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Wolf Research and Development Corporation PREFACE

PREFACE

\

~Fhis—vulurme-contains—the complete descriptions
/ and operating instructions for a-‘c/ollectlon of programs
/ used at the SPADATS Centez, Ent A1r Force Baseg,
/ Colorado Springs, Colorado ’I‘hzhcollectlon is primarily
useful as an aid to analysts in their task of positively
identifying objects detected in space. The documentation
does not purport to describe a total system, but rather
those programs which were deemed necessary to comple-
ment and support an already existing one. —
The major portion of these programs were originally
developed under the guidance and direction of Dr. Eberhard
W. Wahl. Valuable assistance in the analysis of the prob-
lems involved was also rendered by Dr. H, Beat Wackernagel,
Mr. Edward F. Casey, Mr. Laurence W. Cithbert, Mr. Richard
F. Jenney(WRDC), and Mr. Baruch Rosenberyg {WRDC). Three
~f the programs (ASUM, ISUM and SSUM) were developed and

written by the Air Force in Colorado Springs.
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Wolf Research and Development Corporation:

1.1

1.2

PSR, Position Situation Report (SITRPT)

Function

The position and other status information on the catalogued
satellites is supplied by this program. For a specified time either

or both of the following types of reports can be produced:

a) The Position Situation Report.

b) The Satellite Situation Report.

The Position Situation Report shows the status of all satellites

at a particular time each day. This report is issued in two forms:

1. A complete printout prepared for off-line printing
through the UBC.

2. A truncated version which can be punched on 5-level

paper tape for teletype transmission.

Because this report includes informatior on all known objects, it
may contain classified information. The reports are appropriately
marked automatically by the computer based on the classification
note stored in the Information file of the SEAI tape. Sez block
format in ISUM writeup, section 1-14.

The Satellite Situation Report contains only the information

not marked as classified in the Information File.

Input
In addition to the Schedule Tape control cards, this program
requires at least one parameler card (P in col. 80). The first of

these parameter cards specifies the following information:

{. The output option (col. 1):
a) O = Position Situation Report
b} 1
c) 2 = Beth Reports

Satellite Situation Report

n

1-1-1



PSR Wolf Research and Development Corporation
2. The time at which the report is desired: r
?
a) Two digits for hour (cols. 2, 3) g
b) Two digits for minutes (cols. 4, 5}
c¢) Two digits for day of month (cols. 9, 10)
d) Three alphanumeric digits for the name of
the month (cols. 12 to 14)
e)’ Four digits for the year {(cols. 16 to 19)
f) Z punch to signify zebra time (col. 6)
3. The Satellite Situation Report output code (col. 23):
a) Blank or zero (0) will suppress print of debris.
A test is made for a one punch in character two
of the first word of the I-File
b) One (1) will supply information on all satellites.
4. The Position Situation Report output code (col. 24):
a) Blank or zero (0) - perigee and apogee are
printed in statute miles.
b) One (1) - perigee and apogee in kilometers. ‘\j:
5. Parameter card indicator (P in col. 80)
Additional parameter cards can be included. These will be
treated as comment cards which will be printed immediately follow-
ing Part I of the Satellite Situation Report.
The Element file and Information file of the SEAI tape supply
the data required to compute the position information requested.
1. Output '

The output on logical eleven (11) contains the following reports:

1.

2.

The Position Situation Report if the output option zero (0)
or two (2) used.

The Satellite Situation Report if the output option one (1)
or two (2) used.

The Position Situation Report supplies the data listed below:

aj Time and classification of the report.
b) Satellite name, number and element number. ‘F
¢} Latitude and longitude west, both in degrees, at

the time of the report.

1-1-2
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“ d) The orbital elements, including the inclination in

degrees, the anomalistic period in minutes, and
the eccentricity.

e) The apog~ . and perigee in statute miles orkilometers,
depending on the output code used in col. 24.

f) The revolution number at the time of the report and
the RAN, LN, TN of this revolution.

g) The classification of the satellite - this field will be

blank if the satellite is unclassified.

The Satellite Situation Report is comprised of the following
informa’cioﬁ:
PartI — Objects in orB'yt inclusive or exclusive of
.debris depending on the code used in col. 23

of the first parameter card.

a) Time of Report
C b). Satellife riame, code name, source and
‘ V o S . launch date. .

¢) The anomalistic period in rninutes, the
inclination in degrees, the apogee and
pcrigée in statute miles.

d) Transmitting frequencies, if any.

e) Comments from the parameter cards which

" were included as input data, such as:

" 1961 OMICRON 3-52 FIFTY METALOBJECTS
IN PLANE OF 61 OMiCRON { AND
61 OMICRON 2 ORBITS ’

Part II— Object removed from orbit.

a) Satellite name, code, name and source.

b) Launch date and decay date.

1.5 =~ Processing
The first parameter card is deciphered in the CONBUF area
to determine the time requested for the report. The '"debris', out-
C‘ put, and code switches are set according to the selection made on

this first card.

1-1-3
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.1

2. "SUBROUTINE ERROR AT JA = . This will be

The elements are loaded into the EBLOC by the ELMLOD (’g
routine. The first entry of the I-File is read and matched against
the first element in the EFILE. If the two files are in phase, the
computations are initiated for the time requested. The appro-
priate report or reports are generated according to the internal
switches recorded. These switch settings are a result of the
paths selected by the first parameter card.

If the IFILE and EFILE do not match, a test is made on the
satellite number. A satellite number in the EFILE which is
smaller than that in the IFILE results in the comment "NO DATA
IN IFILE," These comparisons and the comments generated by
them continue until both files are again in phase or empty. This
procedure is followed since both files are assumed to be arranged

in ascending order by the satellite number.

Error Messages

1. OVERFLOW AT JA = .

on off-line output and an exit made to the executive program. ‘

Comment will be printed
b

printed on off-line output when an error return is made from

any subroutine. An exit will be made to the executive program.

Formulation

_ Initial computations from input elements as computed in BEGIN:

2 2 2
po = hxo + hYo 4 hZo

e ey
y = hYo /\/?o

z cosi = hzo/\/—p;
sin i = \’ 1- co-szi

b
"

i = tan-l sin i

COS8 1
sin §) = Wy /sin i : 6
cos §l = -Wy/sin i

{-1-4
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Q - ta -1 sinfl

o n cos()
2 L2
€o =Y axNo + 2yNo
2
ap = po/(l-eo )
_ 3/2
n = ke/ao
c' = —360M02co T
9 = a,(l-ey)

A

ke Lgo = ke J\{3— 5e,% - |cosif(1-3/2 e,%)-

sin® io(4- 2 e %) } | —

U

o Lo-Qoifwz > o0

o
Lo+ﬂoifw;° <o

U

o]

. Compute t = (tj - t ) . 1440

where t; is time at which position report is requested. Enter

XYZSB to get position at time t;

. Compute 6gG at t:

0G = 0o T - 9856472t (Days) + 360. 9856472+t  {fraction)

. Enter subroutine SUBPT to get sub-latitude and sub-longitude

points:
-1 ‘
Ng = tan  (y/x)- .0043752691-t - 6
= ta -1 UZ
¢ - n 2 Z
(1-£)%y1- U,

. Compute remainder of output:

PERIOD = 2w/XN
PERIGEE =za(l-e) -1
APOGEE = a (1 +e)-1

1-1-5
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REV = REV_ +[T/PN] where ) (Z
2w 3 2q e? 2 3
PN = ™y {),- T JZ(——p ) [3-—2 - 8in 1 (4--—-z—4e )]}
-1 [“l°ez 2yn ]
E = tan
o 2
e’ tay :
! eza
- ——=2¥n
MN = Eo + 1+a,
n
1y
W = tan l: nJ
a
Xn
Mp = L-w*§ :-if W, >0, +if W, <o
M,,-M
- N "4
ty =t 7 T340 WherelMN-MA‘Sv

RAy =0 +8§) [( ty -t }+1440 - t)]

OG=

Ly = 360—RAN+6‘G1f RAy > GG

eGo +.9856472+t, (days) + 360. 9856472+t (fraction)

Ly = GG-—R_ANifRAN<6G

Glossary

Location Symbol

CCLAS
CHAR

CLAS

ELN

EMA M'a

EMN M
n

ENDDT

ENDDT!

EOESW

]

G

Meaning

1, some satellite in I-file is confidential
0, no confidential satellites

Number of non-blank characters in
transmitting frequencies

Classification of satellite, from I file
Longitude at node

Mean anomaly at report time

Mean anomaly at node

Decay date

Decay date N
END OF ELEMENT Switch ‘}

0, continue reading elements from EBLOC
1, all elements in EBLOC have been
processed

1-1-6
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PSR

EOS

ERJ

ERJH
FLCt

FLC2
FNUM

FSQ
FTNOTE

HCLEM

HCLAS
HDCLAS1
HDCLAS?2
HELIO

HQ1
HQ2
HSAT1
HSATZ2
JUNK

LNCH
LNCHI1
KILOM

e

oo

END OF SAVED ELEMENTS Switch

0, continues reading elements from SAVE file

1, all elernents from SAVE file have been processed
Contains octal address of location where subroutine
or overflow error occurred

L or R indicating which half of ERJ

Fractional part of rotation rate of earth

(deg/ solar day) = . 9856472

Rotation rate of earth (deg/solar day) 360. 9856472
Number of lines of transmitting frequencies to
be printed

2 where f is flattening of earth = .112381556 x 10™
Footnote switch e

0, do not print footnote

1, print footnote to give units of heliocentric
satellite output

Arrayfor storage of elements of heliocentric
satellites from I file.

Classification of satellite

Contains first half of classification heading
Contains second half of classification heading

0, elements available in E file

1, position uncertain

2, heliocentric satellite

Perigee distance
Apogee distance

Year part of object name
Object name

0, or space, -always include satellite in Satellite
Situation Report

1, do not include in Satellite Situation Report unless
output Code 1 is desired.

Launch Date

Launch Date

0, perigee and apogee output to be in statute miles

1, perigee and apogee output to be in kilometers

1-1-7
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LONGW
OBJNO
OPT

‘OUTPUT

PERIOD

PGCNT
PHI

. PINCL

RAN

"REV

SATI

SCLAS

SINDX{ .
'SSLAM
. SSLAT

* TCLAS -

TDMON

 TFBUT
. TECNT

" THGRN

TI
TIF
T{H1
T1H2
TiH3

P

1

REV

"0, or space, do not print satellites havinga

Longitude (west) of subsatellite point
Satellite number

Output options

0, output is a Pcsition Situation Report
1, output is a Satellite Situation Report
2, oﬁtput is both reports

Satellite Situation Report output code

flill

puhch‘ in character 2 of the firstwordin I file

1, print all satellites

Anomalistic period (in minutes)
Page count ‘

Latitude of sub satelhte point-

_ Inclination

Right ascension of asgeﬁding node

Revolution number

Satellite number from I file ' .
1, at least one satelhte is SECRET

0, no SECRET satellites

Saves index register 1

Longitude (east) of subsatellite point '

:Latitude of subsatellite point

1, at least one satellite is TOP SECRET

" 0, no TOP SECRET satelhtes

4Tab1e used to convert month name to month

number

'Array for output of transmissmn frequenc1es

Count of numbér of character_s of transmitting

f_i’equency when packed for output

0 at time of report

Time of report in days since 1950

Fractional part of TI

Output buffers for time of report

Output buffers for time of report '

Output buffers for time of report

1-1-8
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PSR

TIW

TN t
TNI |
TNF

TOI

UGLAS

_UPESW

UPISW

UPSS

=]

Integer part of TL
Time of node

Time of node (integer)
Time of node (fraction)

Temporary, used in computing GG

0, no unclassified satellites

1, at least one unciassified satellite

E file switch . _

0, no elements in E file for previous satellite.
in I file; do not 'pick_ up more elements »

i, read next ele-men_t~frdm E {ile

I file switch ' '

0, no elements in I file for previous satellite
from E file; do notpickup next'elementfrom Ifile
1, read next satellite from I file.

SAVE file switch o

0, no elements in SAVE file for éfevious
satellite; do not' pick up next element from
SAVE file. o |

1, read next element fromi@SAVE file

T it
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'

Reod 1FILE
for
. Classification

‘ COGET

Decipher
CONBUF

‘ SITRP

Compute Time
of Report

Debris
Wanted in

Sit. Rpt.?

Yes

Set Logical

Switch to 4
Omit Debris .
Test

ELMLOD)

INITEL

INITSR
Initiatize
Switches

and Counters

@ Retrieve Next Elem. Set :

Load Elements into EBLOC ( !NITEL ) Initialize Sequential Pickup

1-1-10
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Set END
OF ELEMENTS
(EOE ) Switch

RUN |

Unpock First

. Word of Next
Satellite in

IFILE to Get
Sat. Number

Do Sot. Nos)
Agreel(EFILE
& IFILE)

‘ Yes

Is EFILE
Sot. No.
Smc!lest?

SMALLT
Clear Up~IFILE Clear Up-EFILE
Switch and Switch and
Get Sat. No. Get! Sat. No.
For Qutput For Output

Retrieves Next Element Set from EBLOC

KEY:

Compute Variables

Get Classification and Output Option

Check to See if Satellite has Decayed

1-1-11
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is
EOE Switch
Set 7

BUMP2

' Get Sof.
Naome for
Output

Is Sat
MHellocentric

s
Sotellite

No

Clossified?/
COMPORB
Compute Ty
in Minutes

leesm

Compute at Ty,
f; !J' \'nll’a'
n,€,Qq, Kg Lyg

KEY:

@ Compute Variables for Reports

Test Output Options
Test Switches - EFILE and IFILE

@ Test Condition of Sat.

1-1-12
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Wo!f Research and Development Corporation PSR
Yes Output No
Option
ll‘l " P
FLAG= 10 FLAG = 30
y.e
Compute ’ i
Period Compute
Apogee’ Q4 0tT,
Periges M
.Compute
Period
Apoges -
Perigese
Output '
Reques ted
in KM?
Convert Apoges |
and Perigee ‘
- to KM
~ Compute P,,REV,
No i Ep, My,
My Ty RALOg o
Awn
KEY:
Computes Posgition and ° Computes Subsatellite

/l -

Velocity

AS Test for Output Option
~

Point

Print Situation Report

PPN NI
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GETCL
Set
Output
Classification
. Yes /¢
¥
| yTClAsSy LY
lt It .
’ Clossified
. . .P . .
Should
Debris Test )Yo8 ”
3, ¢ b. Mod.-’ .
O e This N\ L L
No .shf.l.lif, - Yes .
\Ebrh ?
Save Eiements )
For Situation|.
" Report .
[
-t
‘g PANDT
Output-
 Print oang
' T.l.typ.'
KEY:

‘ Print Situation Report
Determine if EFILE a

nd IFILE in Phase

1-1-14

G



Wolf Ressarch and Development Corporation

PSR

K

Is It
Classified ?

PRONLY

Qutput-
Situation
Report -~
Print Only

Yes

®

Switch
Set?

Reset
uP—EFILE
Switch

EY:
Retrieve Next Element Set

)

SAME?
Reset
UP~-TIFILE
Switch
ETEST
Is
UR-EFILE Yes

Unpack First Word of IFILE to Get Sat. No.

1-1-15
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¥

TDECAY
Has
Satellite

STDEC

Store i,

information
For Decay
Printout

is
Saotellite
Uncertain?

Pick up
Heliocentric
Elements

KEY:
Test for Output Option

@ Determine if EFILE and IFILE in Phase

i-1-16
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PSR

Finish

Output
~Position

Report

I's Output

Option
n'u ?

Yos

PASS 2

Prepare for
IFILE Pass-

SAVE Areo for
Sit. Rept.

Retrieve

Next Elem.
Set from SAVE

Done
with SAVE
Areo?

