ < *H,f? e

Double spacing of stored
ordinates. Reset
doubling delsy counter.

360

Halve spacing of stored
ordinates., Reset
doubling delay counter,

Initialize
substitution count

ko3

[ Recompute interval size|

(401)

Locate Kutta substitution
coefficients

1410 )=

{404

Set IRT for Adams
Predictor-Corrector

Compute Kutta substitu-
tion or Adams predictor

1

)

>{Corrector required? )NL—

C Kutta? P
fTes
(" Interval completed? )N°
_J
y Yes
( Start completed? )No
*Yes
Convert from Kutta to
Adams mode,
Reset start switches.

*Yés

Compute, add
and test corrector

1
C Is error tolerable? )ﬁ-

‘

PHILCO l
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Load dependent variables
as interval I.C.s

( Mo+de )—Kutt%

Adams

(500

| ty=0, TIPI=0, TITT=0 |

* i .
__No ( (XF-X)/H <07 D) |
§ Yes 7
[ t=(F-X)/H, TPI=3 |
ch Mode )
y Adams

Locate first zero of w
stopping functions by :
Newton iteration (tﬂ)

1
N
..'-—0—( tg < t"l" )
+ Yes
[to=t_, TIPT=3, ITT=row#|

{520
— <O XED/H - b, -
¢ I:T=o N£0
) >
=0
— .
[ 1P=1, t=(XE-X)/H | r IP=IPT, t=t, |
|
|

[  Interpolate to X+tH |

DEQD-6
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$SIBFTC MC133D XR3,M944NODDsLIST
SUBROUTINE DEQD (FSUB»OSUB) DEQDOQO1
C DEQD -~ DOUBLE PRECISION INTEGRATION DEQDO002
C OF SECOND ORDER EQUATIONS DEQDO003
C DEQDOO0O4
COMMON /DQDCOM/NDEG{10)sCDEQ(10) +XDEQ (4) DEQD00O5
1 s ADEQ{( 44 ) sRDEQ(44) s VDEQ(44)»FDEQ(4410) DEQDQO0OS
DOUBLE PRECISION ADEQsFDEQsRDEQsVDEQ s XDEQ DEQDOOQO7
1 s X9 XF9XEs X0 DEQDOOOS
EQUIVALENCE (NDEQ( 1)sNI)s(CDEQ{ 1)sH )s{(XDEQ{ 1)sX ) DEQDOO0O9
1 s INDEQ( 2)sNO) s {CDEQ( 2)sHP)»{XDEQ( 2) sXF) DEQDOO10
2 s (INDEQ( 3)sNS)»s{CDEQ( 3)sHO)»(XDEQ( 3)sXE) DEQDQO11
3 s INDEQ( 4)9NA)» (CDEQL 4)sHU)» (XDEQ( 4)sX0) DEQDOO12
4 s INDEQU 51 sNC)» (CDEQ( 5)sHL) DEQD0013
5 s (INDEQ{ B6)sNE) s (CDEQ( 6)sHE) DEQDOOQ14
[ s INDEQ( 7)sNT)s(CDEQL 7)sEW) DEQDOO15
7 s (NDEQ( 8)9IP) s (CDEQl 8)s5EL) DEQDOQOO1l6
8 s INDEQ( 9)IT) DEQDOO17
C i DEQDO0018
COMMON STP(40) DEQDOO19
DOUBLE PRECISION TMP({20) DEQDO020
i EQUIVALENCE (STP{1)sTMP) DEQD0021
C DEQDOO022
DOUBLE PRECISION ALP(4)sCAD{12)sCAX(4)»DCNI2) sDX»FLTI(T7) DEQDOO23
DIMENSION CAE (T)sCDB(T792)CAK (20)sSFL (14) DEQDQ024
1 sCAI(696) s CHV (653 )sIN (8)sSLP (8 DEQDO025
e 2 sCCVIB96)CRA (12) DEGDOO26
EQUIVALENCE CALP{1)sSLP) s (FLT{11)sSFL) DEQD0027
C DEQD0028
DATA CAE/ las =643 1569=20es 1549 =60y le/ DEQDOQ029
DATA CAI/5%C 496069 ~12e» 759 —200ss 30069 =300e4s 137, DEQDOO30
1 9 =500s 3U5e¢s —7800s 1070es =T770ss 225 DEQDO031
2 3 —~1056s 61569=14706s 1770e9~106549 255, DEQDO0032
3 s 12063 660es=1440e9 156009 =840+ 180. DEQDQQ33
4 s =60es 30069 ~600ss 60049 —-300e: 604/ DEQDQOQ34
DATA CCV/ 3864e3=320009-649649-153G451232709~4300es —224ss 324+ DEQDOQ35
1 9 117669 ~400e9™3584es ~9720s T812e39=36004s Oss 324 DEQDOO36
2 s 1269 300e9-1344e9 —-405e9 371749-18004> Oss 162« DEQDD0O37
i 3 ] Oes Oer Cos Oes 7560 Ces Ces O« DEQDOO38
4 ’ 84es =200ey 22449 8les =35T7es T00es 2240 0. DEQDOO039
5 s —336es 800es —896e9 —=324es 10924y —800es 8969 324./ DEQDOO4O
DATA CDB/ —224e9 =112e3% =480 28es 21043 1404>» Te DEQDO041
1 9=240069=1008e9 —5604s 210es 210069 1575 84e/ DEQDOO42
bl DATA CHV/=0+01l171875s 0408203125+~02734375 » 008203125 DEQDOO043
1 s 0e410156259~0e02734375s 0e011718759~0,09865625 DEQDOO44
. 2 s 045859375 5 045859375 »-0.09865625s 0,01171875 DEQDQOO45
. 3 s 0e027373759~0e17578125%s 044921875 »—-0.8203125 DEQDOO046
4 § 10230468759 0424609375/ DEQDO047
. DATA CQA/ —863¢s 5260e9=1347449 18752,9=15487,9 10852, DEQDO048B
. 1 3 =332543 20139¢9=-51086e9 698BT4es~55461es 29939/ DEQDO049
- DATA CQK/ 226849 Oes 2268¢» 1680es =196 T84 420e DEQDOOS50
1 ’ 1400, 4486y Oy 453669 —396949 850545 13944e DEQDO051
2 »~15680es 627209 42069 20006y 179249 3244/ DEQDO052
b DATA CQX/ 1lepD+0y 1o0D+0s o75D+0s «30D+0/ DEQD0053
DATA DCN/ 3.168648818567611s 3,966129870129870/ DEQDO054
DATA FLT/ 1eDOs 24D0s 34D0s 44D0s 54D0s 6eDGCs 7.D0/ DEQDO055
4 C DEQDO056
CH¥*x¥% PROLOGUE SET FIXED DATA AND SWITCHES DEQDQO57
C DEQDOQ58
100 DO 101 I=1,8 DEQDO059
101 IN(I) = 1 DEQDOO060
HP = Q. DEQDO061
EL = EU/128. DEQDO062
ASSIGN 234 TO LLA DEQDOQ63
ASSIGN 480 TO LLB DEQDOQ64
ASSIGN 480 To LLC DEQDOO65
ASSIGN 200 TO LLD DEQDOO066
ASSIGN 521 TO LLE DEQDOO6T
ASSIGN 200 TO LLF DEQDO068
IF (NI«EQeQO) GO TO 103 DEQDO069
IF (NSeNEe0) ASSIGN 502 7O LLE DEQDGO70
IF (NAeNE«O) ASSIGN 450 TO LLC DEQDO0071
ASSIGN 202 TO LLF DEQDOO72
IF (NCeNEe2) ASSIGN 220 TO LLF DEQDO0073
103 IRT = 1 DEQDOO74
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IRS = 0 DEQDOQ75
IPT = 0 DEQD0076
P =2 ‘ DEQD0077
H = 0. DEQD0O78
ALP(4) = 0.D0 DEQDOO79
GO TO 480 DEQDO080
140 H = HO DEGDO081
TMP(1) = XF-X DEQD0082
IF (STP(1)el.TeOe) H==H DEQD00B3
IF (STP{1)/H.GT+2.) GO TO 141 DEQDOOB4
H = TMP(1)/2.D0 DEQDO08S
IPT = 3 . DEQD00S8S6
141 IP = 3 DEQD0OO87
IF {ABS(H)+EQeDe) GO TO 221 DEQDQ08S
IP = 0 DEQDO089
IT=0 DEQDO090 o
N1 = NE+1 : DEQD0091 ~
NT = NE+NS DEQD0092
C DEQDO093
C#%%% CONTROL SELECT COMPUTATIONAL PATH DEQDO0Q94
C DEQD0095 -
C COMPUTE AND LOAD DERIVATIVES DEQD0096 ¥
200 I = IN(1) DEQD0097
DO 201 J=1s7 DEQD009S
201 INCJ) = IN(J+1) DEQD0099
IN(8) = 1 DEQD0100
202 CALL FSUB DEQDO101
1 = IN(8) DEQDO102 .
DO 203 J=1sNT DEQD0103
203 FDEQ{JsI) = ADEQ(J) ‘ DEQDO0104
GO TO (220+40154805440) IRT DEQDO105
C DEQDO106
C OUTPUT CONTROL DEQD0107 -
220 IF (IP«NE.O) GO TO 221 DEQDO108 :
IF (NOJEQ.0) GO TO 233 DEQD0109 i
221 CALL 0OSsuB DEQDO110
c DEQDO111
C IDENTIFY POINT TYPE AND SELECT PATH DEQDO112 o
230 IF (IP) 231,232,232 ; DEQDO113
231 IPT = 0 DEQDO114
NS = 0 DEQDO115
NT = NE DEQDO116
XF = XF+FLT(7)#*DX DEQDO117
GO TO 300 DEQDO118
232 IF (IP-1) 233,520,480 DEQDO119
233 GO TO LLAs (23454005300) DEQD0120
234 IF (HP+EQe0s) GO TO 400 DEQD0121 .
ASSIGN 400 TO LLA DEQDO122 o
IF (NI.EQ.0) GO TO 400 DEQDO123
ASSIGN 300 TO LLA DEQDO124 =
ASSIGN 420 TO LLB DEQD0125
ASSIGN 500 TO LLD DEQDO126
GO TO 400 DEQD0127 )
¢ DEQD0128
Cx¥x¥* NEXT INTERVAL SIZE CONTROL DEQDO129 .
C DEQD0130
C SELECT NEXT INTERVAL SIZE DEQD0131
300 IF (IDLeGT«0) GO TO 301 DEQD0132
IF (ABS{H)eGEeHU) GO TO 404 DEQD0O133
GO TO 340 DEQDO134
301 IDL = IDL-1 DEGDO135
GO TO 404 DEQDO136
¢ DEQDO137
C DOUBLE SPACING OF ADAMS ORDINATES DEQDO138
340 H = H*SFL(3) DEQDO139
I = IN(T7) DEQDO140
J = IN(5) DEQDO141
IN(7) = IN(6) DEQDO142
IN(6) = IN(4) . DEQDO143
IN(5) = IN(2) DEQDO 144
IN(&) = 1 DEQDO145
INC2) = J DEQDO146
DO 342 I=1sNT DEQDO147
"TMP(1) = 0.Do DEQDO148
TMP(2) = 0.D0 . : DEQD0149
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DO 341 J=1s7 ’ DEQDO150

L = IN(J+1) DEQDO151

TMP{1) = TMP(1)+CDB(Js1)#FDEQ(IsL) DEQDO152

341 TMP(2) = TMP(2)+CDB(Js2)*%FDEQ(IsL) DEQDO153

L = IN(4) DEQDQO 154

FDEQ(IsL) = TMP(1) ' DEQD0155

L = IN(3) DEQDO156

342 FDEQ{IsL) = TMP(2) DEQDO157

GO TO 403 DEQD0158

C DEQDO159

C HALVE SPACING OF ADAMS ORDINATES DEQDO160

360 H = H/SFL(3) , DEQDO161

DO 363 I=1sNT DEQDO162

DO 361 J=136 DEQDO163

361 STP(J) = 0, DEQDO 164

DO 362 J=1s6 DEQDO165

L o= IN(J+1) DEQDO166

TMP(4) = FDEQ(IsL) DEQDO167

DO 362 K=1,3 DEQDO168

362 TMP(K) = TMP(K)+TMP(4)%CHV (JsK) DEQDO169

DO 363 J=133 DEQDO170

s L & IN(J+1) DEQDO171

363 FDEQ(IsL) = TMP(J) DEQDG172

1 = IN(8) DEQDO173

IN(B) = IN(T) DEQDO174

INCT) = IN(4) DEQDO175

- IN{4) = IN{5) DEGDO176

IN(B) = IN(2) DEQDO177

4 IN(2) = 1 DEQDO178

- GO TO 403 DEQDO179

C DEQDO180

C#%#% QUADRATURE INTEGRATE TO XO+H DEGDO181

C DEQD0O182

o C LOCATE KUTTA SUBSTITUTION COEFFICIENTS DEQD0183
400 IRT = 2 DEQDO184 .

1SB = 9 DEGD0185

ICN =1 . DEQDO186

401 1SB B 1sB-1 DEQDO187

. DX = H*CQX(1$B-4) DEQDO188

DO 402 1=1SB,8 DEQDO189

CAD(I~2) = CQK{ICN)/4536,D0 ‘ DEQDO190

CAD(I+4) = CQK{ICN+10)/4536400 DEQDO191

402 ICN = ICN+1 DEQDD192

- GO TO 410 DEQDO193

403 IDL = 2 DEQDO 194

. DX = H DEQDO195

ALP(2) = 604D0/DX DEQDO196

ALPt3) = ALP(2)/DX DEQD0197

404 IRT = NRT DEQDO 198

‘ C DEQD0199

o C INTEGRATE/PREDICT DEQD0200

) 410 X = X0+DX DEQDO201

DO 413 I=1,NE DEQD0202

TMP({1) = 04DO ‘ DEGD0203

TMP(2} = 0.DO DEQDO204

oy DO 411 J=15B,8 DEQD0205

1A L = IN(J) DEQDO206

- TMP (1) = TMP(1)+CQDUJ~2)*FDEQ(I4L) DEQD0207

411 TMP(2) = TMP{2)+CQD(J+4)*¥FDEQ(I,L) DEQD0208

DO 412 J=1,2 DEQGD0209

412 TMP(J) = FDEQ(Is10)+DX*TMP (J) DEQDO210

RDEQ(I) = FDEQ(I+9)+DX%*¥TMP(1) DEQDO211

413 VDEQ(I) = TMP(2) DEQDO212

IF (IRTeNEe2) GO TO 200 DEGD0213

1F (ISBeGT45) GO TO 200 DEQDO214

GO TO LLBs (480s42094409432) DEQDO215

C DEQD0216

C¥¥#x% CONVERT CHANGE FROM START TO ADAMS MODE DEQDQ217

C DEQDO218

C COMPUTE ADAMS ORDINATES DEQDO219

i 420 H = H/SFL(3) DEQDO220

DO 422 1=1sNT DEQDO0221

i DO 421 J=146 DEQD0222

EUN TMP(J) = 0.DO DEQD0223

< DO 421 L=1,8 DEQD0224
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421

422

430

431

432

CHhE%¥

440

441

442

450

C

CHEXE
480
481

482

C
CrEXE

500

501
502

TMP(J) = TMP(J)+CCVILsJ)*FDEQ(IsL)
DO 422 J=3,8

FDEQ(IsJ) = TMP(J-2)/756.D0

SET ADAMS INTEGRATION PARAMETERS
1sB = 3

NRT = 3

ASSIGN 480 TO LLB

DO 431 1=1,12

CQD(I) = CQA(11)/10080.D0
IF (NA+NCeEQ.0)} GO TO 480
NRT = 4

iDL = 4

IP = IPT

ASSIGN 432 TO LLB

IF (IPeNEsC) GO TO 221
GO TO 480

IF (IDLGTel) GO TO 480
ASSIGN 440 TQ LLB

CORRECT TEST ACCURACY AND ADD ADAMS CORRECTOR

ADD CORRECTOR AND COMPUTE MAXIMUM
STP{1) = 0O,

DO 442 I=1sNE

STP(2) = ABS(VDEQ(I))

IF (SFL{1)eGTeSTP{2)) STP(2) = SFL(1})
TMP{(3) = 0.D0

DO 441 J=1,7

L o= IN(J+])

TMP(3) = TMP(3)+CAE(J)I*FDEQ(I,sL)
TMP{3) = DX¥TMP(3)/DCN{(1)

TMP(2) = DX*TMP(3)/DCN(2}

STP(2) = ABS(STP(5))/5TP(2}

IF (STP{2)eGTeSTP(1)eANDeIoLEL3) STP(1) = STP(2)
IF (NCeEQeQ) GO TO 442

RDEQ{I) = RDEQII}+TMP(2)

VDEQ(I) = VDEQUI)+TMP(3)

CONTINUE

GO TO LLC» (48049450}

TEST ACCURACY

IF (STP(1)eLTeEL) GO TO 480
IDL = IDL+1

IF (STP(1)eLTeEU) GO TO 480
IF (ABS(H)eLEsHL) GO TO 480
GO TO 360

ADVANCE STORE ICS FOR NEXT INTERVAL

IRT =1

HP = H

DO 481 I=1sNE

FDEQ{I, 9) = RDEQ(I}
FDEQ(1,10) = VDEQ(I}
X0 = X

IF (IP-2) 482+140,999
GO TO LLDy (5005200)

TEST LOCATE AND ORDER SPECIAL POINTS

FIND STOPPING POINTS

ALP(4) = 0.DO ’
IPT =0

ITT = 0

ALP(1) = (XF-X)/DX

IF (SLP(1)«GTe0e) GO TO 501
ALP{4) = ALP(1)

IPT = 3

GO TO LLEs (5029521)
K = IN(8)

L = IN(7)

DO 512 I=N1sNT
TMP(2) = FDEQ{IsL)-FDEQ(IsK)
M= 3

PHILCO l
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DEQDQ225
DEQDO226
DEQDO227
DEQDO228
DEQD0229
DEGDO230
DEQDO231
DEQDO0232
DEGDO0233
DEQD0234
DEQDO0235
DEQDO236
DEQD0237
DEQDO238
DEQD0239
DEQDO240
DEQDO241
DEQDO242
DEQDO243
DEQDG244
DEQDOQ245
DEQDO246
DEQD0247
DEQGDO248
DEQDO249
DEQDO250
DEGQDO251
DEQDO252
DEQDO253
DEQDO0254 -
DEQD0255
DEQDO256
DEQDO257
DEQD0258
DEQD0O259
DEQDO260
DEQDO261
DEQDO262
DEQD0263
DEQDO264
DEGDO265
DEQDQ266
DEQDO267
DEQDO268
DEQD0269
DEQDO270
DEQDO271
DEQDO272
DEQD0273
DEQDO0274
DEQDG275
DEQDO276
DEQDO0277
DEQDO278
DEQDO279
DEQDO0280
DEQDO281
DEQDO282
DEQD0283
DEQDO284
DEQDQO285
DEQDO286
DEQDQ287
DEQDO0288
DEQD0289
DEQD02%0
DEGQD0291
DEQDO292
DEQD0293
DEQDO294
DEQD0295
DEGDO296
DEQDQO297
DEQDO0298
DEQD0299
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503

504
505
506
507
508

509

510

512

520
521

522
523

524

525

Cr#x®

540

541
542
CHERR

600

610
611

612

613

614

Frico]
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GO 7O 504

K = IN(6)
M= 2
TMP(2) = (TMP(2)+FDEQ{IsK)~-FDEQ(IsL))/FLT(2)

IF (STP(3)+EQe0s) GO TO 506

TMP(1) = FDEQ(IsL)/TMP(2)=FLT(1)

IF (STP(1)eGTeSLP(7)}) GO TO 506

IF (STP(1)+SFL{3)eLE4Os) GO TO 506
GO TO (512+5079507) »M

GO TO (512+5129503) »M

M= 1

DO 508 J=1sl12

STP{J+6) = 0,

DO 509 J=146

L = IN(J+2)

TMP(10) = FDEQ{IsL)

DO 509 K=1y6

TMP(K+3) B TMP(K+3)+TMP(10)1#CAL(JsK)
DO 510 J=1+5

K = 5~J

TMP(9) = TMP(K+4)+TMP(9)#TMP({1)/FLT(K+1)
TMP{3} = TMP(9)/TMP(2)/60+D0

TMP{1) = TMP(1)+TMP(3)

IF (ABS(STP(5))eGTeelE~11) GO TO 505
IF (TMP{1)~-ALP(4)) 511+5119512

IPT = 3

ITT = |

ALP(4) = TMP(1)

CONTINUE

GO TO 521

FIND EVEN-INTERVAL POINT
IRS = 1

ALP(1) = (XE-X)/DX

IF (ALP(1)=ALP(4)) 523,522,524
IF (IPT.NE.O) GO TO 524

P =1

XE = XE+HE

GO TO 525

1P = IPT

IT = ITT

ALP(1) = ALP(4)

IF {SLP(1)«NEeOe) GO TO 610
IF (IPTWNE.O) GO TO 221

IF (IRS) 600,600,540

RESET RESTORE INTERVAL END-POINT
IRS = O

X = X0

L = IN(8)

DO 541 I=1sNE

RDEQ(I) = FDEQ(Is 9)

VDEQ(I) = FDEQ(I,10)

DO 542 I=1sNT

ADEQ(I) = FDEQ(I»L)

INTERPOLATE COMPUTE INTEGRALS AT XO+T#*H

IF (SLP{1)eEQeOs) GO TO LLFs (20052025220}

COMPUTE INTERPOLATION COEFFICIENTS
TMP (1) = ALP(1)

DO 611 I=1s6

TMP(I+1) = TMP(L)#TMP(T)/FLT(I+1)
DO 612 I=17»40

STP(I) o]

DO 614 I=1s6
DO 613 J=1s6
TMP(8) = CAI(I»J)

TMP(1+ 8) 8 TMP(I+ 8)+TMP(8)*TMP(J)

TMP{I+14) = TMP(I+14)+TMP(8)*TMP(J+1)
TMP(I+ 8) = TMP(I+ 8)/ALP(2)
TMP(I+14) = TMP(I+14)/ALP{3)

DEQDO300
DEQDO301
DEQDO0302
DEQDO303
DEQDO304
DEQDO0305
DEQDO306
DEQDO307
DEQDO308
DEQD0309
DEQDO310
DEQDO311
DEQDO312
DEQDO313
DEQDO314
DEQDO315
DEQDO316
DEQDO317
DEQDO318
DEQDO319
DEQD0320
DEQDO321
DEQDO322
DEQD0323
DEQDO324
DEQD0325
DEQDO326
DEQDO327
DEQDO328
DEQDO329 .
DEQDO330
DEQDO331
DEQDO332
DEGD0333
DEQD0334 .
DEQDO335
DEQDO336
DEQD0337
DEQD0338
DEQDQ 339
DEQDO340
DEQDO341
DEQDO342
DEQDO343
DEGDO344
DEQDO345
DEQDO346
D5QD0347
DEQDO348
DEQDO349
DEQDO350
DEQDO351
DEQDO352
DEQDO353
DEQDO354
DEGDO355
DEQDO356
DEQDO357
DEQDO0358
DEQDO359
DEQDO360
DEQDO361
DEQDO362
DEQDO363
DEQDO364
DEQDQO365
DEQDO366
DEQDO367
DEQDO368
DEQDO0369
DEQD0370
DEQDO371
DEQDQ372
DEQD0373
DEQDO374
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C INTERPOLATE TO XO0+T*H ’ DEQD0375

620 TMP(6) = DX*TMP (1) DEQD0376

X = XO+TMP{6) DEQDO377

DO 621 I=1sNE DEQD0378

VDEQ(I) = FDEQ(I,10) . DEQDO379

RDEQ(I) = FDEQ(I, 9)+DX*FDEQ(110) DEQD0389

DO 621 J=146 DEQD0381

L o= IN(J+2) DEQD0382

VDEQ(I) = VDEQ(I)+FDEQ(I,L)*TMP(J+ 8) DEQD0383

621 RDEQ(I) = RDEQII)+FDEQUIsLI*TMP{J+14) DEQDO384

GO TO 221 ° DEQD0385

C DEQD0386

C#*x% RETURN STOP POINT REACHED DEQD0387

c , DEQD0388

999 RETURN DEQDO389
END

PHILCO l Space & Re-entry
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Subroutine: DEQTR

Purpose: To compute parameters describing the precession of the
mean equator of date.

Calling Sequence: CALL DEQTR (T,A)
Input and Qutput

Symbolic Data
1/¢ | Name or Dizzggii:s S?gﬁgl Dimensions Description
Location or Units
1 T d sec Time from 1950 Jan 0.0 (ET)
é A(D) d cos Cosine of precession angle
¢ A(2) d sino Sine of precession angle
‘ 8 A(3) d € Mean obliquity of the
Ll ecliptic
- ¢ | A(4-6) d(3) w Vector along the axis of
- precession,
7%
Common storages used: None
Subroutines required: None
DEQTR-1
@é
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Method

The precession of the Earth's mean equator of date is described by

the three small angles Co’ Z, 9, where
Qo + Z = precession in right ascension

8 = precession in declination

Ecliptic of Date

Ecliptic of 1950

Mean Equator of Date

Mean Equator
of 1950

Precession of the Mean Equator

Numerical values for Qo, Z, 8 are given by reference 3, p. 30, in
tropical centuries (of 36524.21988 ephemeris days) from 1900.0 (1900 Jan
0.814 ET). The base coordinate system is equator and equinox of 1950.0
(1949 Dec 30.924 ET), and the corresponding expressions in Julian centuries

from TE1 are

DEQTR-2
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Sk

T. = Julian centuries from T

T =T, + 0.20824 X 10~

(al
L]

N
L]

L >)
it

E

El

5

2 p] 3

23047997T + 07302T° + 0”018T

: 20047298T -

1 23047997T + 17093T

0”426T% - 0”042T

2 3

+ 070181

3

The mean obliquity of the ecliptic, ;, from reference 3, p.38, is

6.2 o -1.3

¢ = 2374457878 - 0301301376TE - 0°8855 X 10" °T< + 0503 X 10 T

E v E

The transformation from mean EE of 1950.0 (C-frame) to mean EE of date

(Do-frame)

is

Tczno = Tw(d) = T3(-90°- 2) T,(8) T3(90°- £,)

Since retention of orthogonality in double precision calculation of

CZD from the expan51on of the right-hand side requires large polynomials

in T (through terms in T ), the eigenvector, W, and rotation angle, ¢,

together with the mean obliquity are computed by DEQTR, using

.I=F"LCH31!§§i

PHILCO-FORD CORPORATION

sin o

cos ¢

]

5,2 3

.0243708730T + .65233 x 10 °T° - .493T

’1 - sinza
-.83384 x- 10

.4347723663 -

-1,

-5.2 -8 TB

T  + .41 X 10

.2119164 X 1075T + .12169 X 107 °T? + .32 x 107373

DEQTR-3
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SIBFTC MC132Z XR3sM94sNODDsLIST
SUBROUTINE DEQTR (TsA)
C PRECESSION OF THE MEAN EQUATOR
DOUBLE PRECISION TsA(6)sC{4s4)4DSQART
DATA  C/=e493 D-7» ¢65233D~59 424370873 D-150400
1 s o8779D~83-015455D~T9-4227133008D-3s +409206191890
2 3 e41 D-B»~e83384D=5+0,D0 »0eDO
3 y 32 D—8s 412169D=55-42119164 D=3y 44347723663/

1 TC = T/3,15576D+9+0.20824D-05
DO 2 I=1s4

2 A(I+1) = C(1,1)
DO 3 1=244
DO 3 J=slyé

3 A(J+1) = CHIGJI+TC*A(J+])
A{l) = DSQRT(1.D0-A(2}1*A(2))
A(6) ==-1.D0

999 RETURN

END

| PHILCO "iﬁiil
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DEQRO001
DEQR0O002
DEQRO0O3
DEQRO0O0O4
DEQROOO5
DEGQRO0O6
DEGROOC7
DEQRO008
DEQRO009
DEQROO10
DEQROO11
DEQROO12
DEQROO13
DEQROO14
DEQROO15
DEQROOL6
DEQROO17

Space & Re-entry
Systems Division



Subroutine: DEQ3

Purpose: Integrates three second-order equatibns in double
precision. (See also DEQD).

Calling Sequence: CALL DEQ3 (FSUB,¢SUB)

Input and Qutput

" Symbolic Data
;J 1/¢ |Name or Di:::EI::s 852;:1 Dimensions Definition
Location or Units
o FSUB Name of subroutine which
h evaluates derivatives
| ¢SUB Name of subroutine which
controls output.

Common storages used: //(40),/pQ3cdM/
Subroutines required: FSUB,¢SUB

DEQ3-1

PHILCO I
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Restrictions

An "EXTERMAL PSUB,¢SUB" statement must be included in the calling program.
The subroutines FSUB, #SUB must have zero length call lists. For use with
OVERIAY, PSUB,¢SUB and the labelled common DQ3C#M must be included in the

link containing DEQ3 or in a higher link.

The functions of these subroutines are

FSUB Computes the second derivatives of
the dependent variables, and any

stopping functions.

¢SUB Provides for output at completion of
integration of each interval (regular
points) and at certain points cbtained . -

by interpolation, v

The Kutta mode may not be used if any interpolation is required (i.e.,

even interval output or stopping functions).

