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FOREWORD

This Technical Documentary Report has been prepared in
four volumes, as follows:

Contractor's
Volume Title Publication Number
I Program Development U-3005
X Operating Instructions U-3006
1T Programmer's Manual U-3007
iv Operations Summary (U) $-2990

Publication of this technical documentary report does
not constitute Air Force approval of its findings or
conclusions. It is publisbed only for the exchange
and stimulation of ideas.
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SECTION 1

INTRODUCTION

This document describes, from a programmer's view, the coding,
function, and logic of the Spiral Decay computer program. The Spiral Decay
program operates in the SPACETRACK B-3 Semi-Automatic Programming System; and
will accept sensor observations, assign weights and biases to the data, perform
a differential correction and predict past or future position and velocity.

Section 2 of this document contains a functional description and
basic flow charts of the program. Section 3 defines symbolic names, data and
tape formats, and memory assignments. A detailed description of each sub-
routine used by Spiral Decay is given in Section 4. The Appendix describes
the Adams-Bashforth integration routine which is used by Spiral T'ecay for

ephemeris integration.




SECTION 2

PROGRAM DESCRIPTION

2.1 FUNCTIONAL DESCRIPTION

The Spiral Decay Program contains three main functions. These are
(1) OBSERVATION WEIGHTING, (2) DIFFERENTIAL CORRECTION, and (3) PREDICTION.
This program is designed to operate in the Schedule Tape Mode under control
of the B-3 Executive Program,

a. Obsgervation Weighting

The Observation Weighting function of the program is to apply
corrections (biases) to the observational data used for differential correction,
and to apply statistical weights to the data used in the correction procedure.

The Spiral Decay Program must be supplied with weight and bias
information for each observation. If none is available, that observation will
be omitted from the differential correction.

Within Spiral Decay, there is room for weight and bias data for
thirty sensors. There are approximately fifteen sets of sensor weighting data
assembled within Spiral Decay. The weighting data contained in Spiral Decay
may be changed and/or increased by introducing a "weight tape" on logical
tape 7.




b. Differential Correction

The differential correction function accepts observational data for
which weight and bias information is available, and performs a weighted
differential correction on the crbit element set. Ephemeris computation is
carried out in a special perturbations variation-of-parameters formulation.
This formulation numerically integrates the perturbative accelerations
influencing the parameters of an instantaneous two-body reference orvit.

The numerical integration is performed by a sixth-order Adams-
Bashforth integration routine. This routine works strictly in a variable
step size mode, based on error control parameters.

Perturbations handled in the program include: zonal,tesseral, and
sectorial harmonics, atmospheric drag, and solar radiation pressure. These
effects may be controlled to incorporate any combination in a particular case.

A ccrrection can be obtained for any or all of the six orbital
elements, and may also include the satellite mass., This latter parameter
actually represents a correction to the ballistic parameter, C_A/m, where
C. is the drag coefficient, A is the satellite cross-sectional area, (m“)
and m is the satellite mass (kg.).

The correction process will repeat up to twice the maximum number of
iterations, as specified by the user, or until the root-mean-square (RMS) of the
accepted residuals has converged. Accepted residuals are those that are not
rejected on the basis of an absolute maximum or a relative check based on a
multiple of the residual RMS. When the correction process has converged, the
epoch may be updated to any revolution number or time.

¢. Prediction

The prediction function of the program is used to obtain future or
past position and velocity data from an input element set or a corrected
element from the differential correction section.

Ephemeris computation in the prediction function is carried out in
the same manner as in the differential correction, with one addition:
ephemeris integration, while a satellite is in the final decay stage, is
performed using the Cowell equations. The Cowell integration uses a fourth-
order Runge-Kutta integration scheme instead of Adams-Bashforth because of the
need for frequent interval change.

In addition to a prediction ephemeris listed on hard copy, Spiral
Decay can: (1) produce a binary ephemeris tape to be used with the XYZIA
program; (2) leave in core five time points for use in a subsequent GIPAR run.




2.2 FLOW DIAGRAMS

The following two pages display the functional and subroutine level
flcw diagrams for Spiral Decay. Additional flow diagrams, written in further
detail, are included in the individual subroutine descriptions in Section 4
and the Appendix of this manual.

The following symbol conventions have been adopted:

———§ - contains processing function

—»
NAME - 1indicates a subroutine which is
documented within the section or
in a referenced system or publi-
cation

NO - 1indicates a decision or switch,
including title on the appropriate
~path (may be more than two exits
if a multiple switch)

YES

- program or flow-diagram connector

//// - program terminal (start or exit:
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SECTION 3

MEMORY ASSIGNMENTS

3.1 SYMBOLIC NAMES AND DEFINITIONS

This secticn provides a listing and definitions of the symbolic
names which have been created for the Spiral Decay Program, and are relative
only to the coding of the program. The symbolic names which refer to address
constants, input/output parameters, command constants, and temporary storage
willi not be listed in this section, but may be located directly in the code
edit of Spiral Decay.

Definitions of some of the symbolic names contain mathematical
symbols which are relative to the formulation of Spiral Decay. Definitions
of these mathematical symbols may be found in Appendix VIL, Volume 1,

The symbolic names which appear in the SPS Master Assign Deck may
be referenced in either Aeronutronic report U-1691, Section 5-69, or System
Development Corporation report TM~LX-38/000/00, Appendix E.




NAME CELLS DEFINITIONS

All 49 Least Squares Matrix (N x N)

ABRHO 1 (a-B- Pr V/2

ACCCNT 1 Accepted Residual Counter

ADDTO2 1 2 Integration Step Size

ADDTO3 1 %’ Integration Step Size

ADLLEPS 1 Criteria for Increasing Integration Step
Size

ADPERRK 1 Ratio of Runge Kutta to Adams Bashforth
Integration Steps

ADP 1 Control Flag for Integration Routine

ADRKSTP 1 Indicator for Runge Kutta Integration

ADTEST 1 Integration Error

ADXR1 1 \

ADXR3 1 > Index Register Storage

ADXR5 1 )

AE 1 ae’ Earth Radius =1

ALFBUF 7 Buffer of Powers of o , @ = - fzinzi)COSZr

ALFLG 1 o Residual Rejection Indicator

ALSUN 1 o, = Right Ascension of Sun

AOVH 1 a/H

AP 1 Planetary Magnetic Index
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NAME
ASCON2
ASTK
AXGR

AXO

AXPRINT

AX

AYGR

AYO

AYPRINT

AY

AZGR

AZ0

AZ

Bl1

BFLAG

BIASAD

BIBUF

BNADR

BNBUF

BNNBUF

CELLS

DEFINITIONS
6378165 = meters/e.r.

One Wword of FedededeSeleded

& in Output Format

ay in Output Format

Least Squares Matrix (1 x N)

Indicator for Inclusion of Bulge Perturbations

Address of Bias Buffer

Sensor Bias Buffer

Address of BNBUF and BNNBUF

Buifer of (2n - 3) B , B
n’ n

il

Buffer of (2n - 1) B, B
n’ n

Bessel functions

n=0,1,...6

Bessel functions

n=0,1,...6




NAME CELLS DEFINITIONS

BOO 56 Buffer Saving New Epoch Elements and ICK
Buffer

BPRINT 1 B in Output Format

B 1 Baliistic Parameter

BTFLAG 1 Indicator for Binary Tape Output

BT 1 Output Time for Binary Tape

BUF 7 Temporary Buffer for Computing Correlation
Matrix

CAPD 1 D

CAPR 1 R = Magnitude of Vector to Sensor

CAPX 1 X

CAPY 1 Y | Location of Sensor

CAP2 1 2

CARDS 1 Indicator for "P Card" Input

CDLTAXN 1 Cha

Xn
CDLTAYN 1 Cha
yn

CDLTN i} Chn/,

CNFLAG 1 Indicator for n Only Correction on First
Interation

COMPARE 1 Counter for Subroutine MARTINI

CON1 1 ~(sin® 1)£/2h

CONBUF 128 Storage for "P Cards"

CONTEST 1 Criteria for D, C, Convergence

10




NAME
CORRDY
CORRDZ
COS20M
COSEO
COSI
COSOM
C0S0
COSPH
COSPSI
COSTH

CoSu

COUNTLR

COUNTL
COUNTLX
COUNTR
CRAIG
CSALS

CSNM

DCFLAG
DDGR

DELTAQ

DENOM

DEFINITIONS
Temporaries used by CORRD subr.

Cosine 2 W
Cosine e + w
Cosine 1
Cosine w
Cosine Q
Cos 0

Cos ¥
Cosine ©
Cosine u

Number of Elements to Correct - Left and
Right Address

Number of Elements to Correct - Left Address
Counter for MATRIX Subroutine

Number of Elements to Correct - Right Address
Indicator for Printed Observations

Cos o

Tesseral Coefficient Buffer

Indicator for a Differential Correction

°N\
D

1+ VY1 - e2

11




NAME
DFLAG
DGR
DLFLG
DLSUN
DLTB
DOTPRX
DOTPRY
DOTPRZ
DQFLAG
DQN
DRSDL

DUBMAT

E2VGKR
ECOSV

ENDT

EO1
EO

EPS1

EPSILON

F10AV

F10

CELLS

DEFINITIONS

Indicator for Inclusion of Drag Perturbations

D\

€ Residual Rejection Indicator

8§ = Declination of Sun

o

A Brg

Temporaries for DOTPR Subroutine

Indicator for Delta Q Check
Maximum Delta Q
& Residual

Matrix for Increasing Integration Step Size

2 N
-e v

p/lr -1

End Time for Printed Prediction Interval
Output

U = Used in Keplers Equation

e
(o]

Convergence Criteria for Iteration on Kepler's
Equation

e = 0.,00001

Average Solar Radiation Constant

Solar Radiation Constant

12




NAME
FIRST
FOBHR
FOBMIN
FOBSEC
FTFLAG

FX

GAMMA
GE

GE3
GITADR
GIT

GS

GSa

GU

GUz

H10VZ
H1
HAFMAT
HEADS
HEDLIN1
HEDLIN

HSUBQP

CELLS

DEFINITIONS

Forward or Reverse Integration Indicator

Floating Point Hour, Min., Sec. in Output
Format

Indicator for Prediction by Revolution or
Time

Temporary Used by DIVDIF Subroutine

Reflectivity Constant

g, - With Zonal and Tesseral Effects
8, - With Only Zonal Effects

Address of GIT Buffer

GIPAR Output Time Buffer

8, - With Zonal and Tesseral Effects
8. - With Only Z nal Effects

With Zonal and Tesseral Effects

o
1

With Only Zonal Effects

oQ
1

250,000 Ft. in Earth Radii
500,000 Ft, in Carth Radii
Matrix for Decreasing Integration Step Size

Storage for BCD Page Heading

Parameters for Prediction Output Control

Perigee Altitude (km) for Output

13




NAME

HSUBS

HXPRINT

HYPRINT

HZPRINT

ICK

INELT

JBSCHNO

JMPMOD

JNSAVE

KAPPB

KAPPA

KEORTM

KNTRL

LCOUNT

LFLAG

LINECNT

LINECT

LJBUF

LJIDC

LLO

LNIOBE

LOGRHOH

LOLIMIT

CELLS

DEFINITIONS
l/Hp
hx in Output Format
hy in Output Format
hz in Output Format
Interpolation Buffer
Initial Element Buffer
Input Option - From SPSJOB Card
Jump Table Modifier in CDLTB Subroutine
Save Index Registers
B Maodifier (Altitude Dependent)
Upper Bound for B Modifier
.07436662
Indicator for Elements Being Corrected
Counter for MARTINI Subroutine
Output Indicator for East or West Longitude
Current Line Position on Page
Line Counter for RESOUT Subroutine
Temporary Storare for JNDRAG Subroutine
(w/2) + B =P ..+ 6378165

1

1
10 L()Ge 10

Log P (h,T)

(o]

Minimum Altitude Allowed for Drag Perturbacio:

14




NAME CELLS

LOLMT 1
LPREV 1
LPRINT 1
LPSUB 1
LPTEMP 1
LSQBUF 14
LSQX 7
LTBUF 6
MARTSAV 1
MATRIXB 28
MAX 1
MCOUNT 1
M 1
MS2ERK 1
MU 1
NEWPAGE 1
NICOLET 200
NPRFAC 12
N 1
NU 1
NUX 1
NUY 1

DEFINITIdNS
Flag for Decay Corridor
Temporary in LPMCD Subroutine
L in Output Format (deg.)
+ OR - 27 Used in LPMOD Subroutine
Temporary in LPMOD Subroutine
Buffer for Matrix Inversion
Buffer of Delta Elements
"P Card 4" Parameter Storage
Index Register Storage
Buffer for Correlation Matrix
Maximum Acceptable Residuai
Counter for Matrix Subroutine
Counter in MARTINI Subroutine
.00012649618 - Conversion from m/s to er/k
=1
Line Counter for Page Control
Atmospheric Density Table
Buffer of 1/(n+ r)!; 0 € (n+ r) < 10

Counter in MARTINI Subroutine

15




NAME

NU2Z

OANDE
OBDAY
OBFLG
OBMO
OBSLEFT
OBSPROC
OBSREJ
OBYEAR
OCOUNT
OLDRMS
OLDU3
OLINCNT
OPRTESQ
ORGDAY
ORMS

OVALA

P10LADR
P1LADR
P2LADR
P3LADR

P4LADR

CELLS

e e

DEFINITIONS

v
Z

Address of OBLOC and EBLOC
Day Number in BCD Output Format
Indicator of Observed Quantities

Month Number in BCD Output Format
Counters for PROOBS Subroutine

Year Number in BCD Output Format
Temporary Counter
RMS of Previous D,C.
Previous Value of u,
Line Count of Printed Observations
I + “1 - e2
Days from Beginning of Year to Epoch
RMS of 1st Pass for Output

Output Control for WILBUR Subroutine

10 Scaled T15
1 Scaled T15
2 Scaled T15
3 Scaled T15

4 Scaled T15

16




NAME CELLS DEFINITIONS

P55LADR 1 55 Scaled T15
P5LADR 1 5 Scaled T15
P6LADR 1 6 Scaled T15
P8LADR 1 8 Scaled T15
PAGENO 1 Output Page Counter
PAPRINT 1 Period - for Outpnt
PAP 1 Planetary Magnetic Index - for Prediction
PARTA? 1
PARTA3 il
Temporaries for CDLTB Subroutine - Contain
PARTA 1 K Segments of &a/ 6t and &e/ &t
PARTE2 1 '
PARTE3 1
PARTE r
PB 1 Ballistic Parameter - for Prediction
PBUF 6 Buffer of Pn’ n =0, 1,.00, 5
PDAY 1 BCD Day
PFIOAV 1 Average Solar Radiation Constant for
Prediction
PF10 1 Solar Radiation Constant for Prediction
PFLAG 1 Indicator for Prediction Output
PGAMMA 1 Reflectivity Constant for Prediction
PHI 1 )
PKAPPA 1 Lower Bound for B Modifier - for Prediction

17




NAME
POBUF
POVH
PPBUF
PPPFLAG
PRDSAV
PREDBF

PREDFLG

PREV
PRTADR

PRTIML
PRTIM

PRT
PTCOUNT
PW

PYEAR

QQ

RANGE
RBUF
RCNT

RDOTOR

REJCNT

CELLS

27

DEFINITIONS
Buffer for Output of Observations
p/h
Buffer of Pn', n=1,..., 5
Indicator for a Prediction
Indicator for New Epoch Elements
Temporary Buffer

Indicator for Prediction by Time or
Revolution Number

Revolution Number for Prediction Output
Address of PRT Buffer

Revolution Number or BCD Date of New Epoch
(D.C)

Revolution Number or BCD Time of Final Epoch
(Prediction)

Buffer of Prediction Intervals for Output
Counter of Interpolation Points
Indicator to Print Weights and Biases