Is Output
Option No
nzu ?
ENDRUN
Is Qutput
Option
uou?
Print
Footnotes
Comments ond
Decays

ENDUPS
Sel END OF
SAVE
Switch

KEY:

Determine if SAVE and IFILE in Phase

1-1-17
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RUN2
Do Sat \\
Nos. Agree? = Yes
(1IFILE ond/
_l.__,. \\_C‘_ALEL/ J TEOS
\ .

18 SAV
No ¢ E \ Yos Yas
r-**- . Atego
. tmaq! ?
\\jma Iely:‘/
l-u\nots +BIJMPSI
| 1 T T 5
L Clear | g Cleor wo /Sotellite \ yeq ),
L UP- SAVE i U UP-1FILE | "—“"\ C'O“"l'd,, ‘—‘1 e
P switen ; l Switeh |
[ » OV N e
) PRONLY
i u?puf—j )
{ Print_ Only L
! wuonon y
T | NGDO" . o
' ”“Imcx.sx'; J
/ _l.“” ‘.\‘ o
UP—IFILE  No
Switeh. :
Se?,’-w/-v
 SAMET2
[ Rno;
UP-IFILE
Switch
STEST
Is \ .
Yes UP-SAVE  No
N Switch
\ Selt? / o
' . SAMES
[ Prepare Reset
' for SAVE UP - SAVE
' Pickup Switch
Lo l— —I—
Gf9 /As}
- N
S ONEN
'EP) Complete Printout, if Required, and Exit @
(\‘-, 4\{43‘
L C8) Reatrieve Next Blem. Set from SAVE
N ‘sv
{\{?)
1-1-18 <N
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'd( termine new z-]o*ncnf for 'mu-lhh dcbrw,‘ to rcdcfmc thc—: orblt

-dlffercnt sensorq, or for dlff(,rt.u >au:”.1L(.S-

REDUCT, Nodal Crossing Reduction
Function

The ’\Iodal rossm;., Reduction Program, hercafter referred

to as the R(:(luctmn Program, rmlur‘:us obscrvations to Lhe last nodal

‘crossing; computes certain differences l)otwocn p'u'am(_tcrs ag

‘computed from the obscervation and s comput(,d from urlntal ele -

'

' mcnt's, .may comp.lrc “the dxffcrcn(( 5 ag_,amdt prcdu rm1rmu LuLL.i -

;mc: 11m1ts, and. pr oducus results in prlnted and/or telctype fOl‘Ind.t. -

Thn d1f£c cnees, or rct-udualq.. ay b(' uscd by the ,malyst to

stcrmmL the nece ssn; of ur;dutm gt xxstmg 0!'})11.41 ulcmcntq, to',,

. s
ol a ”lost',', satulhzc, or to Ldt,ntlf thc,obscryatzon. AR '
The obqu vation may bt, v1smxl adar, T’alfcr Nunn dopplcr,;

or du'u,txon fmlla . The fu'aL threoe arc'tro ztcd by thd.t port*on of

the R(,ductmn Provram known as tlu (:cnc al Rcductlon, and th('

l»,llaqt lwo hy 1h:, Dom;lu' R( durtmn ,n:rl Dlr.,cuon I‘mdcr 28 crluctmn,

rcspcctlvcly. Thc obg c*‘vatmn types may be 1ntcrm1xcd from

’

Table 2.1 spccifi(;b the particular residuals .qomputédy b",' sack

-of the scctions of the Reduction Program.

Table 2.1

Residuals Computed-by Various Program Sections
_ : - : , ’..1ghtAsccnexon Height
Program Section Time Residiual | Residual Residual
Vicual X X
‘Radar X X X
Baker -Nunn pA X
Doppler X
Direction Finder X
1-2-1
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2.3

For clarification of subsequent sections the following

definitions are made: ﬁ

A predicted quantity (generally indicated with a prime) is the

quantity calculated from orbital elements.

A computed quantity is the quantity calculated from the ob-

servation.

A known observation is a sighting which has been identified

by the sensor as a particular satellite.

An unknown observation (abbreviated UO) is a sighting which

. has not been identified by the sensor.

A verified observation is a known observation which may

.agree with the predicted position of the specified satellite.

An unverified observation is a known observation which does

not agree with the predicted position of the specified satellite. C

A tagged observation is an observation, either known or un-
known, which does agree with the predicted position of one or more

satellites.

An untagged observation is an-observation, either known or
unknown, which does not agree with the predicted position of any

satellite.

The station tape is a binary magnetic tape containing station

(sensor) coordinates for specified stations.

The residual of a quantity is the difference between the com-

puted and predicted quantity.

Input

Input data may be divided into four groups, some of which are
optional. The four are: 1) the switch option card, 2) the element Q’
lead card and element sets, 3) the station lead card and station cards,

and 4) observation lead card(s) and observations.

1-2-2
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2.3.1 Switch Option Card

The switch option card sets the program switches. Setting of
a switch is indicated by any non-zero numeric punch in the appropri-
ate card column. The switches and their functions are indicated in

Table 2. 2.

Table 2. 2
Program Switches and Their Functions

Switch Card

) Name Column | Function, if Set

SS1 1 Inhibits the use of the station tape (if set, the
station data must then be supplied as card input).

SS3 3 Inhibits the requirement for an interim tape and
also eliminates any check of residuals vs.
tolerances.

SS8 8 Causes all observations to be processed as

. unknowns, i.e., all are reduced against all

available element sets. Known satellite numbers
are retained for reference. Tolerance tests
will be made unless SS3 is set.

SS9 9 Causes teletype formats to be used in preparation
for the TELTYP Program.

SS10 10 Eliminates the rereduction, with open tolerance
gates, of untagged observations.

SS11 11 Uses the perigee distance from the element set;
if not set, perigee distance is computed.

2.3.2 Element L.ead and Element Cards

The standard element sets required for reducing known obser-
vations, as well as-the sets considered necessary in attempting to
tag unknowns, must be included as a part of the input deck. The
element cards must be preceded by the element lead card, identified
by having only a seven (7) punch in card column 8. At present, no

‘ more than 250 element sets are permitted. Reading of the elements

is terminated by either a station or an observation lead card.
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2.3.3

2.3.4

Station Lead and Station Cards

0

To reduce observations, the geographic coordinates of the
observing station must be available. The coordinates may be read
from the station tape (if program switch 1 is not set) and/or from
standard station cards. Each group of station cards must be pre-
ceded by the station lead card, identified by having only an eight (8)
punch in card column 8. At present, no more than 750 stations may

be used.

Observation L.ead and Observation Cards

The observational data, the primary input to the Reduction
Program, must be in the standard observation format. Each
group of observations must be preceded by an observation lead card,
identified by the nine (9) punch in column 8. Column 7 of the lead
card is also used to specify the tolerances to be used by the program,
where applicable. Table 2.3 speci . :the codes and their corre- ‘i
sponding values. Lead cards to change the tolerances may precede
observations anywhere in the observation card deck. There is no
limit to the number of observations which may be processed, since

they are processed individually,

A blank observation card will terminate the reading of the
preceding group of observational data. A card with only a non-

zero numeric punch in column 79 will terminate the program.

Table 2. 3
Tolerance Codes and Corresponding Values
Right Ascension
Code ' Time (days) (degrees) Height (km)
Blank '
0 . 002 20 200
1 1 5 500
2 .003 ‘ 360 10000
3 . 002 360 10000 -
4 . 001 ‘ 360 10000 ‘
5 . 003 5 300
b .05 2.5 ‘ 200
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2. 4

2. 4.1

2.4.2"..

Output

Reduction results may be obtained in the form of
teletype paper tape and/or printed output, depending upon the
setting of program switch SS9 (cf. Table 2.2). Headings ‘a'.re
also a function of the teletype option. The outpuf consists of the

satellite inventory, output preliminary to the results, and the

results themselves.

Satellite Inventory "'

a 11stmg of the satelht .al_ud el _ment )

’_I‘he satellite inventor'gr:, :’
o G P e ig;
i3

nurnbers 'used,

'bly,a slash_

e 5%

t and to}eraqces maeffect for‘the results wmch‘

p—n .

Theaelem en

o

eccentr1c1ty

.

" Line 3. -Right ascensxon of. the ascendmg node its fifst'a.nd

one half of 1ts second der1vat1ve w1th respect to time,’
nodal per1od (minutes), and inclination
Line 4. Blank .

Line 5. The tolerances (time, right ascension of the ascend-

ing node, and height)
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2.4.3.1

‘telcfypc optmn and upon’ the typo 0[ ()bscrvatlon

: ,obscrvatlon type‘ w vnrountcrca

- typc. rcquxrcs th-:

A summary of the five lines in symbolic notation

follows:

Satellite No.

N to "PN c’ | d . a c
Q Q @ e @ o Py i
ot ,A‘R‘AL /} o

Resuits. for‘,",Tzii;";z,cd »of,'Kr'llc')‘\X'/n"C‘)"bm: rvatmns i
‘The- output format and quantxtlcs calculated dcpend upon ‘the

If teletype output

:1‘1 dc ‘urcd all hnadmgs nro omﬂt( d and thc output 18 placcd in two

ans.

: cal with those w 11r'h would have bucn prmtcd in onc l1ne had the

tolotype optmn not’ hocn sclcctcd In" thc followmg subsm tlons the’

jde scnptmn ‘will apply to a case m whu'h toletypc 0| tput 15 no.

, requestcd R Lo S

As nr;fc.d abovc,.thc hcadmu and 'quantitics cdm'p\jxtcd arc a

funr*twn of th(, ouscrvatxon typ .,a.ch hcadmg is descrlbcd bclow
The hcadmgq will be prmt( d e.xch '_!n% n dlffcruxt group of
thcxt 1%, cach tlme the obserVatlon

u'ac of a dxffcre L scctwn f'thc pro;,ram.ff"' '

Outpdt Corﬁmon“ to_ *All,Ob"é exﬂiraifioix »T‘ypévsi P B

The output from cach of thrc c portwn "_’:of thr. Reductlon Pro-

4 g,ram bcgms with two cumrrvon q'u‘d,ntxucs, thc 1d4 ntlhcatwn, ID,

and the LpOCh rcvolutxon, N Thc 1dcnt1f1ca.t1on ig composed of two
cight character words Wthh luay be symbohcally represented by

SATYMMDD HIII\/MSSB.

wherec
SAT = satellite number
Y = last digit of the year
MM = month of the yeax
DD = day of the month

1-2-6
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2.4.3.4

HH = hour of the day

MM = minutes of the day

SS = seconds of the day

ss = hundredths of seconds

If the teletype ending sentinel, $, appears at the end of any
line of output, the observation time precedes epoch by more than

four days.

Dimensions of the Output Quantities

Unless otherwise indicated the dimensions of the output

_quantities are in time in days, distance in kilometers, and angular

- measure in degrees.

Output from the General Reduction Program

Following the epcch revolution number are the argument of

L 3i@titude, U, of the satellite; computed time of nodal crossing,
T .SUB N; its residual, DELTA T; the latitude, PHI S, and longitude,
: ."".L S, of the sub-satellite point; the computed right ascension of the

ascending node, RA N; its residual, DEL RA; the computed satel-

life height, H(KM); its residual, DEL H; observation type, TYPE;

element number, ELEM; and station number, STA. If the observa-

tion type is visual, VIS, or Baker-Nunn, B-N, the height residual

will appear as 0-0. If the type is radar, RDR, the computed

quantity will be printed.

Output from the Doppler Reduction Program

Following the epoch revolution number are the computed time

" of nodal crossing, T SUB N; its residual, DELTA T; the great

circle distance, D, in nautical miles from the station to the gub-

satellite point; the elevation angle, H; the slant range, S; the

1-2-7
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element number, ELEM; and the sta.tionvnumber, SAT. The title ‘i
(DOPPLER) is appended to the heading, or in case the teletype

option is selected, the symbol, DOP, follows the station number.

2.4.3.5 Output from the Direction Finder Program

Following the epoch revolution number are the computed
time of nodal crossing, T SUB N; its residual, DELTA T; the
slant range, S; the computed satellite height, H(KM); the element
number, ELEM; and the station number, STA. The comment
(DIR FINDER) is appended to the heading, or in case the teletype

option is selected, the symbol DF follows the station number.

2.4.3.6 Observation Comments

The observation comments which may appear in the printed
output and their explanations are given below. Each observation

comment is preceded by the 16-digit observation identification. ‘E

Observation comments (1)-(3) may be printed for both known

and unknown observations.

(1) UNDEFINED OBSERVATION (2). Illegal equipment type
specified.

(2) NO STORED COORDINATES (2). The station coordinates
of the observing station are not available.

(3) IMPROPERLY LOGGED. An error exists in the observa-
tion, e. g., hours greater than 24, an elevation angle

greater than 90 degrees, etc.

Observation comments (4)-(13) may be printed for known

observations only. Each message is followed by the station number.

(4) NO ELEMENTS IN SYSTEM (l). The elements corre-
sponding to the satellite designated in the observation

have not been read. '

1-2-8
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(5) QPRIME LESS THAN OR EQUAL TO ONE (1). The
computed perigee distance is less than or equal to one
earth radius.

(6) DID NOT MEET RESIDUAL TOLERANCES (3).' The ob-
servation did not meet the specified residual tolerances.

(77 BAKER-NUNN OBS W/+RA (5). An observation is
encountered in the General Reduction Program with an
equipment type that indicates Baker-Nunn, but the ob-

servation does not have the required minus overpunch in
column 31 of the observation card. If the observation is

unknown, it becomes an untagged UO.

If the observation is unknown, it becomes an untagged UO.

(8) ELEVATION NEGATIVE (7). The elevation computed
from the declination by the General Reduction Program
is negative. If an unknown observation, it becomes an
UNTAGGED UO.

(9) PHI S GREATER THAN I (8). The computed sub-satellite
latitude exceeds the inclination.

(10) DF AZ NEGATIVE (6). A Direction Finder observation
has a negative azimuth.

(11) DF ELEVATION NEGATIVE (8). A Direction Finder
observation has a negative coniputed elevation.

(12) NON-CONVERGENT OBS (9). The computation of the
satellite latitude does not converge within the specified
number of iterations.

(13) SLANT RANGE (ZERO) (0). An observation with a zero
slant range has been encountered by the General Reduction
Program radar portion. If the observation is unknown,

it becomes an untagged UO.

P
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2.4.3.7

(14) UNTAGGED UO. An unknown observation has been
reduced against all the element sets and remains un-
tagged within the specified tolerances. If input options
specify, the observation will be written on the interim

tape and rereduced with large tolerances.

Miscellaneous Printed Output

matter and- their explanatlons follow

(1) PN MISSING SO’ PA USED FOR SAT xxx ELEM xxx -

The various comments.which may .appear.in the prmted

The nodal per1od at epoch is m1ssmg from the s1x‘“h card
of a seven card,set The anomahst1c per1od has been used
in its place '

(2) SATELLITE XXXX CARD XXX - OUT OF ORDER

An elemenf card is not in correct sequence, or an

: extraneous card is. contamed in the element sets. Th_e. ele~-

ments for the part*cular satelhte w111 n-ot be" stored in com= -

_ ‘puter memory, hence are unavaﬂable

.(3) UNTAGGED Uos REDUCED W/O TOLERANCES

T Al observat1ons wh1ch follow have prev1ously appeared

“as untagged uo! s, and have now been rereduced W1th large

.tolerances

" (4) END OF RUN 3 %k**:“**** ..

s A11 observatmns have been reduced W1th a spec1f1ed
tolerance " Any results- wh1ch follow have been reduced with
different tolerances.’
(5) UO S FOLLOW‘

All observations which follow on the page did not corres-
pond to any satellite, the elements of which were successfully

stored in computer memory.

1-2-10
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. (6) UNK stttk

The next observation is an unknown. The message
number is given. If the observation was a known observa-
tion which was treated as an unknown, the satellite number

is also given.