DEQ3-2
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SIBFT

nonN

CH¥Ex®

100
101

103
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C MC133E XR3,M94sNODDsLIST
SUBROUTINE DEQ3 (FSUB»OSUB) DEQ30001
DEQ@3 - DOUBLE PRECISION INTEGRATION DEQ30002
OF EQUATIONS OF STATE DEQ30003
DEQ30004
COMMON /DQ3COM/NDEQ{10)»CDEQ(10)»XDEQ (4) DEQ30005
1 sADEQ (B)sRDEQ (8)sVDEQ (8)+FDEQ (8,10) DEQ30006
DOUBLE PRECISION ADEQsFDEQsRDEQsVDEQ»XDEQ DEQ30007
1 sXs XFsXE»X0 DEQ30008
EQUIVALENCE (NDEQ{ 1)sNI)s(CDEQ( 13}sH )9 (XDEQL 1)»X ) DEQ30009
1 s {NDEQ( 2)sNO)s{CDEQ( 2)sHP) s (XDEQ( 2)sXF) DEQ30010
2 s (NDEQ( 3)sNS)s(CDEQ( 3)sHO)s(XDEQ( 3)sXE} DEQ30011
3 s (NDEGL 4)sNA)» (CDEQL 4)sHU)s (XDEQ( 4)sX0) DEQ30012
4 s (NDEQ{ 5)sNC)»{CDEQ{ 5)sHL) DEQ30013
5 s INDEQ( 6)sNE)» (CDEQ( 6)sHE) DEQ30014
6 s (NDEQ( 7)sNT)s{(CDEQ( T7)sEU) DEQ30015
7 s {NDEQ( 8)»IP)»(CDEQ{ 8),EL) DEQ30016
8 s (NDEQL 9)9IT) DEQ30017
DEQ30018
COMMON STP(40) DEQ30019
DOUBLE PRECISION TMP(20) DEQ30020
EQUIVALENCE (STP(1)sTMP) DEQ@306021
DEQ30022
DOUBLE PRECISION ALP(4)sCQAD112)sCRXA4)9sDCN(2) sDXsFLT(T) DEQ30023
DIMENSION CAE  (7)sCDB{792)sCQK {2C)sSFL (14) DEQ30024
1 sCAI{636)sCHVIE93 )5 IN (8)sSLP (8) DEQ@30025
2 sCCVI(83619CQA (12) DEQ30026
EQUIVALENCE {ALP{1)sSLP) 9 (FLT(1)sSFL) DEQ30027
DEQ30028
DATA CAE/ 1.9 -643 15e9~204s 153 =609 le/ DEQ30029
DATA CAI/5%0,960es =124 75es —200¢s 300ss —~300er 137, DEQ30030
1 9 ~50s9 30549 —T7806s 1070es =770e> 225, DEQ30031
2 3 —105e9 615e9~1670es 1770e9~1065e9 255, DEQ30032
3 s ~120ss 6604ss~1440,y 156045 =840, 180, DEQ30033
4 s —~60es 30006y —600es 6004s =3004>s 60,4/ DEQ30034 .
DATA CCV/ 3864e¢9~=320009—649649=1539691232709~4300e9 —224ey 324¢ DEQ30035
1 9 117609 —~40009-3584ey =9T72e9 7812¢9—3600ss Oes 324 DEQ30036
2 s 126e9 300s9~13440e9 —405es 3717e9-18004> Oes 162 DEQ30037
3 ’ Qe Os» Oes Oesy 75640 Do Qe Oe DEQ30038
4 s Bhes ~200ey 224e> Bles =357es T00es 2240 O« DEQ30039
5 s =336es BUDes ~8964y -324es 1092es —~B0Oes 896es 324/ DEQR30040
DATA CDB/ ~22409 =112e9 =484y 2803 21063 140 Te DEQ30041
1 3-2400e9~1008es =560e9 21065 2100es 157549 84e/ DEQ30042
DATA CHV/=0,01171875s 04¢08203125,=-042734375 » 0,8203125 DEQ30043
1 s 06410156259=0402734375y 0011718755~0.09865625 DEQ30044
2 s 005859375 5 005859375 9~0e09865625s 001171875 DEQ30045
3 s 06027343755 ~0617578125s 044921875 4-0,8203125 DEQ30046
4 » 1230468755 0024609375/ DEQ30047
DATA CQA/ ~8634s 5260e9—134740y 1875249154874 10852 DEQ30048
1 s =33254y 20139¢9-510864y 6987444-554614s 29939,/ DEQ30049
DATA CQK/ 2268 Oos 2268es 1680es <1964 7844 420« DEQ30050
1 s 140045 4480 s Oes 45365 —396%9.s 85059 13944 DEQR30051
2 »—15680s9 62724 42049 2000ss 179245 3244/ DEQ30052
DATA CQX/ 140D+0s 1+0D+0s +75D+0s +30D+0/ DEQ30053
DATA DCN/ 3.168648818567611s 3,966129870129870/ DEQ30054
DATA FLT/ 1eD0s 24D0s 3eD0» 4oD0s 5eD0s 6eD0s 74D0/ DEQ30055
DEQ30056
PROLOGUE SET FIXED DATA AND SWITCHES DEQR30057
DEQ30058
DO 101 I=1,8 DEQ30059
IN(IY = 1 DEQ30060
HP = 0. DEQ30061
EL = EU/128, DEQ30062
ASSIGN 234 TO LLA DEQ30063
ASSIGN 480 TO LLB DEQ30064
ASSIGN 480 To LLC DEQ30065
ASSIGN 200 TO LLD DEQ30066
ASSIGN 521 TO LLE DEQ30067
ASSIGN 200 TO LLF DEQ30068
IF (NI.EQ.O0) GO TO 103 DEQ30069
IF (NSeNEe.C} ASSIGN 502 TO LLE DEQ30070
IF (NAGNELO) ASSIGN 450 70O LLC DEQ30071
ASSIGN 202 TO LLF DEQ30072
IF (NCeNEe2} ASSIGN 220 TO LLF DEQ30073
IRT =1 DEQ30074

Space & FMe-entry
Systems Division



RS 0
PT 0
P

be R

= 2

- o.
ALP{4) = 04D0
GO TO 480
140 H B HO
TMP{1) = XF=X
IF (STP{l1)elLTe0e9 H=-H
IF (STP{1)/HeGTe24) GO TO 141
H = TMP(1)/2.D0

IPT = 3
141 1P = 3
IF (ABS(H)eEQe0e) GO TO 221
IP =0
IT=20
N1 = NE+1
NT = NE+NS
C
Cx%#% CONTROL SELECT COMPUTATIONAL PATH
C
C COMPUTE AND LOAD DERIVATIVES

200 I = IN(1)
DO 201 J=1s7
201 INCJ)Y) = IN(J+1)
IN(B) = 1
202 CALL ‘FsUB
I = IN(8)
DO 203 J=1sNT
203 FDEQ(JsI) = ADEQ(U)
GO TO (220s40194805440) $IRT

C OUTPUT CONTROL
220 IF (IP.NE.O) GO TO 221
IF (NO.EQeU) GO TO 233
221 CALL OSsuB

C
C IDENTIFY POINT TYPE AND SELECT PATH
230 IF (IP) 231,232,232
231 IPT = 0
NS = 0
NT = NE
XF = XF+FLT(7)*%DX
GO TO 300

232 IF (IP-1) 233,520,480
233 GO TO LLA» (23454005300)
234 IF (HP+EQeOo) GO TO 400
ASSIGN 400 To LLA
IF (NI.EQ.O0) GO TO 400
ASSIGN 300 TO LLA
ASSIGN 420 TO LLB
ASSIGN 500 To LLD
GO TO 400

CH¥Ex® NEXT INTERVAL SIZE CONTROL

C SELECT NEXT INTERVAL SIZE
300 IF (IDL«GTe0)y GO TO 301
IF (ABS(H)eGEesHU) GO TO 404
GO TO 340
301 IDL = IDL-1
GO TO 404

'a¥a}

DOUBLE SPACING OF ADAMS ORDINATES
340 H = H¥SFL(3)

I IN(TY

J IN(S)
IN(T) IN(6)
IN(S) IN(4)
IN(5) IN(2)
IN(&) I
IN(2) J

DO 342 1=1sNT
TMP(1) = 0.DO
TMP(2) = 0.DO

PHILCO l

bHILCﬂ-FQHD CORPORATION

DEQ30075
DEQ30076
DEQ30077
DEG30078
DEQ30079
DEQ30080
DEQ30081
DEQ30082
DEQ30083
DEQ30084
DEQ30085
DEQ30086
DEQ30087
DEQ30088
DEQ30089
DEQ30090
DEQ30091
DEQ30092
DEQ30093
DEQ30094
DEQ30095
DEQ30096
DEQ30097
DEQ30098
DEQ3009%9
DEQ30100
DEQ30101
DEQ30102
DEQ30103
DEQ30104
DEQ30105
DEQ30106
DEQ30107
DEQ30108
DEQ30109
DEQ30110
DEQ30111
DEQ30112
DEQ30113
DEQ30114
DEQ30115
DEQ30116
DEQ30117
DEQ30118
DEQ@30119
DEQ30120
DEQ30121
DEQ30122
DEQ30123
DEQ30124
DEQ30125
DEQ30126
DEQ30127
DEQ30128
DEQ30129
DEQ30130
DEQ30131
DEQ30132
DEQ30133
DEQ30134
DEQ30135
DEQ30136
DEQ30137
DEQ30138
DEQ30139
DEQ30140
DEQ30141
DEQ30142
DEQ30143
DEQ30144
DEQ30145

DEQ30146
DEQR30147
DEQ30148
DEQ30149
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£l

341
342

360

361

362

363

CHIRE
400

401

402

403

404

410

411
' 412

413

CHEERE

420

PHILCO "iiﬁil

PHILCO-FORD CORPORATION

DO 341 J=1,7

L = IN(J+1)

TMP (1) & TMP(1)+CDBI(Js1)#FDEG(TsL)
TMP(2) = TMP(2)+CDB(J»2)*FDEQ(IsL)

L o= IN(4) .
FDEQ(IsL) = TMP(1)
L o= IN(3)
FDEQ(IsL) = TMP(2)
GO TO 403

HALVE SPACING OF ADAMS ORDINATES
H = H/SFL{3) !

DO 363 I=1sNT

DO 361 J=1,6

STP(J) = 0O,

DO 362 J=1y6

L = IN(J+1)

TMP(4) = FDEQ(IsL)

DO 362 K=1,3

TMP(K) = TMP{K)+TMP (4)%CHV{Js»K)

DO 363 J=1,3

L o= IN(J+1)

FDEQUIsL) = TMP(J)

I = IN(8)

IN(8) = IN{7)

INCT7) = IN(4)

IN(&4) = IN(5)

IN(5) = IN(2)

IN(2) =1

GO 7O 403

QUADRATURE INTEGRATE TO XO+H
LOCATE KUTTA SUBSTITUTION COEFFICIENTS
IRT = 2

1sB = 9

ICN =1

ISB = ISB~-1

DX = H*CQAX(1S5B-4)

DO 402 I=15B,8

CQD(I=2) | CQK(ICN)/4536.D0
CQD(I+4) = CQK(ICN+10)/45364D0
ICN = ICN+1

GO TO 410
IDL = 2
DX = H
ALP(2)
ALP(3)

= 604D0/DX
IRT = NRT

ALP({2) /DX

INTEGRATE/PREDICT
X = X0+DX

DO 413 I=1,3

TMP (1) = 06D0
TMP(2) = 0.D0

DO 411 J=15B,8

L o= IN(J)

TMP (1) = TMP(1)+CQD{J=2)*FDEQ(1,L)
TMP(2) = TMP(2)1+CAD(J+4)%*FDEQ(IsL)
DO 412 J=1,2

TMP(J) = FDEQ(Is10)+DX¥TMP{J)
RDEQ(T) = FDEQ(Is9)+DX*¥TMP(1)
VDEQ(I) = TMP(2)

IF (IRTeNE.2) GO TO 200
IF (ISB«GT«5) GO TO 200
GO TO LLB» (480+4205440+432)

CONVERT CHANGE FROM START TO ADAMS MODE

COMPUTE ADAMS ORDINATES
H = H/SFL(3)

DO 422 1I=1sNT

DO 421 J=1s6

TMP(J) = 0.D0

DO 421 L=1,8

DEQ30150
DEQ30151
DEQ30152
DEQ30153
DEQ30154
DEQ30155
DEQ30156
DEQ30157
DEQ30158
DEQ30159
DEQ30160
DEQ30161
DEQ30162
DEQ30163
DEQ30164
DEQ30165
DEQ30166
DEQ30167
DEQ30168
DEQ30169
DEQ30170
DEQ30171
DEQ30172
DEQ30173
DEQ30174
DEQ30175
DEQ30176
DEQ30177
DEQ30178
DEQ30179
DEQ30180
DEQ30181
DEQ30182
DEQ30183
DEQ30184
DEQ30185
DEQ30186
DEQ30187
DEQ30188
DEQ30189
DEQ30190
DEQ30191
DEQ30192
DEQ30193
DEQ30194
DEQ30195
DEQ3019é6
DEQ30197
DEQ30198
DEQ30199
DEQ30200
DEQ30201
DEQ30202
DEQ30203
DEQ30204
DEQ30205
DEQ30206
DEQ30207
DEQ30208
DEQ30209
DEQ30210
DEQ30211
DEQ30212
DEQ30213
DEQ30214
DEQ30215
DEQ30216
DEQ30217
DEQ30218
DEQ30219
DEQ30220
DEQ30221
DEQ30222
DEQ30223
DEQ30224
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421

422

430

431

432

CHIHH

440

441

442

450

481

482

CHHH*

500

501
502

TMP(J) = TMP(J)+CCVILsJI*FDEQ(IsL)
DO 422 J=3,8
FDEQ{IsJ) = TMP(J=2)/7564D0

SET ADAMS INTEGRATION PARAMETERS
I1sB = 3

NRT = 3

ASSIGN 480 TOo LLB

DO 431 I=1s12

CAD(I}) = CQA(I)/10080.D0C

IF (NA+NC<EQ.0) GO TO 480

NRT = &
IDL = &
IP = IPT

ASSIGN 432 TO LLB

IF {IPeNE«O) GO TO 221
GO TO 480

IF (IDLeGTel) GO TO 480
ASSIGN 440 TO LLB

CORRECT TEST ACCURACY AND ADD ADAMS CORRECTOR
ADD CORRECTOR AND COMPUTE MAXIMUM

STP{1) = Oe
DO 442 I=1,3

STP(2) = ABSIVDEQ(I))

IF (SFLI1Y«GT«STP{21) STP(2) = SFL(1)
TMP({3) = 0eDO

DO 441 J=1»7

L = IN(J+1)

TMP(3) = TMP(3}+CAE(JI#FDEQ{TsL)
TMP(3) = DX*¥TMP(3)/DCN(1)

TMP(2) = DX¥TMP(3)/DCN(2)

STP(2) = ABS(STP(57)/5TP(2)

IF (STP(2)eGT«STP(1})) STP{1) = STP(2)
IF (NCeEQs0) GO TO 442

RDEQ(I) = RDEQ(T)+TMP(2)

VDEQ(I) = VDEQ(I)+TMPI(3)

CONTINUE

GO TO LLC» (480,450)

TEST ACCURACY

IF (STP(1)eLTsEL) GO TO 480
IDL = IDL+1

IF (STP(1)eLTeEU) GO TO 480
IF (ABS(H)«LE«HL) GO TO 480
GO TO 360

ADVANCE STORE 1CS FOR NEXT INTERVAL

IRT = 1

HP = H

DO 481 I=1s3

FDEQ(Is 9) = RDEQ(I)
FDEQ(I»10) = VDEQ(I)
X0 = X

IF (IP-2) 48251405999
GO TO LLDs (5005,200)

TEST LOCATE AND ORDER SPECIAL ‘POINTS

FIND STOPPING POINTS
ALP(4) = 0.DO

IPT = 0
ITT = 0
ALP{1) = (XF-X)/DX

IF (SLP(1)eGTe0s) GO TO 501
ALP(4) = ALP(1)

IPT = 3

GO TO LLEs (502+521)

K = IN{(8)

L = IN(7)

DO 512 I=N1sNT

TMP(2) = FDEQUIsL)-FDEQ(TsK}
M =3

PHILCO l

‘PH!LCO-FQRQ CORPORATION

DEQ30225
DEQ30226
DEQ30227
DEQR30228
DEQ30229
DEQ30230
DEQ30231
DEQ30232
DEQ30233
DEQ30234
DEQ30235
DEQ30236
DEQ30237
DEQ30238
DEQ30239
DEQ30240
DEQ30241
DEQ30242
DEQ30243
DEQ30244
DEQ30245
DEQ30246
DEQ30247
DEQ30248
DEQ30249
DEQ30250
DEQ30251
DEQ30252
DEQ30253
DEQ30254
DEQ30255
DEQ30256
DEQ30257
DEQ30258
DEQ30259
DEQ30260
DEQ30261
DEQ30262
DEQ30263
DEQ30264
DEQ30265
DEQ30266
DEQ30267
DEQ30268
DEQ30269
DEQ30270
DEQ30271
DEQ30272
DEQ30273
DEQ30274
DEQ30275
DEQ30276
DEQ30277
DEQ30278
DEQ30279
DEQ30280
DEQ30281
DEQ30282
DEQ30283
DEQ30284
DEQ30285
DEQ30286
DEQ30287
DEQ30288
DEG30289
DEQ30290
DEQ30291
DEQ@30292
DEQ30293
DEQ30294
DEQ30295
DEQ302%6
DEQ30297
DEQ30298
DEQ30299
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503

504
505
506
507

508

509

510

511

512

520
521

522
523

524
525

CHERH®

540

541
542

CHRERH

600

610
611

612

613

614

PHILCO l

PHILCD-FORD CORRPQRATION

oT

G 0 504
K = IN(
M= 2

6)

TMP(2) = (TMP(2)+FDEQ(IsK)~FDEQ(IsL)}/FLT(2)
IF (5TP(3)+EQe0e) GO TO 506

TMP(1) = FDEQ(IsL)/TMP(2)-FLT(1)
IF (STP(1)GTeSLP(7)) GO TO 506

IF (STP(1)+SFL(3)4LEsOs) GO TO 506
GO TO (512+507507) »M

GO TO (51255125503) M

M =1

DO 508 J=1»12

STP(J+6) = O,

DO 509 J=1y6

L = IN(J+2)

TMP(10) = FDEQ{I»sL)

DO 509 K=156

TMP{K+3) = TMP(K+3)}+TMP(10)1%#CATI(JyK)

DO 510 J=1s5

K = 5-J

TMP(9) = TMP(K+4)+TMP(9)*TMP(1)/FLT(K+1)
TMP(3) = TMP(9)/TMP(2)/60.D0

TMP(L) = TMP(1)+TMP(3)

IF (ABS{STP(5)1+6TeelE~11) GO TO 505
IF (TMP{1)-ALP(4)) 511+511,512

IPT = 3

ITT = 1

ALP{4) = TMP(1)

CONTINUE

GO TO 521

FIND EVEN-INTERVAL POINT
IRS = 1

ALP(1) B (XE~X)/DX

IF (ALP{1)-ALP(4)) 52345224524
IF (IPTeNELO) GO TO 524

P =1

XE B XE+HE

GO TO 525

P = IPT

IT = ITT

ALP(1) = ALP(4)

IF (SLP{1)«NE«QOe) GO TO 610
IF (IPTeNE.O) GO TO 221

IF (IRS) 600,600,540

RESET RESTORE INTERVAL END-POINT
IRS = 0

X = X0

L = IN(8)

DO 541 I=1,3

RDEQ(I) = FDEQ{I,s 9)

VDEQ(I) = FDEQ(I»10)

DO 542 I=1sNT
ADEQ(I) = FDEQ(I,L)

INTERPOLATE COMPUTE INTEGRALS AT XO+T#H
IF (SLP(1)eEQeQe) GO TO LLF» (20019202»220)
COMPUTE INTERPOLATION COEFFICIENTS

TMP (1) = ALP(1)
DO 611 I=1s6

TMP{I+1) = TMPIL)*TMP(I)/FLT(I+1)

DO 612 1=17540

STP(I) = O,

DO 614 I=1,6

DO 613 J=1,s6

TMP(8) = CAI(IsJ)

TMP(I+ 8) = TMP(E+ B)+TMP(8)*TMP(J)
TMP({I+14) = TMP{I+14)+TMP(8)¥TMP(J+1)
TMP(I+ 8) = TMP(I+ 8)/ALP(2)
TMP(1+14) = TMP(I+14)/ALP(3)

DEQ30300
DEQ30301
DEQ30302
DEQ30303
DEQ30304
DEQ30305
DEQ30306
DEQ30307
DEQ30308
DEQ30309
DEQ30310
DEQ30311
DEQ30312
DEQ30313
DEQ30314
DEQ30315
DEQ30316
DEQ30317
DEQ30318
DEQ30319
DEQ30320
DEQ30321
DEQ30322
DEQ30323
DEQ30324
DEQ30325
DEQ30326
DEQ30327
DEQ30328
DEQ30329
DEQ30330
DEQ30331
DEQ30332
DEQ30333
DEQ30334 -
DEQ30335
DEQ30336
DEQ30337
DEQ30338
DEQ30339
DEQ30340
DEQ30341
DEQ30342
DEQ30343
DEQ30344
DEQ30345
DEQ30346
DEQ30347
DEQ30348
DEQ30349
DEQ30350
DEQ30351
DEQ30352
DEQ30353
DEQ30354
DEQ30355
DEQ30356
DEQ30357
DEQ30358
DEQ30359
DEQ30360
DEQ30361
DEQ30362
DEQ30363
DEQ30364
DEQ30365
DEQ30366
DEQ30367
DEQ30368
DEQ30369
DEQ30370
DEQ30371
DEQ30372
DEQ30373
DEQ30374
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C INTERPOLATE TO XO+T*H ’ DEQ30375

620 TMP{6) B DX*#TMP(1) DEQ30376

X = X0+TMP(6) DEQ30377

DO 621 I=1,3 DEQ30378

VDEQ(1) = FDEQ{(I,10) DEQ30379

RDEQ(I) = FDEQ(1» 9)+DX*FDEQ(1,10) DEQ30380

DO 621 J=196 DEQ30381

L = IN(J+2) DEQ30382

VDEQ{I) = VDEQ{I)+FDEQ(IsL)*TMP(J+ 8) DEQ30383

621 RDEG(I) = RDEQ{I)+FDEQ(T,LI*TMP{J+14) ° DEQ30384

GO TO 221~ DEQ30385

c DEQ30386

C*#%% RETURN STOP POINT REACHED DEQ30387

C . DEQ30388

999 RETURN DEQ30389
END

PHILCO ]
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Subroutine: DGIRN

Purpose: To compute the transformation matrix corresponding to:

(1) a rotation about a given line, or (2) a sequence of

rotations about the coordinate axes.

Calling Sequence: CALL DGIRN (T, N, A, M)
CALL DGTRN (T, 0, A, W)

S

Input and Qutput

Symbolic Data

1/¢| Name of n1£§§§§§:s s?:;gl Dimensions Definition
Location or Units

I N ) Axes of rotation.

1 A aM) Angles of rotation.

I M Number of rotations.

1 W a(3) Vector along line of rota-

tion.
] T d(3, 3) Transformation matrix.

Common storages used: 72 cells

Subroutines required: DGISN

Srco]

PHILCO-FORD CORPORATION

DGTRN-1

Space & Re-entry
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PHILCO l

PHILCO-FORD CORPORATION

SIBFTC MCl32L XR3,M94,NODDsLIST

SUBROUTINE DGTRN (TsNsAsM)

DOUBLE PRECISION A(10)sCA»SAsDSINIDCOS
COMMON SAV(32)sCAL10)s5SA(10)
MG = 1

IF (NeNEeQ) MG=M

DO 2 I=1sMG

CA(I) = DCOS(A(I))

SA(1lY = DSIN(ALLY)

CALL DGTSN (TsNsSAsCAsM)

RETURN

END

DGTR0001
DGTR0002
DGTRO003
DGTRO004
DGTRO00S
DGTRO006
DGTRO007
DGTROOQ08
DGTR0009
DGTROO10

Space & Re-entry
Systems Division



Subroutine: DGTSN

urpose: To compute the transformation matrix corresponding
to: (1) a rotation about a given line, or (2) a
sequence of rotations about the coordinate axes.

Calling Sequences: CALL DGTSN (T,N,SA,CA,M) "
CALL DGTSN (T,0,SA,CA,W)

Input and Qutput

Symbolic Data
- 1/6| Name or Dizzzgizzs Sma;21 Dimensions Definition
Location ym or Units
I N M) Axes of rotations.
I SA amM) Sines of angles of
rotation.
I CA d(M) Cosines of angles of
. rotation.
I M Number of rotations.
I W a(3) Vector along line of
i rotation.
(] T d(3,3) Transformation matrix.

Common storages used: 32 cells

Subroutines required: DVNORM

DGTSN-1

PHILCO l Space & Re-entry

PHILCD-FORD CORPORATION Systermns Division




$IBFTC MC132N XR3,M944NODD»LIST

SUBROUTINE DGTSN (TsNsSAsCAsM) DGTS0001

DOUBLE PRECISION CA(10)9SA(10)sT(9) DGTS0002

1 sSTL 9)sWT( 5)9SsC DGTS0003

INTEGER N(10)sNN(4) DGTS0004

COMMON SS5118)sWT9SsC DGTS0005

EQUIVALENCE (SS{ 1)9ST) DGTS0006

DATA NN/6sT79293/ DGTS0007

C DGTS0008

1 MG = 1 DGTS0009

ASSIGN 20 TO LL DGTS0010

IF (NeEQ.0) GO TO 10 ) DGTS0011

DO 2 I=1,18 DGTS0012

2 SS(1) = 0. DGTS0013

DO 3 1=1,18s8 DGTS0014

3 SS(1) = 1l ) DGTS0015

MG = M DGTS0016

ASSIGN 30 TO LL DGTS0017

C DGTS0018

10 DO 35 I=1.MG DGTS0019

C = CA(IY DGTS0020

g § = SALIY DGTS0021

. GO TO LLs (20»30) DGT50022

. C DGTS0023

20 CALL DOVNORM{(MsWT) DGTS0024

L =1 DGTS0025

~ WT{(4) = 1le=C DGTS0026

' DO 21 J=1+3 DGTS0027

L WT(5) = WTL4y%WT () DGTS0028

DO 21 K=1,3 DGTS0029

ST(L) = WT(5)*WT(K) DGTS0030

21 L = L+1 DGTS0031

. DO 22 J=1+994 DGTS0032

s 22 ST(J) = STLIY+C DGTS0033

DO 23 J=1-3 DGTS0034

L K = NN(J} DGTS0035

L = NN{J+1)+1 DGTS0036

STI(K) = ST(K)~S*WT(J) DGTS0037

23 ST{L) = STILY+S*WT(J) DGTS0038

GO TO 35 DGTS0039

s C ) DGTS0040

! 30 J = IABS(N(Iy)+1 DGTS0041

- IF (N{I)elLTeD) S==5 DGTS0042

- IF (JeGTW43) U=1 DGTS0043

K = J+l DGTS0044

IF (KeGT#3) K=1 DGTS0045

DO 31 L=1s3 DGTS0046

WT(4) = ST DGTS0047

- ST(J) = C*¥WT(4)+5%ST(K) DGTS0048

ST(K) ==S*¥WT(4)+C*ST(K) DGTS0049

e J = J+3 DGTS0050

y 31 K = K+3 DGTS0051

il 35 CONTINUE DGTS0052

DO 36 I=1+9 DGTS0053

36 T(I) = STLI) ’ DGTS0054

e RETURN DGTS0055
“ﬁ END

PHILCO "iﬁ#il Space & Re-entry

PHILEO-FORD CORPORATION SVSGBMS Division




Subroutine: DIFC@R

Purpose: To control integration of the nominal trajectory and

the accumulation of differential corrections to the
estimate.

Calling Sequence: CALL DIFC@R

Common storages used: /DCPC@M/,/DCRC@M/,/SBFCEM/

Subroutines required: ESTMAT,EST@UT,@VRLYD, TRAJDP,UPDATP

DIFC@R~-1

PHILCO l

. Space & Re-entry
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DIFC@R .

(" Overlay desired? )
f Yes
@VRLYD
Read overlay data
into DCPC@M
iy
Propagation( Process typel )Estimation
Initialize commons '
[yp=1 | NTP = 2 |
() | | .
TRAJDP
Integrate to
propagation stop
or new anchor point
C Error? . )Yes

f No

Yes Propagation stop "Wo
or new anchor point? [

ESTMAT

: UPDATP

Jate Govar Compute differential >

Update covariance > <corrections from da
matrix

Error? )ZE;

| No

-
EST@UT
Output estimate and
covariance matrix

( Process completed? ) Tos e

A

DIFC@R-2

PHILCO I
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$IBFTC MC133H XR3sM94sNODDsLIST . ‘
SUBROUT INE DIFCOR DIFC0001

c CONTROL ROUTINE FOR DCP ESTIMATION/PROPAGATION LINKS DIFC0002
c _ DIFC0003
COMMON /DCPCOM/CDCP(930) DIFC0004
DIMENSION STIMNX(20) DIFC0005
DOUBLE PRECISION  STIMR(2) DIFC0006
) EQUIVALENCE (COCP(111)1ERR ) s (CDCP{740) sNPREST) DIFC0007

' 1 » (CDCP(758) s INDSTAI s (CDCP{732) sNPROVR) DIFC0008 i *
2 s (CDCP (7561 » [PROCS) s (CDCP(123)sSTIMNX) DIFC0009
3. » (CDCPU1US) sMAXZ ) s(COCP(7811sSTIMR ) DIFC0010
c DIFCOO11
COMMON /SBFCOM/CSBF (12) sRBF (45) sVBF (4558) : DIFCO012
DOUBLE PRECISION  RBF,VBF : DIFC0013
EQUIVALENCE (CSBF (2) sNTP} : DIFCO014
< DIFC0015
COMMON /DCRCONM/ZBAR(3C) »ZHAT(3C) sZTOT(301»DCSAVE(T4)  DIFCO016
g DOUBLE PRECISION  ZBAR sZHAT »2TOT DIFCO017
c DIFCO018
LOGICAL LTRAJ DIFC0019
¢ DIFC0020
6U1 FORMAT(1HU/ /45X 24H* %% PROPAGATION LINK **¥%/1H ) DIFC0021
73 6U2 FORMAT(1HU//45Xs23H¥* %% ESTIMATION LINK *¥¥/1H ) DIFC0022
. 6U3 FORMAT (1HU//43Xs20H**#* EXIT PROPAGATION LINK #¥%) DIFC0023
604 FORMAT(1HU//43X,28H¥*%X £XIT ESTIMATION LINK %) DIFC0024
c DIFC0025
. c READ OVERLAY DATA DIFC0026
1 IF (NPROVRWNEsu) CALL OVRLYD(CDCP) DIFC0027
i GO TO (10s20) »IPROCS DIFC0028
. c DIFC0029
c PROPAGATE DIFC0030
10 NTP = 1 DIFC0031
WRITE (6+601) DIFC0032
GO TO 30 DIFC0033
C DIFC0034
c ESTIMATE DIFC0035-
20 CONTINUE DIFC0036
DO 21 I=1s>MAXZ DIFC0037
: ZBAR(I) = 04DO DIFC0038
) ZHAT(T) = 0400 DIFC0039
21 ZTOT(1) = 0.DC ; DIFCO040
DO 22 I=1s6 DIFC0041
22 CSBF(I) = O DIFC0042
,,,,,, NTP = 2 DIFC0043
LTRAJ = ,FALSE. DIFC0044
WRITE (6+602) DIFC0045
c DIFC0046
c INTEGRATE DIFC0047
= 30 CALL TRAJDP DIFC0048
IF {IERR.NEWC) GO TO 999 DIFCO049
. IF (NTP.GE.3) GO TO 33 DIFC0050
: 31 CALL UPDATP DIFC0051
NPREST = U DIFC0052
32 CALL ESTOUT DIFC0053
IF (NTP,EQ.1) GO TO 950 DIFC0054
s IF (NTP.EQe4) GO TO 900 DIFCO055
. NTP = 2 DIFC0056
; GO TO 30 DIFC0057
e : 33 CALL ESTMAT (LTRAJ) DIFC0058
IF (IERR.NEWC) GO TO 999 DIFC0059
Go TO 32 DIFC0060
c DIFC0061
900 STIMNX(INDSTA) = STIMR(2) DIFC0062
WRITE (65604) DIFC0063
GO TO 999 DIFC0064
950 WRITE (6,603) DIFC0065
999 RETURN DIFC0066

END
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Subroutine: DINVRT
Purpose: To invert a double precision matrix of any dimension,
possibly stored as a submatrix of a larger array.