BCD Year
Temporary Storage

P

Buffer of R

n,m
Accepted Residual Counter
r/r

Re jected Residual Counter

18




NAME
REJFLG
RESCNTL

RESOPT

REV
RGFLG
RGSDL
RHO
RKINDT
RMS
ROFLAG1
ROFLAG
ROVA
RPBUF
RPCON3

RPFLAG
RPT

RRFLG
RRSDL
RSKNTRL

RTIMUZ2

CELLS

DEFINITIONS

Re jection Indicator for any Residual
Control for Residual Output

Indicator for Type of Units of Printed Angle
Residuals

Revolution Number

Rejection Indicator for Range Residuals
Range Residual

Atmospheric Density = »p

Initial Integration Step Size

Root Mean Square of Residuals

Residual Output Flags

r/a
Buffer of R ,'
n’'m
Radiation Pressure Constant

Indicator for Inclusion of Radiation
Pressure Perturbations

Maximum Number of Iterations for a
Differential Correction

Re jection Indicator for Range Rate Residuals
Range Rate Residual

Indicator for Elements to be Corrected

V1 - uz Used in MARTINI Subroutine

19




NAME
SATEL
SAVEO
SAVE3
SAVELEM
SAVEM
SAVOBS
SAVT
SBUF
SCONBUF
SCOUNTR
SIGMAL
SIGMA2
SIGMA3
SIGMA4
SIGMAI
SIGN
SIN20M
SINBOTH
SINCOS
SKNTRL
SMLGR

SNALS

CELLS

180

70

DEFINITIONS
-Satellite Number (Left Justified)
Cell O Storage
Cell 3 Storage
Indicator for Integrating to New Epoch
Temporary
Temporary
Temporary
Buffer of Sensor Information
Storage for "P Card" Images

Counter for MATRIX Subroutine

1/°p (e.r.)-1
1/0.p (e.r«/ke)-1
-1
1/0A (rad)
-1
1/0h (rad)
1/0,, O, = Weight for P, A, h, or ¢

Output Buffer for Standard Deviat-ns

Sine 2w

Sin (Y + £)

Buffer of sin m } and cos m )\; m = 1,2,3,4

Indicator for Elements to be Corrected

20




NAME
SNDLS
SOBFLG
SOLDUZ
SREVF
SREV

SUNLX

SUNLY

SUNLZ

TAPBUF

TAPCNT

TEMPO

TEMP1

TEMP2

TEMP3

TEMPT

TERMS

TESRAL

THETA

VALLINI

VALLIN

DEFINITIONS
Sin fe
OBLFG Storage

OLDUZ Storage

Final Revolution Number to End Prediction

REV Storage

L
X
o

L
Yo

L

%o

Buffer for Ephemeris Tape Output
Current Address in TAPBUF
Atmospheric Temperature at Epoch
Temporary

Temporary

Temporary

Atmospheric Temperature at Any Time
Buffer of 7 Coefficients and 1 Residual

Indicator for Inclusion of Tesseral Harmonics

)

Contrcl for Prediction Output

21




NAME CELLS DEFINITIONS

WANDBI 1 Address of WBUF and BIBUF
WBUF 151 Buffer of Weights
WOBMARK 1 Temporary
XBDGR 1 Xy
XDD 1 x
XDGR L x*
XDTGR 1 N
XKE 1 ke = .07436662
XLAMD 1 A for Output (deg)
XLSUNT 1 Lo at Time t
XMPER 1 m/e. r. = 6578165
XRDGR 1 x>
XRMODA 1
Counters for MATRIX Subroutine
XRMOD 1
YBDGR 1 vy
YDD 1 y
YDGR 1 9\
YDTGR 1 Yp
YRDGR 1 N
YY 2 BCD Epoch Date
Z2BUF 7 Buffer of Powers of z/2, where z = ae

H

22




ZBDGR

ZDD

ZDGR

ZDTGR

ZRDGR

ZZ

CELLS

DEFINITIONS
o\
“B
i\
>N\
ZD
N
ZR
z = ae/Hp

23




3.2 DATA BLOCK AND TAPE FORMATS

This section contains a definition of each of the buffers and
tapes used by the Spiral Decay Program which are not common to the B-3
operating system,

Mathematical symbols used in the buffer descriptions are defined
in Appendix VII, Volume I,

Buffer Name Related Subroutines Page
All LSQ, LSQS, LSQR 26
ALFBUF CDLTB 27
B1l LSQ, LSQS, LSQR 28
BIFUF WEIGHT, BIAS 29
BNBUF CDLTBIN, CDLIB 30
BNNBUF CDLTBIN, CDLTB 31
BOO SAVICK, CNTRL, PCONTRL 32
BUF MATRIX 33
CSNM MARTINI 34
DUBMAT ADBASH 35
EBLOC PROOBS, NXTOB 36
GIT PCONTRL 37
HAFMAT ADBASH 38
ICK DIVDIF, CNTRL, PCONTRL 39
JBUF MARTINI 40
LIBUF JNDRAG 41
LOGRHO JNDRAG 42
LSQBUF LSQS 43
LTBUF PCONTRL 44
MATRIXB MATRIX 45
NICOLET JNDRAG 46
PBUF MARTINI 47
POBUF WILBUR 48
PPBUF MARTINI 49
PREDBF PCONTRL, CNTRL 50

24




Buffer Name

RBUF
RPBUF
SBUF
SIGN
SINCOS
TAPBUF
TBUF
TERMS
%)
WBUF
Z2BUF

Tape Number

12

Related Subroutines Page
MARTINI 51
MARTINI 52
SETSBUF, NXTOB 53
MATRIX 54
MARTINI 55
TAPEW 56
DIVDIF 57
CDLTB, LSQR, CMPCF 58
ADBASH 59
WEIGHT, GETWGT 60
CDLTBIN 61
Contents Page
Sensor Weights and Biases 62
Binary Ephemeris for XYZLA 63

25




All 49 Cells

All contains the least squares matrix used to solve for the
corrections to the elements. For each accepted observation, a set of
scalar differential coefficients are computed (C;, i = l...n; where
n = no. of elements being corrected). Products of these coefficients
are summed for each observation, and the result is the All matrix.

All =1]Z C1 C1 z C1 C2

™
O
o

i . . . .

xc ¢, Tc C, *+ - Zc C |
n 1 n 2 n EJ

The size of the All matrix depends on the number of elements
being corrected. The matrix is stored sequentially by rows, where the
rows and columns represent corrections to n, a o ayn, Uo’ 1, i, B, in

that order. If only Uo and (1 were being corrected, All would be:

All + O ¥rc¢c., C

+ 1 TC, C

+ 3 rTC, C
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ALFBUF 1 Cells

ALFBUF is used in the CDLTB subroutine and contains powers of
(¢™/n! for n =0, 1, 2, 3, 4, 5, 6.
ALFBUF + 0 o 0/0!' =1
+ 1 ol/y
+ 2 o
+ 3 ald/
+ 4 abs
+ 5 a3/

+ 6 ob/g
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Bll 7 Cells

Bll contains th.: least squa.es vector used to solve for the
corrections to tnhe elements. For each accepted observation, a set of
scalar differential coefficients (C) and a residual (R) are computed.
The products, C.-R, are summed for each observation, and the result is
the Bl natrix.

Bl1l + O L Chn/, * R

+ 1 »Ca R
xn

+ 2 b Cayn *R

+ 3 TCU R
o

+ 4 e R

+ 5 b Ci ‘R

+ 6 2 CbB/g * R

Bll would apyear as above if all seven elements were being
corrected. Bll is actually compacted to represent only those elements
being corrected. If only Uy and i were being corrected, Bll would be:

Bll + O X CUO- R

+ 1 ZCi'R

28
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BIBUF 181 Cells

BIBUF contains sensor bias information for range, azimuth,
elevation, range rate. and time. There are about 16 sets of sensor
biases assembled in the program; these may be changed or extended by
introducing weight and bias cards on logical tape 7.

BIBUF + O  00000SSS (BCD Sensor Number)
+ - oLl o
1 Br (e.r.)
+ ~ L] L]
2 Ba (e.r.)
+ - oLl o
3 B (e.r.)
+ 5 "BT (min.)

. Up to 29 sets of sensor number,
y Br’ Ba’ Bh’ Bf, BT’ followed by
1 BCD word of 00000222

+ 180

“Bit position O of each word containing sensor numbet is set to 1 for each
VERLORT/PRELORT sensor.
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BNBUF /7 Cells

BNBUF contains factors of B (z) which are computed in subroutine
COLTBIN and used in subroutine CDLTB.

BNBUF + 0 B (2)
+ 1 B1 (z)
+ 2 B2 (2)
+ 3 g 83 (z)
+ 4 35- B, (z)
+ 5 3573, (2)

+ 6 3'5'7'9'86(2)
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BNNBUF 7 Cells

BNNBUF contains factors of B (z) which are computed in subroutine
CDLTBIN and used in subroutine CDLTB.

BNNBUF +

+

+

C

1

N

B, (2)

B, (2

3 -8, (z)

35" B3 (z)

3 -5-7- B& (z)
35276k 9k B5 (z)

5 Rl St 2 78 90 NISI s B6 (z)

3l




800 56 Cells

BOO is used to store the interpolation buffer (ICK) and new epoch
elements as found during a D.C. This is done to save unnecessary integration
when starting a prediction.

BOO + O a }
xn
+ 1 a
yn
+ 2 B
+ 3 a
+ 4 e2

+ 5 sin i

> new epoch

+ 8 time (min) elements

+ 9 L
+ 10 a
X
+ 11 a
B
+ 12 a
z
+ 13 h
X
+ 14 h
y
+ 15 h
Z
+ 16 to + 55 5 sets of t, L, a, h, taken

directly from ICK+0 to ICK+39
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BUF 7 Cells

BUF contains the standard deviations of the delta elements for
those elements being corrected.

I1f seven elements were being corrected:

BUF + O Cn

+ 1 O a
xn
+ 2 Ca
yn
+ 3 Cuy
0
+ 4 °n

If only a (1, B were being corrected:

BUF + O Ca
%xn
+ 1 Sa

+ 2 Cg
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CSNM 16 Cells

CSNM contains the tesseral coefficients as input from P cards

7 and 8.
cSNM + 0 C,
£ 1S,
+ 2 Gy
3 5y
+ 4 cy
+ 5 s,
+ 6 Gy
+ 7 S,
+ 8 G,
£ 9 5,
+10 c
11 s,
+12 G,
13 S,
YU C,,
+15 s,
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DUBMAT 36 Cells

DUBMAT contains a 6 X 6 matrix used to change the difference table
in subroutine ADBASH to represent a step size twice as large as the previous

step size.

This matrix is stored by rows starting with the first element.

DUBMAT = | 2 -1 0 0 0 o |
0 4 -4 1 0 o |
0 0 8 12 6 -1 |
0 0 0 16 -32 2
i 0 0 0 0 32 -80
0 0 0 0 0 6 |
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EBLOC 11834 Cells

EBLOC is used for observation storage. The original 10 words
per observation is cut to 6 words per observation by subroutine PROOBS.
Up to 984 observations are stored chronologically in EBLOC as follows:

EBLOC +

4+

4+

0

1

Station I.D. (BCD, right adjusted)
time (minutes since epoch)

p (range in e.r.)

p (range rate in e.r./ke)

o azimuth or rt. ascen. (rad.)

& elevation or declin. (rad.)

Up to 983 sets of Sta. I.D., t,
P, 6, o, & followed by one word
of 00000ZZZ
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GIT 11 Cells

GIT contains the output times requested on "P card 10" to Le
left in core for a subsequent GIPAR run.

GIT + O One bit for each GIPAR time requested,
right adjusted to T47; i.e.,
g 0 1111 for four output times.

GIT + 1 t

1
* 2 t, Up to five points (minutes from
prediction epoch); terminated by

i3 ty a word of O 0
+

4 t:4
+

5 tg

During initialization, all 11 cells of GIT are used for input and
conversion of time from date to minutes from epoch.
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HAFMAT 36 Cells

HAFMAT contains a 6 X 6 matrix used to change the difference table
in subroutine ADBASH to represent a step size half as large as the previous
atep size.

This matrix is stored by rows starting with the first element.

— -~

HAFMAT = | .5 .125 .0625  ,0390625 .02734375  .0205078125

0 .25 125 .078125 .0546875 .041015625

0 0 .125 .09375 .0703125 .0546875

0 0 0 .0625 .0625 .0546875

0 o 0 0 .03125 .0390625 !
)

0 0 0 0 0 .015625 |
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ICK 47 Cells

ICK is used as a buffer containing the last five sets of elements
produced by the integration routine. When an output time falls within the
time span covered by the five points in the ICK buffer, a set of elements
for the output time are obtained by interpolation and stored in the last 7
cells of ICK,

ICK + O Time \

+ 1 L
+ 2 a
x
+ 3 a > most recent point obtained
y by the integration routine
+ 4 a
z
+ 5 h
p 4
+ 6 h
y
+ 7 hz/
+ 8 \
. 4 more sets of T, L, a, h
2 in the order they were
. . obtained
+ 39
+ 40 L )
+ 41 a
X
W ay > obtained by interpolation
+ 43 a for any output time T,
+ 44 h
X
+ 45 h
y
+ 40 hz /
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JBUF 4 Cells

JBUF contains zonal coefficients either as assembled in the
program or as input from P card 6.

JBUF + O J

2
o AN | J3
& 2 J4
+ 3 J5
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LJBUF

7 Cells

LJBUF is used in the JNDRAG subroutine as a set of temporaries.

LIJBUF +

+

<

0

1

si
cos

cos

\

2.5
n
25

2.5

41

E/2

used for temperature
n/2 computations
/2

used as temporaries
for interpolation to
find density coefficients




LOGRHO 16 Cells

LOGRHO contains four sets of atmospheric density coefficients

extracted directly from the NICOLET table.

The coefficients inserted in

LOGRHO by subroutine JNDRAG are those which correspond to altitudes
surrounding one point for which the density coefficients will be inti¢rpclated.

LOGRHO + O

+

<+

1

2

10

11

12

13

14

15

log P

A

-1
0.
point to be
interpolated
+1
+2
increzsing
altitude

r = [P I X
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LSQBUF 14 Cells

LSQBUF is a buffer for temporary storage as required by Philco
subroutine FMAIN. LSQBUF is used in subroutine LSQS.
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LTBUF 6 Cells

LTBUF contains prediction controls as extracted from P card 4.

LTBUF +

+

+

0

1

not used

prediction output interval (floating point)
bulge perturbation flag (T47)

drag perturbation flag (T47)

radiation pressure flag (T47)

prediction output interval for a
binary ephemeris tape (floating point)
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MATRIXB 28 Cells

MATRIXB contains the cor

relation matrix of the delta elements,

for output purposes only. MATRIXB is computed by subroutine MATRIX and
is a lower half matrix compacted to represent the number of elements
being corrected. The correlation half matrix is stored in MATRIXB by

rows for the elements being corrected in the following order n, a

ayn’ Uo’ Q, i, B,

n)

If n, U, Q, and i were being corrected MATRIXB would be:

MATRIXB +

+

+

0

1

rn,n

on,n FUO’
rQ,n FQ’ U
I-‘i,n 1-‘i,U
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NICOLET 202 Cells

NICOLET is a table of atmospheric density coefficients vs.
altitude. The table contains a set of coefficients for each ten kilometers
in altitude from 0 to 1000 kilometers. The equation using these coefficients

is:

T-1100 T-1100. 2 T-1100,

log P (h) = log P (h)p_ ) 09+ A (550 ) B Cog ) ¢ G )

where T
h

Temperature at h

altitude

Each entry in the table consists of two compacted octal words
containing:

(Log P(h)_1qant20, Ag + 2
word 1 5 " T-.llog 4 8 L P S N G L octal
decimal decimal
point point
B, + 2 CB + 2
word 2 3 18 L ' U Y I IR U UH U 1 4 octal
decimal deéQmal
point point
NICOLET + O word 1 at B = 0 oo
+ 1 word 2
+ 2 word 1
at h = 10 km,
+ 3 word 2

+ 200 word 1
at h = 1000 km,

+ 201 word 2
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PBUF 6 Cells

PBUF is used in subroutine MARTINI for use in the computation
of zonal harmonics. PBUF contains values of Pn for n =0, 1, 2, 3, 4 and 5.

PBUF + O PO = 1
+ 1 P1 = Uz
+ 2 P2
+ 3 P3
+ 4 P4
+ 5 P5
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POBUF 27 Cells

POBUF is used by subroutine WILBUR, and contains the data from
each observation card (one at a time) so that a hard copy listing of the
input observations may be obtained.