2,4.3.8 Flexowriter Output -
. The messages wh ch r:na}}- appe"a_r:.o'n'the .flllexov;/rit?er-",' ‘and their,-' s
explanatmns follow - - . . ) .

(1) SATELLITE XXXX CARD XXX OUT OF ORDER

An element card is not ‘in, correct sequence,. or an

_ extraneous card is contamed m the element sets The ele- -
. ments for the part1cular satellite w111 not be stored in computer-' -
. :memory, hcnce are unavallable - ) -
' '(2) MOUNT RIGHT STATION TAPE | RE _
. . '. : _. d ) The station tape is not ava11ab1e to the program. ; The
" program awa1ts the stop go opt1on e ;

(3) ILLEGAL LEAD C A.RD SKIP"’ED

An rllegal lead card (cf. Sec 2 3) is present in the K

”mput deck. : The program cont1nues accordmg to the last~:: " -
'.vahd lead card TR N ' ' SR
(4) MOUNT STATION TAPE ON 7 N
' The program is ready to run, but a.s'top go opt1on rs
‘ prov1ded 1n case the atatmn tape 1s requu'ed '

(5) REMOVE STATION TAPE U’7

The program run is complete, but a stop go opt1on is-

prov1ded to give time to'remove the station tape.

2.5 Processing
The program accomplishes its function of reducing observa-

‘ tional data to the last nodal crossing, one observation at a time.

However, certain preliminary operations must be performed prior

i-2-11
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to operating on the first observation, and as circumstances require, 't
prior to operating on subsequent observations.
2.5.1 Preliminary Operations

2.5.1. 4

The preliminary operations are initialization of various pro-
gram switches, examination of switch options, reading of station

coordinates from the station tape, reading of satellite elements

- ‘:fror_n cards, reading of station data from cards, and the reading of

the first observation lead card.

Initialization of Program Switches

... .Certain switches which will control the path of the program

are initialized to neutral settings.

Reading of Switch Option

The several program switch settings are read from the

‘ .,s"witc'h opﬁon card (cf. Sec. 2.3.1). These settings determine, G

. _aifﬁbng other things, whether or not the station tape is to be read

an& the interim tape rewound.

."'R'eading the Station Tape

If switch SS1 is set the station tape is examined; and if it is

identified as the station tape, the values of station number, latitude,

' longitude, and height are read into the appropriate array. If the

identification test fails, a STOP-GO option is provided to allow
the computer operator to mount the correct tape. GO causes the
program to examine the newly mounted tape for the proper identi-
fication. STOP causes the program to return éontr‘ol to the

executive routine.

Reading the Element Sets

The element sets are generally read as a single group by O
the subroutine ELRED. The program logic also permits their
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2.5.1.5

2.5.1.6

2.5.2

béing read in separate groups, providing they are identified by

an element lead card. Certain validity checks are made upon each
element set. If no gross errors exist, the elements are stored in

the element array for future use. If errors do exist, appropriate

error messages are generated and the element set is othérwise

ignored.

Reading of element sets is terminated by either a station
lead card or an observation lead card. Termination of reading
causes the satellite inventory, a listing of those satellites whose
elements were successfully read, to be generated as the first out-

put of the program.

ReadinLof Station Data from Cards

If a station lead card is encountered during the running of
the program, the data from the station card or cards which follow
the lead card are stored in the station data array. Reading of the
station cards is terminated by either an element iead card or an

observation lead card.

Reading of an Observation Lead Card

Each observation or group of observations must be preceded
by an observation lead card, which also specifies the tolerances
to be used, where applicable, to cause the tagging of unknown
observations. Table 2.3 specifies the codes used in card column
8 of the lead card and the corresponding values of the tolerances.
Following the reading of the first observation lead card the pro-

cessing of observations can begin.

Preliminary Processing for all Observations

The observations are read and processed individually. Prior
to the actual reduction calculations, tests are made for the validity
of the observation, the station coordinates are retrieved, the
appropriate elements are located and the observation type

determined.

1-2-13
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2.5.2.1

2.5.2.2

2.5.2.3

Testing of the Observation ‘:{

Certain fields from the observation card are checked for
validity. These fields are month, day, hour, minute, second,
elevation angle, and azirnuth angle. An error in any one of the
fields will cause the rejection of the observation with the appropri-
ate comment {cf. Sec. 2.4.2.6(3)). The program proceeds to

read another observation card.

Retrieval of Station Coordinates

If the several fields of the observation card contain no illegal
values, the station .number from the observation is compared to
that from the previous observation. If the two numbers do not
agree, the station data array is searched for the current station
number. If the station number is found, the station latitude, long-
itude, and height are retrieved, and station dependent quantities .f
are computed. If the current station number is not found in the |
station data array, the observation will be rejected with the
appropriate comment (cf. Sec. 2.4.3.6 (2)). The program proceeds

to read another observation.

If the two station numbers do agree, the latitude and longi-
tude are examined for zero which would indicate that the station
coordinates were not previously found. The observation is then

rejected with the appropriate comment.

Retrieval of Satellite Elements

If the observation is a known observation, the satellite
number is compared to that of the previous satellite. If they agree,
then the elements have already been retrieved and no search of the
element array is necessary. If the satellite number is not the same
as that of the previous satellite, the element array is searched via ‘

subroutine ELLCAL3. If the search is successful the nodal elements

1-2-14
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2.5.2. 4

2.5.3

are printed (cf. Sec. 2.4.2). If the elements are not found the
observation is rejected with the appropriate comment (cf. Sec.

2.4.3.6 (4)). The program proceeds to read another observation.

If the observation is an unknown cbservation, then the sub-
routine ELCAL3 will sequentially retrieve the elements from the
element array until the observation has been reduced against all

elements.

Subsequent to the retr1eva1 of the elements, perlgee dlstance
for the revolutlon at the t1me of the observatmn is computed. If
per1gee cnstance is less than one earth rad1us, computations will
e1ther cease in the case of a known observatmn, or continue with

the next element set ‘for an unknown observation. The appropr1ate

comment’ (cf ' Sec. 2. 4. 3 6 (5)) is pr1nted for the known observa- ‘

tron, a.nd another observatmn is read

If the perlgee d1stance computatron is satlsfactory, the actual
reduct1on computatmn is ready to be made on the basrs of the

ob se rvat1on type.

Determination of Observation Type

The observat1on type. a part of the observation 1tse1£, is
used to determme which of the three subsectlons of the program is

to be used’ for the reductron computatmns An 111ega1 observation

type w111 cause the reJectmn of the observat1on with the- appropnate ‘

comment (cf -Sec. 2. 4.3, 6 (1)).

Pro_cessing With the General Sighting Routine

The Géneral Sighting program processes only obs'erva_tions
in which azimuth and elevation angles, or right ascension and
declination are given. Slant range may also be utilized. The

general observation types which fulfill this requirement are

visual, radar and Baker-Nunn camera observations,

1-2-15




REDUCT Wolf Reseorch and Development Corporation

2.5.3.1 Special Processing of Visual Observations ‘E

Visual observations may be either azimuth and elevation
angles or right ascension and declination. If the right ascension
and declination are given, they are converted to azimuth and ele-
vation angles. A negative .ele'vation‘ angle computed from a known

, observation cadses an error message (cf. Sec. 2.4. 3.6 (8)) to
be generated and the program proceeds to process the next obser-. .'
vation.' If the observation is unknown, it becomes an untagged Uo.
.Computatmn of a p051t1ve e1evat1on angie causes processmg to '

contmue as 1nd1cated 1n Sec. 2 5. 3 3

2.5.3.2 Special Processigng of Baker -Nunn Camera Obs‘ervations'

Baker-l\iunn camera observat:ons must have r1ght ascensmn
"and dec11nat1on g1ven. These are converted to az1muth and eleva-
tion angles and the processing contmues as 1nd1cated in Sec.’ 2. 5 3.3, .
If the overpunch sugmfymg right ascension and declmatmn 1s mls§1‘ng,
an error message (¢f. " Sec. 2. 4. 3 6 (7)) is generated for a known
observatlon or the unknown observation is made an untagged UO

In either case, the program proceeds to the next observatzon.

2.5.3.3 Con'lmon Proces sing»of Visual and Baker -Nunn Camera Observations

Nelther v1sua1 nor Baker- Nunn camera observatmns have any

" range information. For this reason an 1terat1ve procedure is used
to determ1ne the sub satelhte p051t1on. The statmn 8 1at1tude )
and s1derea1 t1me are taken as: £1rst approx1mat1ons to the satelhte s
1at1tude and r1ght ascensmn, respect1vely, on the as sumptlon that -
the satellite is close to't.he station. . Fa'11ure ofAthe calculations to
converge causes an-error message .(cf.. Sec. 2.4.3.6 (12)) to be
generated for known observations. The program proceeds to the
next observation for the known observation or to the next element

set for an unknown observation. If the iteration produces the .
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2.5.3.4

2.5.3.5

satellite latitude within the specified limit, the latitude is checked
against the inclination angle. An unsatisfactory result causes an
error message (cf. Sec. 2.4.3.6 (9)) to be generated for a known
observation and the program proceeds to the next observation. For

an unknown observation the next element set is selected.

If the computed latitude can be on the orbital plane, processing

continues as indicated in Sec. 2. 5. 3. 5.

‘Special Processing of Radar Observations

The examination of the azimuth and elevation angle field for
a radar observation is identical to that described for a visual

observatioﬁ (cf. Sec. 2.5.3.1). However, radar observations

. include a range measurement, and this is used to determine the sub-

satellite position. An illegal range, i.e., negative, causes the

appropriate message {cf. Sec. 2.4.3.6 (13)) to be generated for

. a known observation, and causes an unknown observation to become
-an untagged UO. In either case, the program proceeds to process

"“‘the next observation.

If the range is valid, the satellite's latitude and right ascen-

sion are computed. The latitude is compared with the inclination

angle. If the test is satisfactory, the height residual is computed.

Processing then continues as in Sec. 2.5.3.5. If not.an error
message (éf. Sec. 2.4.3.6 (9)) is generated for a known observa-
tion, and the program proceeds to process the next observation.

If the observation is unknown, the program proceeds to the next

element set.

Common Processing of all General Sighting Observations

The longitude of the satellite, right ascension of the node,
the residuals of time and right ascension of the node are computed

for all general sighting observations. At this point the observation
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2.5.4

2,5.5

o

has passed the various gross tests and the residuals, be they

large or small, have been computed. The setting of switch

option SS3 determines whether or not the residuals for an
unknown observation should be compared with the tolerances. If
the switch is not set and the observation is unknown, the compari-
son is made. Failing the comparison causes the program to select

the next element set; passing causes the observation to be tagged.

If the switch SS3 is set, the tolerances are ignored. The observation
and the reduction results are then output for printing. The program
proceeds to process the next observation on the same observation
with a new element set, depending upon whether or not the current

observation is known or unknown.

Processing With the Doppler Routine

The Doppler portion of the program processes passive track
Doppler observations and Fence observations in which range rate ‘?
is the only information available. Consequently, only the time

residual is computed.

Preliminary calculations concerning the relative position of
the ascending node and the station are made to determine certain
constants for subsequent calculations. The argument of latitude,
true anomaly, eccentric anomaly, and mean anomaly of the satel-
lite are intermediate quantities used in determining the time
residual, the elevation angle and the slant range. The setting of
switch SS3 determines whether or not the time residual for an

unknown observation should be compared with the time tolerance.

Processing With the Direction Finder Routine

The Direction Finder portion of the program processes
observations in which the azimuth angle of the closest approach is

given. For this reason only the time residual is computed. Q
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The observation will be rejected with the appropriate
message (cf. Sec. 2. 4.3.6 (11)) if the azimuth is negative. If
it is positive the time residual, the elevation angle and the slant
range are computed. A negative elevation angle will cause an
error message (cf. Sec. 2.4.3.6 (10)) to be generated for a
known observation. The program proceeds to the next observation
or the next element set depending upon whether the negative
elevation angle was computed from a known or an unknown observa-~

tion.

If the elevation angle is positive, the setting of switch SS3
determines whether or not the time residual for an unknown
observation should be compared with the time tolerance. If the
comparison is made and the residual exceeds the tolerance, the
program proceeds to select the next element set. Otherwise the
observation is tagged and the reduction results for both the tagged
unknown or known observation are output for printing. The pro-
gram proceeds to process the next observation or the same obser-
vation with a new element set depending upon whether or not the

current observation is known or unknown.

Optional Reprocessing of Untagged Unknowns

Unknown observations which have failed to be tagged may be

reprocessed with large tolerances, depending upon the setting of

switches SS3 ox SS10. If neither are set, unknown observations
which have not been tagged are written on the interim tape follow-

ing the processing with the last available element set.

After all observations have been initially processed, the
tolerances are set to large values. The observations are then
read from the interim tape, ‘one at a time, and reprocessed with

all element sets.
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General Sighting Reduction Program

Input:

Orbital elements at epoch:

T, time of node _ N epoch revolution
P nodal period in days/rev_. : w argument of perigee
c . rate of change of period © rate of change of w
d rate of change.of c S w rate of change of @
Q - right ascension of ascending q perigee distance
node ' .
. P , q rate of change of q
2. rate of change of Q o q rate of change of q
o : ,
Q '1.:ate .of cha_nge of Q . To epoch of decay
S inclination of orbital plane equation .
e " eccentricity .. A ‘

Sighting data:

¢ ~ Latitude of station-

A Longitude of station west
H I . height of station -

t, time of obser.vation.
either a - right ascension

.6 . declination
or Az azimuth "’

‘h elevation .
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2.6.1 Formulation for the General Sighting Reduction Program

1) at = t; - T,

2) RA = RA+RA At+ — RA (41)°
W = wtd At+ -%- & (ayn?
3) P, = 360° P/(360° - & P)
4 a= (P, /. 058672947) /3
’ [ o L - 2

5) . P, = P_+ P At + 1/2°P (At)

6) a' = (P, /. 058672947) 2/ 3

7). . If g not givén: U -q"',-= a(l-e), Go to 8
’ R ¢ q given: - At = T(; -t

§= q¥qat’+ /2 § (at)

8)

9)

1y e, = {8y }' 98565 (Day of Year of Obs)

- + 360, 98565 (Fract._of day) + N ]. 0. < 8, < 360

12) If a given convert o from hours to degrees
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2.6.2 The following Equations are for Baker-Nunn and
Visual portions only. Radar is listed separately
13) If this is a Baker Nunn observation: Go to 14
If not: Go to 20
14) i & <-23° if s > -23°
) o
agp, = -53123888°- a ag,, = -65918611° - a
Zy, = -53138889° Zypn = . 65941945°
o 0
Bpn = . 46215278 ebn = .57353333
- ebn
15) p = sinBy, (tan$ + tan —— COs aobn ) .
-1 .
16) apn - 23obn = tan (p sin aobn/( 1- p cos agpp))
- 17) a = -(apn t Zpn)
18). Yy = cos ({(apn + 2gpp )/ 2)-tan (ebn/Z)sec ({ apn - 20bn) / 2)
19) 5 = 2 tan l(y) + &
20)°  If o given: Go to 2l
' If not: Go to 25
21) H= 6+ a ("a'"" as in input)
C . 22) h = sin_1 (sin ¢ sin & + cosd cosd cos H’)
- If h < 0, Return for next obs.
23) sin (Az) = - cos § sin H // cos h
24) cos (Az) = (siné - sin¢ sin h)/ cos ¢ cosh
25) o’ = tan"! (. 99329985 tan¢)
26) RAS = 6
7 /
¥; 7 ¢ |
2 1/2
27) R, = .9966443/[ 1-.00670015 cos” ¢ ;] + H/ 6378.174
28) If ¢f 21 : u=9o°(x51gnof¢’j), Go to 31

T T A R R D -t e T

If(bg <i : Go to29
1-2-22
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29)

30)

31)
32)
33)
34)
35)
36)
37)

38)

39)

40)
 41)
42)