Replaces the matrix by its inverse.

Calling Sequence: CALL DINVRT(A,N,M)
Input and Qutput:

Symbolic Data
1/¢| Name or Dizz;s;z:s SMaﬁgl Dimensions Definition
. Location ym or Units
_ 1¢ A | d, 8) I = matrix to be in-
verted.
¢ = inverse of input
matrix.
1 N Dimension of matrix
to be inverted.
I M ‘ Dimension of storage
array.

Common storages used: 7+ N

Subroutines required: None

DINVRT-1

PHILCO l Space & Re-entry
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Method:

Reference: F.B. Hildebrand, '"Introduction to Numerical Analysis,"
McGraw-Hill, 1956.
The inverse of the n X n matrix A = {Aij} is the solution, X = A-l, of

the matrix equation

AX = T (1)

It is obtained by premultiplying both sides of (1) by a sequence of

matrices chosen to eliminate the matrix from the left-hand side.

The sequence of matrices used in this subroutine constitute a Gauss-
Jordan reduction. Storage is shared between the reduced matrix and its
inverse during the inversion.

.....

We define an augmented matrix,

M=(AiD) (2)
We may place 1 on the main diagonal and null the remaining elements » o

of the first column by premultiplying by the matrix

'
'

1 ' -—

E, = /a11 E 0 3) “
........... brcemenen 3

1
:
-3 / ]
21 alls
'
'
:
-8 / ]
31 alls
. ]
1
R '
'

. : I
. '
i
-g / t

I nl alli -
DINVRT-2
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Similarly, the second column diagonal element 1is replaced by 1 and

the remaining elements of the column are nulled by premultiplication by

S ' 1
[} ]
1 «al, /al, '+ O
B, = | 2B )
] ]
" :
]
0! l/a22 1o
——hccmccama—— eman
1 ]
' :
]
1 a3p/8p, |
i . '
1 : 1
] . ]
- | ' :
] ]
_0 | 'an2/322 v I ]

where primes denote the elements resulting from the previous premultiplication.

We proceed columnwise across A in this fashion, obtaining finally an

auxiliary matrix,

)

C'=EE 4+« + EE

1’ 271

The determinant of the matrix A is the product of the divisors of the

Ej’ as may be seen from

1,
L'ey | = "/ajy

it

(6)

-
]

lxl=le)le . .l5 |14l

The principal disadvantage of this process as described is the use
of Zn2 storage locations for the augmented matrix. The process is however,
easily modified to share storage between the reduced matrix A' and the

uncompleted inverse.

DINVRT-3
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Since the columns preceding the jth have nonfiero elements only on the
main diagonal before the jth premultiplication, they are not changed during
that premultiplication. Similarly, the columms after the jth in the right

half of the augmented matrix are not changed. We need not, then, store the
columns known to contain 0's and 1's and both right and left matrices may

be stored in the single n X n array, with appropriate attention to the jth

row'

We obtain the process

iy = 1/ajj i=3j
-aij i#j
)
8k = aj, *aja L K #3
TR PO T 174

repeated for j =1, 2, . . ., n. Again, after n steps, X = A  occupies

the spaces originally occupied by A.

Finally, we note that maximum numerical accuracy is obtained if the

diagonal element aji has the largest magnitude of the elements remaining =

in the unused rows and columns in A'. Then, if on the jth step, aik is

the element of largest magnitude, we may eliminate the Kkt column by

placing a 1 in aik by the process

- ' =
ay 1/aik 2=1
- 1 : ]
am/aik L #£1i
a'! = a' +a' a! L#i, m#k ®
fm im fk ik ?
' = '
a;, a;, L#k
DINVRT-4
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Although the column available for storage is the kth, the column of

the right matrix stored there is its ith. In addition, the resulting left
half is a matrix with ones on each row and column, but not necessarily
on the diagonal. It is necessary to record the locations of the 1's and

to ugse this record to reorder the rows and columns of the inverse.

DINVRT-5
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$IBFTC MC13MH XR34M94sNODDLIST

SUBROUTINE DINVRT(AsNsM) DINV0001
C REPLACES THE N BY N MATRIX A BY ITS INVERSE. DINV0002
c A IS STORED IN THE CALLING PROGRAM AS A SUBMATRIX OF AN M BY M DINV00O3
c ARRAY» DINVOO004
C : DINV00OS
DOUBLE PRECISION AsTsS DINVOQO6
DIMENSION A(1) DINVOO0O7
COMMON TsSaNDsNMsNT s IN(20) DINV00OS8
1 CONTINUE DINV0009
NI=N DINV0010
NM=M DINV0O11
IFINI19995999,2 : DINV0012
2 ND=NM-NI DINVOO13
NN=NT*NM DINVOOl4
DO 3 Js1l,NI DINV0O15
o 3 IN(JI=0 DINVOO16
3 10 DO 29 L=1sNI DINVOO17
| T=0,0 : DINVO018
il K=1 DINVO019
DO 16 J=1sNI DINVO020
DO 12 I=1sNI DINV0O021
IFCIN(IN=J)12s11912 DINV0022
11 K=K+NM DINV0023
GO TO 16 DINV0024
12 CONTINUE DINV0025
- DO 15 I=1sNI DINVO026
IFCIN(INI15,13515 DINV0027
13 IF( DABS(A(K)I-DARS{T) ) 15s15s14 DINV0028
14 IcoL=J DINV0029
IROW=1 DINVO0030
K1=K , DINVO031
T=A{K) DINVO032
15 K=K+1 DINV0033
K=K+ND DINVOO034
16 CONTINUE DINV0035
20 IN(IROW)=1COL DINV0036
AlK1)=1e0 DINVOO037
ool 21 K=K1~IROW DINVO038
DO 24 I=1sNI DINVO039
K=K+1 DINV0040
IF(IROW=1122+241422 DINVO041
22 S=-A(K)/T , DINVOO042
- A{K)=0,0 DINVO0043
Ji=1 DINVOO44
oy DO 23 J=IROWsNNsNM . DINV0045
ALJ1)=ALJILY+S*A(Y) ) DINVO0046
23 J1=J1+NM DINV0O047
" 24 CONTINUE DINV0048
DO 25 J=IROWsNNsAM DINVD049
v 25 ALJI=ALI /T DINV0050
29 CONTINUE DINV0051
30 DO 39 I=1sNI DINV0052
DO 31 J=T1sNI DINVOO53
IFCIN(JI-1131932,31 DINVOD54
: 31 CONTINUE DINVO0055
¢ 32 IF(J-11335,39,33 DINV0056
S 33 CONTINUE DINVOO57
IN(IY=INLT) DINVO058
J1 = {IN(I)=1)%NM DINVO0O59
K1l={I=1)%NM DINVOO60
DO 34 K=IsNNsNM DINV0061
S=ALK) DINVO062
ALK)=ALD) DINV0063
AtJY=S DINVO064
34 J=J+NM DINV0065
DO 35 K=1sNI DINVD066
K1=K1+1 DINVO067
J1=J1+1 DINVO0068
S=ALK1)Y DINV0069
A{K1)=A{J1) DINVOOT0
35 AlJ13=5 . DINVOOT1
39 CONTINUE DINV0OT2
999 CONTINUE DINVO073
RETURN DINVOOT4
END
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Subroutine: DLUNE

Purpose: To compute the transformation from Earth's true
equator equinox of date to Moon-fixed coordinates

and the Moon's angular velocity.

Calling Sequence: CALL DLUNE (T,E,DE,DL,TR,#M)

Input and Qutput

1/0 :Z:Zoiic Program | Math Dimgzzions Definition
§ Location Dimensions | Symbol or Units
m? 1 T d te sec Time from 1950 Jan 0.0 ET
5 T E d 3 rad Mean obliquity of the
o ecliptic
- I DE d be rad Nutation in obliquity
) I DL d 6L rad Nutation in longitude
;j 8 R 4(3,3) TDZB Transformation matrix
;j; ¢ oM d oy rad/sec |Moon's angular velocity

Common storages used: 72 cells

Subroutines required: DGIRN

DLUNE-1
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Notation

Symbol Quantity
L Longitude of the Sun, from the equinox of date. ‘
r Longitude of perigee of the Sum.
€ Obliquity of the ecliptic.
L’ Longitude of the Moon, measured in the ecliptic from

the mean equinox of date to the mean ascending node
of the lunar orbit, and then along the orbit.

ro Longitude of perigee of the Moon, measured as L.

Y Longitude of the ascending node of the Moon's orbit ' .
on the ecliptic. i
I Inclination of the Moon's equator with the ecliptic. —
L Right ascension of the Moon's prime meridian, from .
' the ascending node of the equator on the ecliptic. '

O) Mean ( )
8( ) Nutation or libration in ( ). ) w

%ﬂ Moon's angulér velocity about its polar axis.
DLUNE~2
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Method

The transformation from Earth's equator, equinox of date to Moon-fixed

» may be written

coordinates, TDZB

Toom =Ty (P) T, (I) T, (Q+ 8L - 180 ) T; (e)

D2B

The nutations gL, g¢ and the mean obliquity e are input quantities.

;% The librations §I, 8L, &0 are
7 861 = 0.0297222 cos g, - 0.00305555 cos g, + 0?0102777 cos g,
) ¢ L °
o 6L = 0,0163888 sin 8 - 0.003333 sin g, + 0.005 sin )
| 80 =csc I { -030302777 sin 8y - 0:00305555 sin 8y + 0:0102777 sin ga}
where
g =L-T
] g2 =il- Tll
g3 = 2?"‘ 20
g, =8 *8 =L +T - 20
The right ascension v is
v =1-0=1-0) + 5L - 8O

and the polar component of angular velocity is

L-Q+0cos I

‘i

L’- 0 (l-cosI)

DLUNE-3
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From reference 34 pp. 98, 107, the mean ephemerides of the Sun and Moon,

reduced to the epoch Tppo yield

T = 1:535

2 5, 3

+ 0022x10° Tg

ol
]

1271127905556 - 1934?1440877778TE + ofoozoslrE

n " "
179993186111 + 129596578.550‘1‘E - 0.559’1‘E2 - O.OIZTE3

o
o
fl

2

09
[2%4
L}

- 144.4685381556 + 477198?6450208333TE + 01’00921’36TE

+ 1?439x10’5TE3

2 5, 3

33:4623977778 + 12006:7621433333’1‘E - 0:02485TE - 2.94x10° Ty

a9
W
]

g, = 8 * 8,

1
" metie

The Moon's angular velocity is computed from

T’ = .2661702799661347x10" - .12505386x1o'13TE
T = -.1069700561503563x10"/ + .23018226x1o‘13'rE
§L' = .569493743x10" 10 -9
=, x10 cos g; - .53527184x10 ° cos g,
-11
+ .579490975x10" 1 cos g,
80 = -.520641836x10 cos g - .132200251x10"° cos &

+ .188410597x10"7 cos g,

DLUNE-4
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SIBFTC MC1l320 XR3,M344NODDsLIST

SUBROUTINE DLUNE (TsEsDEsDLsTRsOM) DLUNOOO1

DOUBLE PRECISION DEsDLsE»OM»TsTR DLUNO002

1 sAl694)sB(15)+CsDSINSDCOS DLUND0O3

INTEGER Nig) DLUNDO0O4

COMMON Cl36) DLUNOOOS

DATA A/=e58 D=7,0eD0s o251 D=-730eD0s~6513 D=7, 38 D=7 DLUNOOOS

1 9=6271 D=530eD0s 41608D=430eD0s=e4337D=bs 363204 DLUNOOO?

2 v ¢62830194306026630D+033~412505386 D-13 DLUNO0OS

3 s ¢B3286B75416691855D+04s 423018226 D-13 DLUNOOO9

4 - s +20955753104977409D+03+~433757182639704825D+02 DLUNOO10

5 1-¢34894692560095 D-01s «2661702799661347 D~05 DLUNOD1]

6 9=42521451656358276 D+01s-¢1069700561503563 D~07 DLUNOO12

7 » +584029016834644 »=+3353000730389487 D+01 7 DLUNOO13

i DATA B/ ¢569493743D~10s 28603852 D-03s-4520641836D~07 DLUNGO14

1 3=019727246 D=019-453329408 D-049-s153527184D~09 DLUNOO15

. 2 9=¢58171824 D~043=4132200251D-09+-419908245 D-02 DLUNOOL6

o 3 s ¢17937970 D=03s o57949G975D-11y «B7266463 D=04 DLUNOO17

; 4 v +188410597D-07+ +66963710 D-025s=-.51875025 D=03  / DLUNOO18

v DATA N/=33=19=39=1/ , DLUNDO1S

4 DLUNOOZ20

oy 1 C(1) = T/3.15576D+09 DLUNGO21

; DO 2 I=1s6 DLUNOD22

«1 2 CUI+1) = A(I,1) DLUNOD23

o DO 3 I=1,3 DLUNOG24

DO 3 J=1s6 DLUN0025

- 3 ClJ+1) = A(J,I+1)4C(1)I*C(J+1) DLUN0026

C(8) = Cl&)+C(6) DLUN0D27

DO 4 1215742 DLUNDO28

Cl1) = C{I+1) DLUNOD29

Cil+ 8) = DCOS(C(1)) DLUNOO30

4 C(I412) = DSIN(CI1)) DLUNOO31

: CL17) = Cl11) DLUN0O032

o DO 5 I=1,5 DLUNOO34

5 C(I+17) = BLI)*C{I1+8)+B(I+5)%C(I1+10)+B{I+10)%C(1+12) DLUNOO35 .

Cl6) = CL{B)+CL191-CU21)+C(6)/24DD DLUNOO36

C(3) = C(3)4C(18) DLUN0O37

C(5) = C(51+C(20) DLUNGO38

- CU8) = CL{T1+C{21)+DL DLUNOG39

Ct9) = E+DE DLUN0O0&4O

CUT) = +026790804018112958+C(22) : DLUNOO41

OM = C{3}1=C{5)+C{5)%¥DCOS(CIT}} DLUNDO42

~ CALL DGTRN {(TRsNsC(6) 4} DLUNO043

o 999 RETURN DLUNOO&4
END

o]
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Subroutine: DMPLY
Purpose: To form the product of any two double
precision matrices for which the

product is defined.

Calling Sequence: CALL DMPLY(A,B,C,L,M,N,NA,NB,NC,IP)

Input and Qutput

L Symbolic Data
“j 1/¢ | Name or Dii::fzz:s sMa§21 Dimensions Definition
NNNN Location u or Units
I A d(NA, #) Pre~-matrix.
" 1 B d (NB ,m) Post-matrix.
i ¢ c d(NC,n) Product matrix.
I L,M,N Product dimensions.
] *
] I | NA,NB,NC Number of rows in
storage arrays,
A,B,C.
o I 1P Option index.

Common storages used: None

3
!
L Subroutines required: None

%
Restrictions. The number of rows of storage (NA,NB,NC) must be not less
than the number of rows used in the product (L,M,N, respectively).

| § DMPLY-1
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The subroutine allows multiplication of matrices stored as submatrices
of large arrays. This allows operation with variable-dimensioned matrices

within fixed dimensioned programs, and operations with partitioned matrices.

The options index, IP, allows transposing either or both of the factor

matrices before multiplication. The subroutine output is

iPp = 0: C = AB
IP=1: C=AB
IP = 2: C = ABT

IP=3: C= ATBT

The storage arrays are assumed to be partitioned in the form

- : -
- <

A= :

1

]

Ao 1

NA rows < 11 '
- - ol ot - - =

$

t

]

]
\. AN L] ) N ]
ad _V oo

£ columns

and C.,, is the product of A11 and Bll' Other submatrices in the arrays are

11
ignored. The product dimensions are L x N, with M terms in each summation.
That is, the pre-matrix, All or its transpose, is L X M, and the post-matrix

Bll or its transpose, is M X N.

For example, the call

CALL MTMPLY (A,B,C,5,3,2,7,5,6,0)

7 DMPLY-2
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forms the product c11 = A11 Bll’ where All’ Bll’ C11 are 5 X 3, 3 x 2,
5 X 2 matrices stored in 7 X £, 5 X m, 6 X n arrays. Similarly

CALL MTMPLY (A,B,C,5,3,2,7,5,6,1)

= T
forms the product C11 A11 Bll’ where A11’ Bll’ C11 are 3 X5, 3 x2,

5 X 2 matrices stored in 7 X ¢, 5 X m, 6 X n arrays.

—

DMPLY-3

PHILCO I Space & Re-entry

PHILCO.FORD CORPORATION ' Systems Division




g

$IBFTC MC13MO XR3,M94sNODDsLIST

9999

PHILCO l

PHILCO-FORD CORRPORATION

SUBROUTINE DMPLY(A9B»CrNRASNRBINCBsNASNBINCsIP)
DIMENSION A(1)sB(1)9C(1)
DOUBLE PRECISION AsBsC
IF(IP=1)2+2s3

ND=1

ND1=NB

IF(IP)4s4sS

ND=NB

ND1=1

IF(IP=2)49435
MD=NA

MD1=1

GO 10 &6

MD=1

MD1=NA

N1l=1

L1=1

DO 9 J=1,NCB

L=Ll

Ml=1

DO 8 I=14NRA
C{L)=0.0

M=M1

N=N1

DO 7 K=1sNRB
CLL)=C(L)+A(MI*BAN)
M=M+MD

N=N+ND

M1=M1+MD1

L=l +1

N1I=N1+ND1

L1=L1+NC

RETURN

END

OMPLO000
DMPLOOO1
DMPLOO0O2
DMPLO003
DMPLOO0O4
DMPLOQOOS
DMPLOO06
DMPL0007
OMPLOOOS
DMPLOOQO9
DMPLOO1O
DMPLOO11
DMPLOO12
DMPLOO13
DMPLOO14
DMPLOO15
DMPLOOL6
DMPLOO17
DMPLOO18
DMPLOO19
DMPL0OO020
DMPLOO21
DMPLOOZ2
DMPL0023
DMPLO0O024
DMPL0025
OMPLOO26
DMPLOO2Y
DMPLOO28
DMPL0029
DMPLOO30
DMPLOO31
DMPL0O032
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Subroutine: DMVTRN
Purpose: To compute the matrix product of a 3 x 3 matrix and a

3 x Nmatrix in double precision.

Calling Sequence: CALL DMVIRN (A, B, C, M, N)

Input and OQutput

o Symbolic Data
ol 1/¢ | Name or Di;:ﬁ::ﬁns Sgiggl Dimensions Definition
Location or Units
. I A d(3, 3) Pre-matrix.
I B 43, M) Post-matrix.
¢ C @3, N Matrix product, AB or AT,
.
o
~E I " =1: Pre-matrix is Ai
- =2: Pre-matrix is A".
“
| I N Number of columms of B, C.

Common storages used: None

Subroutines required: None

DMVTRN-1
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$IBFTC MC132J XR3sM94sNODDSLIST

PHILCO I

PHILCO-FORD CORPORATION

SUBROUTINE DMVTRN (AsBsCeMsN)
DOUBLE PRECISION A(9)sBL9)sC(9)

INTEGER NN(&)
DATA NN/3s1+8s0/
I1 =1

J1 =1

K1l =1

DO &4 I=1,N

DO 3 J=1,3

C(I1l) = 0.D0

DO 2 K=1,3

C(I1) = CLILly+ALUL)I*B(K])
J1 = J1+NN(M)

K1l = K1+1

I1 = I1+1

J1 = J1-NN(M+2)

Kl = Ki-3

K1 = K1+3

J1 = 1

RETURN

END

DMVT0001
DMVT0002
DMVT0003
OMVTO0004
DMVTO0005
DMVTO006
DMVT0007
DMVTO0008
DMVTO009%
DMVTO0010
DMVTO011
DMVT0012
DMVTO0013
DMVYTO0014
DMVTOO015
DMVTO0016
DMVTO017
DMVT0018
DMVTO0019
DMVTO0020
DMVT0021
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Subroutine: DN#RM

Purpose: Compute the magnitude of a vector.

Calling Sequence: £ = DN@RM (X)

Input and Output

Symbolic Data

1/¢ | Name or Diz::g:z:s é?:;gl Dimensions Definition
Location or Units

I X d(3) Vector

) DN@RM d Magnitude of X.

Common storages used: None

Subroutines required: DD@T

DNORM-1

e
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$SIBFTC MC132F XR3,M94,NODDsLIST

PHILCO I

PHILCO-FORD CORPORATION

DOUBLE PRECISION FUNCTION DNORM (X)

DOUBLE PRECISION

1 DNORM = DSQRT(DDOT(XsX))
RETURN
END

DDOTsDSQRT

DNRMOOO1
DNRM0O002
DNRM0003
DNRMO0O4
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Subroutine: DgT

Purpose: Computes the inner (dot) product of two 3-vectors.

Calling Sequence: 2 = DT (X,Y)

Input and Output

Symbolic Data
I/¢ | Name or ngzizzmns sMatgl Dimensions Definition
Location ° ym or Units
I X, Y (3) Input vectors
¢ g XY

Common storages used: MNone

Subroutines required: None

PHILCO |
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FUNCTION DOT (X»sY)
DIMENSION X(3) »Y(3)
SUM = O

DO 1 I=1,3

SUM = SUM+X(1)%#Y(I}
DOT = SUM

RETURN

END

DOT 0001
DOT 0002
DOT 0003
DOT 0004
DOT 0005
DOT 0006
DOT 0007
DOT 0008

Space & Re-entry
Systems Division
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Subroutine:

Purpose:

Calling Sequence:

DPFMRS

To compute planetary positions and velocities.

Input and Qutput

CALL DPFMRS (ET,UCB,ICB,NERR,T)

Symbolic Data
1/¢ |Name or D 1:;:;?2225 Smﬁg L | Dimensions Definition
Location yo or Units
I ET d tE sec Ephemeris time, seconds
from 1950 January 0.0.
1 UCB d(14) Gravitation constants and
ephemeris scale factors.
I ICB Central body number
() NERR Error flag.
16 T %) Ephemeris tape position
indicators.

Common storages used:

Subroutines required:

IDFHLCN3|H§ii

PHILCO-FORD CORPORATION

None

/122 cells, /pFMCOM/

DPFMRS~1

Space & Re-entry
Systems Division



Reference: "User's Description of JPL Ephemeris Tapes," JPL-TR32-580,
P.R. Peabody, J.F. Scott, E.G. Orozco, March 2, 1964.

1. /DFMC@M/CFM(2232) (See paragraph 3, below.)
Location | Symbol Dimension Description
CFM( 1) IFM 14 Output options (input) ?é

IFM(L) = O ignore i'" body
1 output position only
2 output position and velocity

(15) | reM d(6,12) | REM(1-3,1) = i*® body position wrt central
body
RFM(4-6,1) = ith body velocity wrt central
body
(159) DFM d(4) DFM(1-2) = nutations in longitude : -

and obliquity
DFM(3~-4) = nutation rates

(167) | BFM d(829) | Position-velocity buffer
(1825)| SNT 2,204 Nutation buffer
2. Usage:
The planets are numbered outward from the sun. That is
ICB = 1 Mercury 6 Saturn ]

2 Venus 7 Uranus i
3 Earth 8 Neptune
4 Mars 9 Pluto
5 Jupiter

In addition,

ICB = 10 Sun
11 Moon

12 Earth-Moon Barycenter

DPFMRS-2

PHILCO I Space & Re-entry
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Output of the nutations is keyed by IFM(13). The array IFM must be loaded
prior to the first call of DPFMRS. If either the Earth or Moon are keyed
for output, it is necessary that both IFM(11),IFM(12) be not less than the
maximum of IFM(3),IFM(11l),IFM(12). 1In addition, IFM(ICB) must be not less
than the maximum of IFM({), 1 =1,2, . . . , 12,

The array UCB contains, in components 1-11, the gravitational constants of
the bodies. UCB(12) is camputed from

Wpp = Mg F ol

The heliocentric positions and velocities of the planets, except Earth, and
the Barycenter are computed in a.u. and a.u./day, and the geocentric posi-
5 tion and velocity of the Moon are computed in earth radii and earth radii/

day. For output, they are scaled into km and km/sec using

N UCB(13) = km/a.u.

km/earth radius

UCB(14)

The interpolation formulas are described in the reference.

The array T is used for maintaining knowledge of the ephemeris tape posi-
tion. Overlay of T will cause unnecessary rewinding of the ephemeris

tape. For the initial call of DPFMRS, T(3) must be not greater than O.

3. Reduced Ephemeris

The dimensions in paragraph 1 are used in decks MC1322(DPFMRS) and
MC1324(DFMC@M) is also supplied. The reduced ephemeris is interchangeable

with the full ephemeris with the following exceptions:

1. Positions and velocities of Mercury, Uranus, Neptune and

Pluto are not computed. The 1, 7, 8, 9 components of IFM

are ignored.

DPFMRS-3

PHILCO l Space & Re-entry

FHILCO.FORD CORPOMATION Systems Division
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2. TIFM(13) must not be 2; i.e., no nutation rates

may be requested.

3. The dimensions of CFM are

CFM (1524)
BFM d(577)
SNT (2,102)

DPFMRS~4

Space & Re-entry
Systems Division
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C
o
C
C
C
C
C
C

1

3

4
C
o

10

11

12

13

14

15

16

17

18
C
C

20

PHILCO l

PHILCO-FORD CORPORATION

P WN

SUBROUTINE DPFMRS (ETsUCBs»ICBsNERRsT)
PLANETARY EPHEMERIS
USES JPL EPHEMERIS TAPE SYSTEM

DOUBLE PRECISION ETsUCB(14)

DIMENSION T(4)
DOUBLE PRECISION BFMsDFM s RFM
DIMENSION BUFEFM(1658)
COMMON /DFMCOM/IFM{14)sRFM{6512)
. sDFM (4)sBFM (B29)»S5NT(25204)
EQUIVALENCE (BFM{ 1) sBUFEFMyTBUF)
DOUBLE PRECISION D(11}
COMMON 5(22)
EQUIVALENCE (5(1)sD)
DIMENSION DEL(31sIDF(3)5IDL(132)

DATA DEL/ 249 bos o5
/9 IDF/ 45y 27,153
/9IDL/  1s 29 29 29 29 29 2% 29 25 0 3
s 29 92914692V09254330U8s36294165470s 09524
/

INITIALIZATION AND ERROR CHECK
D{1) = ET/86400.D0+4243328245D0

JCB = ICB

IF (T(3)sGTe0e) GO TC 4
REWIND 8

READ (8) (BUFEFM({I)s1=1+24)
READ (8) T

T(1) = T{3)-8e

T(2) = T(3)

IERR = 2

IF (S(1)eGTeTl4)) GO TO 999
IERR = 1

IF (S{1)1eLTeT(3)) GO TO 999
1ERR = C

CHECK BUFFER AND READ IN CORRECT 8~DAY RECORD
S(3) = S{L)y=-Tt1)

IF (S(31eGEeDe) GO TO 12
IF {(S5{1)sLTeT(2)) GO TO 3
IKK = DEL{1)1-5(3)/8

DO 11 I=1sIKK

BACKSPACE 8

GO TO 15

IF (S(3)eLTeBes) GO TO 14
IKK = 5(3)/8e-1s

IF (IKKeEQe0) GO TO 15

DO 13 I=1s1KK

READ (8) TBUF

GO TO 15

IF (TBUF+EQeT{1)) GO TO 16
BACKSPACE 8

READ (8) BUFEFMs(SNT(191)s1=1+204)
T(1l) = TBUF

T(2) = TBUFH(T(3)=-TBUF) /4.
CONTINUE

ILL el

IKK = IFM(3)

IFM( 3) = IFM(12)

IFM(12) = KK

DO 18 I=1s6

D{2) = RFM(I,+3)

RFM({Is 3) = RFM(1,12)
RFM(Is12) = D{(2)

GO TO (20s45) sILL

INTERPOLATION CONTROL
D{2) = D(1)-BFMI(1)

ILL
NNN
D13y

4
3
= UCB(13)

Gs 3
UsB830

FMRS0001
FMRS0002
FMRS0003
FMRS0004
FMRS0005
FMRS0006
FMRS0007
FMRSC008
FMRS50009
FMRS0010
FMRS0011
FMRS0012
FMRSGO013
FMRS0014
FMRS0015
FMRS0016
FMRS0017
FMRS0018
FMRS0019
FMRS0020
FMRS0021
FMRS0022
FMRSQC23
FMRS50024
FMR&0025
FMRS0026
FMRS0027
FMRS0028
FMRS0029
FMRSOC30
FMRS0031
FMRS0032
FMRS0033
FMR50034
FMRS0035
FMRS0036
FMRS0037
FMRS0038
FMRS0039
FMRS0040
FMRS0041
FMRS0042
FMRS0043
FMRS0044
FMRS0045
FMRS0046
FMRS0047
FMRS50048
FMRS0049
FMRS0050
FMRSO051
FMRS0052
FMRS0053
FMRS0054
FMRS0055
FMRS0056
FMRS0057
FMRS50058
FMRS0059
FMRS50060
FMRS0061
FMRS0062
FMRS0063
FMRS0064
FMRS0065
FMRS50066
FMRS0067
FMRS0068
FMRS0069
FMRSGO70
FMRSO071
FMRS0072
FMRS0073
FMRS0074

Space & Re-entry
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21
22
C
C
25
26
C
C
30
31
32
35
36
37
38
39
C
C
40
41
42
C
C
45
46
C
C
50

D(11) = D(10)/86400.D0
DO 39 1=1,13

IKK = IFM(I)

IF (IKKsEQeO) GO TO 39
IF (1.EQs13) GO TO 22
IF {l1eEQell) GO TO 21
IF (ILLeEQ.IDL(Is1)) GO TO 30
GO TO 25

D(10) = uCB(14)

D(11) = D(10)/86400.D0
GO 70 25 : ;
D(1J) = 1.D0

NNN = 2

IF (ILL«EQe3) GO TO 3C

COMPUTE INTERPOLATION COEFFICIENTS

ILL = IDL(Is1)

IF (ILL«EQs0) GO TO 39

ILC = S(3)/DEL(TLL)

D(6) D(2)=DEL(ILLI*FLOAT(ILQC)

D(3) = 1.D0~D(6)

DO 26 J=3+6+3

D(8) = D(JI*D(J)~1.D0

D{J+1) = D(I1*D(8)/6,D0

D(J+2) = D(J+1)*(D(8)~3sD0)/204D0

INTERPOLATE

LOC = IDL(Is2)+3%NNN*ILC
IMM = LOC

INN = IMM+3%¥NNN

DO 32 K=1sNNN

D(9) = 0.D0

DO 31 J=3s5

DI9) = DU )+DIJ)*¥BFM{IMMI+D(J+31*¥BFM( INN)
IMM = [MM+1

INN = INN+1

RFM(KsI) = D(10)%D(9)

IF (IKK+EQel) GO TO 39
IMM = LOCH+IDF(ILL)