POBUF + O Satellite No, BCD

1 Equipment type BCD

2 Station ID BCD

3 Accuracy BCD

4 YYMMDD (year,mo.,day) BCD

5 Hour Fl, Pt,
6 Minutes Fl, Pt,
7 Seconds Fl, Pt.
8 Elevation or declination El: Bt.
9 Range Fl. Pt.
10 Range rate Fl, Pt.
11 Max. frequehcy shift BCD

12 Brightness BCD

13 Maximum BCD

14 Minimum BCD

15 Time interval BCD

16 Not used

17 Message No. BCD

18 Equinox BCD

19 Not used
20 Observation number BCD
21 Not used
22 Right ascension indicator BCD
23 Azimuth or Rt.ascen.seconds Fl. Pt,
24 Rt. Ascen., minutes Fl; Pte
25 Rt. Ascen, hours Fl. Pt.
26 Observation type
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PPBUF 5 Cells

PPBUF is used in subroutine MARTINI for use in the computatiocn
of zonal harmonics. PPBUF contains values of P; forn =1, 2, 3, 4, 5

PPBUF + O P' = 1

'

+ 1 P 2
'

+ 2 P 3
'

+ 3 P ”
'

+ 4 P 5
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PREDBF 11 Cells

PREDBF has two uses:

(1) Wnen the weight and bias information is printed, PREDBF
is used to hold information in output format.

PREDBF + 0 O range (km.)
+ 1 O azimuth (deg.)
+ 2 O elevation (deg.)
+ 3 O range rate (km/sec)
+ 4 range bias (km.,)
+ 5 azimuth bias (deg.)
+ 6 elevation bias (deg.)
+ 7 range rate bias (km/sec)
+ 8 time bias (sec.)

(2) PREDBF is used to hold initial or final conditions as used
in the integration buffer. This allows the integration
scheme to be restarted with a minimum of computation.

PREDBF ‘+ O time =W+ 1
+ 1 A time =W+ 2
+ 2 last time =W+ 3
+ 3 direction =W+ 4
+ 4 .L\ - =W+ 5
+ 5 a X =W+ 6
X

+ 6 a y =W+ 7
y

+ 7 a > or z =W+ 8
Z

+ 8 h X =W+ 9
X

+ 9 h y =W+ 10
V)

+ 10 hz z =W+ 11
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RBUF 9 Cells

RBUF is used in subroutine MARTINI for the computation of tesseral

harmonics. RBUF contains entries of R n (Uz) for n and w up to 4.
’

RBUF + 0 R, =1
+ 1 Ry,
+ 2 Ry,
3 Ry,
t 4 Ry,
+5 R,
6 R,
7 R4
+8 R,
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RPBUF 8 Cells

narmonics.

RPBUF is used in subroutine MARTINI for the computation of tesseral

RPBUF contains entries of R'n q £Or nand m up to 4.
’

RPBUF + O© R! [

..... 2,2 _—
+ 1 R'3’1
+ 2 R'3’2 ______
+ 3 R'3’3
4 R
+ 5 R‘4’2
+ 6 R'4’3
+ 7 R'A,a
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SBUF 151 Cells

SBUF contains sensor information which was originally stored in
SBLOC. SBUF and BIBUF occupy the same locations in core; however, SBUF is
not set until BIBUF is no longer needed. After SBUF is set up, the SBLOC
area is used for temporaries to save space in core.

SBUF + O 00000SSS, BCD Sensor Number
+ 1 9

EEe 12 X

+ 4 Z
* Up to 29 more sets of
‘ sensor no., 9§, A\, X/cos®,
h Z, followed by one BCD
) word of 00000222
+ 150
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SIGN 7 Cells

SIGN contains the standard deviations of the corrections to the
elements after each iteration. SIGN is used only for output purposes. If
an element is not being corrected, the entry in the buffer is set to octal O
to suppress printing.

SIGN + O On

+ 1 Ca

xn
+ 2 ¢ a
yn
+ 3 Su
o
o
+ 4 Q
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SINCOS 8 Cells

SINCOS containg the sines and cosines of XE’ ZXE, 3XE, QXE which
are necessary for the computation of tesseral harmonics in the MARTINI

subroutine.

SINCOS + O cos A

E
¥k sin XE
+ 2 cos 2 XE
+ 3 sin 2 XE
% cos 3 XE
+ 5 sin 3 XE
+ 6 cos & XE
+ 7 sin 4 XE
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TAPBUF 128 Cells

TAPBUF is used as an output buffer to accumulate one block of
prediction points to be written on the binary ephemeris tape (logical 12).

TAPBUF + O t (min)
+ 1 x (e.r.)
+ 2 y (e.r.)
B3 z (e.r.)
+ 4 x (e.r./ke.)
+ 5 y (e.r./ke.)
+ 6 z (e.r./ke.)

- Up to 17 sets of

€y Xy ¥y By %y ¥y 2
+ 126 g%

+ 127 o 0
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TBUF 15 Cells

TBUF is used in subroutire DIVDIF for temporary storage while
interpolating with a fcurth order divided difference method. The contents
of TBUF are quite variable and cannot be described as single quantities.

TBUF + O thru TBUF + 14 Temporaries
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TERMS 8 Cells

TERMS contains the coefficients to he included in the least squares
solution matrix. These coefficients are computed by CMPCF or CORRD depending
on the type of observations. Only the coefficients related to elements being
corrected are computed; these are packed into the TERMS buffer in the
following order: n, a ayn’ Uo’ fl, 4, B.

TERMS + O CAn/n
Xn
+ 2 CAa
yn
+ 3 cyy
o]
+ 4 CA Q
+ 5 CAi

+ 7 R (weighted residual)

TERMS is set up as above when all seven elements are being corrected,
If ayn and i were not being corrected TERMS would be:

TERMS + O CAn/n

+ 1 CAa
xn
+ 2 CAU
o
+ 3 CAQ

+ 5 R (weighted residual)

+ 6 0

+ 7 0
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W 203 Cells

See Appendix for description.
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WBUF 151 Cells

WBUF contains sensor weighting information for range, azimuth,
elevation, and range rate. There are about 16 sets of sensor weights
assembled in the program; these may be changed or extended by introducing
weight and bias cards on logical tape 7.

WBUF + O 00000SSS, BCD sensor number

+ 1 1/0p (e.r.-l)
+ 2 1/0, (rad.” 1y
+ 3 1/0h (rada-l)
+ 4 1/05 (ke/e.r.)

Up to 29 sets of sengor number,

N 1/°p, /9, , 1/ch, 1/06, followed

. by 1 BCD word of 00000ZZZ.
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Z2BUF 7 Cells

Z2BUF is uvsed in the CDLTBIN subroutine for temporary storage
while computing Bessel Functions for AB/B correction. Z2BUF is used for
two different purposes, depending on the magnitude of Z/2.

Z2BUF +

For 2/2 €1 For z/2 21
1 1

@)%/ 2/2
(z/2)l‘/2! (2/z)2
(z/2)%/3! @2/2)3
z/2)%/4t 2/2)"
a5t @’
blank 2/2)°
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Logical Tape 7

Position Contents
o !
Block 1 Word 1 7 MWEIGHT Identification
Block 2 )
BCD
to Block 4
1 to 30 weight and bias
cards followed by an
< ENDSIGMA card: stored
BCD > in code mode, 12 cards

per block.

BCD

FIGURE 3, SENSOR WEIGHT AND BIAS TAPE FORMAT
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Logical Tape 12

Pogition Contents
Block 1 Word 1 BCD
Word 2 BCD
Block 2 1 148 bit floating point t Time since epoch (minutes)
to Block N-1
2 ;48 bit floating point x  (earth radii)
3 |48 bit floating point y  (earth radii)
i
]
4 |48 bit floating point z (earth radii)
|
5 %48 bit floating point X (e.r./ke)
6 48 bit floating point! y (e.r./ke)
7 148 bit floating point z (e.r./ke)

17 more sets of t, r, ¢
followed by 2 words of
fixed point O

Up to 18 sets of t, r, £
) followed by 1 word of
alpha-numeric Z's

 SVIISUSSUSIPROEEPSSRpES SRS S
~—

FIGURE 4, BINARY EPHEMERIS TAPE FORMAT

63




3

.3

MEMORY STORAGE DIAGRAM

EXECUTIVE

SYSTEM
FILES

PROGRAM

BMEWS
AREA

* 6708 does not include 785 locations assigned within SBLOC that are

<

N

NO. OF OCTAL
ASSIGNMENT WORDS LOCATION
EXECMON1 6707, 00000
EXECMOD?2
MASTER ASSIGN AREA
EBLOC 0400, 15064
0BLOC 5000, 31464
SBLOC 1388, 43274
SPIRDECA 670810* 46050
BMEWS 6500, 63234

used by SPIRDECA after initialization.

fIGURE 5, CEHOVY CTORAGH

64

AGRAM




SECTION 4

SUBROUTINE DESCRIPTIONS

This section contains a description of each subroutine used by the
Spiral Decay Program. Each subroutine description lists the purpose, usage,
subroutines used, size, description; flow charts are included when necessary.

4.1  ALPHABETICAL INDEX TO SUBROUTINE DESCRIPTIONS

Name Function Page
ADBASH Numerical Integration Routine 70
ALREC Compute A, D, L from ¢, ¢ 71
ANGSUN Compute o, & of the sun 72
AZREC Compute A, D, L from a, h 74
BCDTIM Convert Time to BCD Date 76
BEGIN Compute classical elements at Epoch 77
BIAS Apply Biases to the Observations 80
CALH Compute Height 81
CALU Compute U 82
CARDER Output Card Error Comments 83
CNERTV NDerivative Routine for Cowell Integration 84
CDLTB Compute CAB/gp 86
CDLTBTN Initialize Subroutine CDLTR 89
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Name Function Page

CHECK Test for Convergence 91
CHECKI Initialize Subroutine CHECK 93
CHGCWD Modify Output Routine PRNTMAT 94
CHGNXN Setup Least Squares Matrix 95
CMPCF Compute Coefficients for p, A, h, p 96
CNTRL Differential Correction Control 98
COEFF2 Control Coefficient Computation 105
COELTS Convert Elements for Output 107
COMDEL Compute A L 108
COMDQ Compute Agq 109
COMRMS Compute Root-mean-square 110
COMXLX Compute L 111
CORRD Compute Range Rate Coefficients 112
CREKT Apply Corrections to the Elements 114
DELOUT1 Print Delta Elements 116
DELOUT2 Print Final Results ' 117
DELTAU Compute Awu 118
DERIV Compute Derivatives 119
DIVDIF Divided Difference Interpolation 120
DOTPR Compute Dot Products 122
ELMOUT Print Corrected Elements after Convergence 123
ELMOUT1 Print Corrected Element after Each Pass 124
FTAPEW Wrap-Up Ephemeris Tape 126
GETSEN Retrieve Sensor Information 127
GETWGT Retrieve Weighting Information 128
GIPAR Store Information for Program GIPAR 129
HEAD Output Page Headings 130
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Name

THEAD1
INITIAL
INITL
INPUT
ITAPEW
JNDRAG
LPART
1.8Q
LSQR
LSQS
MARTINI
MATRIX
MOD2PI
MOVBUF
MOVDAT
NXTOB
OBVEC
PAGECON
PCONTRL
PHLAH
PRERES
PRINTW
PROOBS
PRNTMAT
RDPRES
RDTSB
READOBS

Function

Initialize for Page Headings
Initialize for Integration
Print and Process Cards
Unpack and Validate P Cards
Initialize Ephemeris Tape
Compute Drag Perturbations
Compute L Modulo 2m

Clear Least Squares Matrix
Build Least Squares Matrix
Solve Least Squares Matrix
Compute Bulge Perturbations
Compute Correlation Matrix
Modulo 27 Subroutine

Move Observation Buffer

Retrieve Processed Observations

Retrieve Observations in OBLOC Format

Reformat Observations

Page Control for Output
Prediction Control

Compute f, X, h

Compute New Epoch Elements
Print Weights and Biases
Reformat Observation Buffer
Print Correlation Matrix
Compute Radiation Pressure
Compute Range Rate

Read Observations from Tape
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Name

REJECT1
REJECT2
RESICK
RESOUT1
RESOUT2
RESOUT4
RESREJ1
RESW
RESWBF
REVSUB
RHOSB
RINEL
RR2AHL
SAVCON
SAVELM
SAVICK
SAVW
SAVWBF
SAV5PTS
SENLOC
SETSBUF
SETW
SINEL
SORTOB
SUBOUT
SUBOUTI
SUBXYZ

Function

First Pass Rejection

Range Rate Rejection

Restore Integration Buffer
Output Residuals

Convert Time to BCD for Residuals
Print Page Headings for Residuals
Residual Rejection

Restore Integration Buffer
Restore Integration Buffer
Update Revslution Number
Compute

Restore Initial Elements
Convert Elements

Save Card Images

Save Elements

Save ICK Buffer

Save Integration Buffer

Save Integration Buffer

Save Elements for Interpolation
Compute Sensor Location

Store Sensor Information

Set Buffer for SUBXYZ

Save Initial Elements

Sort Observations by Time
Output Prediction Ephemeris
Initialize for Output

Compute Position and Velocity
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Name

TAPEwW
TEMP
THGRC
WEIGHT
WILBUR
WSETU?

Function

Write Ephemeris Tape
Compute Epoch Temperature
Compute eGR

Read Weights

P.int Observations

Set Integration Buffer

4.2 SUBROUTINE DESCRIPTIONS
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PURPOSE:

CALL SEQUENCE:

INPUT:

OUTPUT:

SUBROUTINES:

STORAGE
T 'UIREMENTS :

METHOD:

REFERENCE:

ADBASH
SPIRDEC

To integratz a system of seven first order

differential equations from X =X to X =X
n n+l:

7

Cle)

'=‘C - 1 =
X =t Gy e TSN v ) N 1

After initialization (see "How to use ADBASH"),
to start or continue integration simply,

o JMP ADBASH
@ + 1H Error Return

o + 24 Normal Return

Yl, Y2, Y3, 005T ¥7 and X, for X = Xn
Fo. Y ¢ =
Xl, Y55 lj, % o Y7 and X, for X Xn+1

Program: LPART, DERIV, CDERIV

520 dccimal or 1010 octal locations.

The Adams-Bashforth (A-B) method, together with the
Runge-Kucta {R-K) method of integration are employed

in this subroutine. R-K is used as a starting proce-
dure so that an adequate number of step-wise solutions
may be obtained to build a difference tatle needed by
the A-B method., The interval of irtegration is
avtomatically varied to keep the discrepancy between

the integrated values and an absolute error check within
prescribed limits.

A detailed description of this subroutine is included in
the Appendix section of this manual.
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ALREC
SPIRDEC

PURPOSE : To compute A, D, L if ¢, & are observed.
CALL SEQUENCE: JMP ALREC
INPUT: ALPHA = o« (rad)
DELTA = & frad)
OUTPUT: ASUBX = -sin (ALPHA)
ASUBY = cos (ALPHA)
ASUBZ = F/0
DSUBX = [-sin (DELTA)] x» [ASUBY]
DSUBY = [ sin (DELTA)] x [ASUEY]

DSUBZ = cos (DELTA)
XLSUBX = [ cos (DELTA)] x [ASUBY]

XLSUBY = [-cos (DELTA)] x [ ASUBX]
XLSUBZ = sin (DELTA)

SUBROUTINES: PHILCO - FSIN, FCOS

STORAGE

REQUIREMENTS: 15 Cells

DESCRIPTION: Computcs the values listed under Output.

Called by subroutine MOVDAT,.
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PURPOSE:

CALL SEQUENCE:

INPUT:

OUTPUT:

SUBROUTINES:

STORAGE
REQUIREMENTS:

DESCRIPTION:

ANCSUN
SPIRDEC
1 of 2

To computz the sun's position at time t.

JMP ANGSUN
W+ 1 =t (minutes since epoch)
EPOCH = deys and frac from 1950 to epoch
XL3UNO = 0 at beginning of year
c
G = .985647346 deg/day
C2 = 1.91633 deg
C3 = C3 - frem TLC subroutine
C4 = 2.578909
C5 = .4336428
XLSUNT = LO at time t
SUNLX = He CSALS = cos @
X (¢
SUNLY = Ly SNALS = sin « 8
SUNLZ = L CSDLS = cos ¢ 0
ALSUN = « SNDLS = sin §
6 S]
ST
DLSUN 2
PHIT.CO - FSIN, FCOS, FATIAN
23 Celrg
Computes the Solirwing:
C t+C
S - 1. 3
- ) + ) + 3. b =
Ly S o Le C, =2 155353, .