43)

44)

o~

/ -
u = sin 1(sin¢j’/sin i)

180 - v’

If cos (RAS—RAI)< 0: u

]
[+

If cos (RAS-RA,)z 0: u

7

r = a,(l -e’z)_/(l + e’cosv)

-1 "
a = 90 - sin (cosh/(1+H))-h

-1 ; .
sin ~ (cos a sing + sin acos ¢ cos Az)

sin” " (sin a sin Az/cos ¢lj+1 )

>
-
1

RA_ = (8+AL) 0< RA_ < 360

i i[o,, - 6. -107% <0 : Go to 39

RRR S

If20, j+1~ j: Go to 27 unless observation
does nct converge within the specified number
of iterations. In this case, return for next

observation.
4
If ¢j+1 2 i: Return for next observation
’
If not, ¢j+1 — ¢g : Go to 40
L = W+ AL), 0< L, <360
If i = 90°, aX = 0: Go to 43

’ -1
AN =(sin " (tan ¢S/tan i)

Fcosu< 0: AN = AN -7

Ifcosuz 0: AN ==an’

RAN = (RAS+A)\ ) 0<_R.AN_<. 360
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¢

45) E, = 2 tan”" (" tan v/2)

" - —1 " /
46) E‘RA = =2 tan  (e”tan (w/2))
47) Mg = Eg-e sin E
48) Mpa = Egp - ¢ sin Egy

4
49) Tp = t; - (Mg - Mpa )/360) P, 0 < (Mg - Mp,) < 360
50) AN = (Tn - Ty )/P; (the integral portion thereof)
X 2 3

51) T, = Tg+ P AN+ c{AN) + d (AN)
52) If |T,-T,| < P/2: Goto 53

If not, then when: (T, - T;) > 0, set AN = AN-1, Go to 53

-T) = 0, Goto 53 ‘
x n
(Tx-Tn) <0, set AN = AN +1, Go to 53

(T

2

1
0)

53) RA, = RA + RA (T, - T,) + — RA (T _~T

54) AT, = T, -T

* X

ARA:R.A.n-Rx

Qutput :

”
N, w°, Tp AT, ¢ L. RA%, ARA O, H', Km

1-2-24



Wolf Research and Development Corporation REDUCT

2.6.3 Radar Portion of General Sighting Reduction Program
Input:
Same as for other portions of General Sighting Reduction
Program with exception that p (slant range) is included
as part of sighting data.
‘Equations:
1) - 12) Same as in G. S.R. P
13)-19) ©  Sames as 20 - 26 in G.S.R. P
2 /2 .
20) Ro = [.996643/(1 - .00670015 cos” ;)] 7 “ + H/6378.174
21) R"= [R_ %+ (p/6378.174)° + 2 R (p/6375.174) sin nj/2
' -1 " .
22) -a = sin_ (p cos h/6378.174 R )
23) If a < 0: Return for next observation
Ifa> 0: Goto 24
24) by = sin”? (sin ¢ cos a + cos ¢ sina cos Az)
25) AL = siﬁ-l (sin a sin Az/cos ¢as)
" cos AL =(cos a - sin ¢/ sin 4>; / cos &’ cos <|>/S)
If cos AL<0: AL =180 - AL: Goto 26
If cos AL > 0: Go to 26
26) _RA_, =(8+AL), 0< RA < 360
27) If ¢, > i: Return for next observation '
If not: Go to 28
/ , =1 X s s
28) u” = sin ~ (sin ¢S/sm i)
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29)

30)

31)
32) - 46)
' Outfut:

=

/ ’
If cos (RAg - RA)<0: u =180 -u

If cos (RA, - RA)> 0: u=v’
/ .
v = u-~-w
r = [ a’(1- e’z)/(l + .g'cos v)] 6378.174

same as 40 - 54 inG.S.R.P

.Same as in other G.S. R. P. except that R”, observed
" height, is included.

-
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o ..

4

Direction Finder Reduction Program

Equati;)ns:
1) - 11)

12)

13)

14)

15)
16)

17)
18)
19)

20)
21)

22)

Input:

Same as for General Sighting Reduction Program
except that elevation - declination is not given.

Same as in G.S.R. P

AN = gt
-1 .
(u+ Au) =tan (tan A\ /cos i)

If cos AN > 0: Go to 17

If cos AN <0: Go to 16

If(u+ Ay > 0: (ut Au) = (u+ Au) - 180

f(u+t+ Ay < 0: (u+ Ay = (u+ Au) + 180
’ . . .
¢y = sin (sin (u+ Au) sin i)

o = tan ' (.99329985 tan ¢)

If Az< 0: Return for next observation

IfAz?_O: Go to 21

If Az - 180 < O: Azi = Az

If Az - 180 > O: Az; = Az - 180
/ ~5

If Az - 10 < 0: Go to 24
’ 5

If Az; - 107° > 0: Goto 23

-
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23)

24)
25)
26)
27)
28)

29)

30)

31)

32)

33)
34)
35)
36) - 43)
44)
45)

46)

‘ﬁ
1
¥ |a¢| -107° <0: Goto 24 . L

5

¥ | a¢’| 1072 > 0: Goto 25

u = ut+ Au: Goto 35

sin n = siﬂ AN /sin(u+ Au)

cosm = tarx¢x /tan (u + Au)

cot Au = (cos n/tan A¢’) - ({sin n/(‘sin A¢'tan Az;)

Au = ta.n_1 (1/cot Au)

If Au< 0: Goto 30
If Au =0: Goto 34

If Au > 0: Go to 32

If Au+90 < 0: Goto 31 ‘*

If Au > 0: Go to 34
Au = Au+180: Go to 34

If 90 - Au < 0: Go to 33

If 90 - Au > 0: Go to 34

Au = Au - 180

=
n

(u+ Au) - Au
4
v = u- w
Sameas 45 to 52 inG.S.R.P
ATn = Tp- T,
sin ¢; = sinusini

R = [.9966443/(1 - . 00670015 cos® ¢;]‘1/2 + H/6378.174 ﬂ
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47) r=2a (1- e’z)/(l + e’cos v)
48) H'= (r-R) 6378.174
49) R, = [.9966443/(1 -. 00670015 cos® q;;)]l/2

50) - 52) Same as 41 - 43 inG.S.R. P

53) Ai = A+ AN

54) AN o = -\ - A

. . 7 R / / /7

55) cos L, = sin¢gg sing + cos¢g cosd cosA N,
56) tanh = r cos Ly - Ry /r sin Ly

57) If h< 0: Return for next observation

Ifh > 0: Goto 57

‘ 58) p = (Ro2 + 12 .2 R, r cos Lo)l/2 6378.174

Output:

N, TN, At‘n, p, H, h,
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2.6.5 Doppler Reduction Program
Input:
Same as General Sighting Reduction Program except
that elevation - declination and azimuth-right
ascension are not given.
Equations:
1) - 11) A Same as in G. S. R. P
12) A, =[RAS6G], 0 Ay < 360
13) Aa =X, -\ Aa.=.)\n-x
14) If Aa < 0: do to 15
If Aa > 0: Goto 17
If Aa = 0: Go to 19
15) I£ (Aa + 240). < 0: Goto 16
| If (Aa +240) > 0: Goto 19
16) - Aa = Aa + 360: Go to 19
17) If (Ao -'180) > 0: Goto 18
If (Aa - 180) < 0: Go to 19
18) “Aa = Aa - 360
19) Aay = N - ‘x + 180
20) I Aa; > 0: Goto 21
If Aa; < O: Go to 22
21) Aoy = baj, 0< Agy £ 360
22) If (Aaj - 180) > 0: Go to 23

If (Au.1 - 180) < 0: Go to 24
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23)

24)

25)

26)

27)

28)

29)

30)

- 31).

32)

33)

34

35)
36)

37)

38)

Aa, = Aal- 360

1
If ¢ > 0: Goto 25

If $ < 0: Go to 27

If (Aa + 180) > 0: Goto 30
If (Aa + 180) < 0: Go to 26
Aa = Aalz Go to 31

If Aal > 0: Go to 28 .

If Aa1< 0: Go to 29

If (Aay - 90) > 0: Go to 29

If (Aay - 90) < 0: Go to 31

Aa = Aal

Ci3 =1

Cis5 =1, Goto 32

Ciz = -1

Cis = -1

cos. ¢ = cos|¢l cos lAal

sin ¢ = (1 - <.:oszc)1/2
Y | sinlé' |

‘3, = sin sin ¢

If Cjg > 0: Goto 36

If C15 < 0: Goto 37

If Aa > 0: Goto 37

If Aa < 0: Go to 38

180 -p-1i, Goto 39

<
1]

l6- 1]

<
]
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, =1 ; :
39) d = sin [ (sin c) (siny)]
40) u’== cos_ ! €08 ¢
cos

41) If cosc < 0: Goto 42

If cosc> 0: Goto 43
42) ¢ = 180 -4
43) If ¢ > 0: Goto 44

If ¢ < 0: Goto 46
44) If (u'Cy3) > 0: Goto 45

If (W'Cp3) <0: Goto 46
45) u = u’, Go to 51
46) u = 180-|u'l‘: Go to 51
47) u = u + 180
48) If (u”-C13) > 0: Goto 49

I (0“Cy3) < 0: Goto 50

”
49) u = u, Goto 51
50) u = 360 - |4
51) v u- W
52)-59) Same as 45 - 52 in G.S.R.P
60) ATn = Tn - Tx
61) " = tan™! (.99329985 tan ¢)
-2 nl/2

62) R, = .9966443/[ - . 00670015 cos” ¢] + H/6378.174
63) r = a'(l - e’z)/(l + e’ cos v)
64) h = tan"! [ (r cos d - R)/r sin d]
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‘ 65) If (h-90) = 0: Go to 66

If (h-90) %X 0: Go to 67

66) p = r-R, Goto 68

67) p = 6378.174eresin d/cos h
68) d = 60d

Output:

N, T, AT, d, h, p
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2.7 Glossary

Location Symbol Meaning

A a Semi-major axis

AAl Column 1 overpunch from observation card

AA2 Column 25 overpunch from observation card

AA3 Column 31 overpunch from observation card

ALPHA o Angle used in intermediate comp. (see Fig.2.1)

APRIME d Predicted semi-major axis

BNA OBN Baker~Nunn section; right ascension of sat.

BNAO 20BN Baker-Nunn section; equinox constant

BNGAM » YBN Baker-Nunn section; angle gamma

BNTH 0N Baker-Nunn section; equinox constant

BNz ZBN Baker-Nunn section; equinox constant

cB, Cl5 Ci13» C15 Doppler section; quadrant conversion constants

C2PI 2w Constant = 6.28318531

C c Rate of change of period (days /rev. 2) ‘

CLR P Slant range in earth radii

COSET Cosine of 1, (See Fig. 2.2)

COSHD Cosine of elevation

COSI Cosine of inclination angle

COSP, COSPR Cosine of geocentric latitude of the station

COosz Cosine of azimuth angle

COTU DF section; cotangent of A

D d First derivative of rate of change of period

DA Control section; day of observation

DA Doppler section; predicted longitude difference
between station and nodal crossing

DAl Aay Doppler section; Aa+

DAY Observation time in days of year

DB ] Doppler section; intermediate angle
(See Fig. 2.1)

DD a’ Doppler section; arc distance from station
to subsatellite point

DEG Conversion constant, radians to degrees ‘

DELL AN

Longitudz difference between station and sub~
satellite point ’ :
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DELN AN Difference between epoch revolution and
the revolution of the observation

DELRA ARA Computed minus predicted satellite right
ascension

DELT Aty Time difference between observation and

epoch times.

DELTAT At Time residual (observed minus predicted
time of nodal crossing)

DELTN Aty Time difference bet ween observation and the
preceding ascending node

DF Direction finder

DFL AN DF section; right ascension differencs
between station and ascending node

DG Y Doppler section; angle gamma

DH AHg Height tolerance in kilometers

DI i . Inclination angle

DLW )\IN " Doppler section; predicted longitude of

) ascending node

. DRA ARA¢ Right ascension tolerance limit in degrees

DT Aty Time tolerance limit in days

DTCMP TN Predicted time of nodal passage

DU ’ 0 Doppler section; computed argument of
latitude of satellite .

E e Eccentricity

ELEM Elelment number ]

ELEMR,ELEMW - Arrays used to store element sets

ELS - Ly Longitude of subsatellite point

EMRA Mpn Mean anomaly, node related

EMS Mg Mean anomaly, satellite related

EN Nobs _ Revolution number at observation time

EPRIME e’ Predicted eccentricity at time of observation

ERA EN Eccentric anomaly of ascelnc-liéng node

ERAD Intermediate quantity, T

ES Eg Eccentric anomaly of satellite

FORDE ' Contents of col. 80 of element card

‘ FRACT Fractional day portion of observation time
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GI i
GIVEN N
GL Mg
H
HDEC 5

HLS
HM
HO h
HPPRI H"
HPRIME HA
HR

HS

IELR

IEYEL

©

IEYE2
IFLAGIL

IFLAG2

IIEYE]
IIEYEZ
IIPEYEL
IPEYElL
IS

ITAG

"ITCH

ITERK

ITL

ITY
IYR
JB

Inclination angle

-

Epoch revolution number
Station longitude
Station height

Declination or elevation angle from
observation

Slant range

Minute of observation

Doppler section: elevation angle
Height of satellite above earth's
Hour angle

Hour of observation

DF section: object height

.Array of satellite and element numbers

Obs ID (satellite number and last digit
of year of observation)

Obs ID (hour and minute of observation time)

Switch: 1 = known observation
2 = unknown observation ‘]\
Switch: 1 = elements found ’
2 = elements not found

Obs ID, (month and day of observation time)
Obs ID, (seconds of obs x100)

Same as IIEYEL

Same asIEYE!]

Input card number or card type

Tag switch: 1 = UO tagged
0 = UO not tagged

Switch set for type of General Reduction:
negative for Baker-Nunn; zero for visual,
positive for radar

-Upper limit of number of iterations for

convergence in computing geocentric latitude
of the satellite

Tolerance switch: determined by observation
lead time

Equipment type used by observing station
Year of observation ( )

Switch set to 1 for unknown obs., which
indicates that residuals are to be tested
against tolerance limits; otherwise set to 0
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JCLS

JJ
JT1
JT2

KAT
KEL
KSTA
KTAP

KUFO

LEM
LEND
M
MLAST
MO
MOUT

MSG
MT

NAT
NDCT

NouUT

NSTA
NUFO

Switch 1 = classified observation
0 = unclassified observation

Number of stations read from station tape
Input tape
Output tape

Switch indicating which section of program
to process obs: 2 = General

3 = Doppler

4 = Direction Finder

Satellite number
Number of element sets read
Station number

Switch normally set to 1. Set to 2 when all
UOs written on interim tape

UO switch: -1 = known observation

0 = compute vector (General Radar)

1 = vector previously computed
2 = initial setting

Element number

Card type

Satellite number fromobservation card
Previous satellite number

Month of observation

Output indicator for type of General
Reduction used

Observation message number

Heading switch: 2 = no heading necessary
for General
3 = No heading necessary
for Doppler
6 = No heading necessary
for DF

Epoch revolution number
Satellite number

Control section: Switch set negative when
necessary to obtain new obs from input tape

Set to $ when time of obs. precedes epoch
by more than four days

Station number from observation card

Previous obs. unknown switch. If previous
observation was unknown this switch is set
to non-zero
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PA

PAPRI
PEYEM

PHI

PHIPJ, PHIPJ!
PHIPL

PHIPR

PI

P12

PM

RSMALL

SAT
SEC
SHS
SINAL

Anomalistic period in days per revolution
Predicted anomalistic period

Satellite number

Geodetic latitude of station

Geocentric latitude of satellite
Geocentric latitude of station

Geocentric latitude of station

Constant = 3.14159265

Constant = 1.57079633

Nodal period at epoch in minutes per revolution
Nodal period at epoch in days per revolution
Perigee distance in earth radii

Rate of change of perigee distance (er/day)

1/2 second derivate of perigee distance

Right ascension of ascending node at epoch
Predicted right ascension of ascending node
Conversion constant, radians to degrees ‘

Right ascension of ascending node at
observation time

Right ascension of subsatellite point
Rate of change of RA

1/2 second derivative of RA

Radius of earth at subsatellite point
Radius of earth at station

Predicted RA at observation time

Difference between observed and predicted
height

Distance from center of earth to given sub-
satellite latitude

Radial distance of satellite from center of
earth

Satellite number

Seconds of observation

DF section: elevation angle

Sine of angle, d'(see Fig. 2.1) .
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SINET

SINI

SINP, SINPR
SINZ

SLR

SO

SS1

SS3

SS8

S589
SS10

Css11

STAIN

STEL
TANI
THETA
TLHS
T™MO
TNDF
TOD
TOF
TOT

U

UDELU
Uo

WDOT
wWDDOT
WPOLY

XAT

tfra.c

€ € <«

g >

© €
w

DF section: sine n (see Fig. 2.2)
Sine of inclination angle

Sine of geocentric latitude of station
Sine of azimuth angle

Slant range

Doppler section: slant range

Input switch to inhibit station tape

Input switch to eliminate tolerance limit tests
and to inhibit the interim tape

Input switch to run all observations as
unknowns.