IF (I«EQel3) IMM=IMM-51
INN = IMM+3%NNN

DG 38 K=1sNNN

D(9) = 0,D0

DO 36 J=3,5

DL9) = D(9}+D(JI¥BFM(IMM)+D(J+3)#BFM(INN)
IMM = TMM+1

INN = INN+1

1F (1.EQe13) GO TO 37
RFM(K+3s1) = D(11)Y*D(9)
GO TO 38

RFM{K+2+1) = D(9)
CONTINUE

CONTINUE

EARTH/EARTH-MOON BARYCENTER
UCB(12) = UCBI(3)+UCB(11)

IF (IFM(11)eEQe0) GO TO 42
D(3) = UCBI( 3)/UCB(12)

D(4) = UCB(11)/UCB(12)

ILL = 3%IFM(11)

DO 41 I=1s1LL

RFM(I+12) = RFM(I,3)=D(4)*RFM(I511)
RFM(Is11) = RFM{I,3)+D(3)*RFM({Is11)
ILL = 2

GO TO 17

SUN

IF (IFM{10)eEQe0) GO TO 50
ILL = 3*%IFM(10)

DO 46 I=1s1LL

RFM(1+10) = 0.DO

SHIFT BODY CENTERS
IF (JCBeEQel0) GO TO 999
DO 51 I=1s6

PHILCO I

PHILCO-FORD CORPORATION

FMRS0075
FMRS0076
FMRS0077
FMR50078
FMRS0079
FMRS50080
FMRS0081
FMRS0082 #
FMRS0083
FMRS0084
FMRS0085
FMRS0086
FMRS0087
FMRS0088
FMRS0089
FMRS0090
FMRS0091
FMRS0092
FMRS0093
FMRS0094
FMRS0095
FMRS50096
FMRS0097
FMRS0098
FMRS0099
FMRS0100
FMRS0101
FMRS0102
FMRS50103
FMRS0104
FMRS0105
FMRS0106
FMRS0107
FMRS0108
FMRS0109
FMRSO110
FMRSO111
FMRS0112
FMRS0113
FMRS0114
FMRS0115
FMRS0116
FMRSO117
FMRS0118
FMRS0119
FMRS0120
FMRS0121
FMRS0122
FMRS0123
FMRS0124
FMRS0125
FMRS0126
FMRS0127
FMRS0128
FMRS0129
FMRS0130
FMRS0131
FMRS0132
FMRS0133
FMRS0134
FMRS0135
FMRS0136
FMRS0137
FMRS0138
FMRS0139
FMRS0140
FMRS0141
FMRS0142
FMRS0143
FMRS0144
FMRS0145
FMRS50146
FMRS0147
FMRS0148
FMRS0149
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51

52
53

999

| PHILCO l

PHILCO-FORD CORPORATION

D(I) = RFM(1,JCB)

DO 53 I=1»12

1F (IFM(11.EQ.0) GO TO 53
ILL = 3*[FM(T)

DO 52 J=lsILL

RFM(Js1) = RFMIJs1)=D(S)
CONTINUE

NERR = IERR
RETURN
END

FMRS0150
FMR50151
FMRS0152
FMRS0153
FMRS0154
FMRS0155
FMRS0156
FMRS0157
FMRS0158
FMRS0159

Space & Re-entry
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1

3

4
C
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10

11

12

13
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20
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SUBROUTINE DPFMRS (ETsUCB» ICBsNERRsTY
REDUCED PLANETARY EPHEMERIS
USES JPL EPHEMERIS TAPE SYSTEM

DOUBLE PRECISION ETsUCB(14)

DIMENSION T(4)

DOUBLE PRECISION BFMsDFMaRFM

DIMENSION . BUFEFM(1154)

COMMON /DFMCOM/ IFM114) sRFM{6512)

1 sDFM (4)9BFM (577)9S8NT{245102)
EQUIVALENCE (BFM(1)»BUFEFMy TBUF)

DOUBLE PRECISION D1y

COMMON s(22)

EQUIVALENCE {S{11»D)

DIMENSION DEL(3)sIDF(3)51DL(13,2)

DATA DEL/ 2e9 4es o5
/+1IDF/ 45y 27,153
/+IDL/ 09 29 29 2% 2% 2% Vs Os DUs 0Oy 3»
s 0s 2s 56311051649218s O+ D9 03 (09272

WA=

/

INITIALIZATION AND ERROR CHECK
D{1l) = ET/864004D0+4243328245D0
JcB = 1CB

IF (T(3)eGTeDe) GO TO 4
REWIND 8

READ (8) (BUFEFM(I)sI=1s24)
READ 8) 7T

T(1) T(3)-8e

T(2) T(3)

1ERR 2

1IF {S(1)eGTaTl4)) GO TO 999
IERR = 1

IF (S{1})eLTeT{3)) GO TO 999
IERR = C

W ou

CHECK BUFFER AND READ IN CORRECT 8-DAY RECORD
$(3) = S(1)1=T(1)

IF (S{3)eGEeQe) GO TO 12

IF (S(1)eLTwT(2}) GO TO 3

IKK = DEL(1)~-5(3) /8.

DO 11 I=1sIKK

BACKSPACE 8

GO TO 15

IF (5(31.LT8¢) GO TO 14

IKK = S(3)1/8e-1s

IF (IKKeEQeO} GO TO 15

DO 13 I=1sIKK

READ (8) TBUF

GO TO 15

IF (TBUF«EQeT(1}) GO TO 16

BACKSPACE 8

READ (8) BUFEFM(1) sBUFEFM(2) s (BbJFEFM(I)aI=543, 722)
1 s (BUFEFMII)sI= 39 542) s (BUFEFM(I)s1=543, B66)
2 s (BUFEFM{T)9I=543+1154)s(SNT {(1sI)sl= 1s 102)
T(1) 8 TBUF

T(2) = TBUFH(T(3)-TBUF)/4e

CONTINUE

Ite = 1

IKK = IFM(3)

IFM(C 3) = IFM(12)

IFM{12) = KK

DO 18 I=1s6

D(2) = RFM(1,3)

RFM(Is 3) = RFM(Is12)

RFM{1s12) = D(2)

GO TO (20s45) »ILL

INTERPOLATION CONTROL
D(2) = D(1)-BFM(1)
ILL = 4

J» 3
0s578

FMRS0001
FMRS0002
FMRS50003
FMRS50004
FMRS0005
FMRS0006
FMRS0007
FMRS50008
FMRS0009
FMRS0010
FMRS0011
FMRS0012
FMRS0013
FMRS0014
FMRS0015
FMRS0016
FMRS0017
FMR50018
FMRS0019
FMRS0020
FMRS0021
FMRS0022
FMRS0023
FMRS0024
FMR$0025
FMRS0026
FMRS0027
FMRS0028
FMRS0029
FMR 50030
FMRS0031
FMRS0032
FMRS0033
FMRS0034 .
FMRS0035
FMRSG036
FMRS0037
FMR50038
FMRS0039
FMRS50040
FMRS0041
FMRS50042
FMRS0043
FMRS0044
FMRS0045
FMRS50C46
FMRSC047
FMRS0048
FMRS0049
FMRS0050
FMRS0051
FMRS0052
FMRS0053
FMRS0054
FMRSG055
FMRSO056
FMRSQ057
FMRSQO058
FMRS0059
FMRS0060
FMRSC061
FMR 30062
FMRS0063
FMR50064
FMRS0065
FMRS0066
FMRSO067
FMRS50068
FMRS0069
FMRS0070
FMRS0071
FMRS0072
FMRSC073
FMRS0074

Space & Re-entry
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NNN = 3 . ’ FMRS0075

D(10) = UCB(13) FMRS0076
D(11) = D(10)/86400.D0 FMRS0077
DO 39 I=1,13 FMRS0078
IKK = IFM(I) FMRS00T79
IF (IKKeEQe0) GO TO 39 FMR50080
IF (T1.EQe13) GO TO 22 FMRS0081
IF (1.EQell) GO TO 21 FMRS0082
IF (ILLSEQsIDLII»1)) GO TO 30 FMRS0083
GO TO 25 FMRS0084
21 D{(10) = UCB(14) FMRS0085
D(11) = D{10)/86400,D0 FMRS0086
GO TO 25 FMRS0087
22 D{10) = 1.D0 FMRS0088
NNN = 2 FMRS0089
IF (ILL.EQs3) GO TO 30 FMRS0090
C FMRS0091
c COMPUTE INTERPOLATION COEFFICIENTS FMRS0092
25 ILL = IDL{Is1) FMRS0093
IF (ILLeEGeO) GO TO 39 FMRS0094
ILC = S(3)/DELCILL) FMRSG095 .
D(6) = DI2)V-DEL(ILL)#FLOAT(ILC) FMRS0096 '
DI(3) = 1,D0=D(6) FMRS0097 h
DO 26 J=3:643 FMRS0098
D{8) = D(JI%*D(J)=1.D0O FMRS0099
D(J+1) = D(J)%D(8)/6.D0 FMRS0100 -
26 D{J+2) = D{J+1)*(D(8)—34DC1/204D0 FMRS0101 : ]
C FMRSG102 L
e INTERPOLATE FMRS0103 :
30 LOC = IDL(Is2)+3%NNN*ILC FMRS0104
IMM = LOC FMRS0105
INN = IMM+3%NNN FMRS0106
DO 32 K=1sNNN FMRS0107 .
D(9) = 0.DO FMRS0108 '
DO 31 J=3,5 FMRS35109
DI9) = D(SI+D{JI*BFM(IMM)+D(J+3 ) %3FM( INN) FMRSO110
IMM = IMM+1 FMRS0111
31 INN = INN+1 FMRSO3112 e
32 RFM{Ks1) = D(10)%D(9) FMRS0113
IF (IKK+EQel) GO TO 39 ' FMRSO114
35 IMM = LOC+IDF(ILL) FMRS0115
INN = IMM+3%NNN FMRS0116
DO 38 K=1sNNN FMRSO117 o
D{(%9) = 0.DO FMRS0118 '
DO 36 J=3,5 FMRS0119
D(9) = DISI+DIJIXBFM(IMM)+D(J+3)*BFM{ INN) FMRS0120
IMM = IMM+1 FMRS0121
36 INN = INN+1 FMRS0122 i
RFM{K+3s1) = D(111%D(9) FMRS0123
38 CONTINUE FMRS0124 _
39 CONTINUE FMRS0125 .
C FMRS0126
C EARTH/EARTH=MOON BARYCENTER FMRS0127
40 UCB(12) = UCB(3)+UCB(11) FMRS0128
IF (IFM(11)eEQeC) GO TO 42 FMRS0129 ‘
D(3) = UCBI 3)/UCB(12) FMRS$0130 i
Dl&4) = UCB(11)/UCB(12}) FMRS0131
ILL = 3%IFMU11) FMRS0132
DO 41 I=1siLL FMRS0133
RFM({I+12) = RFM(I+3)=D(4}*RFM(Is11) FMRS0134
41 RFM{Is11) = RFM(I93)+D{3)*RFM(1511)} FMRS0135
42 TLL = 2 FMRS0136
GO TO 17 FMRS0137
¢ SUN * FMRS0138
45 IF (IFM(1G)eEQe0) GO TO 50 FMRS0139
ILL = 3%IFM(10) FMRS0140
DO 46 I=1,1ILL FMRSO141
46 RFM(1510) = 0.DO FMRS0142
o FMRS0143
c SHIFT BODY CENTERS : FMRS0144
50 IF (JCB+EQe10) GO TO 999 FMRS0145
DO 51 J=1s6 FMRS0146
51 D(J) = RFM(J,JCB) FMRSG147
DO 53 I=1s12 FMRS0148

IF {IFMUI).EQ.D) GO TO 53 FMRS0149

PHILCO l Space & Re-entry

PHILCO-FORD CORPORATION Systems Division
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ILL = 3#IFMID) ’ FMRS0150

DO 52 J=1sILL FMRS0151
52 RFM({JsI) = RFM({Js11-DLI} FMRSQ152
53 CONTINUE FMRS0153
C FMRSO154
999 NERR = IERR FMRS0155
RETURN FMRSO156

END

o)

[

i
]
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Subroutine:

Purpose:

Calling Sequence:

DRAGD

To compute the acceleration due to atmospheric drag.

Input and Oﬁtgut

CALL DRAGD (R,V,TR,WE,RE,C,A)

Symbolic Data
1/¢| Name or niziﬁfiﬁﬁs smaﬁgl Dimenaiona Definition
Location e or Units
I R d(3) R km Vehicle position relative
to central body.
I v d(3) \'f km/sec Vehicle velocity relative
to central body.
1 TR d(3,3) T Transformation from EE of
: date or body-fixed system
to base coordinate system.
1 WE d w, rad/sec | Central body rotation rate.
I RE d o km Central body's radius.
1 c d(2) c;»C, Drag coefficients.
16 A d(3) A km/sec2 Acceleration.
Common storages used: 12 cells

Subroutines required:

F“dlLI:CJIH@#iH

PHILCO-FORD CORPORATION

DD@T, DCR@SS

DRAGD-1

Space & Re-entry
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$IBFTC MC1327 XR3gM949NODD¢LiST

C
C
1
2
3
999

PHILCOD I

PHILCO-FORD CORPODRATION

1

SUBRO
ATMOS
DOUBL

COMMO|

CALL
Do 2
D(I
Di4)
D(4)
D{5)
D(6)
D(6}
D(5)
D(5)
Do 3
ALT)
RETUR
END

UTINE DRAGD (RsVeTRsWEsRFsCsA)

PHERIC DRAG ACCELERATION

E PRECISION A(3)sr{2)sR{3)5TR{393)sVI3)sWFsRF
sDsDNOT+DEXPsDSQRT

N D(6)

DCROSS (TR(1s3)3Rsn)
I=1,3

= V{I)-WE*D(1)

= DDOTI(RsSRY

= DSQRT(D(4))

= RE-D(4)

= DNOT(DDY

= DSQRT{D(s6))

= C{2)%D(5)
==C{1)*D{(6)*NEXP(D(51})
I1=143

= A(I)+D(5)Y*¥n (1)

N

DRAGO001
DRAGO002
DRAGO003
DRAGO004
DRAGOOOS
DRAGO006
DRAGO0OO7
DRAG0008
DRAGO009
DRAGO010
DRAGOO11
DRAGO012
DRAGQO013
DRAGOO14
DRAGOO15
DRAGOO16
DRAGOO17
DRAGO0O18
DRAGO019

Space & Re-entry
Systems Division
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Subroutine:

Purpose:

Calling Sequence:

DRAGDP

To compute the acceleration due to atmospheric drag,
its gradient and partial derivatives with respect to
the drag coefficients.

Input and Qutput

CALL prAGDP (R,V,TR,WE,RE,C,A,AP,G,N)

Symbolic Data
L/8| Name or | Co8ER SMynaﬂsl;l Dimensions Definition
Location or Units

I R d(3) R km Vehicle position relative
to the central body.

1 v d(3) v km/sec Vehicle velocity relative
to the central body.

1 TR d(3,3) T Transformation from EE of
date or body-fixed system
to base coordinate system.

1 WE d w0y rad/sec | Central body rotation rate.

T RE d e km Central body radius.

I c d(2) CysC Drag coefficients.

16 A d(3) A km/sec2 Acceleration,

¢ AP da(6) aA/BCi aA/aCZ

1é G d(3,6) vA Gradients vpA, v A

I N Option switch
=0: acceleration only.
fo: BM/yc, and gradient.

i
Common storages used: 54 cells

Subroutines required:

|=P1HJCCJ"H§§H

PHILCO-FORD CORPORATION

DDOT, DCROSS, DMVIRN

DRAGDP-1

Space & Re-entry
Systems Division



Method:

The expression assumed for atmospheric drag is

- h
Am- s 2 ‘va ‘Va

where cl, c2 are constants and

h = altitude . (= || 1)

Va = velocity relative to the atmosphere.

Implied assumptionsinclude an exponential atomosphere rotating —
rigidly with the central body. The first coefficient, c, is

1,
=}-
S| 290 cD s/

where

"sea level' atmospheric density (Earth ~ 1,225 kg/m?)

p
c

o]

drég coefficient ( =~ .15 - .20 for hypersonic velocities)
S = cross-sectional area of vehicle

M = vehicle mass

The second coefficient, cz, is

&,
2 R*TM

o

where

& = gravity at central body surface

Mo = mean molecular weight of atmosphere

DRAGDP-2

PHILCO I Space & Re-entry

PHILCO.FORD CORPORATION Systems Division




*
R = universal gas constant

TM = molecular temperature of the atmosphere
For Earth, at altitudes above 100 km,

02 &~ .14

The velocity of the vehicle relative to the atmosphere, Va’ is

Va = Y -wE kxR

where k is a unit vector along the central body's north polar axis.

The partial derivatives of A are
A se
E ) , computed if N= -1, -3

%% = -hA , computed if N = -2, -3

The gradients of A are

C -
vRA =-7 AR wE VVA (kx)
¢, .h
v A =-l AVT - C,e 2 IV l I
vy 2 a 1 a

a

Both A and its gradients are summed with input values.

DRAGDP-3

Frico]
PHILCO-FORD CORPORATION

Space & Re-entry
Systems Division



$IBFTC MC132U XR3sMI4sNODDSLIST

C

~ o~

QWO

11

12

13

14

15
999

PHILCO "iﬁiii

PHILCO-FORD CORPORATION

SUBROUT INE DRAGDP (RsVsTRsWEIREsCsAsAPIGN)
ATMOSPHERIC DRAG ACCELERATION
DOUBLE PRECISION Al3)sAP{392)9C12)5G(3+6)sR{3}sTR(393)9V(3)

1 sWEsRFoU(S5)9DsDDOTsDEXPsDSQRT
COMMON D(35,9)

DATA U/ 0,D0s 0,D03=14D0» 04D0s 0,DO/
DO 2 I=1,3

D({192) = WE¥TR(Is3)

CALL DCROSS (D(192)sRsD(151))

DO 3 [=1,3

D(Isl) = VII)=-D(1Iys1)
D(1s7) = DDOT(R,R)
D(197) = DSQRTUD(1+7))
D(2s7) = RE-D{1s7)
D(3s7) = DDOT(DHD)
D(1+8) = DSQRT(D(2+7))
D(298) = C({2)¥D(2+7)

D(2+8) ==D(1s8)%DFXP(D{(24+8))
ASSIGN 10 TO LL

IF (NJsGF,0) GO TO 7

ASSIGN 8 TO LL

D{1s9) = 1,DO

D({239) = C(1)1¥%¥D(2+7)

IF (N+2) 74556

D(1s9) = D(2s9)

ASSIGN 9 TO LL

CONTINUE

DO 10 1=1s3

D{TI93) = D(2+8)%D(1,1)

ALI) = A(T)I+CILY*¥N(1,3)

GO TO LLs (859510

AP(142) = D(2+s9)1%¥D(153)
AP(1+1) = D(1+9)%¥N(1+3)
CONT INUE

IF (N+EQ.Q0) GO TO 999
Di2s7) = CL1I*D(2+8)

D{1s7) ==CL{1I%C(2)/D(1s7)
DO 13 I=1:3

D(198B) = D(1s3)%D(1s7)
D(298) = D(193)/D(3+7)

DO 12 J=113

D(TIsJ+3) = D(258)1%D(Js1)
G{IsJ) = G(IsI)+D(1+8)%*R(J)
DIIsI+3) = DI(TsT1+3)1+D(2+7)
J=9

DO 14 =193

CALL DCROSS (D(152)sUlI)sD{19J))
J = J-1

CALL DMVTRN (D(1s4)sD(1e71sD(1s1)s193)
DO 15 I=1s3

D0 15 J=1»6

G(Isd) = G(IsJ)4D{(Is )
RETURN

END

DRGP0O0O1
DRGP0002
DRGP00O03
DRGPO004
DRGPOOO05
DRGPO0O06
DRGPOQO7
DRGPO0O08
DRGP0009
DRGP0O10
DRGP0OO11
DRGP0012
DRGP0O13
DRGPOO14
DRGP0O0O15
DRGP0O16
DRGPOO17
DRGP0018
DRGP0O19
DRGP0020
DRGPOO21
DRGP0022
DRGP0023
DRGP0024
DRGP0025
DRGP0026
DRGP00O27
DRGPO028
DRGP0029
DRGP0030
DRGPO031
DRGP0032
DRGP0033
DRGP0034 |
DRGP0035
DRGP0OO36
DRGP00O37
DRGP0038
DRGP0039
DRGP0040
DRGP0O041
DRGP0042
DRGPO043
DRGP0O044
DRGP0O045
DRGP0OO46
DRGPOO4T
DRGPO0O48
DRGPQ04Y
DRGP0050
DRGPOO51
DRGPQO52
DRGPOO053
DRGPOOS4

Space & Re-entry
Systems Division
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Subroutine:

Purpose:

Calling Sequence:
Input and Qutput

DSDAT

Computes three DSIF (JPL) measurements (hour angle,

declination, doppler).

CALL DSDAT(GHA)

Symbolic Data

o I/¢ | Name or Diz:zg;::s Smaggl Dimengions Definition
L Location ym or Units
- I GHA d T rad Greenwich hour angle at
r time of measurements.
- R N S

Common storages used: /DATCAM/

Subroutines required: DCR@SS,DD@T ,DMVTRN,DVNERM

DSDAT-1

Space & Re-entry
Systems Division

PHILCO I

PHILCO-FORD.CORPORATION




COMMON LOCATIONS

 Common

Location

Name

Dimension

Description

DATCOM

c(l)

c(133)
c(135)
c(137)
c(139)

c(159)
c(161)

c(197)
c(233)
c(251)

c(269)

C€(294)

c(298)
c(299)

c(5)

BIAS

SPDLT
STA

TAU
TB2CO

TB2CT

TT2BO

TT2BT

M@DE

NANG
NFRAC

¢BS

d(2)

d(10)

d(18)

d(18)
d(9)
d(9)

d(12)

d(64)

BIAS(1), Doppler bias frequency (ecps)
BIAS(2), Transponder retransmission
ratio.

Doppler transmitter frequency {(cps).
Earth rotation rate (rad/sec).
Speed of light (km/sec).

STA(1~3), Receiving station position
in B-frame (km).

STA (4-5) Refraction constants.
STA(6-10), Same as above, but for
transmitting station if doppler

is three-way.

Doppler count interval (sec).

TB2C#(1-9), B-frame to C-frame
transform at end of doppler count
interval at signal reception.
TB2C#(10-18), As above, but at begin-
ning of doppler count interval.

Same as TB2C#, but at time of
signal transmission.

Unit North, East, Down vectors in
B-frame at receiving station.

Same as TT2B@,but for transmitting
when in three-way doppler mode.

Xv(1-6), Spacecraft position and
velocity at end of doppler interval
as signal leaves spacecraft.

Xv(7-12), Same as above, but at begin-
ning of count interval.

Doppler mode key
+2, two way
+3, three way

*
Angle inclusion key .

*
Refraction correction key .

1"+1, include.
+2, omit.

Measurements.

l’b“LJ:CJ"Hi?i

PHILCO-FORD CORPORATION

See Table 1, description of CBDAT. ,

DSDAT-2

Space & Re-entry
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$IBFTC MC13DM  M949sNODDsXR3

CMC13DM  DSIF MFASUREMENTS DSDT0001
SUBROUTINE DSDAT(GHA) DSDT0002

COMMON /DATCOM/ BIAS{2)» 0BS{64)s FTR OMEGA DSDT0003

1 SPDLTs STA(10)s TAUS TB2CO(18)  DSDTO004

2 TB2CT(18)s TT2BO(9)s  TT2BT(9)» XV(12) DSDTO005

3 MLTs MODE » MSTA MTIM DSDT0006

4y NALIGNS NANG s NFRAC DSDT0007

DOUBLE PRECISION DCXSOR(3}s DCXSTR({3)s DELTE(2)s DNOB(3) DSDT0008

1 DNTR(3) s DRDT(2) s DUM1(3) DUM2(3) DSDT0009

2 El(2)s EDOT(2)» EK{3)s OMG(3) DSDT0010

3 RMI2) s RTMG(2) s RTOB(61 s RTOBX(6) DSDTO011

4 RTTR(&) » RTTRXA6)s  SCEK{3), SXOB13) DSDT0012

5y SXTR{3)» TT2C0(9)s  TT2CT(9)s  XSOB(6) DSDT0013

69 XSOBX(6)s  XSTR{6)> XSTRX(6)s  21(3) DSDT0014

T 2213) DSDTO015

e DOUBLE PRECISION BIASs CFs CONSTs CXs cY DSDTD016
[ 1s OBS)» DDOT DEN1» DEN2 DSDT0017
. j 2 DNORM » Fo FTRs GHA » OMEGA  DSDT0018
b 3 RATOB RATOBXs  RATTRS RATTRXs RSPLT  DSDT0019
4y RSPLT2s R208B R2TRs SAs SB DSDT0020

- 59 SEs SLON's SPDLTy STA» s1 DSDT0021
o 69 S2 Ty TAUS TB2C0, TB2CT  DSDT0022
% T TT2B0, TT2BT» XTDOB » XTDTR XTEOB  DSPT0023
- 8 XTETR, XTNOB » XTNTR » XV DSDT0024
DOUBLE PRECISION AZs CPHT» SPHI DSDT0025

- C DSDT0026
~ C DECLARE . IBRARY FUNCTIONS DOUBLE PRECISION TO SATISFY UNIVAC DSDT0027
. DOUBLE PRECISION DATAN2sDATANSDCOS»DSINSDSQRT DSDT0028
V < DSDT0029
EQUIVALENCE (SX0r (1) s XTNOB) » {SXOR{2)sXTFOB) (SXOB(3)+XTDOR) DSPT0030

1s {SXTRE1) 2+ XTNTR) s (SXTR(2)sXTETR}s (SXTRI3)sXTDTR) DSDTO031

: 2 (TT2¢O0(7)spNOB)Ys (TT2CT(7)sDNTR)s (RM(1)sRATOB) DSDT0032
...... 3 (RM{2) sRATTR) DSDT0033
IF (MODEJEQ.3) GO TO 30 DSDT0034

DO 10 1=1+5 DSDT0035

10 STA(I+5)=STA(I} DSDT0036

DO 20 [=1+9 DSDT0037

- 20 TT2BT(1)=TT2BO(1) DSDT0038
30 RSPLT=1.D0/SPDLT DSDT0039

RSPLT2=RSPLT*RSPLT DSDT0040

C NsEsD VECTORS IN ¢ FRAME AT RFECEIVING AND TRANSMITTING TIMES DSDT0041

, CALL DMVTRNI(TB2COsTT2B0,TT2C0s143) pDSDT0042
e CALL DMVTRN(TB2CT»TT2BT,TT2CT»1193) DSDT0043
C STATION VECTORS AT START AND FND OF DOPPLER COUNT INTERVAL DSDTO044

CALL DMVTRN(TB2COsSTASRTOBs1s1) DSDT0045

CALL DMVTRN(TB2CO(10)sSTAsRTORXs151) DSDT0046

CALL DMVTRN{(TB2CTsSTA{6) sRTTRa1s1) DSDT0047

s CALL DMVTRN(TB2CT{10)4STA(6) sRTTRX9131) DSDT0048
. DO 40 I=1s3 DSDT0049
- 40 OMG(I1)=TR2CO{ 1+6)*OMEGA DSDT0050
i CALL DCRNOSS{OMGsRTOBSRTNB(4)) DSDT0051
CALL DCROSS{OMGsRTTRSRTTR{4)) DSDT0052

CALL DCROSSI{OMGIRTORXHIRTOBX (4} DSDTO053

CALL DCROSS(OMGsRTTRXsRTTRX(4)) DSDT0054

C RANGE AND RANGE-RATE VECTORS AND MAGNITUDES DSDT0055

# DO 50 I=1s6 DSDT0056
XSOB(T)=XV(1)-RTOR{ ) DSDTO057

XSTR{I)=XV(I)=RTTR(1) DSDT0058

XSOBX({I)}=XVI1+6)-RTOBX (1) DSDT0059

50 XSTRX(I)=XV(I+6)-RTTRX(1) DSDT0060

R20B=DDOT(XSOB sXS0B) DSDT004)

R2TR=DDOTIXSTR3XSTR} H8HT0062

RATOB=DSQRT (R20R) DSDT0063

RATTR=DSQRT(R2TR) DSDT0064

RATOBX=DNORM (XSOBX) DSDT0065

RATTRX=DNORM{XSTRX) DSDT0066

C RANGE VECTORS IN TOPOCENTRIC COORDINATES DSDTO0067

CALL DMVTRN(TT2COsXSOBsSXOBs241) DSDT0068

CALL DMVTRN{TT2CT+XSTRsSXTRs241) DSDT0069

C MAGNITUDE OF STATION VECTOR DSDT0070

RTMG{1)=pDNORM(RTOR) DSDT0071

RTMG(2)=pNORM{RTTR) DSDT0072

GO TO (605701 sNANG DSDTO073

C HOUR ANGLE AND DECLINATION DSDTO074

PHILCO "iﬁ#ii

PHILCO-FORD CORPORATION
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60 SLON=DATANZ2(STA(2)s5TA(1)) DSDTO075

ORS(1)=GHA+SLON-DATANZ (XSOB(2)+XS0B(1)) DSDTO076
CALL DVNORM(TB2CO(7)EK) DSDTO0TT
CALL DCROSS(XSOBsEK »SCEK) DSDT0078
S2=DDOT{SCEK»SCEK) DSDT0079
S1=DSQRT(S2) DSDT0080
0BS{17)=DATANIXSOR(3)/51) DSDT0081
c DIFFERENCED DOPPLFR OBSFRVABLE DSDT0082
70 CONST=BIAS(2)#FTR*RSPLT DSDT0083
OBS5(49)=BTAS{1)*TAU+CONST*(RATOR+RATTR-RATOBX—RATTRX) DSDT0084
GO TO (80+170) sNFRAC DSDT0085
C REFRACTION CORRECTIONS DSDTO086
C FIRSTs ELEVATIONS AND ELEVATION CORRECTIONS DSDT0087
80 E(1)=DATAN(=XTDOB/DSQRT(XTNOB*XTNOB+XTEOB*XTEOB) ) DSDT0088
E(2)=DATAN(~XTDTR/DSQRT (XTNTR#XTNTR+XTETR#XTETR)) DSDTO089
DO 120 I=1,2 . DSDT0090
DELTE(11=0, DSDTO091
IF(E(TI1.LT.e01) GO TO 120 DSDT0092
SE=DSIN(E(T)) DSDT0093
CE=DCOSI(F(1)) DSDT0094
IF(E(1)eGEee17453293D0) GO TO 110 pSDT0095 -
T=(1.03585796D0~(,01072014D0~(,1279119D-7-.1227363D-7/E(1))1/E(1})/DSDT0096 E
1E(I))I#STA(S*I~1)*CE/SE DSDTO097
90 F=RTMG(I)}/RM(I) DSDT0098
100 DELTE(I)=T~F*((STA(S*I—1)+T*T/2,)*CE-T*SE) DSDTO099
GO TO 120 DSDTO100 -
110 DELTE(1)=STA(5%]-1)%CE/SE DSDT0101
120 CONTINUE psSDT0102 o]
CALL DCROSS{(DNOR sXSOBsDCXSOB) DSDTO103 '
GO TO 1130,140) 4 NANG DSDTO104
C ANGLE CORRECTIONS DSDT0105
130 SPHI=RTOR(3)/RTMG(1) DSDTO106
CPHI=DSQRT(RTOB(2)%#2+RTOB(3)%#%*2)/RTMG( 1) DSDTO107 -
AZ=DATAN2 (XTEOB s XTNOB) pSDTO108
OBS(1)=0RS{1)+DSIN(OBS(1) ) %% 2%CPHI/ (DSINIAZ}*DCOS(EL1) )1 #%2 ) %DELTE(DSNTO109
11) DSDTOl10
ORS{17)=0BS{17)+(NCOSIEL1) ) %¥SPHI-DCOSIAZ)*DSINIE(1) Y *CPHI)/DCOS{OBDSDTO111
1S{17))%*DELTE(L) DSDTD112
C DOPPLER CORRECTION pSDTOL113
140 CALL DCROSS{DNTRsXSTRsDCXSTR) ) DSDT0114
CALL DCROSS(DCXSORsXSORSDUML ) DSDTO115
CALL DCROSS(DCXSTRsXSTRsDUM2) DSDTO116
DEN1=R2ZOR*DNORM{DCXSOB) . DSDTO117
DEN2=R2TR¥ONORM(DCXSTR) DSDTO118
CALL DCROSS{XSOBsOMGsZ1) DSDTO119
CALL DCROSS(XSTRyOMG»Z2) DSDT0120
DO 150 I=1,3 DSDT0121
Z1¢1)=Z1(1)+XSOR(1+3) DSDTO122 s
Z2(1)=22¢1)+XSTR(I+3) DSDTO123
DUM1 {1)=DUM1{1}/DENL DSDTO124 "
150 DUMZ(1)=nUM2(1)/DEN2 DSDTO125 ‘
EDOT{11=PDOT(DUM1,21) DSDTO126
EDOT(21=DDOT(DUMZ+22) DSDTO127
DO 160 I=1,2 DSDT0128
SA=DSIN(E{I)}+DELTEL(I)) DSDT0129 ~
SB=DSIN(F(I}+DELTF(I)-ENOT(1}1%TAU) DSDT0130 '
160 DRDT(I)1=STA(5#1~1)/5TA(G*])#(1.D-3/5A-1.D~3/5B) DSDTO131
OBS(49)1=0BS(49)+CONST*#(PRDT(1)+DRDT(2)) DSDT0132
170 GO TO (180,190} yNANG - DSDT0133
180 CONTINUE DSDTO134
IF(OBS(1)sLTe0.00) OBS(1)=0BS(1)1+6.2831853071795864 DSDT0135
IF(OBS(17)4LT+0,D0) OBS(17)1=0RS(17)1+46+2831853071795864 DSDIO0136
1FI0R3(11.67.6.2831853071795864) 085{11=085111-6,2831853071795864 HSHTO137
190 RETURN DSDT0138
END

PHILCO l Space & Re-entry

PRILCO.FORD CORPORATION Systems Division



Subroutine:

Purgose :

Calling Sequence:
Input and Qutput

DSDATP

Computes three DSIF measurements and their partials

(hour angle, declination, doppler).