~
(g%




ANGSUN
SPIRDEC
2 of 2

DESCRIPTICN:
(continued)

1 J‘ 2L
o = - C4 sin t -Le

t 57.295...L 57.295 t

_ -1 c 4 1
Ot tan {5 sin dej

R
|

= &
SUTNLX cos d@ cos 8

= 8 1
SUNLY cos 0 sin de
SUNLZ =

sin 50
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PURPOSE :

CALL SEQUENCE:

INPUT:

OUTPUT:

SUBROUTINES:

STORAGE
REQUIREMENTS:

DESCRIPTION:

AZREC
SPIRDEC
l of 2

o> compire A, D, L if azimuth and elevation
are ~bserved.

JMP AZREC

ALPHA

T TRA
J R Y

COSTH
SaNiA

ASUBX
ASUBY
AST'EZ
DS 2X
DSURY
DSis2

XLSUEBX
Xi- CBY
XLS. rZ

A f{rad)

2 «rady) FHIRD = @
cos 8

:in 6

PHTL'C - FSIN, FCOIS

L
h. e

~ il
(20 T

AS N

AC
oo

AS /7%

1ls

22 A. D, L from the foliowing formulation.
Uead by

YL AE
AL
ANs Zd

STYNPH
CONPR

surtr_utine MOVDAT.

b A]

oS
2
4
o=
_
=g

[QF I R

~ O e

2 s B

¢ >s (DELTA} cos (ALPHA)
coe COELTA) sin (ALPHA)
sin TDELTA)

2ip «DEVLTA)Y cos (ALPHA)
2xr /DELTA) sin (ALPHA)
oo SOBETR

S — | ST |
-
i

cin @

coe




AZREC

SPIRDEC
2 of 2
DESCRIPTZNN: ZSUBX = cos @ cos © 1
(centinued) ZSUBY = cos @ sin © A
ZSusZ = sin @ 3
SSUBX = sin @ cos © ]
SSUBY = sin @ sin ? SRS
SSUBZ = -cos @ |
ESUBX = -sin 9 }
ESUBY = cos 6  E
ESUBZ = F/O |
XLSTBR = LS 4 LB + 1,2
XLSt =L .S L ,E L .2z
ELs xh'y yh'y 2h’ y
U = S + L ,E + L
HEeEbe Lxh z yh z zhzz
ASUBX = A S A E A Z
Xt X yt x zt X
ASUBY = A S +A_ E +A_Z
Xty yt y zt y
ASTRZ =A S + A E + A 27
Xt z yt z zt z
PSTBX =D D E D 2z
bei il ytx zt X
DSUBY =D S 4+ D E D 2
Xty yt'y zt y
LESTBZ =D § D E D 2
xt z yt oz ot B
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BCDTIM

SPIRDEC

PURPOSE : Tc convert time (min since epoch) to BCD date.
CALL SEQUENCE: ™A (Time in min.)

JMP BCDT.M
INPUT: EPOCH = days and fractions since 1950
OUTPUT: OBYEAR = YY

ECD

OBLID = Bl left justified

OBDAY = DD

FOBHR = F/hours

FOBMIN = F/min

FOBSEC = F/sec
SUBROUTINES: System - DKLOK, SEPSUB
STORAGE
REQUIREMENTS: 17 Celis
DESCRIPTION: Time is converted to days and added to EPOCH. This

time is cornverted to BCD (YYMMDD), by PKLOK subroutine.
The fraction of a day remaining is then converted to
flcac’ngpt. hours, min., sec.. If the seconds > 59.9
the time is rounded to the nearest minute.
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PURPOSE:

CALL SEQUENCT:

INPUT:

LTPUT:

SUBROUTINES:

STORAGE
REQUIREMENTS:

BEGIN
SPIRDEC
1 of 3

To compute initial orbit conditions from the input

elements.
JMP BEGIN
HXO = h
X0
HYO = h
yo
HZO = h
zZo
AXNO = a
Xxno
AYNO = a
yno
XLO =
o
XKERTM =
e
P = p Uo = U0
RTP = V P XNO = no
WX = W AXO = a
X X0
WY = W AYO = a
y yo
Wz = W AZ0 = a
z zZo
COST = cos i Q0 = q,
SINI = sin 1
XINCL = 1
SINO = sin ()
XNODEO = Q)
ESQ = e >
o)
EJ = e
0
AD = a

R7A =1/ao
Program - ARCTAN
Philco - FSQRT

43 Cells
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DESCRIPTION:

; :\/h 24n 24n ? —50p
X0 yo zo

cos i = wz-—> COSI

gin i = 1-coszi—-> SINI

i = tan ! [ﬁ—?J»XINCL
COoS 1

sin Q wx/ sin i —> SINO

cos Q0 Wy/ sin i —> COSO

Al lcan [Si“ Q ] —> XNODEO
cos Q)

e2=a 2+a 2 —— ESQ
o xno yno

[¢]

i
m<]
N
|
tx
(@)

a = py gl-ez-—> AO

-\/E;' ——= RTA

-1 —= U0
)

()
]
gm

n = k-'f-/aoyz—v‘»XNO

78
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DESCRIPTION: axo
(continued)
a
yo
a
zo
qO

BEGIN
SPIRDEC
3 of 3

-sin {0 * cos i - a + cos la —>» AXO
yno Xno

+cos i * a ccos 1+ sina -—————> AYO
yno Xno

sin i ° ayno —> AZO

a (1 -e) —> Q0
o )

79




BIAS

SPIRDEC
PURPOSE: To subtract biases from the observations.
CALL SEQUENCE: JMP BIAS
(Return)
INPUT: BIASAD = C/HLT, EBLOC; C/HLT, BIBUF
BIBUF = buffer of biases stored by sensor
Observations starting in location EBLOC
OUTPUT: Sce description
SUBROUTINES: None
STORAGE
REQUIREMENTS: 22 Cells
DESCRIPTION: The sensor number is extracted from an entry in the

observation buffer and BIBUF is searched for a match.

If a match is found, the range, angle, and range-rate

biases are subtracted from the observed quantities.

Convert the time of the observation to minutes since

epuch, subtract the time bias, and store in same cell (2,1).
If bit O of the word containing the station number is 1,
then the VERLORT/PRELORT corrections are applied. Keep a
count of negative observation times in the right address of
MCOUNT for the SORTOB subroutine. If no match is found,
proceed to the next observation without any error indication.

This procedure is continued until the sentinel of Z's is
found at the end of the observation tuffer.
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CALH
SPTIRDEC

PURPOSE: To compute height above sea level.
CALL SEQUENCE: JMP CALH
INPUT: UX = UZ
R = r
F = f =1/298.3
OUTPUT: H = h (e.r.)
SUBRGUTLINES: (None)
STORAGE
REQUIREMENTS: 8 Cells
o 2 2 - 2 2
DESCRIPTION: H=h=r-1+ UZ F+3/2F UZ (1-UZ )
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PURPOSE:

CALL SEQUENCE:

INPUT:

OUTPUT:

SUBROUTINES :

STORAGE
REQUIREMENTS :

DESCRIPTION:

CALU

SPIRDEC

To compute U.
T™D C/HLT, W + 5; C/HLT, X
JMP CALU
W+ 5 = x

+6 =y

Y =

+8 = x

+9 =y

+10 = 2
R = r X = x XDOT = «x
X = UK Y = vy YDOT = vy
oy = Uy Z = z ZDOT = 2z
vz = U

Z

PHILCO = FSQRT
12 Cells

Moves values from W + 5 thru W + 10 to
X, Y, Z, XDOT, YDOT, ZDOT.

Computes the following:

o
=Wv/x2 +y7 + 2

U= x/r
X

gy = /r
y y.
% = 5
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PURPOSE :

CALL SEQUENCE:

INPUT:

OUTPUT:
SUBROUTINES:
STORAGE
REQUIREMENTS:

DESCRIPTION:

CARDER

SPIRDEC
To output card error comments.
(4 entrances)
(1) T™A (Word) (3) JMP CARDERB
JMP CARDER
(2) T™A (Word) (4) T™A (Word)
JMP CARDERA JMP CARDERC

Word = BCD at T47
XR3 = location of 1lst word of the erroneous card

Comment on hard copy - (see description)

System - PANT
Program - PAGECON

44 Cells

The subroutine will insert the given parameter into
one of the following, corresponding to the entrance:
«1) "Error in field ending in Col. XX"

(2) "System cxpects card with X in Col. 80"

(3) (No Comment)

(4) '"Card repeated, too many cards of type X."

The program will then output the comment (or no comments)
followed by:

1 8 16 24 32 40 48 56 64 Vi 80
(80 Column Card Image > )

1 Line Space

Ce'l CARDSW is set # 0 to indicate this subroutine has been
used .
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PURPOSE:

CALL SEQUENCE:

INPUY:

OUTPUT:

SUBROUTINES:

STORAGE
REQUIREMENTS:

DESCRIPTION:

CDER1IV
SPIRDEC
1 of 2

To compute the derivatives of position and
velocity elements with respect to tim:, using
the effects of radiation pressure, drag and/or
bulge perturbations as specified on P Cards.

JMP CDERIV
W+ 1= time since epoch (min.)
5=F/0
6 = x
7=y
8 =z
9 = x
10 = ¥
11 = 2

And input needed for subroutines listed.

W- 187 =F/0

b

188 = dx/dt XuD =

189 = dy/dt YDD = y
190 = dz/dt ZDD = z
191 = dx/dt XDGR = x*
192 = dy/dt YDGR = y
193 = dz/dt ZDGR = z%

Program - CALU, MARTINI, JNDRAG, RDPRES

25 Cells

This subroutire is called only when executing the

Cowell integration. The perturbative effects are

computed by the subroutines, MARTINI, JNDRAG, RDPRES.

The derivativzs of the elements are then computed and
stored in the Adams-Bashforth buffer (W + 187 to W -+ 193).
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FORMULATION:

XDD =
XDGR =

W + 187
188
189
190
191
192
193

]
T2
e
~
o

]
e

F/0

dx/dt
dy/dt
dz/dt
dx/dt
dy/dt
dz/dt

85

X —>y,2

X —>VY,2

CDERIV
SPIRDEC
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CDLIB

SPIRDEC
1 0f 3
PURPOSE: To compute scalar differential expression for
B = Gx &
CALL SEQUENCE: For range and angles- For range rate:
JMP CDLTB JMP CDLTBA
TAM  (Cpp,p) TAM  (Cpg /)
INPUT: Output of subroutines: COEFF2, CORRD, CDLTBIN
OUTPUT: (A) reg = CAB/B and output listed under description.
SUBROUTINES: Prograr. - CORRD
Philco - FEX
STORAGE
REQUIREMENTS: 106 cells
DESCRIPTION: This subroutine must be initialized by CDLTBIN subroutine.

There are two entrances to the program: (1) for range and
angles ~ JMP CDLTB, (2) for range rate - JMP CDLTBA.

Formulation:

For range and angles, if any of n/n or a_ or ayn is not

being correctsd, its coefficient will be computed as follows:

-

C L' = = r . + . It
DLTN CAn/n [UN (Li V) Ry (Li L)J ;
r -
CDLTAXN = C, =[ LU (Li V) 4+ R o (Li .0 é
. -
LTAYN = C = % . B
CDLIAYN = C, { U, & V) + Ryn (@, L)J é
where 1 = -, Aorh

and Li is L, A or D corresponding to the observed

quantity.
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CDLIB

SPIRDEC

7o)t 8
DESCRIPTION: If the range rate entrance is taken and the 3 elements
(continued) are ndot being corrected, the coefficients will be computed

by ising part of the CORRD subroutine. The values will be
stored in CDLTN, CDLTAXN, CDLTAYN.

Howe- zx. if the elements are deing corrected for ¢, b, A,
or h, the values will be unpacked from TERMS, TERMS+1, and
TERMS+2 recpectively.

~zn comp.*e the following.

COS20M = cos 2y | = 2 f -1 ife #o
XN o
eo}

= 0 if e =0
/ (0]
i . e
SIN2OM = sin 2 = 1 cos 2
Set up buffer ALFBUF as powers of & with & defined as:
- = -(sinz i) (£/2h) cos 24
where f flattening = 1/298.3
h = perigee height
ATFBIF = 440! = F/l
n
ALFBFAN = X 1<n<5b
n

Computz che following, which will te used to solve for
and °e .
5‘ P d /';‘t'

[

(%]

). 4g® (3:5:779-118,)

PARTA
6! i

i

(3+ B2) + QE (3-5B

o} 1 o 37 3

e}

PARTA2

2 - 4
( A 0. + -1/2-3 _ 7.,
_B1 1/E-3 BZ) 2\3B2 1/2:3 383). +2'(3 5.l 985 1/2

39559118 )
6
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CDLIB
SPIRDEC
3 of 3

DESCRIPTION:  PARTA3 = (3B_.-3°5B_-1/43+5-7B )+...4¢> (3:5:7B, - 3+5-7+9B
: 2 3 m “ ) 5
(continued) 24
+ 1/4°3-5-7°9°11B )
. , 2 5
PARTE3 = B, + B, + .2 3-B_ + ... + ¢  3:5-7.9B
2 ET 3 37 6
PARTE2 = (B. - 1/2 3-B.) + a(3+B.-1/2 3+5B.) +.... + 2
2 3 3 4 37

(3-5-785-1/2 3-3-7-936)

PARTE = (3B3 «3.5B, = 1/4~3-5'7BS)-+Q (3:5B, - 3-5:7B

4 5
st 1/4’3'5'7'986)

4

where 1) powers of  are in ALFBUF
) L -Bms .. (2N-1) Bn are in BNNBUF

3) 1-3..... (2N-3) Bn are in BNBUF

Solve for %8/t and 6e/ét:

fa exp (~-z) (PARTA)+(ctan2w)2(PARTA2)+(ytan2w)4(PARTA3)
§t L 6

g% exp(-2) (PARTE)+(utan2w)2(PARTE2)+(;tan2w)4(PARTE34
- 6

- » ) fa/s -
Solve for CAB/B M Mo)(aBO”) [3CAn/n (/G (CAaxn ®xn

2
fe
+ CAayn ayn) (E) (FE)]
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F RESE:
CALL SEQ ENCE:

INY_ T

S ER:

-
r
U

()

STORACGE
REQ. rReMENTS:

DESTRTETT ON:

T v - -
H LA
SERDE
Py Y4

ii- <-v .DLip stbro.=line,

SKNTRL = OXXXXXXX
AST N2 = =/83781355 (m/er)

oo nzedad Toz S.BAYZ stubrovrire

Frogram - 5 EXiZ, JNDRAG, F LTSCB

T2zt i oorrzcting By if rnot exit. Tse part of JNDRAG
brizzine to compite S and log ¢ k., T), 1 = 1, 2, 2

t
a~d rerigez d ity {(pm).

filk

q

I

1/7]

Trea compize density scale height:

HS By = T = ._
B e 0

b

“138°-48-1) log P (»

ABRH
POVH = p/hS
AOVH = a'h

i
~~
)
S
o
1
N
.
S

27

]
N

1]
oM
1)
~~
=

“m

L _ 6578165 log 10 (35°-65+2) log 0 (4

b

4




CDLIBIN

SPIRDEC
2 of 2
DESCRIPTION: Test z/2:
(continued)
I1f z/) <1, set Z2BUF as follows:
Z2BUF = F/1
(2/2 2r
Z2BLF + ¢ = S22 r=1,2, «us, 5
el
Then solve for Bn’
B ol A 2r
B =% (z/2) n=1,2, ... 6
=0 Ty (o) !
e a2 > 1 :
ZB7F = 1
==
ZZBUF+. = |—= x =1 5
Z'\/’Z z ) ] F] o0 vy
Set up BNBUY and BNNBUF:
n
e B, = (% 2 ) Lo wheren =1, ..., 6
: -,IZﬂZ ]
1y dy
wher2 7, =1 and L _ =1L TSI TR )
n,o n,m n,m=-1

2mz

The series should be trincated when:

. n, m > 1

n, m-1

Whatzver the value of Z/2, set switch JMPTBL + 3 = C/JMP,
PAl; C,/JMP, SOLPRTA in CDLTB subroutine.
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PRFOSE:

CALL SEQ.ENCE:

INPT T

Oi TP T
ST BROUTTNES:

STORAGE
REQUIREMENTS:

DESCRIPTION:

CHEZK
SPURDz
& SJ% B4

Ts check for correctior cycle convergence.,

JMP  CHECK

RFT = 0 UX, X = No. of 1terations

RCNT = No. of residuals

RMS = Current root mean sq:are of resid.als

v LLRMS = Previois RMS

DOF AC = Flag for 49 check

DON = A9 max

CONTEST = = for allowable RMS change for convergence

See descriptior,

Frogram - CHECKI, COMDQ

85 Cells

Tis is pot 2 closed subroutine in all cases. If the
diffzrential correction should continuae, the subroutine
ex1t employs the Jump Register {(closed). 1If the D.C.