Input switch if teletype output desired

Input switch to eliminate re-reduction of
untagged observations; inhibits interim tape

Input switch if q-term supplied

Array of station coordinates read from
station tape

Working array of station coordinates
Tangent of inclination angle

Sidereal Time at station

DF section: tangent of elevation angle
Month of observation

Predicted time of node

Integer portion of epoch time
Fractional part of epoch time

Epoch time

Argument of latitude of satellite in orbital
plane

DF section: p +Ap

Unknown observation

True Anomaly

Argument of perigee

First derivative of argument of perigee

1/2 second derivative of argument of perigee
Predicted argument of perigee

Station latitude

Tens and units digits of satellite number
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XDAY
XDEC

YDAY
YR
YRA

ZPRI
ZRA

Smithsonian day at epoch time ‘}/

Five least significant columns of elevation
angle or declination field

Station longitude
Observation time in Smithsonian days
Year of observation

Six least significant columns of azimuth
angle or right ascension field

Station height

' DF section: predicted azimuth angle

~ Azimuth angle or right ascension of satellite
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Locol Vertical . Satellite
\
N
Y-
EL. > Local Horizon
h‘
R,
Aa*
Rl
Y
\
A
Illustration of Angles §3, a
Figure 2.1
Sotellite Orbit
Satellite
—_— Equator
K1)

Illustration of Angle n
Figure 2.2
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G

START

:

. Initialize
Constants

]

Read Toggle
Option Cord

]

Rewind
interim Tope
If Needed

s
Stotion Tope
Required P

of Station’
Jope Correct

Store Write Msg.
Station Data MOUNT STA]
" in Arrays TAPE

EY;
Read and Examine Input Data

O

T © i
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Last Card y
Read Valld et
Leod Cord?
Write Msg,-
ILLEGAL LEAD|
JICARD SKIPPED
P
Station

Does Lead \Element

Card
Indicate?
Observation
19000

L 1700
. Read ond

Store Station
Dato in Arroys.

19004
@ Set Normol

Tolerances

KEY:
Perform Control Functions for Observations

Read and Store Elements in Arrays

TOLPK Retrieve Tolerances from Table

O ®
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(=2) G
g
9600
Append
Sta. No. |
to Msg. J
End of
Reduct.
Against Al
Elements ?
Ciear
UO Switch.
Ob. Tagged?
{
Output Meg.|
UNTAGGED
Vo
Re~Reduce
vo?
796
write Ob.
KEY: On Interim

Tape
Continue Control Function

Obtain Next Element for Computations ° ‘
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All UOs
Writtén On
Interim Tope?

Decrement
Card Count.
All Obs.

. Processed?

; Reod
Next

Cord

Yes

End of All

No input Dota? ).YES
Col. 7940
5003 ¥ 9507

Write

Ob. Type = 07 Teletype
R Ending
Cols.4,5:0 Sentine!
EXIT

End of Obs,
ls. Stotion
Numberz C?

Test Validity of Lead Card
Process an Unknown Observation, If Any, From Interim Tape

Read an Observation From Interim Tape

Continue Processing Observation

®®EE
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Yes Re-Reduce
uos?
Clear Switches,
Output Msg.-
END OF RUN
Any Obs,
Yos /on Interim D2
Topo? 19802
Empty
SRS
s
REDUCED W/0 Buffers
TOLERANCES
l A3
Set Large
Tolerances
Qo
19500
Read Obs.
From Interim |
Tape
Cbaervation \ Yes
Typeso?
19501
Rewind
Scratch Tape
KEY:

Continue Processing of Unknown Observation

. Perform Control Functions for Obs.

from Interim Tape
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8000

Remove
Overpunch
From Ob. Where

Necessory

Object Position
Specified By
RA and Decl.?

Yes

6980I

Convert RA
To Degrees

DMS

Yes

Observation
Classified 7

9920

‘ Set
Clossified Obs.

Switch

All Obs,

Treated
As LOs?

Set Sot.
Number to

Zero

>
{ 9924

Form Ob.
ID From
Sat. No. And
Dot e-Time

.‘ KEY;

@ Examine Observation for Legal Fields
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Any Iliegal
Fields

in Ob. ?

6807

[set UO Switch |  Outpul Msg-

For Known IMPROPERLY
Observation LOGGED

Can Station
Coordinates Be
Located ?

)

1614
Output Msg- Comp}lfl
NO STORED Dosptcor:l;o.rr'lf
COORDINATES Quantities

Known Or
unknown
0b.?

Unknown

Are Stotion
Coordinates
valid?

KEY:
“ Perform Control Functions for Unknowns

Return to Control Portion of Program

Determine Observation Type
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REDUCT

From

399

Set UQ Switch,
Clear Last Sat.
No. Switch, Cleor

Tag indicator

Previous Ob.
vo?

9975

Output Msg.-
UN K 333 3060 %

All Obs.
Treoted
As uos ?

is Ob,

Tope ?

Interim

10398

Output Heading
U0s FOLLOW

KEY:

] oo

' Set Previous
Ob. uUC
indicator

@ Continue Processing Unknown Observation

1-2-49
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 {)

Type <14,
30 1039,
or 8t 7

Set Switches: ‘
General Sighting,
Visual

Set Switches:
General Sighting,

Boker—Nunn

Observotion
Typei4-197?

Set Switches:
Genera! Sighting,
Roadar

Set Switch: ves /Observation
Doppler Type=42?
5035
AlO Set Switch: . Qutput Msg.— |
Direction UNDEFINED
- Finder OBSERVATION(2)

() )

KEY: '
Perform Control Functions for Observations

Obtain Element Set for Computations
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REDUCT

»

3339

3336

Set Pickup
Of Current
Element
Set

|

.

Found ?

Sat. No.
Equoal To. »
Previous Noy

9301

3334 -
Elcmmo )

Obtain
Nodal
. Elements

Output Msg-|
INO ELEMENTS)
IN SYSTEM

KEY:

® @

of Program

. Retrieve Element Set
from Array

)

Perform Control Functions

Return to Control Portion Convert Time

Check Epoch vs. Obs. Time
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¢

901!
Output
Elements And
Tolerances
Cleor
Previous Obs ‘
UO Switch /
o) ¥
9310
Set Teletype
Ending
Sentinel
Al2
KEY:
Make Preliminary Checks on Observation
Convert Smithsonian Day to Day of Year ‘
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REDUCT

General

KEY:

®® G

»
N
[

®

T e+ e Tl

Sighting

y 8990

Calculations
To Be Used?,

Doppler

9312

Compute
o, ¢q

Direction
Finder

Return to Control Section of Program

General Sighting Reduction

Doppler Sighting Reduction

Direction Finder Reduction

1-2-53:

FACREI

4200

Output Msgq:
QPRIME LESS
THAN OME

|
2

Set Previous
Satellite No.
To Zero

(&)

Perform Control Functions for Observations
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Known Obs,
First Or
Second Poss

470

Set
Second Poss
Switch

3N
Set Obs.
Type To
VIS

U0 From
Interim
Tope ?

Yes

Boker-Nunn

Minus ?

Compute
Elevation,
Azimuth

KEY: @
@ Return to Control Program

Preliminary Computations
@ Bypass Previous Computations,
Continue Processing
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Compute
Sidereal Time
Of Station

Elevation,
Azimuth

Given?

Yes

303

Compute Campute
s'.""‘ Hour

Cosine Of Anat :

Azimuth ngte

Compute

Cosine Of

Elevation
Angle

omput Sine Of
@ E?ovo‘;io.n No /RFievation Angle\ Yes
Angl Greater
ngle Than | ?

Compute
Etevation
Angle

Elevation
Y
Angle Neg.? Jc

Compute
Sine, No
Cosine Of vo?
Azimuth \ /
J 4010

Output Msg.:
NEGATIVE
ELEVATION
KEY:

Continue Processing :
@ Return to Control Program
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¢

Make First
Approximation
Longitude

of Node

Radar Obs 7

4317
Permit Permit
Upto 6 Up to 12 )
iterations Iterations ’

(49 (&9

KEY:

Begin Approximations to Geocentric Latitude
: of Satellite

Computations for Radar Observations
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4319

Compute
u,v,r

Compute
a,Sina,

¢l A
70U

@ Compute
g,Siha,
]

Sin?®

Yes

Compute
P Sina A

772

Compute
AN

KEY:
@ Return to Control Program

. @ Test for Convergence of Computations
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¢

Al7

774

Compute

Sat.
Lotitude
Exceeds -
Inclingtion,

Yes

of Iterations
Exceeded 7

Output Msg.:
NON-

CONVERGENT

08s.

KEY:

Return to Control Program

®
OOOG

Return to Next Iteration

Test Range of Satellite Latitude and Inclination

Continue Processing
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Sat.
Latitude
Close to
Inctination?

y 3426

Adjust
Sat.
Latitude

Output Msg.:
PHI S GREATER

? Yas

Raodar Obs,

10

Compute
v, &K

. - 413 .l}e
328

Compute
Lg.RA,

Lo

Compute
At,ARA

KEY:
@ Return to Control Program
Final Computations General Section

1-2-59
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J)

330

Convert %,
u,Lg,RAy,
ARA to Degree:

331
‘ Set
AHs:'O Obs Typs to
ROR
l 7700
Convert
AHto km.

Toler No

Etiminated %/

No

Al
Tolerances
Met P

7707

Set Sat
Tagged
Indicator

(3

KEY:

Return to Control Program A
¢
Output Results ‘
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REDUCT

Teletype
Requested?

¥ 28302
Output Obs.
Reduction in
TELTYP Formet

Required ?

Output
Poge Heading

e
¥ ORDI

Output Obs.
Reduction

P N

Clossified
obs. ?

KEY:

@ Return to Control Program

1-2-61
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556

Set Switch
to Indicate

Second Poss

Slant Range
>o0f

580
Compute Yes No
Sing®
° 4550
. Output Msg.
SLANT RANGE!
ZERO
(=)
Compute
@, aL
(e2)
Compute
Qg
KEY:
Return to Control Program
See if Reasonable to Continue Computations
with Current Element Set
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No Yot
vo?

y 760

Interim Yape
Inhibited ?

KEY:

Return to Control Program

Test Range of Satellite Latitude and Inclination

®©

8\8 Final Cornputations for General Section

1-2-63

T EE A FRALE L 2 7o e a——




REDUCT Wolf Research and Development Corporation

(Doppler)
! 240

Compute

Aa
20 / \\ >0
aa’?

202
<
aa+21r OS( ag-7m 7 Y=2
l y 204
y aa-21mr
205
Compute
aa,
206
sa -2

KEY:

Set Fiihal Quadrant Constants
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REDUCT

{Doppler)
2

e

L 209

AatAa1

Set Quod.
Constants

(=3

KEY:

Begin Doppler Computations

1-.2-65

213

Set Quad.
Constonts
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¢ 7710

Set Togged
Switch

(=9

KEY:

Yes /Residual Within

¢
©

220

Compute

, Y, 80,
) L]

U, u, v

lz-zz

Compute
At, ARA

Time

Tolerance
Limit?

A3 Return to Control Section

Output for Doppler
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(Doppler)
4

Output Ob.

Reduction

in TELTYP

Format
1
° 6404
Qutput
Heading Output
and Cb. Ob.
Reduction Reduction
KEY:

Return to Control Section

1-2-67
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(Direction
Finder) @
1 ‘

600

Compute 6,

ax,(u+au),

@ 8%
AZ Nagative?
Output Msg-
OF AZ
NEGATIVE
609
e Az':Az Ar's Az =TT
Yes
Az' >107%?
6l2
Recompute
{u+au)
’l 613
KEY: Compute
U,V

B3

)

Return to Control Section

Continue Processing DF Observation

1-2-68
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{Direction @

Finder)
2 615
Compute
At,ARA

Tangent
of Elevation
Neg.7

Yes

Toleronce
Limits
Eliminated:

Yes

[ ser Togses

Switch

@ .

KEY:
@ Return to Control Section
@ Output for Direction Finder

1-2-69
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(Direction
Finder)

3

KEY:

Output Ob.
Reduction

in TELTYP|

Format

Teletype

Requested

Heading
Required ?

Output
Heading
and Ob.

Reduction

(=)

Return to Control Section

6504

Output Ob.
Reducticn

)
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REDUCT

(Subroutine
ELRED)

KEY:

Read Element Set

830

No/ s1ation or o

8501

Read
One
Corg

Either Eiement
Leader Cord or
Seventh
Element Card T

Either o\

N Yos

Obs. Leoder
ag ?

Error Msg |
ICARD OUT OF
ORDER

Output

Sateilite
Inventory

Any
Element
Cords Read

Yeos

Any
Element
Card ?

1-2-714
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(Subroutine
ELRED)
A31
16
Reoad Element
Cards Two
thru Five

Any Out
of Order ?

Yes

100!

Reod
Card Six

Nodo! Period
Given ?

- Output Msg: Retrieve
PN MISSING Noda!l Period
SO PA USED ond C-Terms

) ¢

KEY:

830 Return to Card Read

1-2-72
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7-Cord
Element Set?,

NoO

Read
Card Six

Cord Out
of Order ?

Sfore
Elements

¢
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REDUCT

(Subroutine
ELCALS3)

Seorch for
Sot. No.

v e

Set Unknown
Sat. Switch.
initiolize
Sot. No.

e

Set Sat. No.
to that of

Next Elements

Obtain
Elements

Al
Elemants
Used 7

indicote
All Elements
Used

Return
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3.1 RQOC, Radar Orbit Computation
‘ 3.2 Function

The orbital elements of a satellite are computed from either the
radar observations of the elevation angle, azimuth angle and slant range, or
directly from the geocentric rectangular coordinates and velocities.
The programis useful in obtaining orbital elements for newly launched
satellites, in generating a new set of elements for satellites that have
not been recently sighted, or in correcting the slements of a satellite.

A predicted orbit can be based on as few as three consecutive
observations recorded along a single tracking run of a big radar, such
as Millstone. An odd number of observations must be supplied. The
move observations given the better the results. The midpoint of
the radar run is first determined. Then the other points are picked
up in pairs, on either side of the midpoint, and effectively averaged.
The time span between individual pairs should be greater than forty
(40) seconds. The geocentric rectangular coordinates of the midpoint
are then determined and the elements computed.

‘ If the geocentric rectangular coordinates and velocities of a
point are used as input to the program, the averaging procedure is

skipped and the orbital elements are computed directly.