CALL DSDATP(GHA ,R2).

Symbolic Data
/e Name or Diﬁ::g;::g sg:;gl Dimensions Definition
Location or Units
I GHA d T rad Greenwich hour angle at
time of measurements.
9] R2 d 82 kmz Slant range squared.

Common storages used: /DATC@M/
Subroutines required: DCR@SS,DD@T,DMVTRN,DNORM ,DVNGRM

PHILCO |

PHILCO-FORD CORPORATION

DSDATP-1

Space & Re-entry
Systems Division



COMMON LOCATIONS

Location

Dimengion

__Description

ommon
Emrcﬂu c(l)

€c(133)
c(135)
c(137)
€c(139)

c(159)
c(161)

c(197)
c(233)

c(251)

c(269)

€(293)
c(294)

c(295)
€(296)

BIAS

FIR
¢MEGA
SPDLT
STA

TAU
TB2CO

TB2CT
TT2B0

TT2BT

MLT
MODE

MSTA

d(2)

d(10)

d(18)

d(18)
d(9)

a(9)

d(12)

BIAS(1l), Doppler bias frequency (cps).
BIAS(2), Transponder retransmission :
ratio.

Doppler transmitter frequency (cps).
Earth rotation rate (rad/sec).
Speed of light (km/sec).

STA(1-3), Receiving station position
in B~frame (km).

STA(4-5), Refraction constants.
STA(6-10), As above, but for trans~
mitting station if doppler mode is
three-way.

Doppler count interwval.

TB2C#(1-9), B-frame to C~frame trans-
form at end of doppler count interval
at signal reception.

TB2C@(10-18), As above, but at
beginning of doppler count interval.

Same as TB2C@#, but at time of signal
transmission.

Unit North, East, Doﬁn vectors
at receiving station in B-frame.

Same as TT2B@, but for transmitting
station if doppler mode is three-
way .

Xv(1l-6), Spacecraft position and

velocity at end of doppler count

interval as signal leaves space-

craft.

Xv(7-12), as above, but at begin-
ning of doppler count.

Speed of light partial option key*.

Doppler mode
+2, two~-way
+3, three-way

*
Station location partial option key .
%*
Station clock partial option key .

l’F“LJ:tJl!ﬁ#i

PHILCO-FORD CORPORATION

DSDATP=-2
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COMMON LOCATIONS

Common |Location Name |[Dimension Description
*
| DATCOM | C(298) NANG Angle inclusion option key .
%*
c(299) NFRAC Refraction correction option key .
*
+1, include .
+2, omit
If angles are omitted, no
angle partials are computed.
“““““ c(5) ¢BS d(64) |Measurements

See Table 1, description of CBDAT.

PHILCO l
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)

%)

SIBFTC MC13DN  XR3sM94 sNODDsLTST

CMC13DN

| PHILCO l

bHILGﬂ-FDRD CORPORATION

10

20
30

40

50

DSIF MEASUREMFNTS AND PARTIALS

SUBROUT INE DSDATP({GHAsR20B)

COMMON  /DATCOM/ BIAS(2)» 0BS(64) s FTR OMEGA

ls SPDLT» STA(10)» TAU TB82C0O(18)
2 TRB2CT(18)s TT2BO(9) TT2BT(9)» xXV(12)
3 MLT» MODE» MSTA MT IM
4 NALIGN» NANG NFRAC

DOUBLE PRECISION DCXSOR(3)s DCXSTR{3})» DELTE{(2)» DNOB(3)
ls DNTR(3)» DRDT(2)» DUM1(3), DUM2(3)
2y E(2)» EDOT(2)» EK(3)s OMG(3)
3 RM{2) RTMG{2)» RTOBl&) » RTOBX(6)
b RTTR(&) » RTTRX(6)s SCEK(3) SX0B(3)
5» SXTR(3)» TT2C0(9)» TT2CT(9) XSOB(6)
69 XS0BX(6)» XSTR(6) s XSTRX{6) s Z11{3)

T . 22(3)

DOUBLE PRECISION BIAS» CF» CONST CXo cy

1y 0BS» DDOT s DEN1l» DEN2
29 DNORM Fy FTR GHA » OMEGA
3 RATOBS RATOBXs RATTR RATTRX» RSPLT
4y RSPLT2» R20B» R2TR» SA, sB

5 SEs SLON» SPDLT, STA» S1

69 529 Ts TAU» TB2CO, TB2CT
T TT28B0» TT28T» XTDOB » XTDTR» XTEOB
8 XTETR XTNOB » XTNTR s XV

DOUBLE PRECISION AZ» CPHI» SPHI

DECLARE LIBRARY FUNCTIONS DOUBLE PRECISION TO SATISFY UNIVAC
DOUBLE PRECISION DATAN2sDATANsDCOSsDSINsDSQRT

EQUIVALENCE (SXOR({1)+XTNOB)s (SXOB{2)sXTEOB)s (SXOB(3)+XTDOB)
1 (SXTRI1)9sXTNTR)s (SXTRI2)sXTETR)» (SXTR{3) s XTDTR)
2 (TT2c007)1snNNOBY s (TT2CT{7)sDNTR)» (RM{1)sRATOB)
3 (RM{2)sRATTR)

IF(MODE.FQ.3) GO TO 30

DO 10 I=1+5

STAUI+51=STA( D)

DO 20 I=1,9

TT2BT(1)=TT2B80(1}

RSPLT=1.D0/SPDLT

RSPLT2=RSPLT*RSPLT

NsEsD VECTORS IN € FRAME AT RECEIVING AND TRANSMITTING TIMES
CALL DMVTRN(TB2COsTT2B0sTT2C051+3)

CALL DMVTRNITB2CTTT2BTsTT2CTs143)
STATION VECTORS AT START AND END OF DOPPLER COUNT INTERVAL
CALL OMVTRNITB2CO»STAsRTOB»1s1)

CALL DMVTRNI{TR2CO110)sSTASRTOBXs1s1)
CALL DMVYTRNI(TR2CTsSTA(6)sRTTRs11}

CALL DMVTRNI(TB2CT{(10)sSTA(6)sRTTRXs151)
DO 40 1=1+3

OMG{I)=TR2CO(I1+5 )} *OMEGA

CALL DCROSS{OMG,RTOBSRTOB(4))

CALL DCROSS(OMGsRTTRsRTTR(4))

CALL DCROSS(OMGsRTOBXsRTOBX(4))

CALL DCROSS(OMG4RTTRXsRTTRX(4})

RANGE AND RANGE-RATE VECTORS AND MAGNITUDES
DO 50 I=146

Xs0B(1)=xV{I)-RTORI(1)
XSTR{I)=XV{I}-RTTRI{I)
XSOBX(1)=XV(1+6)-RTOBX(1}
XSTRX{Ty=XV(I4+6)~RTTRX(I)
R20B=DDOT{XS0B+XS0OB)
RZTR2DDOTIXSTRIXSTRY

RATOB=DSQRT(R20B)

RATTR=DSQRT{R2TR)

RATOBX=DNORM{XS0BX)

RATTRX=DNORM{XSTRX)

RANGE VECTORS IN TOPOCENTRIC COORDINATES
CALL DMVTRNITTZCO»XS0BsSXOBs2s1)

CALL DMVTIRNITTZ2CTaXSTRaSXTRs241)
MAGNITUDF OF STATION VECTOR
RTMG(1)=pNORM(RTOR)

RTMG(2)=nNORM(RTTR)

GO TO (60970) 9NANG

HOUR ANGLE AND DECLINATION

Space & Re-entry
Systems DRivision

DSDPO0O1
DSDPD002
DSDPO003
DSDP0004
DSDP0O0O5
DSDP0006
DSDPOOOT
DSDPO00S
DSDPOOOY
DSDPO010
DSDPOO11
DSDP0012
DSDPOO13
DSDPO014
DSDPOO1S
DSDPOO16
DSDPOO1T
DSDPOO1B
DSDPOO19
DSDP0020
DSDP0021
DSDP0022
DSDP0023
DSDP0024
DSDPO025
DSDP0026
DSPPO027
DSDP0028
DSDP0029
PSNPO030
DSDPO031
DSODPO0O32
DSDPO033
DSDPO034
DSDP0O035
DSHPOO36
DSDP0O037
DSDP0038
DSPPO039
DSDPO04D
DSDPO041
DSDP0042
DSDPOO43
DSDPOO44
DSDP004S
DSDPO046&
DSDPODAT
DSDPOO4B
DSDP0O04Y9
DSDP0O0O50
DSDP0051
DSDP0052
DSDPO053
DSDPO0OS4
DSDPOO5S
DSDPOO56
DSDPOOS7
DSDP0OO58
DSDP0059
DSDPO060
DSDP00S1
pEBBOGE3
DSDP0063
DSDPO064
DSDPQQ6S
DSDPO066
DSDPOO67
DSDP0068
DSDPO0SS
DSDPOOT0
DSDPOO71
DSDPOOT2
DSDPO0T3
DSDPOOT4



60 SLON=DATANZ(STA(2)sS5TA(1)) ] . DSDPOOT5

OBS{1)=GHA+SLON-DATAN2 (XSOB(2)sXSOB(11)) DSDPOOT6

CALL DVNORMI(TB2CO{7)+EK) DSOPOOTT

CALL DCROSS(XSOBsEK s SCEK) DSDPOO78

$2=DDOT{SCEK s SCEK) DSDPOO79

$1=DSQRT(S2) DSDPOODS8O

OBS(17)=NATAN(XSOR(3)/51) DSDPOOB1

C DIFFERENCED DOPPLFR OBSERVABLFE DSDP0082

70 CONST=BIAS(2)*FTR®*RSPLT DSDP0083

0BS(49)=BIAS(1)1%¥TAU+CONST* (RATOB+RATTR-RATOBX-RATTRX) DSDP0084

GO TO (80170)sNFRAC DSDPO08S

C REFRACTION CORRECTIONS DSDP00S6

C FIRSTs ELEVATIONS AND ELEVATION CORRECTIONS DSDPOOBT

80 E(1)=DATAN(=XTDOB/DSQRT{XTNOB*XTNOB+XTEOB*XTEOB) ) DSDPOOBS

E(2)=DATAN(=XTDTR/DSQRT (XTNTR*XTNTR+XTETR*XTETR)) DSDP0089

DO 120 1=1s2 DSDPO090

DELTE(1)=0, DSDP0091

IFIE(I)eLTee01) GO TO 120 DSDP0092

SE=DSIN(E(I)) DSDP0093

CE=DCOS(E(I)) DSDP009%
IF(E(])eGE«e17453293D0) GO TO 110 DSDPOO95 o
T=(1.03585796D0-(.01072014D0~{,1279119D~7-+1227363D=-7/E(1})1/E{1))/DSDPO09S i
1E(T))%STA(5%]I-1)*CE/SE DSDP0097 .

90 F=RTMG(T)/RM(1) DSDP0OO098

100 DELTE(I)=T-F*((STA(S*I-1)+T*T/2,)*CE~T*SE) DSDP00S9
GO TO 120 DSDPO100 —

110 DELTE(I)=STA(S*]-1)%CE/SE DSDPO101

120 CONTINUE DSDP0102

CALL DCROSS(DNORsXSOBsDCXSOB) DSDPO103

GO TO (130,140) yNANG DSDP0104

C ANGLE CORRECTIONS DSDPO105

130 SPHI=RTOR(3)/RTMG(1) DSDPO106
CPHI=DSQRTIRTOB(2)*%#2+RTOB(3)#%2) /RTMG(1) DSDPO107 .

AZ=DATAN2 (XTEOBsXTNOR} D5SDPO108

ORS(1)=0RS{114+DSIN(OBS (1)) *¥*2%CPHI/ (DSINIAZ)*DCOS(E(1))**2 ) %*DELTEADSDPO109
11 DSDPO110 Y

0BS(17)=0BS5{17)+(DCOSIE(1))*S5PHI-DCOS(AZ)*DSIN{(E(1))*CPHI}/DCOSIOBDSDPO111
1S(17T))I*DELTE(L) DSDP0112 -

C DOPPLER CORRECTION DSDPO113

140 CALL DCROSS{DNTRsXSTRsDCXSTR) ) DSDPO114

CALL DCROSS(DCXSORsXSOBsDUMIL) DSDP0115

CALL DCROSS{DCXSTRsXSTR,DUM2) DSDPO116
DEN1=R20B*DNORM(DCXSOB) DSDPO117 s

DEN2=R2TR*DNORM(DCXSTR) DSDP0O118

CALL DCROSS{XSORsOMGsZ1) DSDPO119

CALL DCROSS{XSTRsOMG+22) DSDP0120

DO 150 I=1,3 DSDPO121
Z1(1)Y=Z1(11+XSOR(1+3) DSDP0122 o

22{1)1=Z2 (1) +XSTR{1+3) DSpPO123
DUM1(1)=pUM1(1)/DFN1 DSDPO124 i

150 DUM2(1)=DUM2(1)/DEN2 DSDPO125

EDOT(1)=nDOTI(DUM1,+21) DSDPO126

EDOT(2)1=DDOT(DUM2+22) DSDPO127

DO 160 I=1,2 DSDPO128
SA=DSIN(ELI)+DELTFI(I)) DSDPO129 y
SB=DSIN(E( IY+DELTF{I}~ENOT (1) *TAU) DSDPO130 .

160 DRDT(I)=STA(S5%#]~1)/STA(G¥T)%(1,D~3/5A~1.D~3/5R) DSDP0131

0BS(49)=0BS(49)+CONST*{NDRDT(1)+DRDT(2}) DSDPO132

C PARTIAL DERIVATIVES DSDPO133

170 GO TO (18042601 3NANG DSDPO0134

C ANGLE PARTIALS DSDP0135

C PARTIALS WRT VEHICLE STATE géggaigg

180 CONTINOE =~ oo LIEE

IF{OBS(11sLTe0eD0) OBS(1)=0BS{1)+6.2831853071795864 DSDP0138

IF(OBS(1714LT.0,D0) OBS(17)=0RS(17)+6.2831853071795864 DSDP01139

IF{OBS(1)eGToa642831853071795864) OBS(1)=0RS(1)-6.2831853071795864 DSDPO140

CALL DCROSS{SCEK»XSOBsOBS(18)) DSDPO141

DEN1=R20B%S51 DSDPO142

DO 190 1=1,3 DSDP0143

OBS{I+1)=SCEK(I)/52 : DSDPO144

OBS(144)=0,D0 DSDPO145

OBS{1+17)=0BS{1+17)/DEN1 DSDPO146

190 OBS{I+20)=0.D0 DSDPO147

C PARTIALS WRT MEASUREMENT BIAS DSDP0148

0BS(8)=1,D0 DSDPO149

PHILCO I Space & Re-entry

PHILCO.FORD CORPORATION Systems Division



0BS(24)=1.00 ' DSDPO150

GO TO (2005210) ¢MTIM DSDPO151
C PARTIALS WRT OBSERVING STATION CLOCK BIAS DSDPO152
200 0B5(9)=pPNPOT(OBS(2) sXSOB(4) )+0OMEGA DSDP0O153
OBS5(25)=pDOTIOBS(18) sX50B(4)) DSDPO154
210 GO TO (22045230) 4MLT DSDPO155
C PARTIALS WRT SPEED OF LIGHT DSDPO156
220 0RS(10)=NDOT(OBS(2)sXV{4) ) #RATOR*RSPLT2 DSDPO157
OBS(26)=NDOT(OBS{18) sXVI4) ) ¥RATOR¥RSPLT2 DSDPO158
230 GO TO (24042601 ,MSTA DSDPO159
C PARTIALS WRT STATION LOCATION ERRORS DSDPO160
240 CALL DCROSS(EKsRTOBsDUMI) . DSDPO161
DEN1=DDOT{DUM1 sDUML ) DSDPO162
CALL DMVTRN{TB2COsOBS(18)s0B5(2713251) DSDP0163
DO 250 I=143 DSDPO164
OBS(1+13)=0+D0 DSDPO165
OBS(1+29)=0,D0 DSDPO166
DUM2(1)=nDUM1(1)/DEN1-0BS(I+1) DSDPO167
250 OBS(1+26)=~0BS(1+26) DSDPO168
CALL DMVTRN(TB2COsDUM250RS{11)9291) DSDP0169
C DOPPLER OBSERVARLE PARTIALS DSDPO170
- C PARTIALS WRT VEHICLE STATE DSDPO171
C NORMAL 1ZE RANGE VECTORS DSDP0O172
* 260 DO 270 1=143 DSDPO173
XSOB(11=XxSOB(1})/RATOB DSDPO174
XSTR{I)=XSTRUI}/RATTR DSDP0175
g XSOBX(1)=XSOBX{T)/RATORX DSDP0O176
270 XSTRX{1)=XSTRX(1)/RATTRX DSDPO177
. C PARTIALS WRT TRANSMITTING STATION LOCATION ARE USED IN THE VEHICLEDSDPO178
- C STATE PARTIALS AND WILL BE CALCULATED HERE DSDPO179
CALL DCROSS{OMGsXSTRXsORS(621}) DSDP0O180
1y CALL DCROSS{OMG,0RS(62) sDUM] ) pDsSDPO181
i CALL DCROSS(OMGsDUMI sDUM2 ) DSDPO182
" DO 28C I=1,3 DSDPO183
280 DUM2 (1) =(TAUX{ORSII+61}+5DOXTAU*(DUMI{TI+TAURDUM2 (1)1/3,.,D0))1+XSTRXDSDPO184 -
1(1)-XSTR{ I} )I*CONST DSDPO185
CX=DDOTINUM2sRTTR{4) )*RSPLT DSDP0186
CY=DDOT(NUM2sRTTRX (4))*RSPLT DSDPO187
DO 290 I=1,3 DSDPO188
085(1+449) = (XSOBITI+XSTRIT)I*(CONST+CX) ~(XSORXIT)+XSTRX (1)) #{ CONST+DSDPO189
1CY) ‘ DSDPO190
290 ORS{1+52)=CONST*#TAU*{XSOBX (T} +XSTRX (T} DSDP0O191
C PARTIALS WRT MEASUREMENT BIAS DSDP0192
g 08S(561=TAU DSDP0193
GO TO (30C5310) »MTIM DSDPO194
. C PARTIAL WRT OBSERVING STATION CLOCK BIAS D5DPO195
300 ORS{57)=rONST*(DPDOT{X5083XSOB{4))1+NPDOTIXSTRsXSTR(4))-DDOT(XSORX s XSDSHPO196
10BX{4) ) =nNDOT IXSTRX s XSTRX (&) }} DSDPO197 -
s 310 GO TO (2205330) 4MLT DSDP0198
. C PARTIAL WRT SPEED OF LIGHT DSDP0O199
- 320 ORS(58)=RSOLT2*(DNOTIORSIS0) sXV(4) ) *¥RATOR=DNIAT(ORS (501 sXV{10}) I *RATDSDPO200
h 108X+DDOT(DUM2 sRTTR(4) ) #(RATOB+RATTRI-DDOT (DUM2»RTTRX (4 ) ) #(RATOBX+RDSDPO201
2ATTRX))~CONST*RSPLT#(RATOB+RATTR-RATORX=RATTRX) DSDP0202
Sl 330 GO TO (1340,370),MSTA . DSDP0203
C PARTIALS WRT STATION LOCATION ERRORS DSDP0204
- 340 CALL DMVTRN(TB2CTsDUM2s0RS{62)3251) DSDPO205
s : CALL DCROSS(OMGsXSOBXs0RS(591}) DSDP0206
o CALL DCROSS(OMG,0ORBS(59) sDUM1) DSDP0O207
e CALL DCROSS (OMGsDUMI sDUM2) DSDP0208
DO 350 I=143 DSDP0209
350 DUM2 (1) =(TAUX{ORS{T+58)+45D0*TAU*(DUMI(T)+TAUXDUM2{1)/3.H0))1+XSOBXDSHPO210
1(1)=XSOB(I))*#CONST DSDP0O211
‘CALL DMYTRN(TB2CD>DUM2s0BS(59)5251) b8pBo212
IF {MODE.EQ«3) GO TO 370 DSDP0213
c ADD STATION LOCATION PARTIALS FOR TWO-WAY DOPPLER DSDPO214
DO 360 [=595,61 DSDP0215
360 OBS(I)=0RS(I}+0BS(I+3) DSDP0216
370 RETURN DSDPO217
END
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Subroutine: DSTAT

Purpose: Finds tracking-station position vector in body-fixed
coordinates and finds the orthogonal topocentric to

body=-frame transformation,

Calling Sequence: CALL DSTAT(A,B,DTR,STA,SN)

Input and Qutput

- Symbolic Data
. 1/¢ | Name or niﬁiﬁfﬁiﬁs sMa§g1 Dimensions Definition
Location ym or Units
: I A d a km Body semi-major axis.
] I B d b km Body semi-minor axis.
| I DTR d rad/deg Degree-to-radian
conversion factor.
deg STA(l) = Station latitude
(geodetic)
I STA d(3) deg STA(2) = Station longitude
meters STA(3) = Station altitude
@ SN d(12) km, SN(1-3) Station position
o in body-fixed coordinates,
"""" dimension~- |SN(4~12) Topocentric to
less body-fixed orthogonal
transformation.
: Common storages used: None
Subroutines required: None
DSTAT-1
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Coordinate Frames:

The body-fixed coordinate frame is a right-handed Cartesian (dextral
orthogonal) system with the first axis lying in the body equator plane

in the direction of the prime meridian, the third axis lying along a

line from the body center through the north pole, and the second axis

chosen 80 as to complete the right-handed system.

The topocentric coordinate frame is a dextral orthogonal system. It
may be called a local tangent plane systeﬁ. The first axis lies along )
the local North Vector; the second along the local East vector, and .
the third along the local Down vector. (The local Down vector at a
point on the surface of the body is parallel to the radius vector from
the body center to that point if and only if the body is spherical,

except for the two poles and all points in the equator.) 7

Tracker Position Vector:

Let:
@ be the longitude of the tracker

.

be the latitude of the tracker (geodetic)

h be the altitude of the tracker above the
reference spheroid

a be the body semi-major axis

b be the body semi~-minor axis

2

let c:==,\/cos2 é+2-2- si.n2 é
a i

Then

SN(1)

]
‘ol

+h) cos O cos ¢

SN(2)

#
/‘\
ol

+l') sin @ cos &

+
ac

2
SN(3) = (9- t)sin é DSTAT -2

PHILCO @
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Eransformation

The columns of the topocentric to body-fixed transformation matrix
(stored by columns in SN(4) to SN(12)) are the local unit North,

East, and Down vectors:

N E D
- cos @ sin & - sin 0 - cos O cos ¢
- - sin O sin ¢ cos © - sin O cos ¢
Iy cos ¢ 0 - gin ¢
- o

DSTAT-3

¥
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SIBFTC MC13DW XR3sM94,NODDsLIST

SUBROUTINE DSTAT(AsBsDTRsSTAsSN) STAT0001
C FINDS STATION POSITION VECTORS AND TRANSFORMATIONS STAT0002
DOUBLE PRECISION As Bs STA(3)s  SN(12) STAT0003
1 SL» Cls STs CTs Cs DTR STAT0004
DOUBLE PRECISION DSINsDCOSsDSQRT STATO005
SL=DSIN{(STA(1)%DTR) STAT0006
CL=DCOS(STA(11%DTR} STAT0007
ST=DSINISTA(2)¥DTR) STAT0008
CT=DCOSISTA(2)%*DTR) STAT0009
CEDSQRT(CL*CL+B*B*SL#5L/(A%A)) STAT0010
SN{4)=—-5L%CT : STATO0011
SN{5)==5_ #ST STAT0012
SN{6)=CL . STATOO013
SN(7)=-ST STATOO14
SN{B)=CT STATO015
SN{9)=0,D0 STATO0016
SN{10)==CL*CT STAT0017
SN(11)=-CL*¥S5T STATO0018
SN{12)=-5SL STATO0019
SN{3) = STA(3)/1.D3 , STAT0020
o SN{1)=—(A/C+SN(31)%SN(10) STATO0021
¥ SN(2)==(A/C+SN(3) ) %SN(11) STAT0022
s SN{3)=~(B*B/(A*C)+SN(3))%SN(12) STAT0023
RETURN STAT0024
END

Frnco]
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Subroutine:

Purpose:

DSTEST

To decode data and convert units for DSIF(JPL)

data.

Calling Sequence: CALL DSTEST(IERR)

Symbolic Data

1/¢ | Name or Di::;g;::g 33:;21 Dimensions Definition
Locstion or Units

¢ IERR Error flag. Set = 2 by

DSTEST if total number
of station names exceeds
20. Otherwise set = 0,

Common storages used:

Subroutines required: DATINP, POLYFT

PHILCO I

PHILCO-FORD CORPORATION

/TRRCEM/ , /dUTCB®M/ , /TSTCMM/ ,

/DATCEM/ , /SUMCEM/

DSTEST-1
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Discussion:

Subroutine DSTEST is presently a dummy subroutine. If it is called, it
writes out an error message and returns control to the main program for
processing of the next data tape.

Subroutine DSTEST was intended to parallel the operation of the similar
subroutines CBTEST,GRTEST, and SBTEST, but could not be written because
neither descriptions nor samples of DSIF (JPL) data were made available.

DSTEST-2
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$IBFTC MC134V M94,NODDsXR3

CMC134V DSIF RAW DATA PROCESSOR DSTS0001
SUBROUTINE DSTEST{(IERR) D5TS0002

601 FORMAT(48HO*%* DSIF DATA PROCESSING NOT PERMITTED BECAUSE/ DSTS0003
16X»41HFORMATTING INFORMATION WAS NOT AVAILABLE./ DSTS0004

26X 34HPROCESSING OF THIS TAPE ABANDONED./ DSTS0005

36Xs 38HPROGRAM PROCEEDS TO NEXT TAPEs IF ANY.) DSTsS0006
IERR=0 DSTS0007
WRITE(6+601) DSTS0008
RETURN DSTS0009

END DSTS0010

PHHILCO "iiiiil Space & Re-entry
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Subroutine: DTRANP

Purpose: To transform the covariance matrix from one inertial

frame to another (given the transformation matrix).

Calling Sequence: CALL DTRANP(P,NR,T,S,Q,KK)

Input and Qutput

. Symbolic Data
e 1/0 | Name or Dizzzgzizs 353;21 Dimensions Definition
Location or Units
- 1 P d(NR,NR) Input covariance matrix
] 1 NR Dimension of P
1 T d(3,3) Position transformation
7 matrix
1 S d4(3,3) Velocity transformation
matrix
- @ Q d(6,6) Output covariance matrix
I KK Option key; see description
following.
st Common storages used: 54 cells.
¥ Subroutine required: DMVTIRN

DTRANP-1
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DTRANP _Usage

Consider the upper left 6 X 6 of P as being

partitioned:
3 3
- ' -
1
'
3 P11 P2
:
i o0 A5 G5 & an W O 1--------
1
'
3 Py 1 Py
i ; - !
If KK =0 V}
- 5
T 0 1.2 P, T 0
1
Q= J
0 5 P P 0 ST
! J L3 4 1L i
If KK=1
- - L
T Pl TT Ql
Q= J
Q' sp,S"
L o
where Q' 1is left as it was on input.

DTRANP-2
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$IBFTC MC13DJ XR3,M944NODD,LIST

C

[aXaXsRs!