1

corverges, the exit is to location CONCOM; if the D.C.
diverges, to location DIVCOM,

.

TLY An CHSWHIH, tte second pass RMS mugst be saved for
z:7; .7 at the end of the D.C. if the first pass is
an ""m ‘nly" correction., C(therwise, the first nass

RM3 7: eaved,

M ard avn are not being correctved, therse 1< no
nzed rtor 3 A9 check. 1If they are being correcred,
and 2 89 test 1s requested, the follcwing proc=diure

1e roiiowed

Sl




DESCRIPTION:
(continued)

(3)

(a)
(b)

CHECK
SPIRDEC
2 of 2

A9 is computed by COMDQ s:hroutine

a may increase py any amount but it may only
decrease by A9 max (from P Card 3). If the
decrease > A9 max, Aaxn and Aayn are modified

by 1/2 and the test is repeated until A9 <« AQ max.

At CHRMS, test the RMS:

(a)

(b)

(c)

(d)

(e)

Compute the change in the RMS, 1If it is less

than CONTEST (usually .0l),then convergence

has occurred.

If the change is greater, exit to CONCOM, test

if the current RMS is greater than the previous
one. If it is, the correction is diverging.

If the RMS increases on 4 consecutive iterations,
exit to DIVCOM,

At CHSW2:

If the change is greater than CONTEST, but the RMS
is smaller than the previous one, the number of
iterations (location RPT) is decreased by 1 and
tested for 0. If RPT # 0, the D.C, will continue.
At CCC200:

If RPT = 0 for the first time, a comment will be
printed stating that CONTEST will be multiplied by
5 and the D.C. will be repeated for the same number
of iterations,

At CCCL90:

If RPT = 0 for the second time, the run will be
terminated by a comment stating that convergence is

not determined.
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CHECK]
SEERDEC

P RFCSE: To initialize subroutine CHECK
CALL SEQUENCE: JOMP CHECKI

INPUT: SKNTRL = (O DXXXXXXX
the last 7 bits correspond respectively to B, i,
Q, &, & a
2 03 Xn’ yn9 n
If the bit is = 1, the element is to be corrected.

CNFLAG = 1, then do n only correction first.

N,
hy BIRE

i

: See description,
STBROUTINES: Program - CHGNXN

STORAGE
REQUIREMENTS: 14 Cells

DESCRIPTION: "1) Sets the following switches in th¢ CHECK subroutine:
CHSW2 = JMP (CCC200
CHSW1 = JMP CHQ
CHSW = JMP CHSW+I1H

{Z) Moves SKNTRL to KNTRL., Tests if n only correction, if yesg

Set KNTRL = 0 0Ol and CHSW = JMP CHN
(&} Sets OLDRMS = F/1000000
DIVFL = 0 — 0
COJNTL = C/HLT, N,where N = number of bits = ! in KNiRL

(4) ‘Uses subroutine CHGNXN to set up matrix size.
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Cl...cWn

SPIRDEC

PURPOSE: To modify the output control words for

subroutine PRNTMAT.
CALL SEQUENCE: JMP  CHGCWD
INPUT: COUNTR = C/HLT,0; C/HLT,N

N = matrix size

ls N -7
OUTPUT: Modified control words for subroutine PRNTMAT.
SUBROUTINES: None
STORAGE
REQUIREMENTS: 19 cells
DESCRIPTION: If the matrix to be printed by subroutine PRNTMAT

isalx1lora?7x7, nomodification of the output
control words is necessary. If the matrix is a 2 x 2
to a 6 » 6, the control words must be modified to pick
up the correct locations in buffer MATRIXB.

(See subroutine MATRIXB for definition of buffer.)
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PURPOSE.

CALL SEQUENCE-

INPUT-

OUTPUT:

SUBROUTINES:

STORAGE
REQUIREMENTS:

DESCRIPILION:

CHENXN

to set v parameters for least squares subroutines.

™A C/HLT N N = matrix size
JMF CHGNXN

‘Ay = C/MLT N

COUNTL
TOLNTR
nONTLR
L30FL
“3QP?
"SQP3
LSQPL
LSQF5
LSQP6
LSQST]
LSQSPa
LSODN

Precran - CHGIWD

L@, Galils
COUNTL = C/HLT,N; C/HLI,0
COUNTR = C/HLT,0; C/HLT,N

COUNTLR = C/HLT,N; C/HLT,N

LSQP1 = C/HLT, TERMS + N; C/JMP, LSQMULT
LSQPZ = C/HLT. All + N© + 1; C/JMP, LSQLOD2
LSQF3 = G/HLT. Ril + N; C/JMP, LSQLOC

L5025 = C/HLT, N-1

]

LSQPh = C/HL1 N + 1; C/HLT, N + 1
LSQSP1 = C/HLT, N
LSQSP3 = C/HLT,N; C/HLT N

LSORN = C/TEM. 0,2 C/migol, N, 2
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CMPCF
SPiRDEC
1 of 2

PURPOSE: If range or angles are observed, to compute the
residuals and differential expressions which are
entered in the least-squares matrix.

CALL SEQUENCE: { TIM CMPCFY - for range
or
CM CMPCFY - for angles
JMP CMPCF
TAM (unweighted residual)
TQM (weighted residual)
INPUT: KNTRL = O DXXXXXXX,
The last 7 bits correspond to the 7 elements
B, i, Q, UO, ayn’ a > f.

If = 1, then the element is being corrected.
LTERMS = C/HLTR, TERMS
and output of COEFF2 subroutine

OUTPUT: See description.
SUBROUTINES: Program - CDLTB
STORAGE

REQUIREMENTS: 41 Cells
DESCRIPTION: The following formulas ar~ solved for, as indicated
by KNTRL, and packed into the TERMS buffer to be

entered in the least squares matrix by subroutine LSQR.

If ¢ is observed, the terms are:

0,1 =[(UN) L0+ ®RY @D l—é—p for n

1,1 = [(UXN @)+ ®Ry) @) %p for a__

2,1 {(Y)(LV)+(&YN) (LU)—é—p— for a

31 {(u ) @+ ®) (;,_-gﬂ% for U_
0
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DESCRIPTION:
(continued)

CMPCF
SPIRDEC
2 of 2

[

4,1 = L(:os i) (L-V) - “sin i’ (cos U) {(L-W) gr— fer Q
0

5,1 = [(sin U) (yy_)J-c—r— for i

| p
6,1 = (See results of CDLTB subroutine; for B

it is used to compute this term)
7,1 = (p - OC) E;— weighted residual
P

The unweighted residual is (¢ - P -

If A or @ is observed:

In the formulas for n through i, substitute

! 1
A for L, and —= for —
OCO’A O'p

The weighted residual is: pC (A~AL) 513 ;
cTA

ite unwaighted residial is: P, (A+DL)

If h or ¢ is observed:

in the formula for n through i, s:bstitute D

1
o N=— 1
P 9

for L, and

1
%n

The weighted residual is: p_ (D-AL)

C

and che urweighted residual 1s P, (D-4L) .
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CNIRL
SPIRDEC

1l of 5

PURPOSE: To contro’ the differential correction.
CALL SEQUENCE: JMP CNTRL

JMP (Error)

(Normal Return)
INPUT: Observations starting in EBLOC

OANDE = C/HLT, OBLOC; C/HLT, EBLOC

XL0 |

AXO

AYO

AZO Elements at epoch

HXO

HYO

HZO )

Input required for all subroutines used.
Input from P Card 3.

OUTPUT: DLTNN = bOn/,

DLTAX = AaXR

DLTAY = Aay‘

DLIUO = AUO

DLTND = A Q

DLTIN = A i

DLTB = OB/p

RMS = root mean square of weighted residuals
SUBROUTINES: System -~  PANT

Program -  PAGECON, MOVDAT, INITIAL, CDLTBIN, SAVSPTS,

ADBASH, REVSUB, SAVICK, SAVWBF, DIVDIF, SAVW,
SETW, COEFF2, RESW, RESOUT1, SAVELM, COMRMS,
15QS

STORAGE
REQUIREMENTS: 106 Cells
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DESCRIPTION:

CNTIRL
SPIRDEC
N (Chas)

This subroutine is primarily a logic routine to
control use of the subroutines which are recessary
for a differential correction

The observations are stored and retrieved in order
starting at epoch. The closest observation before
epoch is the first; then order the observations
backward in timz2 tc the earliest one before epoch,
The observations after epoch are stored next in
chronological order Epoch can be anywhere in
relation to the observations, i.e. before, after,
or in the middie. The integration control is set
to handle each situation most efficiently. The
integration starts at epoch and goes back in time
to the earliest observation; then everything is
reinitialized and integration begins at epoch and
goes forward in time to the latest observation.

If at any time during the integration the time or
revolution number requested for the new epoch is
found (P Card 3). the elements are saved to avoid
repetition of integration. If the new epoch falls
outside the span of the observations, subroutine
PRERES will continue or initialize the integration
to find the new epoch elements (See subroutine
PRERES) .

A The following are executed only once:
(1) Set these locations # 0.

PR €4V - indicates new epoch elements
have not been found

SAVELEM - subroutine SAVELM has rot
been called

FIRST - some observations may be
before epoch

(2) Force 2 page for output

(3) Zero the least squares matrix buffers
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DESCRIPTION:

(continued’

(5)

S5TM

REV

CNIRL
SPIRDEC
3 0f 5

“= fZollowing:

§/0 (REJCNT is number of rejected
residuals)

#/0 (RCIT is number of accepted
residuals)

F/0 (SUM is sum of squares of
weighted residuals)

E2REV (EPREV is epoch revolution)

Retrieve the first observation. If no
observations, take error exit.
Otherwise, determine whether the first
observation is before or after epoch,
i.e. should the integration be backward
or forward in time with epoch as a base?
Set necessary switches accordingly.

Initialize for the first integration:

(1)

(2)

(3)

Cail subroutine INITIAL tc start with the
epoch elemen:s.

Initialize the CDLTB subrouitine with CDLTBIN,

Use subroutine SAVSPTS to save the epoch
elements as the first entry in the inter-
polation buffer {(ICK),

Begin thz basic integration loop:

(3)

(4)

Integrate for the next point 2sing ADBASH

sitbroutire,

Cpdate the revolution number with REVSUB

subrouatinz,

Save the cliement set with eubroutine SAV5PTS.

If the buffer for interpolation does not
contain 5 elements sets, go to step C(1).
Otherwise go to D,
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DESCRIPTION:
(continued)

D.

Eo

CNTRL
SPIRDEC
4 of 5

Look for new epoch elements:

(1) If the new epoch elements have been found,
go to step E. Otherwise determine if
searching for a revolution number or a time.

(2) If by revolution, test if current revolution
number 18 equal to the new epoch revolution
number. If not, go to E., If it is, save the
last element set in the ICK buffer as the
element set corresponding to the revolution
number. Save other values necessary for
PRERES subroutine and set PRDSAV = 0 indicating
elements have been found.

(3) 1If by time, test if new epoch time is within
the time span of the interpolation buffer.
If not, go to E. Otherwise, interpolate for
the elements at the new epoch time. Save
other necessary values for PRERES subroutine
and set PRDSAV = O,

Search for elements corresponding to observation
time:

(1) If the observation time is not within the
time span of the interpolation buffer, go
to step C to omit the first time &and add a
new one.

(2) 1I1f it is within the time span, interpolate
for the elements at the observation time.
Pass these elements to the COEFF2 subroutine
which will compute the residuals and the
partial derivatives and enter them in the
least squares matrix buffers,

(3) Output the residuals if requested.

(4) Retrieve the next observation:
If on the same side of epoch as the
.previous observation, go to step E;
if not, go to step F.
If end of observations, go to step G.
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DESCRIPTION: F.
(continued)
G.
H,

Reird

L)

©izliza o irntegrate fcrward from epcch:

If already initialized, go to step E.
If not, test if new epoch elements are
bef sre epoch,

& 1 yes, and if elements have not
been found, save the buffers
necessary to restart integration
by PRERES subroutine.

f after epoch, reinitialize
everal switches and go to step B,

fcr rew epoch elements:

Iz the new epoch elements have been found,

go to step H., If not, determine where new
epoch is in relation t> epoch. Save buffers
to restirt under several conditions., At

times i% is more convenient to initialize

for the integration to the new epcch elements,
i.e. if all the observations are before epoch
and the new epoch is after epcch,

Solve for the delta elements:

Comp :te the root mean square of the residuals.

f{ thzre are ennigh cbservations accepted,
solve the lecast squares matrix with subroutine
LSQS. IfZ n.z, take an error exit to location
FINISH,

The rez-lts of golving the least squares matrix

{de.ta el=ments) are in a buffer. Unpack the
tuizzr ard exicz,
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PURPOSE:

CALL SEQUENCE:

INPUT:

OUTPUT:

SUBROUTINES:

STORAGE

REQUIREMENTS:

DL

7))

CRIPITY

LY
\a

CIEFF2
SPIRDEC
1 of 2

To comp:ste the coefficients for the least squarzas
matrix arnd residuals for each observed quantity.

oMy COEFF2

OBFLLC = obsgerved quantities
SIGMAL = op

STGMAL = G

STGMA3 = g,

SIGMA4 = R

RCSDL = (P - 04 (KM)

ARSDL = p_ A. (L -éc) (KM)
DRSDL = P, D. (L -L.) ()
RRSDL = (0 - 0.) (KM/SEC)
RCFLG =‘ A if accerted
ALV =% if rejected
DLrls = >

RRFLC =

REJFLG =

1 * if anv rejected
J A if all accepted

Modifizd A and B matrices in All and Bll buffers,.

Veogram - SUBXYVZ, KHOSB, COMXLX, DOTPR, CMELF, RESREJ1,
LSQR, COMDEL., GORRD, REJECTL, REJECT?.

935 Cells

Fivrst comp:t=s R's ard U's at time t,

Th=z- tzetg ORPLE YU observed guantities and computes

the specifizd residuals and coefficients using subroutines
UMECF and CORRD. Tests if the residuals are accepted or
rzjected. If accepted,the coefficients are added tc the
matriczs A and B using subroutine LSQR. Tf rejected, a
flag is cet, corresponding to the residual to indicate
rejecticn.
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COEFF2
SPIRDEC
2 of 2

DESCRIPTION 4 switches must be preset before calling this subroutine:
(continued)

(1) for lst pass only.
COEFR JMP REJECTIL
COEFA UMF REJECTI
COEFH MP REJECTI
CCEFRR JMF REJECT2

(2) fcr the 2rd through n passes:

COEFR JmP RESREJ1
COEFA  JMP RESREJ1
COErH _MP RESREJL
(OEFRR JMP RESREJ1
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PURPOSE:

CALL SEQUENCE:

INPUT:

OUTPUT:

SUBROUTINES:

STORAGE
REQUTREMENTS"

DESCRIPTION:

To prepare values for output by EIMOUT.

MP  COELTS

XLO
AXNO
AYNO
4X0
10
HZ0

B

REV

Q0
SINI
ESQ

P
P37A02
XNO

LPRINT = LO (deg)

AXPRINT = 2

Xn
AYPRINT = o
HXPRINT = I,

X
HYPRINT = h

y
HZPRINT = p

v
BPRINT = B

PREV = Rev No.

HSUBQP = h ‘k
q
PAPRINT = iy (minutes)

‘Nene)

19 Cells

COELTS
SPIRSEC

Computes HSUBQP and PAPRINT - moves othei values to output cells.

"sed to prepare initial,

output.,
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PURPOSE:

CALL SEQUENCE:

INPUT:

OUTPLT:

SUBROCTINES:

STORAGE
REQUIREMENTS:

DESCRIPTION:

COMDEL

SPIRDEC
To compute ALx’ LLy, ALZ
~MF COMDEL
XLSPX
XL3UBY from AZREC or ALREC subroutines,
X_SUBZ
XIX = p [/ p
X c

LY =
X by P
Webz B
J pz / QC

DELTX

CELTYC
DELIZ

{N¢n=

6 Cells

DELYX = XL&80BX - XIX

DELTY = XLSJBY - XLY

DELTZ = XLSUBZ - XLZ
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PURPNSE:
CALL SEQUENCE:

INPUT:

OUTPUT:
SUBROUTINES:

STORAGE
REQUIRE}MLNTS:

DESCRIPTION:

To compute delta q.