3. 3 Input
A request card precedes either input option (1) or (2). The
format of this card is as follows:
Cols. 1la3 Option (1) - Number of observation cards to be
read. Must be an odd integer between
3 and 999.
Option (2) - field ignored
Cols. 6-17 Alphanumeric satellite name or identification used
in output.
Cols. 18-35 Alphanumeric date used as part of identification

for output.

Col. 41 1 - element cards requested as output
Col. 42 1 - Option (1) - x,v,2,%,V, 2
. printed for the midpoint of the
observations.

- Option (2) - field ignored

1-3-1
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om+2 om+3 Satellite

g ) Path

Rodar
Sigtion

Representation of a Radar Run

Fig. 3.1
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Cols. 72-80 Must be blank.

Input option (1) should be used if orbital elements are to be
computed from radar observations. Option (2) should be selected
if the orbital elements are to be computed from the geocentric rec-
tangular coordinates and velocities of a point in space. The input
decks should be as follows:

1. Radar observations supplied.
1. Request card
2. Slandard station card
3. An odd number of observation cards (3 to999)
in order of increasing time.
4. A card with a nine (9) punch in column 79,used
to signal the end of the data deck.
2. x,v,2,%,y, and z supplied.
1. Reguest card
2. Rectangular coordinates in the following
format:
Cols. 1-14 x in kms.
Cols. 15-28 vy in kms.
Cols. 29-42 =z in kms.
Cols. 43-46 Year of epoch
3. Velocity components in the following format:
Cols. 1-14 x in kms. /sec.
Cols. 15-28 v in kms. /sec.
Cols. 29-42 z in kms. /sec.
Cols. 43-56 Day of year of observation
of coordinates.
4. Card with a nine (9) punch in column 79, used to
terminate the data deck.
The quantities x,v, z,%,y, 2, and day of year must have a decimal

point punched somewhere in the field.

3. 4 Output
There are two output options (A) and (B) in addition to the normal
output describedunder (C).
A. This option may be requested only under input

option (1). If selected, the geocentric rectangular

1-3-3
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coordinates and velocity components, at the mean ‘“"‘\
time of the input observations, will be printed.

The x,y, and z coordinates in kilometers

will be preceded by the labels XX=, YY=, ZZ=,
and the velocity components in kilometers per
second will be preceded by the notations XDER-=,
YDER=, and ZDER. The time of the observation
in the day of year notation will be labled TIME-=.
This output option if selected will cause a punch
out of the standard six card element set. The
following quantities will be punched: satellite
number ( as read in from the observation card ),
element card number, satellite name, eccentricity,
inclination, year of epoch, time of epoch in day of
year notation, nodal period at epoch, right ascen-
sion of ascending node, argument of perigee, and
perigee distance. All other fields of the six card
element set are left blank since the quantities can ‘i
not be computed.

The normal output will be printed in the format

described below.

The first line will contain the heading R.ADAR ORBIT
COMPUTATION followed by the station name as read

from the station card. The second line has the label

satellite followed by the alphanumeric name as sup-

plied on the request card. This isfollowed by the

satellite number which was read from the observa-

tion cards. The date supplied on the request card

appears on the third line of output. The elements

which have been computed are then listed under

appropriate headings as follows: the same-major

axis in km. and earth radii, the right ascension

of the ascending node in degrees, the radius vector

in km., eccentricity and its squared term, the nodal

period in days and minutes, the argument of perigee in - 0
degrees, the velocity in km. per sec., the perigee '
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distance in km. and in earth radii, the time of the
last perigee pass in days, the inclination in degrees,
the apogee distance in km. and in earth radii, and

the time of the last nodal crossing in days.

3.5 Processing

If input option (B) is used, the elements are computed directly
from the x,v, z,%,y, and z supplied as input. Otherwise, these
coordinates are computed from the station coordinates and the radar
observations. An odd number of consecutive observations, at least
three, must be supplied. The midpoint, or middle observation, of
a radar run is chosen. The other points are selected in pairs, one
from each side of the midpoint. The time span between the individ-
ual observations in a pair should be greater than 40 seconds.

For each observation, the three topocentric coordinates are
converted into the geocentric rectangular coordinates x,y, and z.

. Next, the velocity components X,y, and z are found for each pair
of observations and are averaged together for the final velocity
components at the midpoint.

The orbital elements are then computed from the postion and
velocity components. The magnitude of the radius vector and the
velocity are computed directly from the rectangular coordinates and
velocity components. The semi-major axis, nodal period, eccen-
tricity, perigee and apogee distance are computed next, as well as,
the inclination and the right ascension of the ascending node. The
true, eccentric, and mean anomalies are found and the time of peri-
gee and nodal crossing are computed. Output is then written as

specified in the output section.
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-

(;

3.6 Formulation

If input option 2 used go to D, otherwise compute A, B, C.

A. ¢ = tan"1 (. 99329985 tan¢)
R = . 9966443 - + H
N1-.00670015 cos“p’ 6378.174
B. Determine rectangular coordinates for each observation (i).
2 .
r; = «/R +pi(p1+ 2+ R sin h)
, =1 o o]
B; = [[sin™ (R cos hy/r) [1 (0°<B < 907)
* 0
oy = |5 -B-n |
, =1 ® o ’ . /
bg = sin (cos a, sin¢ + sina; cosd cos Az,)
i 1 1 ,
a4k , ¢
A)\s = sin (sinai sin Azi/cos¢s)
)\s = N = A

o) :
0 = [6, + - 9856472 day, + 360. 9856472 fract. day; - A 5 ],(0°<0G< 360°)

’
r; cos ¢g CO8 e

"
"

4
r; cos ¢g 8in O

<
—-
1]

N
n

'
r; sin ¢

2 2 23/2
o= (¢ +y; tz)

C. Compute velocity components by geffectively averaging individual
;:J-, )"J, éj, components of e.ach. pair for final ;c, ir, z components.
Then compute velocity and r . Initially indices are as follows:
£ = 1 signifying first observation, n is total number of observations,

m is midpoint observation.

[ )
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T, = (b - ty) (. 07436574/60)
To3 = (tn = t_) (.07436574/60)
T3 = (ty - t,) (.07436574/60)
G = Tzsz/le T23 713

G, = (77_3‘2 - lez)/'flz T28 "13
Gs = lez/le 72313

H, = 723/12

Hy = (153 - 7p)/12

H3 = 1'12/12

d = G + H/r,

d, = G, + H,/r_

dy = G3 + Hy/r_

x =-d1x£ + dzxm +dgx,
y :-d1 yl + dzym+ d3yn

z = -dlzl+d2 Zm+d3zn

Update £ andn. £ =£+1, n=n-1. Iff=m, goon. Otherwise

return to C and compute x, }.r, z for another pair of observations.

m
. > - .
x = j=1 xj/l, for £ pairs
y = Z Yj/l

= Zaz./1 "

z zJ/

Compute elements
r = r\] x‘2 + yz + z2

V=N x2+y2 432
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€
]

I o= (xx +tyy +z2)/z

‘ 2 2
Cg = [2(631. 353746) /5]- v
a = (631 353746)%/C,)/6378.174

P_ = .058672947 (a) 3/2

e = W1 (VZ-¥2) r2/631.353746% 2
P = a(l-ez)
qg = a(l-e)

Q = a(l+e)

i = cos™! ((xy - yx)/631.353746 \p )}, -90°i i<+ 90°)

RA = tan'l (XZZZY )
Xz - zZX

ein R
P- r sin 1

cos p = (x +(z sinRAcoti)/l; cos RA

B o= fqual(cos B, sin p)

cosv = (p/ﬁ -1)/e

= fqual(cos v, r)

[k - v], (0°< w< 3607)
E .
1 fl-e \'i

fr 3= = N Tre BT

M, = Ej-e sin E

At = M. Py/an

Tp = tobs - Atl

1-3-8
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tan EZ - l-e
2 T+e

M, = E; -~ e sinE,
Aty = M, * Pp/2nm

T = T_ - At

w
tan T

1-3-9
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3.7 Glossary
Location Symbol Meaning ‘}/
AMEAN M Mean anomaly
AMEANN M, Mean anomaly
ANGLE i Inclination in degrees
APOGEE Qo Apogee in km above the earth
APOGER Q Apogee distance in earth radii
ARGPER w Argument of perigee in degrees
AXIS a Semi-major axis in km.
AZIM Az Azimuth from observation card
BETA g See Figure 3.2 angle §8
BUT To Time of epoch (day of year)
COP Constant 631. 353746 squared
COSRA Cosine of right ascension of
ascending node at epoch

COSsUu Cosine of argument of latitude
Ccosv Cosine of true anomaly
CuT Time of epoch
DAT d1 Coefficient used to compute X, ).r, z .
DAY Day of observation
DECLA ¢; Geocentric latitude of satellite
DELONG Al Difference in longitude between

8 station and subsatellite point
DELTAN Difference in time from perigee to

. node

DELTAT Time of obs minus time of perigee
DET d, Coefficient used to compute x,Y, z
DOT d3 Coefficient used to compute x,7Y, z
E e Eccentricity
ECCA E, Eccentric anomaly
ECCAN E, Eccentric anomaly .
ELAPSE Day of year of observation
ELEV h Elevation from observation
ESQUA e2 Eccentricity squared
FRACT Fractional day of observation
GAT Gy Coefficient used to compute x,Y, z .
GEOCL 4,' Geocentric latitude of station
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GEOGL
GET
GOT
GRI

HALB
HAT
HEIGHT
HET
HOT
HOUR
HW
IDCI
IDCO
IFLAG
ISSW1

ISSW2

ITYPE

IYR
KNAVE
L

M
MO
N

NATNO
NK

NL

PAK
PERIG
PERIOD
PERIOM
PERIR

o g g e

Station latitude
Coefficient used to compute x, vy, z
Coefficient used to compute x, 7y, 2

Time of observation minus time at
node

Number of pairs of observations
Coefficient used to compute X,y, 2z
Station height in meters.
Coefficient used to compute X, y, z
Coefficient used to compute x, y, z
Hour of observation

Hour after hour of first observation
Input tape

Output tape

End of input indicator

Output option= 1 for punched element
cards

Output option= 1 for Cartesian
coordinate output

Input card type, non-zero for end
input

Year of observation
Time of epoch

Observation card number being
processed

Midpoint observation (number)
Month of observation

Obs paired with L (number)
Number obs cards to be read
Satellite number

Overpunched column 1 from obs.
card

Last two digits of satellite number
from obs. card

Semi-latus rectum

Altitude at perigee in km.

Nodal period at obs. time in days
Period in minutes

Perigee distance in earth radii
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RADIUS
RASC a

RAT r3
RAXIS a,
RITASC

RK
ROOT r

RT

RX

SATNO

SCAN

SDAT

SECOND

SIDE 0
SINRA

SINU

SLANT p
SLONG X
SMIN

SMONTH

SNAMEL
SNAMEZ}

STAME

STEME

STOME

STUME

TAME T2

TAZ

TEZ

TIZ

TEME Ta3

THE

1-3-12
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Earth radius at station

Angle o,* , see Figure 3.2
Array of £3

Semi-major axis in earth radii

Right ascension of ascending
node in degrees

Constant 6378.174 km./e. r.

Distance from center of earth to
satellite

Constant . 07436574 /60= Ke /60

Constant -017453295 deg/rad.
Satellite number

Time of ob. in seconds
Smithsonian date of ob.
Seconds of observation
Sidereal time

Sine of right ascension of ascending
node

Sine of argument of latitude
Slant range from observation
Longitude of subsatellite point
Minute of observation

Month of observation

Alphanumeric satellite name

Alphanumeric statiocn name

Elapsed time between obs. and
middle obs.

Alphanumeric date of observation

Elapsed time between middle and
last obs.

Tangent of Et/z

¢
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THEN
TIME
TINOD
TINODS
TIPER
TIPERS
TOBS
TOBSS
TOME

TRUE

U
VECDOT
VECTOR
VELOX
VK

W
WLONG
X

XDER
XDOT
XDUuMP
XX

Y
YCONST
YDER
YDOT
YDUMP
YEAR
YR

YY

Z

ZDER
ZDOT

ZDUMP

Zz2Z

13

<HHOC<

Exi' vk

> x

1-3-13

Tangent of E,/2

Array ot obs. times

Time of node in days

Time of node in Smithsonian days
Time of perigee in days

Smithsonian time of perigee in days
Day of year of middle observation

Day of Smithsonian year of middle obs.

Elapsed time between obs. and last
obs.

True anomaly

Arg. of lat. of sat. in orbit plane
First derivative of r in km/sec.
Vector magnitude in km.

Velocity in km/sec.

Computed 7. 90529382 /o. of pairs
of obs.

Day after day of first observation
Station longitude

Array of computed x-coordinates
Yields final x velocity component

x velocity component

Summation of individual x components
x coordinate of r on km.

Array of computed y-coordinates
Sidereal time at start of year of obs.
Yields final y velocity component

y velocity component

Summation of individual y components
Last digit of year of observation

Year of observation

y coordinate of r in km.

Array of computed z-coordinates
Yields final z velocity component

z velocity component

Summation of individual 2 -components

z coordinate of r in km.
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¢

Local Vertical Satellite
Ay
A AN
' Ei - — Local
Horizon
"I
Rl
a*
R, &
¢

Illustration of Relations between Quantities

Fig. 3.2

L
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START

I

- Initialize
Constants @
l./
99
Read
Request
Cord

Do Obs.
Foliow ?

Yeos

Add 360°

Longitude

7
Read Reod
Station Position And
Cord Velocity
s A4

Negotive?

To
Longitude

KEY:

Process Observitions
Compute Nodal Elements

If Data to be Punched, T

»

& 76

thmpun
® R &
Midpt.

(=)

!

ransfer from

Interim Tape to Output Tape
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Reod
0Ob. Cord
Define Day
And Hour j
@ 60
Retrieve 6,
SMITH
Yes Midpoint
Obnor;otlon
KEY: 69
@ Com ¢ - > | Detine Day of
. pute x,y,z,x,y, and z | Yr. of Midpt.
ob,
Compute Smithsonian Day t 68
Define Time
of
‘ Computation

Compute Day of Year from
Smithsonian Day A3
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Add 3600
Secs. To
Time ofObs.

Add 3600 Secs.
To
Time of Obs.

KEY:
Read Ob. Card

® ®

64

Compute Elements

AlV  Obs.
Reod 7

Yes

‘Compun'q',i,
X, 2,52

All Poirs
of Obs.
Processed !,

Yes

Cartesian
Coordinates
Requested ?,
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o ¢

- Compute
Orbital
Elements

Write Output
Sta. Name,
Sat.Name,

Time of Obs. |

i ¢

Write Gutput |

Elements

!

- Write Output |

Eccentricity

Punched Cord

Output
Desired 7
KEY: ¢
Write Card
Return to Process Next Case | Output On
Interim Tope
YRDAY | Compute Smithsonian Day
‘ Convert Smithsonian Day to Gregorian Date ﬂ

1-3-18
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Fill Buffer
From interim
Tape

Processing,
Complete ?

Write Buffer Terminate
On Output
. Tope OQutput Tape
- EXIT

%
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G

QUAC(X,Y) - places an angle in the proper quadrant (0 to 2n) after
taking the absolute value of the arc sine of the angle,
(] sin-tY | ). The following arguments must be given:
X = cosine of the angle
Y

sine of the angle

QUAL(X,Y) - placesanangle in the proper quadrant (0 to 2n) after
taking the arc cosine of the angle, (cos-ix). The
following arguments must be given:

X = cosine of the angle

Y = sine of the angle

QUAT(Y, 2) - places an angle (the eccentric anomaly) in the proper
quadrant (0 to 2m) after taking the arc tangent of the
angle times two, (2 tan-iz). The following arguments

-

must be given:
v ¢
z

sine of the true anomaly (v)

tangent of the eccentric ancmaly over two, (tan -Ez-:')

SMITH(X) - retrieves 90 for the year of computation, given the
argument X which is the last digit of the year.