PHILCO I
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SUBROUTINE DTRANP({PsNR»T»S5sQsKK)
TRANSFORMS COVARIANCE MATRIX FROM ONE INERTIAL FRAME TO ANOTHER

DOUBLE PRECISION T(353), P(NRsNR)s Q(636) 5(3+3)
COMMON AsBsD
DOUBLE PRECISION A(343), B(3s3)s D(323)

Q = (T 0 ) (Pl P2) (TT 0) WHERE Pls P2y P3s P4 ARE
(0 S ) (P3 P4) {0 ST) 3X3 MATRICES, UPPER LEFT OF P

KK=¢ GIVES FULL 6X6 IN Q

KK=1 GIVES T Pl TT AND S P4 ST IN Ql,s Q4

DO 1 I=143

DO 1 J=1»3

AlT»J)=T(Js )

BllsJ)=S1Js1y

DO 2 I=1+3

CALL DMVTRN(TsP(1ls1)sD(1s1)s1s1)

DO 3 I=1s3

CALL DMVTRNI(DsA(1lsI)sQ(1lsI)s1lsl)

DO 4 1=143

CALL DMVTRN(SsP(49143)sD115s1)5151)

DO 5 I=1,3

CALL DMVTRN(DB(1s1)1sQ{asI+3)s1,s1)

IF{KKeGT4C) GO TO 9

DO 6 I=143

CALL DMVTRN(TsP(1,I+3)9D(1sI)91s1)

DO 7 I=1.3

CALL DMVTRNADsBI{1ls1)sGQ{1sI4+3)51s1)

DO 8 I=446

DO 8 J=l,s3

QUIsJI=Q(Jely

RETURN

END

Space & Re-entry
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TRNP0OO0OO3
TRNPOOO4
TRNPOOO5
TRNP0O0O06
TRNPOOO7
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TRNPQOO9
TRNPOO10
TRNPOO11
TRNPGO12
TRNPOO13
TRNPOO14
TRNPOO15
TRNPQO16
TRNPOO17
TRNPQOLl8
TRNPOO19
TRNPQOZ20
TRNPOOZ21
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TRNP0O23
TRNPOO24
TRNPOO25
TRNPOO26
TRNPOQ27
TRNPOO28
TRNPOO29
TRNPOO30



Subroutine: DTRDB

Purpose: To compute either the Darboux or the local tangent

plane transformation.

Calling Sequence: CALL DTRDB(R, V, T, K)

Input and Qutput

Symbolic Data
1/¢ |Name or nizfzgzz: snaggl Dimensions Definition
Location | € s ym or Units
""" | 1 R d(3) Position, body centered
. coordinates
1 '4 d(3) Velocity, body centered
coordinates
) T d(3,3) Transformation matrix
1 K K=1, T is Darboux
K=2, T is local tangent
plane.

Lo

Common storages used: None

Subroutines required: DCR@SS, DN@RM

DTRDB-1
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DTRDB Equations:

1. Darboux
The columns of T are the vectors

VXRXV), @®RxV)x [VX(RXV)], RXV : all normaliéed

2. Local tangent plane

R, (RXV)XR, RXV: all normalized.

DTRDB-2
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Subroutine: DTRDB

Purpose: To compute either the Darboux or the local tangent

plane transformation.

Calling Sequence: CALL DTRDB(R, V, T, K)

Input and Qutput

Symbolic Data
1/ |Name or Dizzziiizs SMaEEI Dimensions Definition
Location | Sym or Units
- 1 R a(3) Position, body centered
o v coordinates
o 1 v d(3) Velocity, body centered
coordinates
¢ T d(3,3) Transformation matrix
| 1 K K=1, T 1is Darboux
oy K=2, T is local tangent
plane.

Common storages used: None

L Subroutines required: DCR®SS, DN@RM

DTRDB-1
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DTRDB Equations:

1. Darboux
The columns of T are the vectors

VX(RXV), (RXV)x [VX(RXV)1, RXV : all normalized

2. Local tangent plane

R, (RXV)XR, RXV: all normalized.

DTRDB-2
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SIBFTC MC13DF XR3yM94,NODDsLIST

C

PHILCO Mii#il

PHILCO.FORD CORPORATION

SUBROUTINE DTRDB(RsVsTsK)
COMPUTES DARBOUX OR LOCAL TANGENT PLANE TRANSFORMATION
DOUBLE PRECISION T{(3,3)s R(3), Vi3)s As
DOUBLE PRECISION DNORM

K=1 GIVES DARBOUX

K=2 GIVES LOCAL TP

CALL DCROSS(RsVsT(1s3))
IF(K.EQe1) GO TO 2

DO 1 1=1s3°

T{Is1)=R(1)

GO TO 3

CONTINUE

CALL DCROSS(V»>T(15315T(151))
A=DNORM(T(151))

B=DNORMI{T(153))

DO & T=1s3

T(I»3)=T(1+3)/B

T(Is1)=T(Is1)/A

CALL DCROSS(T(153)sT(1s1)sT(1s2})
RETURN

END

TRDB0001
TRDB0002
TRDB00O03
TRDB0O0OO4
TRDB0O0OS
TRDBOOOS
TRDB0OO7
TRDBOOOB
TRDB0009
TRDBOO1O
TRDBOO11
TRDBOO12
TRDBOO13
TRDBOO14
TRDBOO15
TRDBOO16
TRDBOOL17
TRDBOO18
TRDBOO19
TRDBOO20

Space & Re-entry
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Subroutine: DVN@RM

Purpose: To normalize a vector.

Calling Sequence: X = DVNORM (E, W)

Input and Qutput

Symbolic Data
1/¢| Name or Diizggiizs 532;21 Dimensions Definition
Location or Units
o T g d(3) Input vector.
¢ W da(3) Unit vector along 2.
¢ DVN@RM d Magnitude of E.

Common storages used: None

M Subroutines required: DD@T

DVN@RM- 1

PHILCO ] Space & Re-entry
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SIBFTC MC132H XR3,M94,NODD,LIST

DOUBLE PRECISION FUNCTION DVNORM (ZsW) DVAMOOO1
DOUBLE PRECISION Z(3)sW(3)sSCLDDOT»DSQRT DVNMOO002

1 SCL = DSQRTADDOT(Zs2)) DVNMO0O03
DO 2 [=1,3 DVYNM0O004

2 Wwil) = Z(1)/5CL DVNM0005
DVNORM = SCL DVAMO006
RETURN DVNMO0O7
END

F’Fill.c:c:l!i#iil Space & Re-entry
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Subroutine: EGRESS
Purpose: To transfer the final edited data to tape 10 if necessary,

and to write the output summary.

Calling Sequence: CALL EGRESS

B

Common storages used: /MIXC@M/,/suMcéM/,/duTcdM/, /MESCEM/
Subroutines required: DATHUP

EGRESS-1

PHILCO I Space & Re-entry
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V EGRESS

|  TRNSFR=N@UT.NE.10 |

!

Read summary record
from tape NYUT

C TRN*SFR 5 ——

* T
Write summary record
on tape 10
|Write tape summary |
R
Read key record
from tape NYUT
1 F
C TRNS%‘R ]
Write key record |
on tape 10
~™ Yes
(_ End of tape? ) ,é?
Yo
[Write record sunmsry | C TRNSFR N |
+ ™ e
Read data record Endfile 10 w
from tape NGUT Rewind 10
L TRNSFR D 2
T [ Rewind N@UT | |
Write data record *
on tape 10 Write end of
. | tape message

Return

EGRESS=-2

PHILCO I Space & Re-entry %
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$IBFTC MC1l34U M94,NODDyXR3

CMC134U  WRITES SUMMARY AND INSURES OUTPUT TO BE ON TAPE 10 EGRS0001

SUBROUTINE EGRESS EGRS0002

COMMON  /MIXCOM/IMIX(&) EGRS0003

EQUIVALENCE (IMIX({1)sLONNIN)> (IMIX(2)sLON12) EGRS0004

1s  (IMIX(3)sNIN)» (IMIX(4)sNOUT) EGRS0005

C EGRS0006

COMMON  /SUMCOM/SUMM(56) EGRS0007

DOUBLE PRECISION TSTART, TSTOP EGRS0008

DIMENSION  HEADER(11)s  STIMNX(20) , EGRS0009

REAL NAMSTA(20) EGRS0010

EQUIVALENCE (SUMM(1)sHEADER)s {(SUMM(12)sNUMSTA}s {SUMM(13)sNAMSTA)EGRS0011

1 (SUMM{33) s TSTART ) s (SUMM(35) s TSTOP) s (SUMM{37)sSTIMNX}EGRS0012

S EGRS0013

COMMON  /OUTCOM/BUFF(40) EGRS0014

DIMENSION  s5D(4) EGRS0015

DOUBLE PRECISION TFIRST, TLAST EGRS0016

EQUIVALENCE (BUFF(1)sNREC)» (BUFF{2)sNECT)» (BUFF (3) s NAMOBS) EGRS0017

1s (BUFF (4) s NAMTRA}s (BUFF{6)yNPTS}s {BUFF(7)sKONT) EGRS0018

2 (BUFF(8)sMTYPE)s (BUFF(15),TFIRST 1 (BUFF(17)sTLAST) EGRS0019

3 (BUFF(33)sNB1)» (BUFF (34)sNB2) {BUFF(35)sNB3) EGRS0020

o 4s (BUFF(36)3NB&)» {BUFF(37),55D) EGRS0021
c EGRSD022

COMMON /MESCOM/DATA(510} EGRS0023

C EGRS0024

~ DIMENSION  TYPE(4)» DUM( 3) EGRS0025
™ LOGICAL TRNSFR EGRS0026
C EGRS0D027

i 601 FORMAT(1H1s46Xs26H*%% EDITED DATA TAPE *#%/24Xs7HHEADERs11A6) EGRS0028
602 FORMAT(19HOFIRST DATA ON TAPEsD23.16,20H SECONDS FROM 1950.0) EGRS0029

603 FORMAT(19HO LAST DATA ON TAPEsD23¢16s20H SECONDS FROM 1950,0) EGRS0030

604 FORMAT(1HU»B1Xs16HSTATIONS ON TAPE/49Xs4HNAME 95Xs 13HFIRST ON TIME/EGRS0031

1/(48XsA65E18,8)) EGRS0032

605 FORMAT{////7/7724H #*%% RECORD PAIR NUMBER»I5//75H RECEIVING STATIONEGRS0033

1 TRANSMITTING STATION  MEASUREMENT TYPE  CONTINUATION/7XsA6s15EGRS0034

2X9A6915XsA6s12X9A3//12H DATA BEGINS9D2461692CH SECONDS FROM 1950.0EGRS0035

3) EGRS0036

606 FORMAT(12HU DATA ENDS 9D24616520H SECONDS FROM 1950.0) EGRS0037

607 FORMAT(1HO»3Xs5HTOTAL25Xs10HBAD POINTS/12H TIME POINTS»9Xs THANGLEEGRS0038
1 133XsTHANGLE 253Xs5HRANGE 93X s 7THDOPPLER/17517Xs1238Xs12s6X91297XsIEGRSC039
22//30Xs 19HSTANDARD DEVIATIONS/5Xs7HANGLE 19 13X»7HANGLE 214X s5HRANEGRS0040

! 3GE» 14X s THDOPPLER/E1648+3E2048) EGRS0041
| 608 FORMAT(//44X,32H *%% END OF EDITED DATA TAPE #¥x) EGRS0042
o DATA TYPE/6HC~BAND»&HGODDRD s 6HS~BANDs6H DSIF / EGRS0043

DATA QYESsQNO/3HYES»3H NO/ EGRS0044

TRNSFR=NOUTeNEe 10 EGRS0045

C READ TAPE SUMMARY RECORD EGRSQ046

s READ (NOUT) SUMM EGRS0047
C IF NOUT oNEes 10 WRITE IT ON 10 EGRS0048

IF{TRNSFR) WRITE(10) SUMM EGRS0049

C WRITE OUT SUMMARY RECORD DATA ON SYSOUL EGRS0050

WRITE(65601) HEADER EGRS0051

w WRITE(6+602) TSTART EGRS0052
CALL DATOUP(TSTARTsDUM»0) EGRS0053

WRITE(65603) TSTOP EGRS0054

b CALL DATOUP{TSTOP sDUM»0) EGRS0055

: WRITE(6+604) (NAMSTA(I)sSTIMNX(I)sI=1sNUMSTA) EGRS0056
L C READ A KEY RECORD FROM NOUT EGRS0057

10 READ{NOUT) BUFF EGRS0058

C IF NOUT o NE., 1C WRITE IT ON 10 EGRS0059
IF(TRNSFR) WRITE(10) BUFF EGRS0060

C TEST FOR END OF TAPE EGRS0061
IF{NEOT«EQs1) GO TO 20 EGRS0062
QOUT=QNO EGRS0063
IF(KONT.EQel) QOUT=QYES EGRS0064

C WRITE SUMMARY OF KEY RECORD ON SYSOU1 EGRS0065
WRITE(65605) NRECsNAMOBS sNAMTRAs TYPE(MTYPE) sQOUTs TFIRST EGRS0066

CALL DATOUP (TFIRSTsDUM»0) EGRS0067
WRITEI65606) TLAST EGRS0068

CALL DATOUP(TLASTsDUM»0) EGRS0069
WRITE(65607) NPTSsNB1sNB2sNB3sNB4sSSD EGRS0070

C READ DATA RECORD EGRS0071
READ(NOUT) DATA EGRS0072

C IF NOUT (NE. 10 WRITE IT ON 10 EGRS0073
IF(TRNSFR) WRITE(10) DATA EGRS0074

PHILCO I Space & Re-entry

PHILCO-FORD CORPORATION Systems Division




GO TO 10 ' EGRS0075

20 CONTINUE EGRS0076
IF{TRNSFR) ENDFILE 40 EGRSO0077
IF{TRNSFR) REWIND 40 EGRS0078
REWIND NOUT EGRS0079
WRITE(65608) EGRS0080
RETURN EGRS0081
END EGRS0082

PHILCO ! Space & Re-entry
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Subroutine:

Purpose:

Calling Sequence:

ENCKED

To compute the inverse-square perturbing acceleration

due to a central body (the so-called "Encke accelera-

tion') in double precision.

Input and Qutput

CALL ENCKED(U,R,D,A)

Symbolic Data
I/¢ | Name or D§;:§Z?§ns SMaggl Dimensions Definition
Location ym or Units
3 2 | Central body gravita-
I v d H k™ /sec tional constant.
I R da(3) Ro km Reference conic
Position vector
I D d(3) 8R km Displacement from the
reference conic position.
¢ A ae3) & km/secz Encke acceleration.
Common storages used: 6 cells

Subroutines required:

IDFHLCHDliﬁii

PHILCO-FORD CORPORATION
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Description:

In using Encke's method for integration of trajectories, we set
R=R_ + &
o

where R 1is the position vector, Ro is the position vector on a refer-

ence conic, and §8R 1is the displacement from the conic to the true position.

= - &
R 3 R
T o
o =-.E,-_
o 3 Ro
T
o
where r = !R‘, etc.,, then
e I B
&R 3 R+ 3 Ro
o r

.o

where 8R 1is the acceleration of R relative to Ro due to the inverse-

square attraction of the central body. The terms in 8R are large compared

to &R, and to save significance, we compute 68 from the expansion M
R = 1333 (cR_ - BR)
o “
r ; |
o
where
q=(2R_+ 8R) - sR/r2
s} : o
= 3 ~ 2
p=-1+(1+4q)" =q(3 +3q +q)
b=1/N/T+p
c=p/(L+/T+p)

ENCKED-2

PHILCO ’ Space & He-entry
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$IBFTC MC1320 XR3yM94sNODDHSLIST
SUBROUTINE ENCKED (UsRsDsA}

ENCKE ACCELERATION

DOUBLE PRECISION A{3)sD(3)sR{3)U

C

999

PHILCO l

PHILCO-FORD CORPORATION

1

COMMON

cll)
c(2)
Ci3)
c2)
C(3)
Ci3)
Cil)
Ci{3)
2y
DO 2
ALI)

[ I L I O LI O

1=

RETURN

END

sCsDDOT»DSQRT
c{3)

DDOT(RsR)

DDOTI(DsD)
(2.DOXDDOT(RsDI+CL2))/C(1)
C(3)¥({3+D0+C(3)*%(3.D0+C(3)))
1.D0+C(2)

DSQRT(C(3))
C{3)*¥(C(1)y*DSQRTI(C(1)))/U
1eD0+C(3)

Ct21/7C(3)

1,3

(C{2)*R{1)~-DLI)I/C(L}

ENKEQQO1
ENKEOGO2
ENKEQOO3
ENKEQOQO4
ENKEOQQO5
ENKEQOO6
ENKEQQOO7
ENKEQOOB
ENKEOQOQQ9
ENKEOQO1O
ENKEOOQ11
ENKEQO12
ENKEQOL13
ENKEOOL4
ENKEOO15
ENKEOQO16
ENKEOO17
ENKEQOL18

Space 8 Re-entry
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gurboutine: ERRGUT (Dummy)

Purpose: Provides a dummy ERROUT in FORTRAN IV to satisfy the
needs of several subroutines that call ERR@UT.
(previously, a MAP-coded error trace routine).

Calling Sequence: CALL ERROUT (List ignored)

SRl

Common storages used: None
Subroutines required: None

ERRUUT-1

PHILCO I Space & Re-entry
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$IBFTC MC134A M94,NODD ¢y NOREF»XR3

SUBROUTINE ERROUT ERDMO001

C THIS 1S A DUMMY REPLACEMENT FOR THE MAP-CODED ERDM0O002
C ERROR TRACE ROUTINE ERROUT ERDMO003
WRITE(6+601) ERDM000O4

601 FORMAT(29HOERROR STOP FROM DUMMY ERROUT) ERDMO005
STOP ERDMO006

END ERDMOOCT

5
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Subroutine: ESTMAT

Purpose: Controls accumilation of differential corrections to a
state estimate using the data from a specified tracking
station.

Calling Sequence: CALL ESTMAT (LTRAJ)

Input and Output

G Symbolic Data

{3 I/@ |Name or Dii:ﬁ:;gﬁs snhﬁgl Dimensions Definition

o Location v or Units

10 LTRAJ £ .TRUE. except on initial
entry and final return,

Common storages used: //270 cells, /DATCQM/,/DCPCQM/,/DCRCQM/,/EDICQM/,
- /ESTCQM/ , /ESICQM/ , / SBFCOM/

Subroutines required: CBDATP, DDPT, DEHA, DEQTR, DGTRN, DGTSN, DMPLY,
2y DMVTRN, DSDATP, EST@UT, GRDATP, SBDATP

ESTMAT-1

PHILCDO l Space & Re-entry
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Method

ESTMAT uses the modified Kalman filter described in Reference 1, Appendix B,
to compute differential corrections to an a priori state estimate and its
covariance matrix using the dats from a single tracking station., Let

Z = | X(t)
U
v

denote the true state, where

X(t) = vehicle state,
1] = a set of parameters affecting the motion, and
v = a set of parameters affecting the meagsurements,

We assume that a "nominal" state,AZ, is stored and define the deviations

2
A
z

8y o3
[}

= current state estimate
where Z0 is the a priori estimate of state.

Interpolation on the Nominal Trajectory

TRAJDP integrates a nominal trajectory, f(tv), from the initial conditions
stored in ESTC¢M. The nominal trajectory, transition matrix, parameter
sensitivity matrix, Earth nutations, and down—ieg transmission delay time
are provided to ESTMAT as a set of interpolation coefficients in SBFCEM.
Let

ESTMAT-2

PHILOCO l Space & Re-entry
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R(tv)

vehicle position on the nominal trajectory (3x1),

¢(tv;tv1) = state transition matrix, integrated along the
nominal trajectory (3x6),

¢u(tv;tv1) = parameter sensitivity matrix, integrated along the

oy, o€ = nutations in longitude, obliquity,

Gt(tr) = down-leg transmission delay

t, -t (¢,

and let A be the vector

- A= |R(t) A =|R(t)
i Pt ityy) Pltyityy)
P (t st ) 0. (t st )
a, oy
S+t o¢
. ) 6t(tr)

| _ _ - d

where the components of ¢, ¢u are stored in column order in sequential

i components of A,

SBFCPM contains

” TBF = t = the initiel time for the interpolation interval,
N TFF = t; = the final time for the interpolation interval,
. ' = to + 7 h,
| HBF = h = the interval size used in constructing the
- interpolation tables,

RBF = A(t)) .

VBF = {aij} = interpolation coefficients for A(t).

For any t, we set

d = (t - to)/h

ESTMAT-3
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and compute

- 31/ (3-1)
a; = z a, av “/(j-1)1¢

8y = ai(to) + @5 dj/j!

)>
J=1
The measurement data is glven at known values of reception time, tSr' In
ephemeris timé,

tUr = tSr +_Yl + YétSr

tr = tUr + Y3 + Y'll-t'Ur

I

We first interpolate for 6t(tr) and compute
tv = tr - Gt(tr)

The remaining components of A and A are then computed as functions of tv'

Computation of Residuals

Let
¥y = G(X(t),V,t) + q

. be the measurement value, where q is a random error. We compute the =
observable on the nominal

y = G(X(t),V,t)

and the residual from the nominal, y{E, using the measurement model
described in Reference 1, Appendix C. Since

2=(Z-32)+%

ESTMAT-4
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4
|

the residual from the current estimate is

A — A ——
Y-y = y-y-Hz + Hz

where

Differential Corrections

o Let

P=E(Z-2)2-27)
Q = E(aq")

E(q) = 0

E(qZ)) = 0

- The differential corrections are computed from

7 w— 7+ J(PHT + eHT)(HPHT + Q)'l(y -y)

Pa—7P - J(PHL + HL)(HPHT + Q)" 1(pHT 4 eH)T

= where J is a diagonal matrix with
. Jii =1 if Zi is to be estimated
Jii = 0 if Zi is to be included as uncertain, but not solved for,

ESTMAT-5
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ESTMAT _@

No ™ Tnitial entryt ) [Tnerement point count |
Yeos , \
Read a priori covariance Initia Is this point
from tape 9 or 12, , in the buffer?
Locate station errors in ‘ No
state vector. 3
Set non-optimal filter [__Reset point count |
gain, , megsurement
blases and variances. ; _
I |  Read next ID record |
| I Yes
Tocate first data point ( End-of-tape?
in the data buffer. iNo
Compute internal dimen- Yes
sions. —==={ Contimuation record? )
Set permanent switches, {No Yo
Write heading data. ( time > stop time? 800
Load station transforma- No
tions into DATCQM, Yos
t | #22(  Correct station? )
No
||
Read a priori covariance L Sicip datf‘ record |
from tape 9. !
Load data tape dependent
Load estimate-dependent variables and switches
data into DATCEM, -

|Set buffer point count.

i
|  Read data record |

Store new a priori esti-
mate with existing
nominsgl,

Write out estimate
and covariance

200

Initialization and
Data Input Control

ESTMAT-6
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200

Load working arrays from
data buffer.

1
Compute reception times,
tSr’ tUr' tr'

1
Interpolate for down-leg
E delay time, 6t, as a
| function of t..

Set tv = tr - &t

& Does t_ 1lie within the)\ Yes
s interpgiation interval?l/
No !
] (240) 250
Set counters for next Interpolate for vehicle
data to be processed. state, transition
Store covariance matrix matrix, and nutstions
on scratch tape. as functions of tv.

] Compute transformstions.
w Load wehicle state at tv
and tv- into DATC@M.

Store current estimate
as new a priori. ZXXDATP
‘‘‘‘‘‘ Store accumulated cor- Compute observables
o rection in ZTQT. and their partial
derivatives
e Retamn

Computation of Observables
and Partial Derivatives

ESTMAT-?

PHILCO l Space & Re-entry

Systems Division

PHILCO-FORD CORPORATION




I I=1 |

o

‘ Yes

Compute residual from
the nominal, y-y

Shift partials to the
anchor point,

H1 = H(b(tv;tvl).

Load partials wrt
station errors in H1

Compute residual from
thg estimate,
y-y = y—y-—lerl-Hl‘z‘
Compute filter temms,

T _.T T T
PHI,TPHl-i- Hy, HPH,
H,PH,+Q

Add differential correc-
tioas T T
Zex+(PR+ H) 4 .

(EPH'+Q) ~(y-¥)
P-—P—-(PHT-i- HT)
< (aPEt+Q) "L (pTs BT

!

@rocess Ith mea surementD—EQ—

o
@s iteration Nincomple
{ o

Compute ore = square of
position displacement
at t; from nominal to

estimaten
A (" Tteration end-point? )
f Yes
L85 Tteration converging? )
* No
| TERR = 18 |
- Return
4 |
N Is Or“<EP*slant range
o and centralzbody
distance™?
i les
C Iteration end—point?
* Yes

Reset point count to
accept estimate as new
a priori.

@

| I = T+1 fe—
No ( ‘

1> 47 )

=)

PHILCO l

PHILCO-FORD CORPORATION

Y

Reload a priori co-
variance,

Increment iteration
count and set data
count for iteration.

ESTMAT-8
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1
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2
3
4
1
1
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1
2
3
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1
o
1
2
C
1
2
C
1
1
2
3
4
5
6
1
¢ 2
3
C
1
2
1
2
3
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MC133J XR3,MI4,NODD,LIST
SUBROUTINE ESTMAT (LTRAJ) ESTMO00L
CONTRCL ROUTINE FOR DIFFERENTIAL CORRECTION OF ESTIMATE ESTM0002
ESTMO003
LCOGICAL LTRAJ ESTMO004
DOUBLE PRECISION  CDAT +DCOS +DSIN ESTM0005
ESTMO006
COMMON /DCPCOM/CDCP(900) ESTMO007
DOUBLE PRECISION  CHBRAN2 LEPSDC ,SN(13,20) ESTM0008
+CON(8) +STIMR (2) £STM0009
DIMENSICN IFSKIP{4) ,IPROCIS) +MSKIP{4,4) oNPROC(22) ESTMO010
EQUIVALENCE (COCP(811),EPSDC ) ,{CDCP(T00),NPEND } ESTMOOLL
2+ {COCP(LLL), IERR ) o (CDCP{731),4NPROC ) ESTMOO012
s (CDCP(T56) 4 1PROC ) +(CDCP{143),5N ) ESTMOO13
v (COCP(899) yCRRANZ2) o (CDCP{RBL)4MSKIP 1) ,{COCP(T781),STIMR ) ESTMO014
+ (COCP{ 1),CON ) +(CDCP(T02),NEMPS )} 4 (CDCP(L110),YTEST ) ESTMOO0L15
EQUIVALENCE {IPROCL 514 IFTSTP) L (IPROC( 2),ITRSTA) ESTMOO16
+ {IPROC( 3),INDSTA) ESTMOO17
EQUIVALENCE (NPROC(18), IFBADDQ)} 4 (NPROC(10)sNPREST) ESTM0O018
s (NPROC(L9), IFOUTL) 4 (NPROC( 31,NPRSTA) ESTMO019
+ INPROC{14), IFSKIP) o (NPROC(13),NPSKIP) ESTM0020
ESTMOO21
COMMCN JEDTCOM/INDDAT(40) 4 BUFDAT(85,6) £STM0022
DOURLE PRECISION  DATIND(20),0NTIME ESTM0023
EQUIVALENCE (INDDAT{ 7)+KONT ) o (INDDAT{ 6),NPTS ) ESTMOO24
s (INDDAT(12)9KTAU ) o (INDDAT( 3),NRSTA ) ESTMOO25
2 LINDDAT{ 8)4MTYPE ) +(INDDAT( 4),NTSTA ) ESTMO026
¢ (INODAT{ 1),0ATING) , (INUDAT( 2),NEOT ) 4 (INDDAT(13),0ONTIME) ESTM0027
ESTM0028
COMNMCN /ESTCOM/CEST(804) ESTM0029
DOUBLE PRECISION  DELDAN(2) ,$SE(14,20) ,SPCDAN(6) ESTMO030
EQUIVALENCE [CEST{ 97),DELDAN) L{CEST(245),SE ) ESTMON31
2 (CESTL 2T)oKOUNTN) 4 (CEST( 49)4SPCDAN) ESTM0032
ESTM0033
COMMON JESLCOM/PNEW(30,30), STNAMN{30), TRAKER(30) ESTM0034
s ITRETN (30),TLOCN (30)4KLOCN (54) ESTM0035
+NSN (12,20} ESTM0O036
DOUBLE PRECISICN PNEW ESTM0037
DIMENSICN DEST(2214) ESTM0038
EQUIVALENCE {PNEW,DEST) ESTM0039
ESTM0040
COMMECN /SBFCUM/CSBF{12)+RBF(45),VBF(45,8) ESTMO04L
DOUBLE PRECISION  RRF ,VBF ,HBF ,TBF ,TFF ESTMO042
EQUIVALENCE (CSBF( 6),ITER )} »(CSBF( 2)4NTP ) ESTMO0043
» {CSBF( 3)yNPTL ) ,(CSBF({ 9),TBF ) ESTMOO044
2 {CSBF{ 7),HBF ) o+ {CSBF{ 4),NPT2 ) L{CSBF(11),TFF ) £STMO045
£STMO046
COMMCN /DCRCOM/ZBAR(30) ¢ ZHAT(30)4 ZTOT(30) +DCSAVE(T4) ESTMDO04T
DCUBLE PRECISION IBAR 4 ZHAT ,Z2TOT ESTM0048
DOUBLE PRECISION DPREV +0BIAS(4) ,TFIRST ESTMO049
yEPSK(4) ,Q2 (4) ,YMODL4&) ESTM0050
LOGICAL LSKIP(4) 4LSTA ,KOUTL ESTMO0S51
DIMENSICN NASGN(9) SLABEL{12) ,SYMBOL{4) ESTM0052
EQUIVALENCE (DCSAVE(39),LABEL ) -(DCSAVE( 1),0BIAS } ESTM0OO053
y {DCSAVE(55) «LSKIP )} o{DCSAVE(25),Q2 ) ESTMO054
+ (DCSAVE(33),DPREV ) ,(DCSAVE(59),LSTA )} »(DCSAVE{37),STPTIM) ESTM0OOSS
2 (DCSAVE(LT)+EPSK ) o (DCSAVE{66)+NASGN ) »{DCSAVE(SL),SYMBOL) ESTMONS56
o (DCSAVE(64)+1STAL ) o IDCSAVE(61)+NDELT ) ,{DCSAVE(35),TFIRST) ESTM0057
s {DCSAVE(65) 4 1STA2 ) (DCSAVE(63).NHU ) +(DCSAVE(38),TREF ) ESTM00S8
» (DCSAVE (600 4KOUTL ) 4 (DCSAVEL(62)sNINT ) o (DCSAVE( 9),YMOD ) ESTMO059
EQUIVALENCE (NASGN( 2)4N129 ) ,{NASGN( 6),N204 ) ESTMO060
» INASGN( 3),N130 ) ,{NASGN( 7),N290 ) ESTMOO61
+ INASGNL 4),N200 ) ,(NASGN( B8),N300 ) ESTMO0062
» (NASGN{ 1),N122 } ,(NASGN( S),N202 } ,(NASGN{ 9),N302 ) £5TM0063
’ ESTM0064
COMMECN /CATCOM/CDAT (299) ESTMO065
DIMENSICN IDATALT) E£STMO066
DOUBLE PRECISION  BIAS (2) ,GMEGA » TAU fTT2BTLY) ESTMO06T
o FTR s SPDLT s TB2C1944) +XV  (12) ESTMOD68
+0BS{1644) ,STA{10) ,TT280 (9) ESTM0069
EQUIVALENCE (COAT(293), IDATA ) H(CDAT(159),7TAU ) ESTMOOTO
+ (COAT(  5),08S ) »{CDAT{161),T82C ) ESTMOOTL
+ (CDAT(135),OMEGA } »(CDAT{233),TT280 ) ESTMO0T2
s {CDAT{ 1)+RIAS ) ,(COAT(137),SPDLT } ,(CDAT(251),TT28T ) ESTMOOT3
» {CDAT(1133),FTR ) +(CDAT(139},5STA ) +(CDAT(269) 4XV ) ESTMOO74
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EQUIVALENCE (IDATA( 2)+MODE ) »(IDATA( 5),NALIGN) ESTMOO75