JMP  COMDQ
DLTNN = A4n/n
XNO = n

(o]
DLTAX = Aa
DLTAY = Afa
AXNO = a

Xno
AYNO = a

yro
QO = q,
EO = e

(o]
AO = a

(o]
DELTAQ = 4q
Philco - FSQRT
13 Cells

L ef # 0, then

a
Xno  Xn yno

COMDQ

= - 2 A -
q 2/8 LY -

If e = 0, then
o]

I 2 2
g=-2/3 An/n q, - a;\/haxn + Aayn
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COMRMS

SPIRDEC
PURPOSE: To compute root mean square
CALL SEQUENCE: JMP  COMRMS
INPUT: RCNT = C/HLT,N where N - number of accepted

weighted residuals

SUM = sum of squares of accepted weighted residuals
OUTPLT: ACCCNT = C/dLT.N
RCNT = N (floating point)
KMS = roo: mean square
SUBROUTINES: (None)
STORAGE
REQUIREMENTS: 16 Cells
DESCRIPTION: ACCCNT = RCNT

RCNT is corerted to F.P,

RMS = ‘\/sm/acm
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P RPOSE:
CALL SEQUENCE:

INPUT:

OUTPCT:

SUBROUTINES:

STORACE
REQUIREMENTS:

DESCRIPTION:

e &

P

RHOX
RHOY
RHOZ

cmpute L

COMXTX

1l
po]
~
o)

111
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PURPNSE:

CALL SEQUENCE:

INPUT:

OUTPUT:
SUBROUTINES:

STORAGE
REQUIREMENTS:

DESCRIPTION:

CORRD
SPIRDEC
1 of 2

To compute coefficients of range-rate correction
equations and the range-rate residuals.

JMP  CORRD
TAM (unweighted residual)

Q¥ (weighted residual)

KNTRL = O OXXXXXXX
LTEI21S C/HLTR, TERMS

:nd cutput of COSFF2 subroutine
swit.cti CORRDS4 must be preset to JMP CORRDC before

entiring this routine.
Se¢ description.

Pr . gram - RDTSB, CDLTBA

15 Cells

Ficst these formulas must be solved:

o
EXOM a (e cos E -~ &%)

EYOM = vl ~e2 (a e cus E)

VDOT = =xv/r
RSQ = -
RCUBE = r3
RVDOT = rv

XMUA32 =7yu a3/2
3/2
. =Vua'“ - 2
RDOTC ——— [a (e cos E - e )]

r
N mil mE
UDOTU = fL-%——— l-e2 (a e cos E)

r
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734 (-0 ) (RDOTLG

(XN

DESCRIPTION: DOIN =
(continczd)
DOTN = /3 4+ (’J"'.'() (IDoTL)
J

. b (_u. SH:
- . .~ ~ 4 3 . a
KDTXN = {sin (E+ W) =a = (a , (e sin &) Yoo

T
) [ ) = . . . 3 .~ Vu as/l
RET"N = |=&a -~ CJu3 &+ W) - a ) e sin € _T_

TN = . lcos YE4+ W) - a (=— <+ 1.
3 Xn  pa

TR gin E+ &) =a (—+ 1)

RDOTOR ) c

TeMP2 = P v 4+ P v 4P
TEME3Z = P W 4+ P W +P W
Eavdirg o mpited Chese f o

are ¢7°v=d in t*e TERMS huffer
Jro K KT

following quoantitizs
svribad by the bits

“A-/n

“Boxe

R ‘weighted residual)
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PURPOSE :
CALL SEQUENCE:

INPUT:

OUTEUT:
SUBROUTINES:

STORAGE
REQUIREMENTS:

DESCRIPTION:

CREKT
SPIRDEC
1 of 2

To apply corrections to the elements.

JMP CREKT
DLTNN = An/u
DLTAX = Aaxn
DLTAY = Aayn
DLTND = A
DLTIN = Ai
DLTUO = AUO
DLTB = AB/B

See description

Philco - FSIN, FCOS, FSQRT, FLOG2X, F2X

46 Cells

The delta elements are applied and new elements

are computad as follows:

XNO = m = (1 + An/n)
o o
B = e A/m = B (1 + AB/B)
Uo = U =U + AU
o o o
AXNO = a = a + Aa
XNno Xno Xxno
AYNO = a = a + Aa
yno yno yno
2 2 2
= = +
ESQ eo=a_ *ta e
EO = e =Ve
o o
XNODEO = Oo = Q0 + 80,
SINO = sin Qo
C0SO = cos Qo

|aB/g) - 0.25



CREKT

SPIRDEC
2 of 2
DESCRIPTLION: XINUL = i=1i+ 481
{continued)
COST = cos 1
SINI = sin i
WX = {sin i} [ein )
W< = «(sin i) (cos Q)
WZ = cos 1
XL = L =0 +0Q
o o)
AD = a =k 2/3
o) [
\'o
2
= e - )
B P=a (1 e )
RTP = P
B = =
X0 hxo F wx
I = 1 = W
H{O byo JP 9
HZO = b =p W
K¢ =] k = '\: N a - ¢ .‘\ ‘g4 ;\
AXD 2. (cos Q) ( ch) (cos iy {sin (O (ayno)
o = Ty 7 + e )
A7o ay0 (sin ) ‘axno) (cog i) (cos ) (ayno)
= = 1Y
AZO 2, (sin i) (ayno)
( =) = =
Qu q. a_ (1 eo)
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PURPOSE:
CALL SEQUENCE:

INPUT:

OUTPUT:

SUBOUTINES:

STORAGE
REQUIREMENTS:

DESCRIPTION:

DELOUTI1
SP1RDEC

To print the delta elements after each D. C. pass.

JMP LELOUT1
DLTNN = An/n
DLTAX = & W
axn
DLTAY = A
&
LTCO = 40
IR0 b~ > all floating point
DLTNO = AC
LTIN = Az
DLTB = AB/p /
RMS = weighted root mean square

DELTA N/N
DELTA AXN
DELTA AYN
DELTAa UO
DELTA NODE
DELTA
DELTA B
RMS

(]

Syvstem - GLOP, PANT
Program - PAGECON

5% Cells

Forces a page, prints headings, values, 10 spaces, and
updates PAGECON.
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DPURPOSE:

CALL SEQUENCE:

INPUT:

OUIPUI:

SUBROTTINE:

STORAGE
REQUIREMENTIS:

DESCRIPTION:

DELO"' T2
SFIRDEC

To print the last pass element corrections,
old and new rms, and accepted and rejected count.

JMP DELOUT2

DLTNN
DLTAX
DLIAY
DLITJO
DLTND
DLTIN
DLTB
RMS
ORMS
ACCCNT
REJCNT

DELTA N/N

DELTA NXN

DELTA AYN

DELTA UO

DELTA NODE

DELTA I

DELTA B

OLD RMS

NEW RMS

No. of residuals used and rejected

System - PANT, GLOP
Program - PAGECON

56 Cells

Forces a page.

Prints the comment "DC Converged - The nexr corrections

wocld bz...." Then prints beadings, delwa elements, old

and new rms, accepted iand rejected residual count, gives
8 spaces and updates PAGECON,
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PURPOSE:

CALL SEQUENCE:

INPUT:

OUTPUT:
SUBROUTINES:

STORAGE
REQUIREMENTS:

DESCRI®TION:

To compute Au

JMP DELTAU

XO0BS
YOBS
ZOBS
X
Uy
vz

DELU

Program - ARCTAN

19 Cells

DELTAU
SPIRDEC

RU = X0OBS-UX + YOBS:UX + ZOBS-UZ = COSDU
SINDU = WX (UY ZOBS - UZ‘YOBS) + WY (UZ-XOBS - UX: Z0BS)

+ Wz (UX-YOBS - UY:XOBS)
DELU = tan ~1 (SINDU/RU) (mod 2m)
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PURPOSE:

CALL SEQUENCE:

INPUT:

UTPUT:

SUBROUTINES:

STORAGE
REQUIREMENTS:

DESCRIPTION:

DERIV
SPIRDEL

To compute the derivatives cf the N, ¥ elements

with respect to time, using the effects of radiation
pressure, drag and/or bulge perturbation as specified
ot I Cards,

JMP DERIV

See Input for MARTINI, JNDRAG, RDPRES
avd SUBXYZ subroutines.

XDGR = x W+ 187 = d(L)/dt
\ 3
YDGR = ¥ 188 = d(a )/dt
.\ x
ZDGR = 189 = d(ay)/dt
\
DGR = D 190 = d(az)/dt
N
DGR = D 191 = d(hx)/dt
D = D 192 = d&fﬂdt
AXGR = a‘x 193 = d(h )/dt
AZGR = a°
\Z
SMIGR = {4

Program - SUBXYZ, MARTINI, JNDRAG, RDPRES

97 Cells

~ses SUBXYZ to compute r, £; computes specified
perturbative effects to be used; and computes the
derivatives, storing them in the ADBASH buffer
W+ 187 toW + 193).
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PURPOSE:

CALL SEQUENCE:

INPUT:

OUTPLT:

SUBROUTINE:;

STORAGE
REQUIREMENTS:

DESCRIPTION:

DIVDIF
SPIRDPEC
1 of 2

To interpolate for elaments using a fourth-order
divided difference method.

JMP DIVDIF

ICK buifer {See description)

T = t (xin, since epoch)
TBUF = temporary stcrage buffer

-

ICK + 40 = 1L
o

41 =
42 =
43 =
44 =
45 =
46 =

o

N <@ ™

> at time t

= T

o =
N @ M

None

38 Cells

Clven the 5 sets of time and elements in buffer ICK,
the subroutine will interpolete for the elements at
time t, where to < t < t4, using the following

Tform:cle to interpolate for each element:

x2_x1 ) xl‘x
x=x 4 (=) [ P15+ (et ) (pes y Il =¢ t.=t
o T o :-:E- o "1 2 1 1
0 tz-to
- L ) =
x3 x2 ) X, xl xz xl ) xl xo
+ (emt,) (emt)) (o) N B ST e T
|ty -t t, = t_
_ BT % N
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DESCRIPTION:
(continzed)

DIVDIF

SFIRDEC
2 of 2
x4 x3 x3 x2 (x,--x2 X=Xy
¥ - - -t - - b - -
+ (ot j (eme)) (e-t,) {emt)|| B I ) e IR R
t4 - t:2 t3 - t1}
7 - - {w 4
5 \‘4 t..) J\)-A ‘-o)
X, =X xz-x xz-x1 _ xl-x0
t.=-t tz-t ) tz-tl tl-':o
t3=ty N R
(t3"to) (t4-to)
ICK Buffer Format
ICK + 0 t0 ) 5 sets of time and elements
+ 1 L
o
+ 2 a
X
+ 3 a
Yl
+ 4 a
z
+ 5 h
b4
+ 6 h_
y
+ 7 hz
: J
T+ ;2 t )
4
+ 33 L
)
+ 34 a
b4
+ 35 a
M
+ 36 a
z
+ 37 h
b4
+ 38 h
y
+ 39 h
z P
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N

CALL SEQUENCE:

INPUT:

OUTPUT:

SUBROUTINES:

DESCRIPTION:

Tu compute dot products of vector in

registers with U, V, W

™A
™Q
T™MD
JMP

UX
8) 4
874
VX
VY
\'/4
WX
WY

wZ

ADOTU
ADOTV
ADOTW

(None)

ADOTU
ADOTV
ADOTW

(L
(L
(L
DO

)
X
)

/

)
z
TPR

L U + L
X X

Lo W af L
X X

L W +1
X X

<

U +L
V + L

W + L

A
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DOTPR
SPIRCEC
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PURPOSFE.:

CALL SEQUENCE:

INPUT:

OUTPUT:
SUBROUTINES:
STORAGE
REQUIREMENTS:

DESCRIPTION:

EIMO.T
SPIRDEC

To output initial, final, and new epoch elements at
tite end of the differential correction.

JMP  ELMOUT

Initial elements in INELT buffer.
New epoch elements in PREDBF buffer
Final elements in:

XLO

AXNO

AYNO

HXO

HYO

HZO

B

REV

See description

Program - RINEL, BCDPTIM, COELTS, PRERES, PAGECON
System - PANT, GLOP

157 Cells

Prints comment:
"Initial, Final, and New Epoch Elements" Prints headings,
then restorcs initial elements to output cells and prints
them. Prepares and prints final elements. Uses sub-
routine PRERES to obtain new epoch elements and prints
them. Then prints comment: "End of DC" and updates
PAGECON. Also prints card images of P Cards necessary to
run CALIB.
Punches the following cards in P Card formats:
(1) Corrected elements (Pl & P2)
(2) New Epoch elements (Pl & P2)
(3) Cards for calibration program (Pl, P2, P3)

and the cards P5-P8 which were used in the

current SPIRDEC run.
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PURPOSE:

CALL SEQUENCE:

INPUT:

OUTPUT:

To prirt the
differential

JMP ELMOUT!

PREV
LPRINT
AXPRINT =
AYPRINT =
HXPRINT =
HYPRINT =
HZPRINI =
BPRINI =
HSUBQP =
PAPRINT =

OBYEAR
ORMD
ORDAY
FOBHR f
FOBHR
FOBMIN
FOBSEC j

REV )
TIME
L
AXN
AYN
HXO >
HYO

HZO0

B

PER, ALT,
PA J

ELMOLI!
SPIRDEC
1 of 2

corvected elements after each
correction.,

rev. no,

L (deg)

[\M

Xno

Period (min)

BCD Time

These are not program locations
but output headings
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SUBROUTINES:

STORAGE
REQUIREMENTS:

DESCRIPTION:

ELMOUT1
SPIRDEC
2 of 2

Program - COELTS, PAGECON, BCDTIM, PRNTMAT
System - PANT, GLOP

53 Cells

Uses BCDTIM to prepare time for output. Uses COELTS
to compute values and correct elemeats to the output
units. Prints "Corrected Elements"”. Then prints
headings, values, and updates PAGECON, If the DC is
converging, PRNTMAT will be called to print the
standard deviations and correlation matrix of the
delta elements, If divergent, the last corrected
element set will be punched on P cards 1 and 2,
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FTAFEW

SPIRDEC
PURPOSE : To wrapup the binary ephemeris . -
CALL SEQUENCE: JMP FTAPEW
INPUT: TAPBUF = ephemeris buffer
TAPCNT = C/HLT, TAPBUF + X
OUTPUT: Sentinal of 2's
SUBROUTINES : Svstem - SYS, SYSNO, SYSIO
STORAGE
REQUIREMENTS: 9 Cells
DESCRIPTION: Weites the final block on the binary ephemeris

tape on logical 10 - the sentinel being Z's in
the current blo:k. Then the tape is rewound

with l:ckout.
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PURPOSE:

CALL SEQUENCE:

OUTPUIL:

SUBROUTINES:

STORAGE

REQUIREMENTS:

DESCRIPIION:

GETSEN
SP.RLCEC

To retrieve sensor information.

JMP GETSEN

{No sensor data)

{Normal return)

BIASAD = C/HLT, EBLOC, C/HLT, BIBUF

BiBUF = SBUF = Modified buffer of sensor irnformation

STAID = 00000sSS

PHIRD = ©

XLAMBA = A\

XOVCT = x / cos 8

CAPZ = Z

None

19% Cells

Given a sensor number in STAID, the routine will
search through SBUF until a match or Z's are found.

(1) If Zz's are found, the error exit (+1H) is taken.

(2) If a match is found, the information will be
unpacked to the cells listed under output.
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PURPOSE:

CALL SEQUENCE:

INPUT:

OUTPUT:

SUBROUTINES ;

STORAGE
REQUIREMENTS:

DESCRIPTION:

GEIWGT

SPIRDEC
To retrieave weightsg,
JMP  GETWGT
JMP (N> Weights)
(Norma1l Return)
Weightg in WBUF
WANDBI = C/HLT, WBUF; C/HLT, BIBUF
STAID = 00000sss where SSS is the Station number,
IGMA1 = Op
SIGMA2 = %p
SIGMA3 = O
SIGMA4 = o
None
11 Cells

Search WBUF for a match to STAID. 1f 4 match is
found, unpack the 4 weights (noted under Output)
and exit +2y, If no match is found, exit +1H,
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PURPOSE:

INPUT:

QUTPUT:

SUBROUTINES::

STORAGE
REQUIREMENTS:

DESCRIPTION:

l
l
.
I
|

GIPAR
SPIRDEC

To prepare inpuz for the GIPAR program.