1-3-20
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4.1 LOCVEC, Vector Coordinates for Lockheed
4,2 Function

The program computes the predicted position and velocity
for Lockheed from nodal element sets. The output is written on
magnetic tape for printing and for punching five-channel paper
tape for teletype transmission. The teletype data is received at
Sunnyvale Tracking Center where it becomes binary input for a
CD C 1604 computer.

4.3 InEut

The input data is ordered as follows:

(1) Up to five hundred request cards

(2) A card with a numeric punch (1-9) in col. 8.
This indicates the end of the request deck.

(3) Standard six or seven card element sets of
the satellites in the request deck or all
satellites (up to 500 sets).

{4) A blank card which signals the termination

of the element deck.

The elements sets do not have to be in the same order as the
satellites appearing in the reguest deck.
The following information should be included on the request
card: L
Cols. -3 The SPADATS satellite number
Col. 8 Must be blank
Cols. 9-12 The STC (Sunnyvale Tracking Center)
satellite number, or if the SPADATS
satellite number is used, it should be
preceded by a nine (9) punch in col. 9.
Cols. 13-20 The alphanumeric name of the satellite.
Cols. 21-24 The alphanumeric abbreviation of the

country of orgin.

1-4-1
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4.4

4. 4.

4.5

1

.2

Qutput

Printed ‘}/

There is one output line for each satellite. The order
is the same as that of the request deck. ZEach line contains:
(a) the satellite number; (b) the Sunnyvale Tracking Center
number or, if preceded by a nine (9), the SPADATS number;
(c) the element number; (d) the month, day, hour of epoch;
(e) seconds since the start of the epoch month; (f) epoch
revolution number; (g) the x,vy,z coordinates in feet, and

the velocity components in feet per second.

’I‘eletzge

The basic message consists of a header and thirfy-one
words of five-level teletype punch. A visual header and a list-
able teletype header are included at the start of each message.
The visual portion identifies the tape as a SPADATS vector with
the characters '""'SP'" and the four digit vehicle number. The list-
able header contains the word ""SPADATS" followed by the vehicle o
number, the month, day and the nearest GMT hour of the last up-‘i
date of vectors. Tape contents and format are presented on the

following pages.

Processing

The request cards are read into an array. This array is
checked as each element set is read into core, and the elemenut
sets, for which vectors are required, are stored.

The nodal elements to be used are converted to M, M, sets
as required by the Analytical Integration Routine (XYZSB). The
required position and velocity components are obtained from
this routine.

LOCVEC converts the position coordinates to feet and the
velocity components to feet per second. These quantities are
then written on the output tape for off-line printing through the
UBC. The conversion to the required teletype format, described
in the output section, is then achieved and written on the tape
for off-line punching on five-channel paper tape. This teletype 0
data becomes input for a CDC 1604 computer at the Sunnyvale
Tracking Center. )

1-4-2
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Word No.

1

283

TAPE CONTENTS AND FORMAT

Content & Format

Check sum 224 (see note 1).
Identification number, 8 BCD characters (see note 2).

Revolution number for vector, 19 bits, D23 --D_ fixed
. 5 5
integer, scaled 2.

Bits D4—Dp are all zeros.

Bits D3—Dy7 are all zeros.

Bits D|g must be set equal to "1".
Bits Dj5—DI4 must be zeros.

Bits D 3—Dg are vehicle numbers (000l to 9999) fixed
integer.

This number will be supplied by the STA for each
vehicle. (i.e. 1204 or 2203, etc.)

D23~Dj4. 8 bits all zeros.

Dj5—Dy3, 3 bits fixed integer, number of vectors
being transmitted for this particulor vehicle. (This
will probably always be 1. See further note 3)
D,,—Dg are all zeros.

D3~ D,24 bits all zeros.

Source, 4 BCD characters.

Da3—-Dg 24 bits all zeros.
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LOCVEC
I5 023—D20, 4 bits all zeros . ‘}/
Dj9=Dg, 20 bits fixed integer, number of data
points (or number of observations) used in fit.
16 & 17 t (machine fime) see note 4,
i8 & 19 X
20 & 21 Y [ position vectors; 48 bits, floating point.
228&23 Z
24 825 X
26 & 27 Y velocity vectors; 48 bits, floating point. .
28 & 29 7 |
30 & 3l 0  (standard deviation of data)
Note |.  Word 1 is a check sum of all bits on the tape. It does not (’\
include the parity bits. The check sum is formed by tabu-
lating all 24 bit words on the tape and adding all bits.
The overflow beyond the 24th bit is folded under and added
to the previous sum to get the final check sum.
Note 2. Words 2 and 3 give the identification number. Any 8 legal
BCD characters are permissible. |t is suggested that t hese
words be used to indicate the Spacetrack object designation
(i.e. 1961 A1 for 1961 Alphal,or 1960 B 2 for 1960 Beta 2).
Note 3. The need for more than one vector at any time for one

vehicle is not apparent in this case. Therefore, these 3

bits should always indicate 1. ‘\
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Note 4,

Note 5.

Machine time is the number of seconds elapsed since 00 Hrs.,
GMT, on the first of the month.

In Figure 1 the D's indicate data bits and the P's indicate
parity bits. Note that there is both horizontal and vertical
odd parity. Note the repeating pattern of data word start
bits. There must be a tape start header and a tape stop
pattern. If there are 10 different vehicles on one physi-

cal length of tape there must be 10 tape start headers and

|0 tape stop patterns, one for each vehicle. The tape must

be transmitted three times in succession.
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LOCVEC

3dv1 viva 40 lvywiOd
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. 6 Formulation

A. Convert nodal elements to N, M elements

1. a = g/ (1-e)

2 p = q(lte)

3. n = . 07436574/a3/2

4. ayp = € Ccosw

5. ayn = © sin w

6. Ey = -2tan f\((l-e)/(l + e)etan w/2)

7. M = EN - e sin EN

8. L = o+ M i Q

9, c" = -360n02c n-z) where-C'" = drag. coeff; ¢ is rate of ‘7

change of period.

. 000120717 2 . 3 2, .2 27 2
10.  kgLgo = ——7—2-— [3-5e - |cos1‘(1-—2-e ) -sin 1(4-Teu)]

B. Use Analytical Integration Routine (XYZSB) to compute predicted
position, x, and velocity, _1: , and intermediate quantities.
Equations for this routine may be found in Aeronutronic
Publication U-1691 page 4-78.

C. Upon exit

1. x = 20925725.863 x Convert earth radii to feet
y = 20925725.863 y

z = 20925725.863 =

2. % = 25935,85859142 ¥ Convert earth radii/kemin to feet/second
y = 25935,85859142 y
z = 25935.85859142 z

1-4-8
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*
3. tday of month = [to] - tmo

thour = (tg = [t5]) 24+ .5

tsecs = (tday of month * to -[ to]) 86400

Output: Satellite No., Sunnyvale sat. no., element no.,

tday of month’ ‘hour’ ‘secs’ No’ X'V z,%, Y, 2

%
[to] = Integer value of t

PO

1-4-9
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4.7 Glossary

Location  Symbol

ADDCON
AQ
AXNO
AYNO
BODY

a
Xxn

a
yn

c C"
CIR

CON

COSI cos i
CTERM

DATA

DTR

E e
EE

ELAPS

EO e
EOSQ, ESQ e
EXPON

FLNU

FORDE

FPS

FT
HEADER
ID

IEL
IHOUR
ILE

IR

ISAT
ISTC

1T

RV I o - i e e o rel, e 1 e e i

G

Meaning

Parity indicator
Semi-major axis at t
2xn } components in orbit plane

ayn at to of a

Intermediate buffer used when output
quantities converted to Baudot

Drag coefficient

Constant = 360 (2w in degrees)

Constant = . 05862947

Cosine of inclination

Array of rate of change of period

31 word output buffer for data in Baudot code
Constant = .017453292519 (degrees to radians)
Eccentricity

Array of eccentricities (E
Seconds in month of epoch revolution number
Eccentricity at to

Eccentricity squared

Exponent of floating point number

Floating point number

Alphanumeric E, column 80 in 7 card element sets

Constant = 25935.85859142 (earth radii/ kemin
to feet/sec)

Time of epoch in fractional days

Table containing heading for paper tape output
Element card number

Element number

Hour of epoch

Array of element numbers from request cards

Epoch revolution nurnber

Satellite number

Sunnyvale satellite number ()
Time of epoch in integer days

1-4-10
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J

JTI

JTO
LAPD
MANTIS

MO

MON, MONTH
N

NAT
NA TNO

N3PIO2

NSTC

NSTCNO
NUMBODO

P P

P72 (pn)"/ 2
PA

PDT c

PDOT

PI g
PI2 27
PIOV2 n/2
PTSIX q,
QQ

RAN

REV N
REVE

REVNO

RIN

SAVE

SAVI

Index equals number of element sets matched
with request card satellite number

Input tape
Output tape
Day of month of epoch

Mantissa of floating point number on conversion
to Baudot

Array of total numbers of days since first of
year.by month

Month of epoch

Index equals number of request cards with elements
available

Satellite number

Array of satellite numbers from request cards
Constant - 31r/2

Year of launch from request cards

Array of vears of launch, from request cards
Table of Baudot code for digits

Nodal period at epoch - F

P 17/2

Array of nodal periods at epoch in days
C-rate of change of period in days/rev
Binary Baudot rate of change of period

Constant = w

21
'rr/Z

Perigee distance

Constant

[

Constant

Array of perigee distances

Array of right ascensions

Epoch revolution number

Array of epoch revolution numbers
Binary Baudot epoch revolution number
Constant = 20925725.863 (earth radii to feet)

Temporary to save contents of XRl and XR2
Temporary to save contents of XR3 and XR4

1-4-11
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SECPOC
SET
SINI sin i
SIND
SOURCE
SOURCEA
SMAN
SNAME
SNAMEA
SYMBNUM

sin p

T
TA i
TAE
TAPEOUT
TEMP
TENM6

TIM

TIME t
TWOPI

w w
WDOT S
WN
wz
X X
X1

X2

X23SAV

X4SAV

XDOT x
XJGRCF

XKE

XLO \
XM302

Time of epoch in binary Baudot code seconds ‘?
in month y4

Switch set to indicate which half paper tape
output buffer used

Sine of inclination

Sine of argument of latitude

Country of origin of satellite from request card
Array of countries of orgin

Sign of floating point number

Name of satellite from request card

Array of names of satellite

Table of digits which yield visual symbols
when punched on paper tape

Time interval in minutes since time of epoch
Inclination

Array of inclinations

128 word holding buffer for paper tape output
Table of TTY functions

Constant = 107° ()
Array of epoch times

Time of epoch in day of year

Constant = 2w

Argument of perigee in radians

First derivative of argument of perigee
Array of arguments of perigee

Cosine of inclination

x-coordinate of r

Binary Baudot x-coordinate of r

Binary Baudot x-velocity component
Temporary to save contents of XR2 and XR3
Temporary to save contents of XR4

x-velocity component of r

Constant = 1.20717 x 1072
Constant - kg = .0743674
Mean longitude at t, in radians

Constant = 3/2
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é

XM4CO3

XMZ
XNO

XNODEO

Y

Yi

Y2
YDOT
Z

Zt

z2
Z2DOT

sin i

Constant = 4C/ 3

Sine of inclination

Mean angular motion at to

Right ascension in radians
y-coordinate of r

Binary Baudot y-coordinate of r
Binary Baudot y-velocity component
y-velocity component of 1
z-coordinate of r

Binary Baudot z~coordinate of r
Binary Baudot z-velocity component of r

z-velocity component of r

Other terms may be found in description of the subroutine XYZSB.
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START

y

Initiatize
Constants,
Heodings,

Switches

Read Request
Cords & Ploce
Infain
Request List

Read One
Card

s This Cord
First of
Element Sﬂ?

Yes

Is
Card Number
Blonk?

Read the Remainder of the Element Set
Begin Computations

1-4-14
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KEY:

Is This
Satellite In
Request List ?

66

Reod
Next Five
Element

Cards

Store
Elements In
Element
Arroy

Write on Elemant
Error Card Six

Messoge ~Ein
cot. 807

Returns to Element Card Read

1-4-15
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()

82
_Ratrieve
Elemhents for

Naxt
Sotellite

!

Compute
Lotkhaed
Vittors |

XY, 2,XY2Z

out put
Quantities
XY, 2,XY,Z,

Convert
Satellite
Number To

visuo! Code

l

ingert
Satellite
Number Into
Heoding

'

Convert
Hoqdlnq To
TéletypeCode

KEY;
@ Continues with Teletype Conveérsions

1-4-16
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Tronsfer
Heoding To
Output
Buffer

y

Convert

X,Y,Z, 'Y'zl

Yo Teletype
Code

v

Compute
Checksum

!

Form
Pority
Check

Tronsfer
Information.
ToOutput
Bufter

Output
Buffer
Filled ?

Yes

Fill Buffer
with Fillers |

‘

!

KEY:
Continues
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-

output
informotion

in Output
Buffer

Mdve Al
Satellites Been

Procesied?

Y&s

Output
L.eader to
EXIT Separate
’ Teletype Irnifo.

fN——s

A3

KEY:

Returns to Compute Next Satellite

¢
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5.

5.

5.

5.

1

CCOE, Cartesian Coordinates From Orbital Elements

Function

From a given element set, this program calculates the

' Cartesian coordinates %, ¥, z and the components of velocity

—%’i, -—%, %— of a satellite for a specified length of time at
given intervals. The output can be expressed either in kilometers
and kilometers per second, or in earth radii and earth radii per

mainute.

- Input

The data deck is comprised of: 1) a standard 6 oxr 7 card
element set, 2) as many request cards as needed and, 3) a
blank card. This sequence is repeated for all satellites requir-
ing this computation. The final sequence should be followed by a
second blank card to terminate the program.

The following information should be punched on the request

card:
cols. 1 -10 Time start (in days)
cols. 11 - 20 Time step (in days)
cols. 21 - 30 Time stop (in days)
col. 31 Blank - output in kms.
1 - output in earth radii

-Decimal points may be punched anywhere in each of the first

three fields.

Output

The output consists of Cartesian coordinates and their
related components of velocity for the time increments requested.
The dimensions given are in kilometers and kilometers per
second, or earth radii and earth radii per minute, depending on

the output option chosen. The sentinels required by the TELTYP

program are included so that conversion to teletype tape is possible.

i-5 -1
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56
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Processing

After reading a standard six or seven card element set and a
request card, the variables x, y, =z, ;:, ;r, and z are calculated and
printed according to the specified output option. The time is in-
crermented by thé time step specified on the request card. Unless
the stop time has been exceeded, the program computes new vari-
ables for the incremented time.

‘ When the stop time specified on a request card has been ex-
ceeded, the program assumes that the next card is a request card
for the same satellite for another time interval. If the card is
blank, the program returns to the element read section for another
standard element set. A return to the executive routine is made,
if a second blank is encountered. Otherwise the requests for the

new satellite are processed as above.

Error Messages

1. NEGATIVE NODAL PERIOD, SATNO
continues until next case is found

2. ELEMENT CARDS OUT OF ORDER. Same procedure as
under (1)

3. MISSING NODAL PERIOD. Continues processing that case.
P,

4. SUBROUTINE ERROR EXIT FROM OCTAL .

Subroutine or irrecoverable input output error. Exits to

Reading

is used for Pn'

system if GO option taken. The message will be repeated

if the STOP option is used. A dump should be given if the

computer is in a non-interruptable mode of operation.
Formulation

360 P
1. P, = ———22
a 360 - Pyow

P
a
2. ap = [.‘o?s"&nﬁf]

3. t = TI - tO

t
4. XX =
P,
5. N = Integer part of xx

1-5-2
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6.

10.

11,

12.

13.

14.

15,

16.

17.