c ESTMOOT6
COMMON SAVE(90),ySTT(45,2) ESTMOOTT
DOUBLE PRECISION  STY ESTMOOT8
c E£STMO079
DOUBLE PRECISION  D{36) ETIMR ,GHA +PEH(30) ,TNPTL ESTMOOS0
1 sDELT ETIMT LFLTI(B) 4PH (36) sUTIMR ESTMO08Y
2 ¢DELTP LETIMV ,HL(30) ,SLRANZ LW (T7) ESTMOOB2
3 +EP E£STM0O083
DIMENSIGN CATA(4) ,1QL {4) 4LBTYP(4) LPRCD {5} ESTM0084
1 ' sFIL(12) JDATA (7) oNM {4) 4SYM{G,4) ESTMO0085
2 ¢FMT (8) ,LBM(12,4) NN  (8) ESTMO086
LOGICAL L JLIN JLOUTL ESTMOOBT
EQUIVALENCE {D(1)yPEH) ,{W{1),TIME) o (QUAL,IRQUAL) ESTM0088
DATA EP  /3.D-4/ ESTM0O089
DATA  FLT /1.D042<0043.D00744D045.D0046.D057.00,8.00/ £STM0090
DATA  JLCATA/ 1, Os 1y 1y Oy 14 1/ ESTMO091
DATA NM  /=3,1,3,-1/ ESTM0092
DATA NN/ Oy 6920924926450474+84/ ESTM0093
DATA  FIL /6H 9,6H LXyELy6HL4XsELl, 6H2TX,ELl,6H40X,EL ESTMO094
1 sOHFTolp2,6H345,4056H3.5,27,6H3.5,14,46H3.5, 1 ESTM0095
2 $6HD ¢ 6H / ESTMOO96
DATA  FMT  /6H{Aly +6HFT.192:6HX9A3,E,6H1T.8y 96H XsEL ESTM009T
1 96H3.5¢ 26HX33EL246H4) / ESTMO0098 v
DATA  LBM /6HAZIMUT,6HELEVAT;6HRANGE ,6H + 6HH +6HION  ESTM0099 o
1 +6H s 6H » 6HRAD  ,6HRAD  , 6HKM s 6H ESTMO100 |
2 +6HX » 6HY » 6HRANGE 4 6HDOPPLE 5 6H » 6H ESTMOL01
3 +6H +6HR s6HRAD  (6HRAD  ,6HSEC 2+ 6HCYCLESESTMO0102
3 s 6HX 2 6HY + 6HRANGE +6HDOPPLEy 6H +6H ESTM0103 -
2 e6H +6HR +6HRAD  , 6HRAD  , 6HKM + 6HCYCLESESTMO104 }
4 +6HHCUR A,6HDECLIN,6H + 6HDOPPLE, 6HNGLE ,6HATION ESTMO105 +
4 v6H +6HR +6HRAD  LEHRAD  ,6H s 6HCYCLESESTM0106 -
5 / ESTMOLOT
DATA  LATYP/G6HC~BAND,6HG=~RR 4 6HS=BAND, 6HDSIF / ESTMO108
DATA  PRCD /6Hs PROC,6HEED TOs6H THE Ny 6HEXT PR, 6HOCESS / ESTMOL109
DATA  START ,STOP /6HOSTART,6H STOP / ESTMO110 .
DATA SYM /3HAZMy3HELV,3HRGE, 3H ¢+3HX 43HY s 3HRGE,3HDOP ESTMOL1L ;
1 ¢3HX  s3HY ,3HRGE,3HDOP ,3HHRA,3HDEC,3H  3HDOP /  ESTMOL12
601 FORMAT(//23HORECEIVING STATIOUN +A6/23H TRANSMITTING STATION LESTMOL13
1A6/10H DATA TYPE.13XyA652H (43(24642H, ),2A6/32Xy4(A6,8X)y1H)) ESTMOL14 :
602 FORMAT{15H MEAS VARIANCES,13X,4El4.4) : ESTMOL115 -
603 FORMAT{/41HOTIME TAGS ARE REFERRED TO FIRST ONTIME =,D24.16,23H SEESTMOL16
1CONDS (ST) FROM 1950) ’ ESTMOL17
604 FORMAT({A6y14H PROCESSING AT,F12.2,13H SECONDS (ST)) ESTMOL18
605 FORMAT(35H STOP PROCESSING AT END OF DATA ARC) ESTMOL19
606 FORMAT(6HOSKIP ,13,31H DATA PTS BETWEEN PRDCESSED PTS) ESTMO120 L
609 FORMAT(/26HC  TIME 0BS MEASURED, 28Xy SHRESIDUAL S, 24X, SHHZHAT ,ESTMOL 21
17X SHHZIBAR y TX » 4HHPHT ) ESTMOL22
612 FORMAT(31HO*% ALL MEASUREMENTS SUPPRESSED,5A6) ESTMO123
613 FORMAT(21HONEW DATA RECORD READ) ESTMO124
641 FORMAT{/30HOLINEARITY TEST FAILED, ITER =,12) ESTMO125
642 FORMAT(/30HOLINEARITY TEST PASSED, ITER =,12) ESTMOL26
c ESTMOL127 .
Ca%%x INITIALIZATION ESTMO128 ;
o ESTMO129
1 IF (LTRAJ) G0 TO 60 £STM0130
c ESTMOL31
C HERE FOR INITIAL ENTRY FOR EACH PROCESS ESTMO132
c LOAD A4 PRIORI COVARIANCE MATRIX AND STATE INDICES ESTMOL33 »
10 CONTINUE ESTMO134
IF (NPREST.EQ.O) GO TO 11 ESTMO135
READ (12) DEST ESTMO136
WRITE (9) DEST ESTMO137
NPREST = 0 ESTMO138
GO To 12 ESTMO139
11 READ (9) DEST ESTMO140
12 BACKSPACE 9 ESTMO141
ISTAL = 1 ESTMOL42
LSTA = .TRUE. ESTMOL43
J = 100+INDSTA ESTMO144
DO 13 [=1,53,2 ESTMOL45
IF (KLOCN(1).£EQ.0} GO0 TO 15 ESTMO146
IF (KLOCN(I}-J) 135 14,15 ESTMO147
13 ISTAL = ISTAL+KLOCN(I+1) ESTMO148
GO0 TC 15 ESTMO0149 i
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14 15TA2 = [STAL+RLNCN(I+1)~1 ESTMOL50

LSTA = .FALSE. ESTMOLS1

15 CONTINUE ESTMOL52

DO 16 I=1.4 ESTMOL53

EPSK(I) = EPSDC*SE(I+10,INDSTA) ESTMOL54

16 Q2(1) = SELI+10,INDSTA)%%2 ESTMOL55

C ESTMOL56

C SET UP CCUNTERS AND REFERENCES ESTMOL57

20 CONTINUE ESTMOL58

IT1 = NPSKIP ESTMO159

NPSKIP = NPSKIP+1 ESTMO160

TFIRST = ONTIME ESTMOL6L

¢ STPTIM = STIMR({2)-ONTIME ESTMO162

DO 21 I=1,7 ESTMOLG3

21 IDATA(T) = JCATA(D) ESTMOL6G

ASSIGN 801 TO NL22 ESTMOL65

ASSIGN 22 TO N129 ESTMO166

G0 TC 110 ESTMO167

22 ASSIGN 8OO TO N122 ESTMOL68

ASSIGN 130 TO N129 ESTM0169

ASSIGN 23 T( N130 ESTMO170

23 CONTINUE ESTMOLTL

STP = STIMR{1)-CANTIME ESTMOL172

o DO 24 NPT=1,NPTS ESTMOLT73
5 24 1F (STP.LE.PUFDAT(NPT,2)) GG TO 25 ESTMOL 74
, NPT = NPTS+1 ESTMOL7S
GO TO 100 ESTMOL76

25 ASSIGN 131 TC N130 ESTMOLT7

7 NPTl = NPT-NPSKIP ESTMO178
NPT2 = NPT ESTMOLTY

il NDELT = NPEND+2 ESTHMOL80
NINT = NPEND+1 ESTMOLEL

o NHU = NEMPS+6 ESTMO182
: YMOD(1) = CON(3) ESTMOL83
YMOD(2) = CON(3) ESTMO184

YMOD(4) = YTEST ESTMO185

ORIAS(4) = 0.00 ESTMOL 86

C ESTMOLBT

o WRITE HEADING CATA ESTMO188

30 CONTINUE ESTMOLB9

WRITE (64601) NRSTA ¢NTSTA LETYP(MTYPE) ESTMO190

1 2 (LABEL(I),LABEL(I+4),1=1,4) (LABEL([),1=9,12) ESTMOL9L

WRITE (6,602) G2 ESTMO192

WRITE (6,603) TFIRST ESTMO193

e CALL DATOUP (TFIRST,D,0) ESTMD1 94
WRITE {6,604) START ,BUFDAT (NPT,2) ESTMOL95

GO TO (31432) JIFTSTP , ESTMO0196

31 WRITE (6,604) STGP ,STPTIM ESTMOL97

ASSIGN 201 TO N200O ESTMO198

G0 TG 33 ESTMOL199

32 WRITE (6,605) £5TM0200

ASSIGN 202 TG N200O ESTMO201

TH 33 CONTINUE ESTM0202
1 IF (IT1.NE.Q} WRITE (64606) I11 ESTM0203
s c ‘ ' ESTM0204
C SET SWITCHES ESTM0205

; 40 CONTINUE ESTM0206
o IF (1FOUTL.NE.O) GO TO 41 ESTMO0207
@ ASSIGN 203 TG N203 £5TM0208

. ASSIGN 349 TO N302 ESTM0209
KOUTL = .TRUE. ESTMDZ10

GO TO 42 ESTMO211

41 ASSIGN 204 TO N203 ESTMO212

ASSIGN 303 TO N302 ESTM0213

KOUTL = LFALSE. ESTMO214

42 1F (IFBADD.NELO) GO TO 43 ESTMO215

ASSIGN 100 TO N204 ESTMO216

ASSIGN 301 Te N300 ESTMOZ217

60 TO 44 ESTMOZ218

43 ASSIGN 205 T0 N204 ESTMO219

ASSIGN 302 TC N300 ESTM0220

44 CONTINUE ESTMO221

C ESTMD222

C LCAC FIXED DATA ESTM0223

50 CONTINUE ESTMD224
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D0 51 I=1,9 - ESTMD225

TT2BCUI) = SN(I+&4,INDSTA) ESTM0226
51 TT2BT(I} = SN{I+4,ITRSTA) ESTM0227
G0 TC 70 : ESTMO228
c : ESTM0229
c HERE FOR REPEATED ENTRIES ESTM0230
60 CONTINUE ESTMO231
READ  (9) DEST ESTM0232
BACKSPACE 9 ESTMD233
C ESTMO234
c LOAD STATE-DEPENDENT DATA ESTMO235
70 CONTINUE . ESTMD236
DO 71 I=1,KOUNTN ESTMO237
71 HLUI) = 0.DO ESTMD238
CALL DMVTRN (TT2B0,SE(1,INDSTA),STA  ,1,1) ESTMO239
CALL DMVTRN (TT2BT,SE(1,ITRSTA),STA(6),1,1) ESTM0240
DO 72 I=1,3 ESTMO241
STA(I} = SN(I+1,INDSTA}4STA(I) ESTMO242
72 STA(I+5) = SN(I+Ll,ITRSTA)+STA(I+5) ESTMO243
BIAS(1) = DATIND(13)+SE(10, INDSTA)/TAU ESTMO244
SPDLT = CON(8)+SE(6,INDSTA) ESTMD245
DO 73 1=1,3 ESTMD246
73 OBIAS(I) = SE(I+6,INDSTA) ESTM0247
C ESTM0248 7
C CONTINUE PROCESSING DATA ESTHMO249 ﬁ
90 CONTINUE ESTM0250
LTRAJ = .FALSE. ESTMO251
NPT = NPT1 ESTM0252
TNPTL = TBF ESTM0253 7
DELTP = VBF(NDELT,1) ; ESTMO254 :
WRITE (6,609) , ESTM0255 o
c ESTMO256
Crs%% DATA INPUT CONTRCL ESTMO257 , -
C ESTMO258
1C0 NPT = NPT+NPSKIP ESTM0259 ‘
IF (NPT.LE.NPTS) 60 TO 200 ESTM0260 .
NPT = NPT-NPIS ESTMO261
c ESTM0262
C LOCATE NEXT DATA RECORD ESTMO263
ASSIGN 102 TO N101 ESTMO264
101 READ (10} INDDAT : ESTMO0265 i
1F (NEOT.EQ.0) GO TO N101, (102,103) ‘ ESTM0266
GO TC 800 ESTM0267
102 IF (KONT.NE.O) GO TO 130 ESTMO268
c NEW STATION PASS ESTMO269
ASSIGN 103 TO N101 ESTMO270 i
NPT = 1 ESTM0271
GO TO (103,800) ,IFTSTP ESTMO272
103 IF (STIMR{2).LT.ONTIME) GO TO 800 ESTMO273
IF (NPRSTA.EQ.NRSTA) GO TO 110 ESTMO274
READ {10} SKIP ESTMO275
60 7O 101 ESTMO2T6
c ESTMO277 iy
c SET DATA TAPE DEPENDENT VARIABLES ESTM0278 %
110 CONTINUE ESTM0279 o
TREF = ONTIME~TFIRST ESTMO280
NALIGN = INDDAT( 9) ESTMO281
MODE = INDDAT(10) ESTM0282 g
TAU = DATIND(10) £STMO283 |
FTR = DATIND(11)} ESTMO284 o
STA(4) = DATIND(12) ESTMO285
STA(5) = DAVIND(13) ESTMD286
YMOD(3) = DATIND(14) ESTM0287
BIAS(1) = DATIND(15)+SE(10, INDSTA)/TAU ESTMD288
BIAS{2) = DATIND(16) ESTM0289
GO TO (1115112,113,114) ,MTYPE ESTM0290
111 ASSIGN 291 TO N290 ESTMO291
MGDE = 0 ESTMO292
60 TC 120 ESTM0293
112 ASSIGN 292 TO N290 ESTMD294
60 TC 120 : ESTMO0295
113 ASSIGN 293 TO N290 ESTM0296
G0 TO 120 ESTM0297 !
114 ASSIGN 294 TO N290 ESTM0298 |
c . ESTM0299 -
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c SET CATA TAPE DEPENDENT SWITCHES . ESTMO0300

120 CONTINUE ESTMO301

L = .FALSE. ESTM0302

DO 122 1=1¢4 ESTMO303

LSKIP{I) = .TRUE. ESTMO304

DO 121 J=1+1244 ESTMO305

121 LABEL{J) = LBM(J,MTYPE) ESTMO306

SYMBCL(I) = SYM(I4MTYPE) ESTMO307

IF (MSKIP(I MIYPE)+IFSKIP(I).GT.0) GO TO 122 ESTM0308

LSKIP(I) = .FALSE. ESTMO309

L = TRUE. ESTMO310

122 CONTINUE ‘ ESTMO311

IF (L) GC 10 123 ESTMO312

WRITE (6,612) PRCD ESTMO313

GO TO N122, (800,801) ESTMO314

123 STA( 9) = STA(4) ESTMO315

STA(LO) = STA(5) ESTMO316

129 GO TC N129, ( 22,130} ESTMO317

o c ESTM0318
il o REAC NEXT DATA RECORD ESTMO319
130 READ (10} BUFDAT ESTMO0320

- GO TC N130, ( 23,131} ESTMO321
o c ESTM0322
g c STORE NEW A PRICRI ESTIMATE WITH EXISTING NOMINAL ESTMO0323
131 CONTINUE ESTMO324

NPT1 = NPT-NPSKIP ESTMO325

- NPT2 = NPTL ESTMO326
132 WRITE (9) DEST ESTMO327

L BACKSPACE 9 . ESTMO328
N DO 133 1=1,KGUNTN : ESTM0329
ZBAR(I) = ZBAR{I)-ZHAT(I) ESTMD330

ZTCT(I) = ZTCT{I)+ZHAT(I) ESTMO331]

133 ZHAT([) = 0.DO ESTMO0332

IF (ITER.NE.C) - 60 TO 425 ESTM0333

WRITE (64613) ESTMO334

CALL ESTCUT ESTM0335

c ESTMO336

C#%%% COMPUTE OBSERVABLES AND PARTIALS ESTM0337

C ESTMO3338

C SET UP WORKING ARRAYS ESTM0339

200 CONTINUE ESTMO0340

! TIME = BUFDAT(NPT,2)+TREF ESTMO341

3 GO TC N20O, (201,202) ESTM0342
i 201 1F (STPTIM.LT.TIME) GO T0 801 ESTMD343
202 QUAL = BUFDAT(NPT,1) ESTMO344

iy LCUTL = KOUTL ESTMO345
] DO 204 I=1,4 ESTMO346
. DATA(LI) = BUFDATANPT,142) ESTMO347
s GO TC N203, (203,204) ESTMD348
203 IF (DATA{1).GELC) LOUTL = <FALSE. ESTMO349

it 204 1QL(I} = © ESTMO350
§ IF {(LCUTL) GO TO 100 ESTMO351

: IF (IGUAL.EG.O) GO TO 206 ESTM0352
= IF {IQUAL.EG.T) GO TO N204, (100,205) ESTM0353
205 1QL(4) = IQUAL/4 ESTMO354

1 IQL{1) = IQUAL-4*IQL{4) . ESTMO0355
ﬁ IQL(3) = IQL(l)/2 ESTMO356
i 1QL{2) = 1QL{1)-2%1QL(3) ESTMO357
- IQL(1) = T1QL(2) ESTMO358
206 CONTINUE ESTMO359

IF (KTAU.NE.OQ) GO TO 207 ESTMO0360

TAU = DATA(4) ESTMO361

DATA(4) = DATIND(10) ESTMO0362

BIAS{1} = DATIND(15)+SE{10, INDSTA)/TAU ESTMO363

207 CONTINUE ESTMO364

c ESTM0365

. [ COMPUTE VEHICLE TIME AND STATE ESTMO366

C ESTMO367

c RECEPTION TIME ESTMO368

210 CONTINUE ESTM0369

STIMR = TFIRST+TIME ESTMO3T70

UTIMR = STIMR+SE ({4, INDSTA)+SE(S, INDSTA)=STIMR ESTMO371

ETIMR = UTIMR+DELDAN(L)+DELDAN(2)1*UTIMR ESTMO372

111 =1 ESTMO373

D(2) = (ETIMR-TBF)/HBF ESTMO374
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C ’ ESTMO375

c T##N/N-FACTORTAL ESTMO376
220 D(1) = FLT(I) ESTMO377
DO 221 1=2,8 ESTMO378
221 DUI+1) = D(2)*D(LI/FLT(I) ESTMO379
60 TO (230,251,262} o111 ESTM0380
c ESTMO381
c COMPUTE DOWN-LEG DELAY TIME £5TMO382
230 DELT = 0.DO ESTM0383
DO 231 I=1,8 ESTMO384
231 DELT = DELT+D{I)#VBF(NDELT, 1) ESTMO385
ETIMV = ETIMR-DELT . ESTM0386
ETIMT = ETIMV-DELT . ESTMO387
IF (ETIMV.LE.TFF) 60 TO 250 ESTMD388
c ESTM0389
c SET ICS FOR NEW INTERPOLATION TABLES ESTM0390
240 CONTINUE ESTMO391
NPTL = NPT-NPSKIP ESTM0392
NPTZ = NPTL ESTM0393
WRITE (9) DEST ESTMO394
BACKSPACE 9 ESTM0395
TR = ETIMV ESTMO396
VBF (NDELT,1) = DELT ESTMO397 .
242 LTRAJ = .TRUE. ESTM0398 .
N =0 ESTMO399 i
DO 244 1=1,53,2 ESTM0400 |
J = KLOCN(I) ESTMO401 =
K = KLOCN(I+1) ESTMO402
IF (J<EG.0) GO TO 245 ESTM0403 -
=0 ESTM0404
IF (JeLT.100) GO TO 243 ESTM0405
JJ = J-100 ESTM0406
J =8 E£STM0407
243 DO 244 T11=1,K ESTM0408 : -y
N = N+l ESTM0409
M = ILOCNIN)+#NN(J)+14%JJ ESTMO410
SPCDAN{M) = SPCOAN(M)~ZBAR(N)+ZHAT(N) _ ESTMO411
ZBAR(N) = ZMAT(N) ESTMO412
TF (ITER.NE.O) GO TO 244 ESTMO413 =
ZTOT(N) = ZTOT(N)+ZHAT(N) ESTMO414 ?
ZBAR(N) = 0.00 . ESTMO415 o
244 IHAT(N) = 0.DO ESTMO416
245 CONTINUE : ' ESTMO417
60 TC 999 ESTMO418
c ESTMO419
c INTERPOLATE FOR VEHICLE STATE . ESTM0420 .
250 111 = 2 ESTMO421
DI(2) = (ETIMV=-TBF)/HBF EsTMO422
60 TO 220 ESTM0423 '
251 CONTINUE ESTMO424
CALL DMPLY (VBF,DySTT NINT+8¢24450144550) ESTM0425 =
DG 252 1=1,NINT ESTMO0426
252 STT(1,2) = RBF{I)+HBFASTT(1,42) ESTM0427 o
CALL DEGTR (ETIMV,D(10)) ESTM0428 %
D(2) = STT(NPEND+1,1)+D(12) ESTM0429
D(3) = STT(NPEND,1) ESTMO0430 o
Di4) = DI12) ESTMO431
D(5) = D(3)*DCOS(D(2)) ESTM0432 ,
D(6) = ETIMV-DELDAN(L)~DELDAN(2)%ETIMV ESTM0433 :
CALL DEHA (D(6),5(5),D(1)OMEGA) ESTMO434 ,
GHA = D(1) ESTM0435 -
CALL DGTRN (D(16)yNMyCy4) ESTM0436
CALL DGTSN (D(25)50,0(11),D(10)4D(13)) ESTMO0437
CALL DMVTRN (D(25),0(16)4Ds2+3) ESTMO0438
DO 254 1=1,9 £STMO0439
254 D(1+9) = 0.D0 ESTMO0440
DO 255 1=149,4 ESTMO441
255 D(I+9) = 1.D0 ESTMO442
D(19) = ETIMV-ETIMR ESTM0443
DI21) = ETIMV=ETIMT ESTMO444
D(20) = D(19)1+TAU ESTM0445
D(22) = DI21)+TAU ESTMO446
DO 256 I=1,4 ESTMO447
D(10) = DCOSIOMEGA%D(I+18)) ESTMO448
D(13) = DSIN(OMEGA%D(1+181) ESTMO449
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D(11) =-D(13)
D{14) = D(10)
CALL DMVTRN (DyC(10),TB2C{1s1)9143)

LOAD SPACECRAFT STATE

CONTINUE

DO 261 1=1,3

XVIT) = STT(I.2}
XV{I+3) = STT(1,1)

D12) = (ETIMV-TBF-TAU)/HBF

I1r = 3

GO TC 220

CONTINUE

CALL DMPLY (VBFD(2)eXV(T)93+R892¢459-19390)
DC 263 1=1,3

XV(I+6) = XV(I+6)*HBF+RBF(T)

COMPUTE OBSERVABLES AND PARTIALS
CONTINUE

G TC NZ290y {291,292,2934294)
C-BAND

CALL CBDATP ({SLRAN2)

GO TG 300

GCODODARD

CALL GRLATP {SLRAN2)

GO TC 300

S-BAND

CALL SBDATP (SLRANZ)

GO TC 300

DSIF

CALL DSDATP (GHA,SLRAN2)

GC TC 300

CCMPUTE RESIDUALS ANO DIFFERENTIAL CORRECTIONS

RESICUALS FRCM THE NOMINAL
CONTINUE

11T =1

FMT{2} = FIL(6)

D0 349 I=l,4

IF (LSKIP(1)) GO TO 349
IF (DATA(I).EQ.YTEST) GO TO 349
GO TO N300, (301,302)

IF (IQL(I}.GT.0) GG TO 349
W{3) = DATA(I)

IF (DATA(I).GELO.) GO TO 304
GO TC N302, (303,349)

W{3) =-Wi(3)

W(4) = W(3)-CRS(1,1)-CRIAS{I}
Wi2) = SYMBOLI(1)

COMPUTE PARTIALS WRYT STATE
CONTINUE

IF (NHU.EQ.0) GO T0 320

CALL CMPLY (CBS(2+1)sSTT{492)4PH 91434NHUs1s391,0)
CALL CMPLY (CBS(24,01)+STT{4y1)sPEHs1y3yNHUe1+341,0)
J 1

N NHU

IF (KLOCN({1).EC.1) GO 10 312

J 7

N

fon

NEVMPS

CONTINUE

DO 313 K=l.N

HL(K) = PH{J)+PEH(J)

J = J+1

CCMPUTE PARTIALS WRT STATION ERRORS
CONTINUE

IF (LSTA) GO TO 330

DC 329 M=ISTAl,ISTA2

K = TLOCN(M)

GO TOC {321+321+321+4322+323+3244325+3254+3259325) 4K
H1({M} = CBS{K+10,1)

GO TC 329

HL{M) = C0BS(9,1)

ESTMO0450
ESTMO0451
ESTMO452
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ESTM0460
ESTMO461
ESTM0462
ESTM0463
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ESTMO465
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ESTM0482
ESTM0483
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ESTM0490
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GO TO 329
323 H1(M) = CBS{9,1}%STIMR
GO TO 329
324 H1({M) = 0BS(10,1)
60 TC 329
325 IF (KoNE.I+6) GO TO 329
HL{M) = OBS(8,1)
329 CONTINUE

C
C RESTDUALS FRCM THE CURRENT ESTIMATE
330 Wi(5) = 0.00
Wi{6) = 0.00
W(7) = 0.D0
DO 332 M=1,KCUNTN
Wi5) = W(S)+HL (M}I*ZHAT (M)
W{6) = W(6)+H1 (M) *ZBAR (M)
PH{M) = 0.D0
DO 331 K=1+KOUNTN
331 PH{M) = PH{M)+PNEW(MK)%XHL(K)
PEH(M) = PH(M)+EPSK(T)*HI(M)
332 wWiT) = WITY+HPHIM)%RHL (M)
D(33) = W{TI+C2(1)
Wi4) = W{4)-W(5)+W(6)
sTP = W{4)/YMOD{I)+40.500
IF (STP.LT.0.) STP = STP-1.
STP = AINT(STP)
W4} = W(4)-STPXYMOD(T)
c
C CCMPUTE DIFFERENTIAL CORRECTION

340 CONTINUE
D(32) = W{4)/D(33}
D(31) = EPSK(I)*%2
DO 347 J=1,KOUNTN
IF (ITRETN(J).EC.O) GO TO 341
ASSIGN 344 TO N342
ASSIGN 343 TO N343
IHAT(J) = ZHAT(J)I+D{32)%PEH(J)
GO TC 342
341 ASSIGN 346 TO N342
ASSIGN 344 TO N343
342 DO 346 K=J,KOUNTN
IF {ITRETN(K}.EG.O) GO TO N342, (344,346)
GO TO N343, (343,344)
343 PNEW(JsK) = PNEW(JyK)—(PH(J)I*PHIK)I-DI31)%HL{JI%*HL(K))/D(33)
GO TC 345
344 PNEW(J4K)
345 PNEW(K,J)
346 CONTINUE
347 CONVINUE
FMT(5) = FIL(I+1}
FMT(6) = FIL(I+6)
WRITE (6yFMT) FIL(TTII410) s (W(K)oK=TIT,7)
L = 2
FMT(2) = FIL(1)
349 CONTINUE

PNEW(JsK)=PHIJI*PEH(K)/D(33)
PNEW{J.K}

CH%x%k LINEARITY CONTROL

C LINEARITY TEST
400 CONTINUE
IF (NPT.LT.NPT2) GO 10 100
DO 401 I=1,KOUNTN
401 D(I) = ZBAR(I)-ZHATI(I)
CALL DMPLY (STT(442)+sDyPHy34NHUy1¢3,1,41+0)
D(4) = DDOT(PH,PH)

LIN = .TRUE.

I =1

IF (NPT.NE.NPT2) GO TO 402
Iir = 2

IF (D(4).6T.DPREV) GO TO 998

402 IF (D{4).GT.SLRAN2*EP) LIN = .FALSE.
IF (D(4).GT.CBRANZ2%EP) LIN = .FALSE.
IF (LIN) GO TO (100,420) L1111

c ITERATICGN CONTROL

PHILCO |
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ESTM0525
ESTMO526
ESTMO0527
ESTMO528

"ESTMO529

ESTM0530.
ESTMO531

ESTM0532

ESTMO533
ESTMO534
ESTM0535
ESTMOS536
ESTMOS537
ESTMO0538
£ESTMO539
ESTM0540
ESTMO541

ESTMOS542

ESTMO543
ESTM054¢4
ESTMO545
ESTMO546
ESTMO547
ESTMO548
ESTM0549
ESTMO550
ESTMO551

ESTM0O552

ESTMO0553
ESTMO554
ESTMO0555
ESTMOS556
ESTMO557
ESTMOS558
ESTMO559
ESTM0560
ESTMO561

ESTMO562
ESTM0563
ESTMO564
ESTMO565
ESTM0566
ESTMO0567
ESTMOS568
ESTM0569
ESTMO570
ESTMO5T1

ESTMOS572

ESTMO573
ESTMO574
ESTMO575
ESTMO576

ESTMOS577

" ESTMO578

ESTMOS579
ESTMO0580
ESTMOS581
ESTMO582
ESTMO583
ESTMO584
ESTMO585
ESTMO586
ESTMO587
ESTMO588
ESTM0589
ESTMO0590
ESTMO591
ESTM0592
ESTM0593
ESTMO594
ESTMO595
ESTM0596
ESTMO597
ESTMO0598
ESTMO599
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410

420
425

Cakksk

800
801

998
999

PHILCO l
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DPREV N{4)
TBF TNPT1
VBF(NDELT,1) = DELTP

READ (9) DESTY
BACKSPACE 9

WRITE (6,4641) ITER
ITER = ITER+1

1F LITER.GT.6) GC TO 998

NPT2 = NPT
GO 1. 242

ACCEPT ESTIMATE AS NEW A PRIORI
NPTL = NPT2

TNPTL ETIMV

DELTP DELT

GC TG 132

WRITE (64642) ITHR

ITER = O

GC TG 100

won

POSTLCGUFE

BACKSPACE 10

NTP = 4

STIMR(2) = STIMR(1)%1.0000001D0
GO TC 240

EXIT

IERR = 18
RETURN
END

RESET A PRICRI AND NOMINAL FGR NEW ITERATION

ESTMO600
ESTMO0601
ESTM0602
£STM0603
ESTMO604
ESTM0605
ESTM0606
ESTMO607
ESTMO608
ESTMO609
ESTM0610
ESTMOG6L1
ESTMO612
ESTMO613
ESTMO614
ESTMO615
ESTMO616
ESTMOG6LT
ESTMO618
ESTMO619
ESTM0620
ESTMO621
ESTMO622
ESTM0623
ESTM0624
ESTM062S
ESTMO626
ESTM0627
ESTM0628
ESTM0629
ESTM0630
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Subroutine: ESTOUT
Purpose: To write the state estimate and covariance matrix on

the system output tape and on the estimate tape.