JMP GIFAR

T = minutes since epoch

ORGDAY = day since beginning of year
ORGTM =  fraction of epoch day

X = % (in km or e.r.)

Y = v (in km or e.r.)

2 = z (in km or e.r.)

FTFLAG

PFLAG

GIPADR =  lef: address is the next location

in the GIPAR buffer
An entry in the GIPAR buffer:

Word O X

B

J

1

2 z

3 day number
4 fraction of day
5 22222272

Program - SEPSUR

21 Cells

Before the first entry to this subroutine GIPADR
must be se* co C/HLT, EBLOC + 20 and EBLOC + 20
must be set = ZZZZZZZZ., The subroutine will
update GTPADR as it makes entries to the buifer.

(1) Convert time from minuces since epoch to days
since the beginning of the year and fraction
of day; then store.

(2) Test PFLAG:
(a) If PFLAG = 0, store x, y, 2

(b) 1If PFLAG # 0, convert x, y, z from km, to e.r.
and sore. PFLAG # O means subroutine SUBOUT
has converted x, y, z to km.

(3) Store sentinel of Z's and update GIPADR.
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HEAD

SPIRDEC
PURPOSE: To output a new page with the page headings.
CALL SEQUENCE: JMP HEAD
INPUT: Parameters set by 1HEAD1 subroutine.
OUTPUT: New page with the described page headings.
SUBROUTINES: System - PANT, GLOP
STORAGE
REQUIREMENTS: 52 Celis
DESCRIPTION: 1st line - Spiral Decay SPDC Program Page X

27nd line - Satellite No. = XXX Satellite name - x-x(10 charact

2nd line (cont) - Element set no. = xxx Time of EPOCH =
YY MM DD HH MM SS.SSS
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racters)

PURPOSE :

CALL SEQUENCE:

INPUT:

OUTPUT:

SUBROUTINES:

STORAGE
REQUIREMENTS:

DESCRIPTION:

IHEAD1
SPIRDEC

To initialize the page heading routine (HEAD)

JMP THEAD1

(Return)

SATN = 0 — 0 NNN, Satellite number
ORGDA = days since 1950 Epoch
ORGIM =  fraction of day

PAGENO = 0—0

PDAY = MMO—0

PYEAR = , 8 19YY00

SATEL = NNNO—O0, N = SATN

HEAD2 + 3 H = ADDR of BCD MONTH
HEADS to HEADS + 5 = (BCD EPOCH Time in cells for
output call sequence.)

System - AKLOK
Program - BCDTIM
26 Cells

Uses AKLOK to get PDAY and PYEAR -
Uses BCDTIM to get Epoch in BCD ready for output

Sets up parameters necessary to output page heading
as done by HEAD.
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PURPOSE:

CALL SEQUENCE:

INPUT:

OUTPUT:
SUBROUTINES:

STORAGE
REQUIREMENIS:

DESCRIPTION:

SONOTIAL
SPkDE(C

To irninislize for the ADBASH sibroutine.
JMP O INTIZAL

XLO
AX0
AYQ
AZD
HXO
HYD
HZ{

See descriotion,

Program .- WSETUP

9 Celis

Maves elemants to W buffer by calling WSET'P
Sets T "W+ 3) = F/O

Sets switch ADP to 1/1T15

Sets switches ADDER1 to ADDER7 to a (IJMP DERL/;
in the ADBASH subroutine.
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PURPOSE:

CALL SEQUENCE:

INPUT:
OUTPUT:
SUBROUTINES :
STORAGE
REQUIREMENTS :

DESCRIPTION:

INITL
SPIRDEC

To print the cards images of the parameter cards
(P cards 1 thru 10) and process them.

J1P INITL

JMP  (ERROR)

(NORMAL)

Parameter cards (P cards) in CONBUF
See description.

Program - PAGECON, INPUT

System - PANT

19 Cells

Prints card images of cards in CONBUF; then calls
INPUT to process these cards.
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PURPOSE :

CALL SEQUENCE:

INPUT:

OUTPUT:

SUBROUTINES :

STORAGE
REQUIREMENTS :

DESCRIPTION:

INPUT
SPIRDEC

1l of 10

To unpack and validate the input parameter

cards (1-10).

JMP INPUT
JMP (error)
(Normal return)

P Cards (1-10) in CONBUF

PCOUNT = C/HLT, N

where N = number of P cards

See description.

Program - XSRCH, RR2AHL, CARDER, SAVCON
System - FSKLOK, FXFLT, INITEL, NXTELM, FYKLOK

370 Cells

The input parameter cards need not be in order; they are
unpacked according to the number in Column 79, using
subroutine XSRCH.

If no error is

location CARDS:
1/1T0
1/1T1
1/1T2
1/113
1/1714
1/1T6
1/1T7
1/1T8
1/119
1/1T10

found on a card, a bit will be set in

P Card

. P Card
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INPJT

SPIRDEC

2 of 10
‘DESCRIPTION: The remainder of any card in error is not validated
(continued) beyond the error; however, an attempt will be made to

validate the remaining cards. Subroutine CARDER will
be used to output the card image of the erroneous card
with a comment indicating the first field in error;
location CARDSW will be set # 1. If an error occurs
during XSRCH conversion, a comment will be printed with
the card image, but with no field indicated.

The subroutine XSRCH will unpack each of the cards into
the locations:

P Card 1 If Col. 78 = A If Col., 78 = B

/Col. 1 - 12 XLO (rad) X (km)
All 13 = 24 AXNO Y (km)
floating ol
point < 25 - 36 AYNO Z (km)

37 - 49 HXO0 (er/kemin) XDOT (m/sec)

50 - 62 HYO (er/kemin) YDOT (m/sec)

\ 63 - 75 HZ0 (er/kemin) ZDOT (m/sec)

If type B elements are input, subroutine RR2AHL wiil be
used to convert them to type A elements with the results
stored in the locations for type A elements. If no errors
set bit 0 in CARDS =1

D Card 2

Col. 1-5 SATN (Binary)
6 - 15 SATNM, SATNM+1 (Binary)
17 - 32 W, WY e (Binary)

33 - 37 EPREV (F.P.)

38 - 40 ELNO (FX.P)

Having unpacked the card, the following will be done:

TOY = 0 — 0 YY, YY = BCD year
Using subroutine FSKLOK;
ORDGA
ORGTM

days since 1950 to epoch (F.P.)
fraction of epoch day (F.P.)

Then the card image will be saved using subroutine SAVCON,
for use by subroutine ELMOUT.

If no errors, set bit ! in CARDS =1
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DESCRIPTION:
(continued)

P Card 3

Col.

0 NN W N =

10-25
26-32
33

34

35

36~39
40-42
43-45
46-48
49-51
52-58
59

60

62~04
66-68
69-71
7275
76-78

136

CRAIG
WGTFLG
PW
BFLAG
DFLAG
RPFLAG
PREDFLG
PRTIM, PRTIM+1
SKNTRL
RPT
CNFLAG
DQFLAG
DQN
ABSMX
ABMX?2
XISTSG
KAPPA

B
ROFLAG
RESOPT
CONTEST
F10
F10AV
AP
GAMMA

INPUT
SPIRDEC
3 of 10

(FX.P.)
(FX.P,)
(FX.P.)
(FX.P.)
(FX.P.)
(FX.P.)
(FX.P.)
(BCD)
(BCD)
(FX.P.)
(FX.P.)
(FX.P.)
(F.P.)
(F.P.)
(F.P.)
(F.P.)
(F=P:)
(F.P.)
(FX.P.)
(FX.P.)
(F.P.)
(F.P.)
(F.P.)
(F.P.)
(F.P.)




INPLT
SPIRDEC
4 of 10

DESCRIPTION: Having unpacked P Card 3, the following validations
(continued) and conversions will be made:

If ROFLAG # 0,1,2, set ROFLAG = 0
If RPT = 0, then ERROR (No. of iterations not specified)
If SKNIRL = 0, then ERROR (Elements to correct not specified)
If B is to be correct~d:

1) If B = 0, then ERROR
If B is not to be corrected:

2) 1If DFLAG # 0, then B, F10, F10AV, AP canuot = 0

3) 1If DFLAG = 0, then B, F10, F10AV, AP are not checked
If DQFLAG # 0, then DQN cannot = 0O

If ABSMX

0| then ERROR (Rejection criteria cannot = 0)

and/or ABMX2 0

If XISTSG = 0, then set = F/1.5

If KAPPA = 0, then set = F/1

If RPFLAG # 0, then GAMMA # 0, and compute RPCON3 = GAMMA B/2.2
If DFLAG = «, set RHO = F/0

If PREDFLG:

1) =0, use FSKLOK to convert PRTIM, PRIIM+1l &> days
since 1950 and fraction of day respec:ively.

2) =1, use FXFLT to convert PRTIM, PRTIM+1l to revolution
number and store in PRTIM
3) =2, do not use PRTIM, PRTIM+1

If CONTEST = F/0, set = F/.01
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INPCT

SFIRDEC
5 of 10
DESCRIPTION: Cozvert SKN'RL from BCD to binary in reverse order:
(continued)
SKNTRL = OXXXXXXX (N, AXN, AYN, U, Q, i, B, BCD
to SKN'RL = 0 OXXXXXXX (B, i, 2, U, AYN, AXN, N) binary

Conivert: DQN from km to e.r.
AB3MX from km to e.r.
ABMX? from km/sec to er/kemin

If ro errors are found, set DCFLAG # 0 and bit 2 = 1 in CARDS,

c82 SAVION to same card image for ELMOUT.

P Card 4

Col. 2-5 LTBUF+1 (F.P.)
) LTBUF+2 (FX.P.)
7 LTBUF+3 (FX.P.)
LTBUF+4 (FX.P.)
FTFLAG {FX.P.)

1C=25 PRTIME, PRTIME+1 /BCD)
27 PFLAG (FX.P.)
41 STFLAG (FX.P.)

4245 L. T3UF+5 {F.P.)
49-51 PKAPPA {F.P.)
52-58 PB (F.P.)
66-08 PF10 (F.P.)
69 PF 10AV (F.P.)
V=T PAP {F.P.)
76-78 PGAMMA (F.E.)

138




INFUT

SPIRDEC
6 of 10
DESCRIPTION: The following validations and conversions will be made:
(continued)
If PKAPPA = F/0, set = F/1
If DFLAG # 0, then PB, PF10, PFL0AV, PAP cannot = 0 or ERROR
If PFLAG = 0 and BTFLAG = 0, then ERROR (no output reguested)
If BTFLAG = 1, then LTBUF + 5 cannot # 0, or ERROR
If FTFLAG:
Y = 0, use FSKLOK to convert (BCD) PRTIME, PRTIIME+1
respectively to days since 1950 and fraction of day.
2) =1, use FXFLT to convert PRTIME, PRTIME+1l to
revolution number and store in SREVF,
If LTBUF+4 # 0, then PGAMMA cannot = 0, or ERROR
If no errors were found, set PPPFLAG # 0 and bit 3 in
CARDS =1
P Card 5
7 Col. 1-10 W+ 12
11-20 + 13
All
floating &L230 R
point < 31-40 + 15
41-50 + 16
51-60 + 17
\ 61-70 + 18

The buffer W is ised by the ADBASH subroutine. The val.es
input will override the assembled values in these locations
as the absolute error criteria,

SAVCON will be used to save the card for EIMOUT, If no
errors, bit 4 in CARDS will be set = 1.
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INP_1

SPIRCEC
7 of 10
DESCRIPTION: P Card 6
(continued)
Col, 1=9 JBUF
10-18 JBUF+1 All
13-27 JBUF+2 gt
point
28-36 JBUF+3

If this card is input, it will override the assembled
va..es in JB_F, Subroutine SAVCON will te used to save
the card image for ELMOUT and bit 6 in CARDS will be
set = 1 if no errors.

P card 9
Cst, 1i=3 PRT+0 \
6-8 1
9-1i3 2
14=-18 3
19-21 4
22=26 5
¢27=31 6
32-34 7
35-33 8 All
floating
4GO~4¢4 9 point
4547 10
48=5¢ 11
53=57 12
58=50 13
AL-65 14
66-/0 15
Yi="3 16
4=78 17 J
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DESCRIPTION:
(continued)

INPUT
SPIRDEC
8 of 10

This card contains the intervals desired to be printed
or put on an empheris tape in a prediction.

One pass is made through the buffer to count the number
of sets of intervals (3 fields = a set).

Then the buffer is checked to set that the times are in
order. If not, an error exit is taken.

If the times are in order, PRT + 18 will contain the
number of sets of intervals (T47) and bit 9 in CARDS
will be set = 1.

P Card 10
Col., 1-15 GIT + 1,2
16-30 + 3,4
31-45 5,6 All BCD
46-60 7,8
61-75 9,10

Each set of 2 words is checked for blanks. If not blanks,
use FSKLOK to convert to floating point days and fraction,
If all fields are blank, go to error exit.

Check to see that times are in order. If not, take error
exit; otherwise, set bit 10 in CARDS = 1,

P Card 7

Col. 1-9 CSNM +
10-18
19-27
28-36
37-45
46-564
55-63
6472

-

All
> floating

poir

+ + + + + + o+
~ O B WN = O

e,
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DESCRIPTION:

(continued)

INPJT

SPIRDEC
9 of 10
P Card 8
Col. 1-9 CSNM + 8
10-18 +9
19-27 + 10
28-36 + 11 P Al
37-45 + 12 floating
46-54 + 13 JEQ-RE
55-63 + 14
64-172 + 15 )

These cards contain the tesseral coefficients for the
MARTINI subroutine. SAVCON is used to save these card
images for ELMOUT. If either or both cards are input,
TESRAL is set = 1. '

If no errors on P Card 7 & 8 bits 7 and 8 respectively
will be set = 1 in CARDS.

Having unpacked and validated the input parameter cards,
further checks are made:

If neither P3 nor P4 was input, ie, DCFLAG & PPPFLAG, = O,
the job cannot be run.

Zf neither or only one of Pl and P2 were input. then the
elements will be retrieved from EBLOC and a comment
printed. If EBLOC has no elements, the job will be
terminated.

If PREDFLG = 0,

PRTIM will be made minutes since epoch by a double
precision operation of:

PRTIM

(PRTIM-ORGDA) X 1440 + (PRTIM+1 - ORGTM)

If FTFLAG = O,

PRTIME will be made minutes since epoch in the same
manner as PRTIM.
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DESCRIPTION:
(continued)

INPTT
SPIRDEC
10 of 10

Using FYKLOK, ORGDAY will be computed as days from
beginning of year to epoch.,

If EPREV > 100,000 it will be modulated 100,000 as
a 5 digit revolution number is maximum.

If TESRAL # 0, ie, P7 and or P8 were input, location

CARDS will be tested to see that both were input., If

not, a comment will be printed and the job terminated,

as both or neither are required for the MARTINI subroutine.

Having successfully passed all preceding checks, location
CARDSW will be tested. If = 0, no errors were found on
any card, and the job may be run, (EXIT + 2H), If
CARDSW # 0, one or more cards were in error, and the job
will be terminated (EXIT + 1H).
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PURPOSE:
CALL SEQUENCE:

INPUT:

OUTPUT:

SUBROUTINES:

STORAGE
REQUIREMENTS:

DESCRIPTION:

ITAPEW
SPIRDEC

To initialize ephemeris tape for output.
JMP ITAPEW

SATNM

SATNM + 1} Satellite Name BCD

-

1 block on tape 1¢
See description.
TAPCNT = C/HLT, TAPBUF

Program - TAPEW

System - SYS, SYSNO

8 Cells

Positions tape to lst block writes 1 block on tape

(1st 2 words are the satellite name - last 2 words are

zero), which fulfills requirements of the XYZLA
program .’
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PURPOSE:

CALL SEQUENCE:

INPUT:

UTeL TS

SUBRO_TINES:

STORAGE
REQUIREMENTS:

To compu*

JNDRAG
SPTRDEC
1~ 3

Zz pert.rbative effects due to

the atmosphere.

JMP LNDRAG
JMP (Error), h < LOLIMIT
(Normal Retarn)

DZTAG

LOLIMIT

3
5

B =

KAPPA

ASCON2

THDOT =

{:0 do not comp:=te drag perturbations

1 comp:te drag perturbations

{:50 ki for D.C. and Prediction
10 km only for Cowell cption

Exospheric temperature at epoch from TEMP
subroutine

from P Card 3 or P Card &4
CD A/
from P Card 3 or P Card 4

m

F/6378.165

C

Outoput from SUBXYZ routine at time t,

XDTGR =

YOIGR =

ZDIGR =

-
-
1

]

337 Cells

Ne  tge
Oz Oy ’

FASTN, FSTN, FSUN, F3QRT, FTENX
LALH, ANGSTN
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DESCRIPTION:

JNDRAG
SPIRDEC
2 of 3

This subroutine is called by DERIV and CDERIV
subroutines, however, there is a special entrance
(JNDRAGT) and exit (JINSW) for subroutine CDLTB,
which uses JNDRAG to compute log p (hi: T), where
1=1,2,3, 4 in order to compute density scale
The subroutine performg the following functions:
(1) Correct for latitude and longitude from sun,

The ANGSUN subroutine computes the position
of the sun, ab and 60.

@ = gin "L U

(2) Compute log p (hi’ T) for four altitudes,

3) Interpolate for log P (h, T) from results
of (2).

(4) Compute ? from log p (h,T)

(5) Compute the velocity relative to the atmosphere:

v = ¥

L X + Sy
vV = g . éx
y y

v = 32

Z
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' JNDRAG

SP.RDEC
. 3 of 5
DESCRIPTION: (6) Comp:te the pert.rkative accelerations
(continued) due to drag.
Y ® W v
- T = = )] - S
e XDTGR xD = (B p KB 7 6378.165)
y1le
: - e~ _ Y 78 1¢
YDTCR = g~ Vy (B p Ky 7 6378.155)
vV
o = 35 = v .
ZDTGR ZD v (R p KB 2 6378.L65)
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LPART

SPIRDEC
PURPOSE: Given a quantity, X in radians, this subroutine will compute
Y and Z such that:
1. Y and Z have the same sign as X
2. Y is exactly divisible by 2w
3. -2F < 72 < 2%
4. Y+ 2 =X
CALL SEQUENCE: TMA X
JMP LPART
INPUT: The input consists cnly of the quantity X in the A register
in floating point.
OUTPUT: Upon return from LPART, the A register contains Y, and the

Q register contains Z. Both Y and Z are in floating point.
SUBROUTINES: None

STORAGE
REQUIREMENTS: 14 Words
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LSQ

SPTRCEC
PURPOSE : To zero matrix buffer All to All + 48

and B1ll to Bll + 6
CALL SEQUENCE: JMP LSQ
INPUT: All and B1ll buffers must be located sequentially

in c-re.

OCTPUT: F/O in buffer All to All + 48 and Bll to B1l + 6
SUBROUTINES: ‘None)
STORAGE
REQUIREMENTS: 4 Cells
DESCRIPTION: See purpose.
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LSQR

SPIRDEC
PURPOSE: To form a least squares matrix.
CALL SEQUENCE: JMP LSQ
INPUT: C1 thru Cn+1 in
cells TERMS thru TERMS + n
OUTPUT: Modified matrix in All buffer and Bll buffer,.
SUBROUTINES: None
STORAGE
REQUIREMENTS: 15 cells
DESCRIPTION: Add values in TERMS buffer to matrices A (All buffer)
and B (B1ll buffer).
- =
1¢y € e e RN ey cﬁ_W 1€, C 4y
25 Sy G0 5 216 &1 2€) Covt
1) 1] ] ]
A= ' ' ' B= '
] ] ] t
1] ] 1] ]
Cn C1 0z Cn C2 T N ; }‘Cn Cn Y_’,Cn Cn+1J
L ) B
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PURPOSE:
CALL SEQUENCE:

INPUT:

OuTIPUT:

SUBROUTINES:

STORACE
REQUIREMENTS:

DESCRIPTION:

15QS
SPIRDEC

To solve the matrix equation AX = B for X,
JMP 1.SQS

A matrix in All buffer

B matrix in Bll buffer
Sol:tion X in LSQX buffer

Philco - FMAIN, FMAMU
Program - MATRIX

15 cells

The top half of matrix A is accumulated at each entry

to LSQR. When entry is made to LSQS, the terms of A

are moved to the bottom half. Then the Philco matrix
inversion subroutine (FMAIN) and matrix multiplication
subroutine (FMAMU) are used to solve the equation for

X. The solution is left in buffer LSQX through LSQX+(n-1).
After the A matrix is inverted, subroutine MATRIX is

called to solve for the standard deviations and correlation
matrix of the delta elements.

{See LSQR for matrix definition.)
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MARTINI

SPIRDEC
1 of 5
PURPOSE : To compute the perturbative effects of the
earth's bulge,
CALL SEQUENCE: JMP MARTINI
INPUT: BFLAG ] = 0 do not compute perturbations
= 1 use perturbations
W+ 1 = t(min)
AE = a X = x
e
5 = T =
Gz Lz ¥ y
R = r THGR = 6
gr
TESRAL ]= 0, use only zonals
= 1, use zonals & tesserals
Buffers: JBUF, CSNM
OUTPUT: XBDGR = i‘B
YBDGR = 9‘3
= >\
ZBDGR 2%
and valies listed under description
SUBROUTINES: System - ARCTAN
Philco - FSIN, FCOS, FSQRT
STORAGE
REQUIREMENTS: 169 Celils
DESCRIPTION: RTM:Z2 = Vl-UZZ
1 V1.0 2 4 o 1f Vi-y ° -
SSIBX = S =T U/Vl-UT S = F/0
X X 2z z X
$siBY = 5 =t i /Y1y ? S = U
y y 2 z y Z
SSURZ = S, - . 1oy 2 s, = F/0
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DESCRIPTION:
(continued)

If Vl-Uz $#0

ESUBX = E
X
ESUBY = E
y
ESUBZ = E
z
ZSUBX = Z
X
ZSUBY = Z
o4
ZSUBZ = 2

-Uy/ Vl—Uz2

U/ 1-U
X z

F/0

MARTINI

SPIRDEC
2 of ¢
If 1-U 2 =0
z
E = F/1
X
E = F/0
y
E = F/0
Z
Z = U
X X
Z = U
y y
Z = U
Z Z

Compute Pn and P; for zonals for n = 2, 3, 4, 5

1) P
where P =
o
P/ = u P
n z
where Pi =
Q = ae/r
@ + 1 =
If TESRAL
2) GE = Bet
GS = gst
GU = gut

F/l, and P, =

1

u/r2

i ‘=‘1/n"{(2n-1) uP . - (o-D) Pn-Z}

U
z

0, only compute zonal effects:

F/0 W

F/0 )

F/0
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‘ —— —— - [

DESCRIPT1UN:
(contin:ed)

MARTINI
SPIRDEC
3 of 5
M 5 a n
362 = g, =T T (ah) 3 (e P
.. n=2 r
GEZ = g = F/o
5 A
GSZ = g = 4V i-g T J (“e P
8Z ‘z_z_ n=2 n r
r

where 32 - JS are stored in JBUF + 0-> JBUF + 3 consecutively

4/ XBDGR = ig'= (guz + gut) Zx i (gez * get) Ex * (gsz+gst) Sx
HBDSR = §£-= (guz + gut) Zy + (gez + get) Ey i (gsz+gst) Sy
CELGN = ig . (guz * gut) Zz * (gez + get) Ez + (gsz+gst) Sz
(and exit)

if TESERAL # 0, use the tesseral harmonics., Substitute
the following for step (2) and go to step (3).

Compize R and R/  for all 2 «n <4 and m < n, where
: nm nm = e =

R = 3 nm
nm
L“uz
; .
and R =V1.- 2 p/
nn Z nm

and are solved as follows:
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DESCRIPTION:
(continued)

MARTINI
SPIRDEC
4 of 5

Rogs Ryzs Ry R_ = (m-1) Vl-uzz R

m-1, m-1

where R11 = F/1

Rorr Bypo Ry s R, =27
n,l n

R R
32° 43 : R _
—_— n, n-1 = (2n-1) Uz Rn-l, -1

R R SR NP .
42 an e (n+m=-1) Rn-Z,m + (2n-1) Uz Rn-l,m]

This formula is the general expression for an but is

only used for R,, to save program space and time,

42

nm : an = 1-Uz Rn,m+1 - mUz an

where Rn,n+1 = F/O

The values of an are stored in buffer RBUF+0 - RBUF+8,
and for Rr/lm in buffer RPBUF+0 - RPBUF+7.

TEMP2 = AE = tan-1 (y/x) - t (RPTIM) - egr

Then build buffer SINCOS containing cos A, sin A ...,
cos 4\, sin 4\ consecutively in SINCOS+(0 - SINCOS+7.

156




MARTINI

SPIRDEC
S of 5
DESCRIPTION: Solve the following for the tesseral harmonics:
{continued) where 2 < n < 4 and m<n
u 2 @ 2 a "
GU = gy =-= 1-Uz T z (n+1)'_% er(Cnmpos m +Snmsin.n0)
= r n=2 =l \r ‘ i
4 n
n
GE=g = - E o 2 i% R (C sinmh\ -S_ cos m:) {m)
et 2 _ nm  nm nm
r n=2 m=l T
., 4 n 5
GS = g = - —2 Z Z ( er R/ (C CcOSs m) + S sin m.\\)
st = nm nm nm
r n=2 m=l r|

Where sz 522 ceone C44 S44 are stored consecutively in
CSNMHO-CSNMH15, These values must be input on P cards

7 and 8 and will be a number or F/O.

Having solved these equations, go to step @3y .
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PURPOSE:

CALL SEQUENCE:

INPUT:

OUTPUT:

SUBROUTINES:

STORAGE
REQUIREMENTS:

DESCRIPTION:

MATRIX

SPIRDEC
1 of 2
To compute a correlation matrix and the
standard deviations »f the delta elements.
JMP MATRIX
A"" matrix from LSQR subroutine in buffer All

COUNTR = C/HLT, 0; C/HLT, N N = Matrix Size 1 <N <7
Standard deviations in buffer SIGN

Correlation matrix in buffer MATRIXB

(See description)

Philco - FSQRT

S5 Cells

To avoid destroying the A”1 matrix in All buffer,
the half matrix is moved to buffer MATRIXB.

The variance-covariance matrix is defined by

c?.

1|
VEi:©y;

To compute this, each column is divided by the root
of the diagonal term, and then each row is divided
by the root of the diagonal. The roots of the
diagonal terms (which are the standard deviations)
are stored in buffer BUF and are then moved to the
appropriate locations in buffer SIGN for output
purposes. The position in the buffer is dependent
on the elements being corrected. (See PRNTMAT
subrcoutine for buffer positions). MATRIX is called
by subroutine LSQS.

where Cij are elements of Aal.
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MATRZIX

SPZRDEC
2 of 2
DESCRIPTION: The correlation matrix is defined:
(continued)
2
Cu
Cintéial
2 2
12 22
€11 €2 €99 €22
[} ' \
| ¢ N
| ' \
$ : \
, ' = lcjel?
' ! N\
] ] N\
c? c? “e?
13 S . N,
Ca .G, €. Ce.. G,. C..
11 733 22 "ij ji ii

The values are stored by column in MATRIXB.
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MOD2PI

SPIRDEC

PURPOSE: To rodulate a number between 0 and 2 T radians,
CALL SEQUENCE: ™A (number)

JMP MOD2PI

TAM (number)
INPUT: (A) reg = number to be modulated 2w

TWOPI = 2 7 radians
OUTPUT: (A) = number (mod 2 ™)
SUBROUTINES: (None)
STORAGE
REQUIREMENTS : 3 Cells
DESCRIPTION: Adds or subtracts 2 m radians from the number in

the (A) reg until it is between O and 2 radians.

160




PURPOSE:

CALL SEQUENCE:

INPUT:

OUTPUT:

STORAGE
REQUIREMENTS:

DESCRIPTION:

MOVBUF
SPIRDEC
1 of 2

To move the observation buffer,

T™A OCOUNT
JMP MOVBUF

Observations in 10 word format and in 6 word
format starting in location EBLOC.

Left address of OBSREJ = number of observations rejected

Left address of OBSLEFT = number of observations in 10 word

format

total number of observations
proceased

Left address of OBSPROC

" Left address of OCOUNT = number of observaticns processed

to 6 word format in one group
OAMDE = C/HLT, OBLOC; C/HLT, EBLOC

See description

13 Cells

Because of core limitations,the observations in the

10 word format of OBLOC are converted to a 6 word

format (see below). Initially up to 984 observations

(10 words/observation) are in EBLOC.

Subroutine PROOBS controls the formatting of the
observations into € word entries. Subroutine MOVBUF

is called by PROOBS and OBVEC (which is called by PROOBS).

Procedure:

(1) Add the number of observations that have been converted
to a 6 word format (OCOUNT) to the number of observations
rejected (OBSREJ). Multiply this number by 10 and set up
the move instructions at location MOVSW, if the result
is less than 4096; otherwise print''more than 77 observa-
tions rejected" and exit.

(2) Multiply the number of observations still in the 10 word
format (OBSLEFT) by 10 and add it to the total number of
observations in a 6 word format (OBSPROC) which is
multiplied by 6., This number is stored in OCOUNT as the
total number of cells to be moved up.
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MOVBUF
SPIRDEC
2 of 2

DESCRIPTION: (3) After moving the buffer up,
(continued) set OCOUNT = 0
OBSREJ = 0

WOBMARK = C/HLT, OBLOC; C/HLT, EBLOC

(4) Store Z's in the next available location at the
end of the buffer and move this location to Index
Register O,

EBLOC

Up to 984
observations

in OBLOC
format (10 words/obs.)

Up to 332
observations
in 6 word
format
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PURPOSE:

CALL SEQUENCE:

INPUT:

OUTPUT:

SUBROUTINES:

STORAGE
REQUIREMENTS:

MOVDAT
SFIRDEC
1 of 2

To retrieve next processed observation.

JMP MOVDAT
JMP (End of observations)
(Return)

Processed observations in EBLOC.

Current address in EBLOC from location SAVORBRS.
Sensor data in SBUF.

Weights in WBLUF,

STAID
OBFLG

T

CAPX
CAPY
CAPZ
CXDOT
CYDOT
RANGE
SIGMA1
ASUBX
ASUBY
ASUBZ
DSUBX
DSUBY
DSUBZ P
XLSUBX
XLSUBY
XLSURZ
SIGMA3 J
SIGMAS
SIGMA2
RODOT

if range observed

if angles observed

if range-rate observed

Program - GETSCN, SEWLOC, AZREC, ALREC, GEIWGT

27 Cells
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MOVDAT
SPTRDEC
2 of 2

DESCRIPTION: 1) Unpacts the following from processed observation:

STAID
OBFLG
T

RANGE
RODOT
ALPHA
DELTA

2) Use subroutine GETSEN to retrieve sensor data.

3) Use subroutine SENLOC to compute:

THTA = 0
SINTH = sin 8
COSTH = cos B

4) 1If azimuth and elevation were observed, call
subroutine AZREC to compute 4y By Ls

5) 1If right ascension and declination were observed,
use subroutine ALREC to compute A, D, L.

6) Compute the following:

CAPX = X = (cos 8) (X/cos 6)
CAPY = Y = (sin 6) (X/cos 8)
CXDOT = X = -Y_§
CYDCT = Y =X 8

7) Retrieve the weights for this observation using
subroutine GETWGT.

8) Update SAVOBS to next observation and exit.
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PURPOSE:

CALL SEQUENCE:

INPUT:

OUZTPUY:

SUBROUTINES:

STORAGE
REQUIREMENTS:

DESCRIPTION:

—~r - -

To retrieve observations and coerrespording
wzights,

oMP
JMP
JMP
JMP
JMP

NXTGB

(Fnd of Obs)

(Nc Sensor Data’
(No Weights,
(Normal Reiorn:

OSTRT”B = right 3aaress = nomrar cf ke + L
Obsgervanions in EbL)
Weights ir Wzl¥

ALPHA
RANCE
RODCT
and cutput of scbroutine GETSEN

Program - GETSCN

3G Cel's

’1\
(1

(2)

inpact the fol.owing from the zirrent sbzervaticn
in EBLOC:
SYATD - 0POOCSSS
]‘(
L&l A
ALr-Ha r tloaging poiog

RANCE

KoDol )
VTIPE = (CO00GO™
Search WBUF t> rind weights tor the senscr number

in STAID. If rn match, exit +3H (N> weights return),
OrhEIWiSE’_ g(, s St(_; !'.’S‘\ |
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NXTOB

SPIRDEC

2 of 2
DESCRIPTION: (3) Check to see that a weight is in WBUF for
(continued) each observed quantity of the obse<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>