Calling Sequence: CALL ESTOUT

Common storsges used: [/ 20 cells, /DCPC@M/,/DCRC@M/,/ESTCEM/,
JES1C@M/ , [SBFCEM/

Subroutines required: C@V@UT, DATPUP

EST@UT-1

s z ( PHILCO l Space & Re-entry
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9
|
ad

$IBFTC MC1330 XR3,MA4,KNOCO,LIST

SUBROUTINE ESTOUT E5STO0001

c CUTPUTS ESTIMATE ANG COVARIANCE MATRIX £ST00602

c ' EST00003

COMMCN /BCPCOM/COCP(900) ESTO0004

EQUIVALENCE (CDCP(T7T),1C8 ) ,{(CDCP(117),NESEND) £ST00005

1 2 (CDCPL6TB)4NCVOUT) , (CDCP(T742)NPRSTO} ESTO0006

c EST00007

COMMCN JESTCOM/CEST (804) EST00008

DOUBLE PRECISION  ETIMVA,SPCDAN(6) £5T00009

EQUIVALENCE {CEST( 27),KOUNTN) L(CEST{ 1),NESPOS)  ESTDO0010

1 s (CEST( 29),ETIMVA) ,(CEST( 2),NBY ) ,(CEST( 49),5PCDAN)  ESTOO0O11

c £5T00012

COMMGN 7ESICOM/PNEW(30+30), STNAMN{30), TRAKER (30} ESTO0013

1 +ITRETN (30), ILOCN (30),KLOCN (54) ESTOOOL4G

2 yNSN {12420} ESTOOOLS

DCUBLE PRECISICN  PNEW ESTO00L6

DIMENSICN CEST(2214) £5700017

EQUIVALENCE {PNEW.DEST) £ST00018

c ESTO00LY

COMMCN 7SBECOM/CSBF(12),RBF(45)VBF(45,8) EST00020

g DCUBLE PRECISICN  RBF,VRF, TBF ESTB0021
g ECUIVALENCE (CSBFI2)yNTP) o (CSEF(6)1,ITER), (CSBF(9),TRF) EST00022
c . ESTU0023

COMMEN /CCRCOM/ ZBAR(30) 4 ZHAT(30),2T0T(30},BCSAVE(T4)  ESTO0024

DCUBLE PRECISICN  ZBAR ,ZHAT ,ZTOT ES5T00025

"“ c ESTD0026
COMMCON £130) ESTD0027

L DOUBLE PRECISICN EST00028
c EST0D0029

DIMENSICN NSTI8B),STN(6) ESTO0030

DATA  NST/04652045244269504 74,84/ ESTO0031

DATA  STN/36HX Y z xn YD D / ESTD0032

601 FCRMAT(1H /18HOA PRIORI ESTIMATE/LOH EVIMVA = ,D23.16) ESTO0033

602 FORMAT(L4HOITERATION NR ,12/10H ETIMVA = ,D23.16) ESTU0034

603 FORMAT (29HOLSTIMATE NCT STORED ON TAPE /10H ETIMVA = ,D23.16) ESTN0035

604 FORMAT(35HOCUMULATIVE DIFFERENTIAL CORRECTION) EST00036

605 FORMAT(3(3X,46,024.16)) £ST00037

606 FORVMAT(15HOSTATE ESTIMATE) EST00038

607 FORMAT(1H /13HOESTIMATE NR ,13,15H STORED ON TAPE/1OH ETIMVA = ,02EST00039

13.16) ’ £ST00040

o £ST00041

c IDENTIFY QUTPUT REQUIREMENTS £ST00042

1 GO TQ {10,20425,30) 4#NTP £STD0043

c E5T00044

c PROPAGATION FND-POINT : ESTO0045

10 1F (NCVCUT.LE.O) GO TO 999 ESTO0046

G0 TC 51 E£STO0047

c EST00048

c ESTABLISH ANCHOR POINT ESTO0049

9 20 NBY = ICB+100 £5T00050
| ETIMVA = TBF £ST00051
ot DC 21 [=1,3 EST00052
SPCDAN(I) = RBF(I) £ST00053

21 SPCDAN(I+3) = VBF{I.1) EST00054

: WRITE (6,601) ETIMVA £5700055
g CALL DATCUP (ETIMVA,D(6),0} £STD0056
i G0 1C 37 ESTO0057
25 WRITE (64602) ITER,ETIMVA EST00058

GO TO 35 ESTO0059

c EST0O0060

c STORE ESTIMATE ON TAPE ESTO0061

30 IF (NPRSTO.NE.O)} GO TG 31 EST00062

WRITE (6,603) ETIMVA , £57T00063

GO TC 34 ESTO0064

31 NN = NESEND-NESPOS EST00065

IF (AN.EC.O} GO TC 33 ESTO0066

DO 32 I=1.NN ESTO0067

READ (12) SKIP ESTO0068

32 READ (12) SKIP ESTO0069

33 NESPOS = NESEND+1 £ST00070

NESEND = NESPOS ESTO00TL

WRITE (12} CEST ESTO0072

WRITE (12) DEST £ST00073

WRITE (6+607) NESPOS,ETIMVA ESTO0074

PHILCO Miiiil
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34 CALL DATCUP (ETIMVA,D(6),0) ESTOO007S

35 WRITE (64+604) EST00076
DO 36 I=1,KOUNTN ESTO0077
36 DII) = ZTOTAI)I+ZHAT(]) ESTO0078
WRITE (6,605) (STNAMN(I),D{1)yI=1,KOUNTN) ESTO0079
IF (NTP.EQ.0) GG TO 999 EST00080
WRITE (6,606) EST00081
37 WRITE (64605) (STN{1)sSPCDAN(T)»1=1+6) EST00082
NN = 1 €ST00083
IF (KLOCNU1).EQ.1) NN=KLOCN(Z)+1l £ST00084
IF (KOUNTN.LT.NN)} GO TO 50 EST00085
MM = NN EST0O0086
DO 41 [=1,53,2 . ESTO0087
K = KLOCN(I) ESTO0088
L = KLOCN{I+1) ESTDO0089
IF (K-1) 42,41,38 ESTO0090
38 KK = 0 EST00091
IF (KaLT.100) GC TO 39 ESTD0092
KK = K-100 : ESTO0093
K = 8 EST00094
39 JJ = NSTIK)+14%KK ESTO0095
DO 40 J=1,L EST00096
M = JI+ILOCN(MM) : EST0O0097 2o
DIMM) = SPCDAN(M) EST0O0098 o
40 MM = MMsL EST00099 .
41 CONTINUE ESTO0100
42 CONTINUE ESTOO101
WRITE (6+605) (STNAMN(I).D(I)s I=NN,KOUNTN). ESTO0L102
c ) EST00103
C OUTPUT CCOVARIANCE MATRIX ESTOO104 i
50 WRITE (9) DEST EST0O0105
BACKSPACE 9 ESTGO106
IF (NCVOUT.LE.O)} GO TO 999 ESTOOLO7
S1 DO 52 [21,2 EST00108
DI = SPCOAN(I) +RBF(I+42) EST00109
52 DI1+3) = SPCDAN(I+3)4VBF(1+442,1) ESTOO110
CALL COVOUT (KOUNTN,DyNCYOUT) ESTOOL11
C ESTOO112
999 RETURN ESTOO113
END
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Subroutine: EXINST

Purpose: To read interpolation coefficients from a bimary
tape (as written by X@UT) and to recomstruct an
N-dimensional vector X (and its derivative, if any)
at time T.

Calling Sequence: CALL EXINST(T,M,N,X,XD,W,C,NB,ITRIG,KJUNT)

{*3 Input and Qutput

Symbolic Ny Data 1
1/¢ | Name or Di:::EI::a s::;gl Dimensions Definition |
Location or Units ;
- - . JRp— m—————— mnprme ¢ Emamet o ¢ 4123l o e kb . R o it Bt -——4!
I T d Time, or any independent g
variable. %
e vo— VNN S . ._..1'
1/6 ' M Vector number and indicator. ;
1/6 | N Vector dimenaion and
indicator.
¢ | X (4.)) Vector array.
é | XD m Derivative array. |
* %
¢ W 6K Internal storage. |
é |c As
- required Critical informatiom array. ;
I | NB i Binary tape number. f
3 1 | 1RIG Trigger for KAUNT. KOUNT is
altered only when ITRIG = 1. i
1/é | RSUNT Logical record counter. i
EReading forward increments §
| RGUNT, backspacing decrements |
K@UNT.

Common storages used: None
Subroutines required: BACK

*
K is the total of all vector dimensions (not including derivatives).

EXINST-1
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Method :

EXINST is designed to recomstruct vectors from information written
on a binary tape by subroutine X¢UT. The user should consult the X@UT
write~up for details of method, format, etc.

X, XD, W, and C are arrays. X and XD must be large enocugh to hold

the vector(s) generated. W is used internally by EXINST to store the
interpolation coefficients read from tape. It must be dimensioned at
least 6K where K equals the total of the dimensions: of all vectors

on the tape (exclusive of derivatives). C is the cirtical information
array and must be dimensioned at least as large as the corresponding
array as used by X@UT.

Usage

There are three distinct calls of EXINST:
1) 1Initialization
2) Normal
3) Limict shift.

The calls are illustrated in chart form below, followed by a
detailed discussion of each.

EXINST-2
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IN ouT
Initial Normal Limit
Shift
New
| T Ignored Time imit
M Zero Vector Non- lu > 0, normal, vector number
Number Zero M = 0, end of data
M < 0, vector M not availsble
N NC, the >0 <0 N s> 0, normal, vector
dimension dimension
of the C N = 0, an error condition
array N < 0, the C array has just
79 : been filled (N = -1
: tape read backward;
- N = -2 tape read
- forward)
K X Vector (if normal return)
p4)) Derivative (if available and
normal return)
W Buffer Buffer Buffer
c Critical information if N <O
Logical logical Logical
NB Tape Tape Tape
Number Number Number |
1) Initialization Call: This call must be the first call of EXINST for each
- case. It initializes certain parameters and reads in the critical
. information with which each case is started (or terminated if the
s case is being read in reverse). No vectors are gemerated by the
initialization call.

2) Normal Call: This call'will normally regenerate the specified vector
at the specified time (and its derivative if available). If M and N are
returned positive a vector has been generated, otherwise not. If
M = 0 an end of the stored data has been reached.

EXINST-3
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If M is negative, the subroutine has been unable to find coefficients
for the vector M. If N is negative a critical record has been read,
i.e., the C array contains new information and no vector has been

generated.

3) Limit Shift: Whenever a critical record is read by EXINST (N returned
negative), the time associated with this record is stored internally in
EXINST. This time is designated TC. Subsequent to a critical event the
user may make a limit shift call of EXINST with time argument TN which will o
then be regarded by EXINST on subsequent normal calls as a new critical .
time. Essentially this device allows extrapolation at discontinuities

occurring at critical points. Thus, if a critical event was preceded by

a set of coefficients Cl applying over the imterval (T1l, TC) and followed
by a set of coefficients C2 applying over the interval (TC, T2), a limit
shift call of EXINST with time argument TN, where TN is in the interval
(T1l, TN) and set C2 to apply on the interval (TN, T2). TN was required to
be in the interval (T1l, T2) merely to make the illustration definite. It . -
is in no way restricted. However, the user should bear in mind that EXINST
is being forced to extrapolate, thus values of TN not in the interval (T1,
T2) may cause EXINST to give poor results.

For certain applications the user may wish to uge directly the information
stored on the binary tape. In that instance, the W array may be regarded
as output of EXINST. Its format is illustrated below.

W(l, K) | w(2, R) | W3, K) | W(4, K) | W(5, K) | W(6, K)
Vector .
/periv. M N x, Xy X1, X)y
ector ‘
/0 periv. M -N x, - x, .=
EXINST-4
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SIBFTC MC13JY NOREFsM949NODD»XR3
CMC13JY GETS VECTORS FROM TAPE SAME AS
SUBROUTINE EXINST(TTT sMMMsNNN»XsXD

T=TIME M=VECTOR NUMBER
X=VECTOR XD=DERIVATIVE
NB=BINARY TAPE NO. C=C(NCRIT)=CRIT

NONANN

DIMENSION X(3)sXD(3)sW(693)sC(10)s
EQUIVALENCE (EMsMM) s (ENsNN)
DOUBLE PRECISION TTTsTsTLsTRsT1eT2
DATA TAY(1)sTAY(2)/0401e/
T=TTT
M=MMM
N=NNN
NB=NNB
100 IF(MeEQe0) GO TO 180
IF(NeLEsO) GO TO 200
ICRIT=0
110 IF(TeLTeTL) GO TO 160
IF(TeGT«TR) GO TO 170
1=1
115 EM=W{1l,1)
EN=W(2y1)
N=IABS(NN)
IF(MMsEQeM) GO TO 120
I=1+N
IF(I+LEeKMAX) GO TO 115
M=—M
GO TO 900
C COEFFICIENTS FOR VECTOR M HAVE BEEN FO
120 IF(NN) 12559005140
C INTERPOLATE LINEARLY
125 R={T-T1)/{T2-T1)
DO 130 J=1sN
X(JI=WA3s 1 I+R*¥ (W (591 )-W{3s1))
1=1+1
130 CONTINUE
GO TO 900
C USE FULL INTERPOLATION
140 TAY(3)=T-T1
TAY(4)=TAY(3)*TAY(3)/2,
TAY(5)=TAY(4)%TAY(3) /3,
DO 150 K=1sN
X(K)=0-
XD{K)=0e
DO 145 J=1s4
X{KI=X(K)+TAY{J+1) ¥ W(J+291)
XD (K)=XD(K)+TAY (J)*¥W(J+251)
145 CONTINUE
I=1+1
150 CONTINUE
GO TO 900
C INITIALIZATION
180 M=1
IDIR=0
NCRIT=N
GO TO 300
C TIME REQUESTED IS BELOW RANGE IN CORE
160 IDIR¥-INC
GO TO 300
C TIME REQUESTED 1S ABOVE RANGE IN CORE
170 IDIR=INC
GO TO 300
C THIS PATH SHOULD BE TAKEN ONLY WHEN RA
200 N=1
ICRIT=1
C DETERMINE RANGE WITH NEW CRITICAL TIME
210 IF(TC-T) 220,900,240
220 IF(IDIR) 300,230,230
230 IF(INC) 27098995260
240 IF(IDIR) 250,2505300
250 IF(INC) 260,899,270
260 TR=T

PHILCO uii#il
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EXIN EXCEPT FOR COUNTER
sWrCHNNB9 ITRIG»KOUNT)
N=DIMENSION
W=W{69N1l+eeatNM)=STORAGE
ICAL INFO BUFFER

TAY (5}
s TC

UND

NGE 1S BEING AJUSTED

XNSTO0001
XNST0002
XNST0003
XNST0004
XNSTO005

KOUNT IS A LOGICAL RECORD COUNTER WHICH OPERATES WHEN ITRIG = 1 XNSTO006
AND 1S5S USED EXTERNALLY TO CONTROL BACKSPACING FOR TAPES ON WHICH XNSTOQO07
THE INDEPENDENT VARIABLE 1S INCREASING

XNST0008
XNST0009
XNST0010
XNSTO0011
XNST0012
XNST0013
XNST0014
XNST0015
XNST0016
XNST0017
XNST0018
XNST0019
XNST0020
XNST0021
XNST0022
XNST0023
XNST0024
XNST0025
XNST0026
XNST0027
XNST0028
XNST0029
XNST0030
XNST0031
XNST0032
XNST0033
XNSTO0034
XNST0035
XNST0036
XNST0037
XNST0038
XNST0039
XNST0040
XNST0041
XNSTO042
XNST0043
XNSTO044
XNST0045
XNST0046
XNST0047
XNST0048
XNST0049
XNST0050
XNST0051
XNST0052
XNST0053
XNST0054
XNST0055
XNSTO0056
XNST0057
XNST0058
XNST0059
XNsT00806
XNST0061
XNST0062
XNST0063
XNST0064
XNST0065
XNST0066
XNST0067
XNST0068
XNST0069
XNST0070
XNST0071
XNSTO072
XNSTO073
XNST0074
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GO 70 900 ' XNSTOO0T75

270 TL=T XNSTO076
GO TO 900 XNSTO0077
C READ IN A SET OF INFORMATION XNSTO078
300 CONTINUE XNSTO079
IF(IDIR) 305,308,308 XNSTO0080
305 CONTINUE XNSTOO081
CALL BACK(NB,4) XNST0082
IF{ITRIGeEQe1l) KOUNT=KOUNT~4 XNSTO083
308 CONTINUE XNSTO084
READ(NB} KEY,IKYsTIME XNSTQ085
IFUITRIGeEQs1l) KOUNT=KOUNT+1 XNSTO0086
IF(KEY«NE«+3) GO TO 400 XNSTO087
KMAX=1KY XNST0088
READ (NB) T1lsT2s((W(IsJ)sI=196)sJ=19KMAX) XNST0089
IF(ITRIG.EQe1l) KOUNT=KOUNT+1 XNST0090
995 FORMAT(201851P4E1846) XNST0091
IF(T1.GT.T2) GO TO 310 XNST0092
TL=T1 XNST0093
TR=T2 XNST0094
INC=1 XNST009S
GO TO 320 XNST0O096
C INDEPENDENT VARIABLE IS DECREASING XNSTO097
310 TL=T2 XNST0098 e
TR=T1 XNST0099 i
INC=-1 XNST0100 :
320 CONTINUE XNSTO0101
IF{IDIR) 350590045350 XNST0102
350 IF(ICRIT.LE.0) GO TO 110 XNST0103
IDIR=~IDIR XN3STC104 ]
GO TO 210 XNST0105 .
C CRITICAL EVENT PROCEDURE XNST0106
400 TF(KEY=2) 99954055999 XNST0107
405 N=-1 XNST0108
READ (NB) (C(I)sI=1sNCRIT) XNST0109
IF(ITRIGsEQe1l} KOUNT=KOUNT+1 XNSTO11l0 i
C IKY=+1 FIRST RECORD OF CASEs IKY=-1 LAST RECORD OF CASE XNSTO111
IFCIKY) 410443045420 XNSTO112
410 CONTINUE XNSTO113
IF({IDIR) 305430549415 XNSTO1l4
415 M=0 XNSTO115 e
CALL BACK(NB,s2) XNSTO116
IF(ITRIGsEQel) KOUNT=KOUNT=2 XNSTO117
GO TO 890 XNSTO118
420 CONTINUE XNSTO119
IF{IDIR) 425,308,308 XNST0120 -
425 M=0 XNSTO121
CALL BACK({NB»3) XNSTO122
IF(ITRIGeEQe1) KOUNT=KOUNT-3 XNST0123
GO TO 900 XNSTO124 |
C NORMAL CRITICAL EVENT XNST0125 i
430 CONTINUE XNSTO126
IF(IDIR) 435,3084440 XNSTO0127 s
435 TC=T1 XNST0128
GO TO 9S00 XNSTO0129
440 TC=T2 XNSTO0130
890 CONTINUE XNST0131
N=-2 XNST0132 s
900 MMM=M XNSTO133 . #
NNN=N XNSTO0134 :
899 CTONTINUE XNSTO135
RETURN XNSTO136
999 CONTINUE - XNST0137
N=0 XNSTO138
GO TO 900 XNST0139
END XNST0140
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Subroutine: FIEF
Purpose: To space forward over N files, or backward over
I¥| + 1 files.

Calling Sequence: CALL FIEF(N,IER,IB)

Input and OQutput

Symbolic| Program | Math Data

v 1/¢ | Name or |Dimensions|Symbol Dimensions Definition

] Location or Units

I N If N > 0, FIEF spaces forward
over N end-of-file marks.

] If N < 0, FIEF spaces backward

and ovez |N| + 1 EGF marks
then forward over the |N|+1 st.]

N — et e

@ IER IER = 0, success exit.
= - 1, end-of-tape
encountered.

= « 2, read check error.

I IB Logical tape number.
Common storages used: None
Subroutines required: None
FIEF-1

PHILCO | Space & Re-entry
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$IBMAP

FIEF
FFF

FLE
FILE

ERR
ER1

EOF

BCKUP

BKP

FiL

PHILCO l

PHILEQ-FORD CORPORATION

MC1398
ENTRY
REM
REM
REM
REM
REM
TX1
SAVE
STZ*
SXA
CLA®
STA
CLA*
PAX
TZE
™I
78X
PZE
PZE
TORPN
TCH
CLS
AXT
STO*
RETURN
TIiX
RETURN
TX1
PXD
ORA
SLW
TSX
PZE
RETURN
PZE
END

FIEF
FIEF{(NsIER»1B)
FIEF SPACES OVER N FILESs N + OR =

IGNORES IBs USES ONLY UNIT 10 FOR TRK DAT SIM

1ER=0» SUCCESS EXIT

1ER=2s READ ERROR (CHECK SUM)
FFFssl
(1s2)1
be &
ER1,4
FIL
FILE
394

092
BCKUP
BCKUP
+READs &4
* %
EOF s s ERR
0590
*-1

=2 1ER=-2s READ ERROR

*94

beb

FFF

FLE#Z291

FFF SUCCESS EXITs FILE SKIP
*+192s1 BACKSPACE N+1 FILES
0s2

FILE

BKP

oBSFe 4

0390

FFF

sUN1C.

SKIP N FILES

FIEF0001
FI1EF0002
FIEFQ003
FIEF0004
FIEF0005
FIEF0006
FIEF0007
F1EF0008
FIEF0009
F1EFQQ10
FIEFOO11
FIEF0012
FIEFO013
FIEF0014
FIEF0015
FIEF0OO016
FIEFOO17
FIEFQO18
FIEF0019
FIEF0020
FIEF0021
FIEF0022
FIEF0023
FIEFQ024
FIEF0025
FIEFO026
FIEF0027
FIEF0028
FIEF0029
FIEF0030
FIEFQ031
FIEF0032
FIEF0033
FIEF0034
FIEFQ035
FIEF0036

Space & Re-entry
Systems Division



Subroutine: FIFL

Purpose: To locate a specified case on the binary tape, and to
read record 1 of that case.

Calling Sequence: CALL FIFL (ICASE,J,REM,IER,IB)
Input and Output '

1Symbolic Data
I/¢ |Name or D;::ﬁzgzhs Sthgl Dimensions Definition
Location ym or Units
I |ICASE Case number, If ICASE = O,
3 FIFL initializes and does not
2 search,
= g |g J = REM(2) = number of logical
}l records per set.
. ¢ |REM (255) Vector written by TPFL,
= ¢ |IER IER is set # 0 if case cannot
be found.,
K I |IB Logical tape number,

o Common storages used: None

Subroutines ruquired: FIEF, ERRGUT

. FIFL-1
IS f%

PHILCO I

Space & Re-entry
PHILCO-FORD CORPORATION

Systems Division
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!

$IBFTC MC1397 XR3,LIST

SUBROUTINE FIFL(ICASEsJ»IREMsIERsIB) FIFLOOO

DIMENSION IREM(255) FIFLOO1

c FIFL FINDS AND READS SET 0 OF CASE ICASE. FIFLO02

c ICASE = 0 INITIALIZES AND DOES NOT READ. FIFLOO3

¢ CALLS FIEF TO SPACE OVER FILES TO READING POSITIONe FIFLOO4

c CALLS ERROUT IF ERROR FROM FIEF,OR IF 2 TRIES TO LOCATE FIFLO00S

c ICASE FAIL. FIFLOO06

C ASSUMES CASE NUMBERS SEQUENTIAL AND INCREASING ON TAPEe FIFLOO7

c (SEARCHES FORWARD OR BACKWARDS) e FIFLOOS

IF{ICASE.NE«0) GO TO 50 FIFLO0O9

1CSV =0 FIFLO10

RETURN FIFLO11

50 IER=0 FIFLO12

1SWT=0 FIFLO13

75  CALL  FIEF{ICASE-ICSVsIERsIB) FIFLO14

IF(IER.NE.O)1GO TO 150 FIFLO15

READ(IB)IREM FIFLO16

1CSV= IREM(1) FIFLO17

J=IREM(2) FIFL018

IF({ICASE.EQeICSV) RETURN FIFLO19

- ISWT =ISWT+1 FIFLO020
; GO TO(75,5100)5 ISWT FIFLO21
' 100 CALL ERROUT(1529H(5Xs4HCASE»15»11HNOT ON TAPE)sICASE) FIFL022
RETURN FIFLO23

150 CALL ERROUT(1»38H(5Xs27HERROR EXIT FROM READs IER = I2)sIER) FIFLO24

- RETURN FIFLO025
END FIFL026

PHILCO I Space & Re-entry

PHILCO-FORD CORPORATION Systems Division
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Subroutine: FIST

Purpose: To rewind the binary input tspe and to read and check
the header (first file)., Also initializes subroutine
FIFL,

Calling Sequence: CALL FIST (HEAD,IER,IB)

Input and Output

i Symbolic Data
o 1/¢ | Name or Dizgizzzns sMaﬁgl Dimensions Definition
Location v or Units
! I HEAD (12) Header to be checked against
- the first file of tape. The
‘‘‘‘‘ : header from the tape will be
, in blank common on exit.
¢ IER : IER=2 if HEAD does not agree.
Otherwise it is returned
unchanged.
I IB Logical tape num.er,
| Common storages used: 12 cells
Subroutines required: FIFL
FIST-1

‘ { PHILCO l Space & Re-entry

g PHILCO-FORD CORPORATION Systems Division




$IBFTC MC1396 XR3

(alaNa¥a¥alal

10
20

25

FriLca]

leLCﬂ-FD RD CORPORATION

SUBROUTINE FIST(IHED»IERsIB)
COMMON IR
DIMENSION THED(12),IR(12)
FIsT REWINDS TAPE IB
READS HEADER AND CHECKS
RETURNS IER =2 [IF HEADER DOES NOT CHECK
RETURNS 1ER UNTOUCHED IF HEADER CHECKS
INITIALIZES FIFL.
TAPE HEADER IS IN FIRST 12 CELLS OF BLANK COMMON
REWIND IB ’
READ(1IB) IR
DO 10 1 =1s12
IF( IHED(I)eNE.IR(I}) GO TO 25
CONTINUE
CALL FIFL(QsIRsIRsIRs1B)
RETURN
IER =2
GO 70O 20
END

FIST000
FISTO01
FIST002
F158T003
FISTOO04
FISTO005
FI15T006
FISTOO7
FI1ST0OO8
FIS5T009
FISTO10
FISTO1l
FI157012
FISTO013
FI15T014
FIS7015
FISTO16
FISTO17
FIsT018

Space & Re-entry
Systems Division



Subroutine: FN@RM
Purpose: Computes the magnitude of a 3-vector.
Calling Sequence: £ = FN@RM (X)
Input and Output
1/¢ §Z$§°12§ pyoogran s;%:l Dimomcaons|  Defimition
. Location or Units
: I X (3) Input vector
¢ g X

Common storages used:

PHILCO l

PHILCO.FORD CORPORATION

|
|
o

Subroutines required:

None

None

FN@RM-1

Space & Re-entry
Systems Division
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$IBFTC FNORM XR35M945NODD

PHILCO l

PHILCO-FORD CORRPORATION

FUNCTION FNORMI{X)
DIMENSION X(3)

SUM = 0.

DO 1 1=1,3

SUM = SUM+X({T)*X(T)
FNORM = SQRT(SUM)
RETURN

END

FNRMQOO1
FNRM00O2
FNRM00O3
FNRMOO004
FNRMOO05
FNRMO00O6
FNRM0OO7
FNRMCO0O08

Space & Re-entry
Systems Division



Subroutine: VI,

Purpose: To obtain I6CS pointer word address for variable
tape units, This is a replacement for the IBSYS
library routine.

Calling Sequence: None

A
i

s

Common storages used: None

Subroutines required: None

JFVId. -1

PHILCO l Space & Re-entry

PHILCO.FORD CORPDRATION . Systems Division



For read or write statements using varisble tape logical numbers, such as
WRITE(N,PORMAT)LIST

the I6CS pointer word is obtained by reference to a table in the 1library
routine .FVI@.. The library routine contains pointers (.UNOn.) for all
logical units from 1 through (usually) 12, and this results in the attach-
ment of buffers for each unit. By removing entries for all units which

are not required from .FVI#., we release the associated buffer space for
use by the program.

In the furnished deck, each unused unit in the table is replaced by the

dummy name FILE, To add unit n to the table, the symbol .UNOn. replaces

the symbol FILE in the nth entry.

JFVIO.-2

PHILCO I Space & Re-entry

PHILCO-FORD CORPORATION Systems Division




$IBMAP MC1310

«FVIO,.

ERR

ouTt

FILE

ARG
MAX

PHILCO l

PHILCO-FORD CORPORATION

TTL
SAVE
CLA%*
TZE
PAX
SXD
TXL
CALL
CALL
PAC
CLA*
TZE
LXA
STO*
RETURN
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PzZE
PZE
PZE
PZE
PZE
SYN
END

25

FVIO - SET FILE ADDRESS FROM LOGICAL UNIT NO

34

ERR

"4

ARGy 4
OUT»4sMAX
«FXEMe {ARG)
EXIT

2 &

FILEs4
ERR
SYS|0Cs4
b4l
.FVIOI

FILE
FILE
FILE
FILE
sUNQ5»
s UNDG e
FILE
FILE
FILE
oUNlO'
eUN1le
«UN12e
47
ARG-FILE~-1

LOGICAL NO
NOEQaQ

FILE NOT DEFINED
FILE ADDRESS

FILE NAMES FOLLOW
UNIT 1

FvIO

Fv100001
FVI0Q0002
Fv100003
Fv100004
FVI00005
Fv100006

-LOGICAL UNIT NOT DEFINED FOR VALUE XX= FV100007

Fv100008
FvIO0009
FVI100010
FVIO0011
FVIO0O012
FVIOO0013
FvI0001l4
FvI00015
FvIOO001le
Fv100017
Fvi00018
FvI00ol9
Fv100020
FyI0O0p21
Fvi00022
FvI00023
FVIOO024
Fv100025
FvI00026
Fv10o0gQ27
Fv100028
FvIi00029

Space & Re-entry
Systems Division
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