18.

19.

20.

21,

22.
23.
24.
25.
26.

t1] = t-t

(0]
Q) = Qo+, = O g2
Mo T T 5 Yo Yy
. 1+ 2
(a.)(t) = wo+wo tl + Two t].
t (N) = T + PN+ cN® + dN°
n o] (o]
2
P_(N) = P, + 2¢cN + 3dN
360 P_(N)
PalN) = =5 =W |
| P3(N) 2/3
a(N) = | —<z55739aT |

Ao

e(N) = 1- IINT (1- eg)

E_=2tan! { \fﬁ%")’_ tan (.‘iz(ﬂ)J 0< Ep < 2n

Is (t-ty(N))<o0?

Yes: N = N-1 No: Go to 16
Go to 9

If (Pa(N) - (t-t,(N))) < 0 If (P,(N) - (t-t (N)))>.0
N = N+1 Go to 17
Go to 9

M(t) = ?Zﬁ‘m (-t (N))

E’ (t)

n

M(t)

E (t) = M(t) + e(N) - sin (E'(t))

Is [E(t)- E(t)]> 1077

Calculates sines and cosines of Q,w, i

a, = a(N) (cosw: cos @ - sinw . sinQ + cos i)
ay = a(N) (cos w* sinQ+ sinw . cos R+ cos i)
az = a(N). sinw- sini

bx = - a(N) Vl - e(N) (sinw » cosQ + cos w - sinf + cos i)
by = a(N) Vl - e2(N) (-sinw - 8inQ + cos w + cosf + cos i)
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a(N) Vl - eZ(N) cos W. sin i

N
N !

27. b, =
28. ¢ = cos (E(t)) - e(N)
29. ¢ = sin (E(Y)) - e(N)
_  -2m ) .
30. ¢y = Ba[N) sin (E(t))
1 - e (N): cos (E(t))
31 c4 = A 2m__. cos (E(t))
' 4 ° Pa(N)
1 - e(N) - cos (E(t))
32. x = 6378.174 (Cya + csz)
. = .174 (C +
33 y 6378 (Ciay CZby)
3.z = 6378.174 (Cja, + G,b )
35. x = .07382146 (C3a, + Cyb,)
36. y = .07382146 (C3ay, + Cyby)
37. z = .07382146 (C3a, + Cyby)
38. t=t+ At
39, t> TF ?
No: Go to 6

5.7

Yes: Return for next case

Glos sary

Location Symbol

Meaning
Semi-major axis (on 7 card element sets only)

Mean anomaly at'time t
Semi-major axis at revolution N

Semi-major axis at epoch

Cosine of argument of perigee

Cosine of right ascension at time t

Cosine of inclination

Rate of change of period -
Nodal ¢ term { )

Time from epoch

A

AMT M(t)

AN a(N)

AO ag

C2 Pl 2:-PI
CGT cosw
CHT cos (Q(t))
CI cos i

CO c
CSPTRK

DELT ty

DN

Number of complete revolutions.from epoch
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CCOFE

DO

EAA
EAG
EAT

EN

EO

ET
GDOT
GO

GT
HDOT
HGDDOT
HHDDOT
HO

HT

IDN
IELNO
IFORD
ISATNO

KM

MAGIN
MAGOUT
NAME 1
NAME 2
PAE
PAN

PI

PNN
PNODL
PO

RHO
ROOT
SGT
SHT

Pa(N)

P (N)
Pn

sinw
cos (§ (t))

First derivative of rate of change of period
Approximation to eccentric anomaly
Eccentric anomaly of ascending node
Eccentric anomaly at time t

Eccentricity at revolution N

Eccentricity

Epoch time

First derivative of argument of perigee
Argument of perigee

Argument of perigee at time t

First derivative of right ascension

Second derivative of Argumentof perigee
Second derivative of right ascension

Right ascension of ascending node

Right ascension at time t

Number of complete revolutions from epoch
Element number

Column 80 on fifth element card

Satellite number

1, Output in earth radii and earth radii/min.
0, Output in kilometers and kilometers/sec.
Input tape number, 0

Output tape number, 11

First six characters of satellite name
Second six characters of satellite name
Anomalistic period of epoch

Anomalistic period for revolution N

w, (3. 1415926536)

Nodal period for revolution N

Nodal period of epoch (if 7 card element set)
Nodal period of epoch

57.29578

Temporary storage

Sine of argument of perigee

Sine of right ascension at time t
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SI

TA
TANN
TNN
TSTOP

xx
XDOT

YDOT

ZDOT

Sin i

t,(N)
t,(N)
Tg

X

o.{o.
baa

3
d

e ol

B T e

o

Sine of inclination

Initial time in days

Inclination

Time of perigee passage of revolution N
Time of nodal crossing for revolution N
Final time in days

x component of position vector of satellite
Revolutions from epoch

x component of velocity

y component of position vector of satellite
y component of velocity

z component of position vector of satellite

z component of velocity

1-5-6
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Yes

START

Initialize
Constants ond
Counter

Read Ist
Element
Card

EXIT

Increment
Counter by |

2 5 : 3 ‘ 6 z4 i 7 (1.} T 8

Reod 2nd Read 3rd Read 4th Reod 5th
Element Element Element Elemant
Card ] Card Card Cord

(2 e

i
=
s

®®

Error Routine

[+ J
w

(

e et -

Continues on With Program

1-5-7
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Write Msg.
NEG. NODAL

PER10D

)
9]
<

OOOO

Store
Nodai Period
and C-term

Error Routine

is Nodol
Period
Missing?

Continues on With Program

Yo3

Write Msg.
MiSSING
PERIQD|.

Yoo

Read 7th Card of Element Set

Initialize to Read in Next Element Set

1-5-8
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Is Time
Step glonl

Wwrite,
Heading with

ERV

!

Write
Teletype
Sentinels

¢ 19

Read
Request
Card

is Time

Step Ogooaﬂv

ves

Write
Heading with
KM

y
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KEY:

®O

o ®

30

Compute Iindicate
Pa,Qo,At, Error on

AN Flexo

Atz t-To

I

‘ Compute
a(tywit)

i * o

Compute
‘ Tn(N),Pn(N},
NsN-| - Pal NE):'dN),.(NN

Re duce
Revoiution

008 Cross
No /forRevolution

N Precede
TimeT?

Nz N +1

increase
Revolution

Does Request

l No Time Foll
within Current

Revotution?

Initialize to Read in Next Element Set

Continues With Program
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Iterote to
Find Eccentric
Anomaly

'

Compute
Positions and
Velocities in
Rectanguiar Coord.

170

Should Qutput

AL be Converted to
Eorth Rgdﬂ
i Unite ! (\y
Convert to
E.R.U.
Write
Output

KEY:
‘Continues With Program ‘ ’

O
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~ Increment
Time by
Requested

Step Size

Has Stop
Time Been

Exceeded §

No

KEY:

@ Returns to Compute Next Set of Co-ordinates

1-5-11
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At

RESPLT, Residual Plot
Function

RESPLT reduces observations against the g, I\_/I_ element sets
and produces punched card output which can be used on the EAI
Data Plotter. The residuals which can be plotted are: (1) the
difference in time between the predicted and observed positions
versus the revolution and, (2) the vector magnitude difference

versus the revolution,

The plots are especially useful as an aid in the analysis of
element sets. Large residuals may indicate that the current ele-
ment sets need updating or that a piece has broken off the satellite,

Maneuvers,not otherwise easily detected, may be revealed when

these residuals are presented graphic form (cf. Fig. 6. 2).

New Piece Maneuver

At

el

7S

Revolution Number Ravolution Number
Figure 6. 1 ‘ Figure 6.2
Ingut

The program requires observation data to be entered as card
input. Element data and sensor data may be entered as card input

or read from the SEAI tape.

The observations must be obtained from standard observation

cards which have previously been sorted by satellite number. These
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cards must have an association status punched in column 80 ‘}/
(cf. Fig. 6.6).If untagged observations (satellite number =

zero) are to be reduced against a particular element set, a

standard observation card containing the number of the desired

element set and a blank sensor number should be placed in the

observation deck preceding the untagged observations. The num-

ber of observation cards allowed is limited only by the space

allocated to OBLOC.

There are six input options which may be specified on the
SPSJOB card. Each option specifies the source of the sensor and

element data, i. e., input cards or SEAI tape.

Option | Observation Element Sensor
0 Ob. Cards SEAI Tape SEAI Tape
1 Ob. Cards Element Cards SEAI Tape
2 Ob. Cards Element Number Cards SEAI Tape 0
3 Ob. Cards SEAI Tape Sensor Cards
4 Ob. Cards Element Cards Sensor Cards
5 Ob, Cards Element Number Cards Sensor Cards

Fig. 6.3

Element data may be obtained from standard 7 card element
sets with an E in column 80. Since the executive routine reads
the element sets into EBLOC, the number of element sets is
limited by the size of that block. Element data may be obtained
from the SEAI tape if element sets are not included in the input

deck.

Sensor data may be obtained from standard sensor cards
with an S in column 80. The number is restricted only by the size
of SBLOC. Sensor data may be obtained from the SEAI tape if ()

no sensor cards are included in the input deck.
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6.4

OutEut

Printed output consists of the reduced observations sorted
by revolution number within a satellite number in groups of 100.
A heading line, which describes the output quantities in the columns
below, is printed for each satellite. The satellite number, obser-
vation number, revolution number, time in minutes since epoch,
vector magnitude in kilometers, number of revolutions since epoch,
element number, association indicator, and station number are .

printed for every revolution number,

The punched card output can be used to plot residuals on the
EAI Data Plotter using K + E 10 x 10 cm. graph paper. The pen
command for the Data Plotter is contained in column 55. The data

deck is divided up as follows:

1) A card with a command to stop the plotter (7 in col. 55).
The operator can set the origin at this time.

2) A set of cards which will ené.ble the plotter to draw the x
and y axes (6 cards).

3) A card which will stop the plotter so that the above can be
tried again if necessary.

4) A set of cards which will plot the visual characters S, E,
R, T and the information required to identify the plots.
S will be followed by the satellite number, E will be fol-
lowed by the element number, R will be followed by the
epoch revolution number, and T will be followed by the
the time of epoch in days.

5) A card which will stop the plotter (7 in col. 55).

6) The data cards containing the residual information to be

plotted. There is one card for each line of printed output.
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AA

AB

AG

AD

AE

AF

AG

AR

AJ

IBM 523 Summary Punch

-
[ 2 3 & 5 6 7T 8 9 10 M 12 13 14 15 & 7 s 19 20 ‘(j/
s REPRODUCING  BRUSHES 15 20+
o o 0 0 0o 0o 0o o o o o o o o o0 o0 92 o o o
25 30 35 40
o o ¢ 0o o o o o o o0 0o o o o o6 o0 o o o o
45 50 S5 60
0o o o © o o o0 o0 0o o0 o o o0 0o o0 o0 o o o o
65 70 75 80
o 0o 6 © 0 o o o 0o o0 o o o o o o o o o o
~1—D. P. & 8L. COL. DETECTION——10T——COLUMN 11.12 SPLITS
o o o o ©© o o0 o o oflo o o o o o o o o o
15 20 . 0-9
o o o 0o o O 0 o o olo o o o o o o o0 o o
9—8 G. P. EMITTER———1—=0— 1 2 k] 4 COM 7 [] 9 w0
o © o © 0 0o 0 0 o0 ©voj0o 0 o 0o 0 o 0 o o o

[-ll—ll D.P.D.

RX——RD——PX——PD1

o olo 0—0 0 0—0 O
o&X X PIU READ X B8R, MX
o—o | o 10 20 30 40 SO | o
5 PUNCH MAGNETS 15 20+
©o o 0 0o o o 0 0 0 0 o o 0 0 0 o0 o0 o0 o o
25 30 35 ‘0
o o6 06 0 0o o 0 o o 0o o o 0o o o0 o 0 0 o o
e 50 55 60
0o o 0 0 © O o o 0o © 0O O 0 0 0 0O O O Oe0
s 70 75 80
o o 0 © 0 0 0 06 0 6 0 0 o 0 o o0 0 ©0 0 o
P. X. BR.—S: 1 M. S. BRUSHES—1I0—m-———H
| o o 0 0o o6 o I © 0 o 0 o 0o o 0 © 0o 0 0 o o
‘ 15 20+
o o o o 0 o o o o o0 o
as 40

(o] (o] [e] o o ] [e] 0

: €
o o o o o 1934

(o] o e} o
£

o] [o]
, fBRUSHES —27 R p T
O 60 070 ([0XxO0O [o]
skusuis———j——* - 201

] o (o] (o] (o] (o] [}

s
o o
OR M. S
o130 08Ao
330 o
BRUSHES
o o
35
o o
OR M. S,
53 O 06Co

y O¢s 0O
-5
o] o
25
o] o]
45
[¢] e}
[1]
o o

o o%o0 o0 0 0,070 O
COMPARING BRUSHES 15
)

) o o o o o o
30 s
©c 0 0 0 0O 0o 6 0 0o o 0o 0 o o
50 58 60
o 0 o 0o 0O 0 0o o o0 o o o o o
70 78 80
©o o o 0 o o 0o o o o o o o o ‘}

At(y) vs. ARev(x)
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AA

A8

AC

AD

AE

af |

AG:

AH

LY

AK

IBM 523 Summary Punch

2 3 & 5 & T 8 9% 10 11 12 13 14 (5 16 1T 18 19 20
5 REPRODUCING _ BRUSHES 15 204
[o} [o] o [o] [o] o] o o] o] (o] [o] (o) o] [ [e] o] [ o) [¢] [}
25 30 s 40
o] (o] (o] [o] o] [o] o] (o] o} [o] o] [o] [¢] [o] o (o] [ o] [e] [o]
45 50 55 60
o] [e] o] [o] [o} [ [o] [o} o] o o (o] o] o o] [o] [} [ o o
65 . 70 7S 0
[e] o] o] [e] o] (o} o o] [e] o] o ) [ [ [o] [e] o] o [o] o]
~1—0. P. & BL. COL, DETECTION——10—1-—COLUMN TRY SPLITS
[o] [o] o] [e] [e] Q [o] ¢ [e] o] (o] o (o] (o] o o] [+ [ 0 [e}
15 20 0-9
0o o] o (o] [0} (o] (o] [o] o] [a] o o (o) [e] o] [o] o o ] [+
9—2 G. P. EMIYTER————-‘-——-O-T 1 2 3 4 oM 7T & 9 w0
o] o] o] o] o] [} [o] (o] o] o] [o] [o] o] [¢) o] O ] [o] [o] [e]

n—12 D.P.D. RX——RD—=PX——PD+

o olo o—o0 0 o0—0o ©

0&X X PIU READ X BR. - MX

o—o | o 10 20 30 40 50 | O
s PUNCH MAGNETS 15 20

o 0o 0 o 060 o o0 0 o0 o0 O o0 o0 o o0 o0 0 o o o
25 30 3s 40

© o o o o0 o 0o o0 o0 O ¢ O 0 0O 0 0 0 o0 o0 o
45 50 ss 60

o o 0O 0O 0o o o 0o 0o o0 o o0 o0 o0 o6 o o0 o0 o0 o
65 70 78 80

[o] [o} o [e] o} o} (o] o o [} (o] Le] [e] o (o] o] (<] (o] (o] o
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[¢] Le] o (o] o :] ] o o (o] (o] (o] o o] o o o o] o]

<]
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25 30 s 40
©o 0o 0 0o 0 0o 0 o 0 0 o o o o0 0o o
'Y 50 55 60
o o o o o o o o o o € 6 A6 46 o
85 70 . 80
o 0o O o o0 o\ ¢ o o o o o7/ 90/ 0//0 o uk
SELECTOR AT 1t

O X O o] o] (o] o) G, [*) o xo0

ONO o [¢} (¢} o Q o O NO

) o] o

o o]
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5 g o 60 070 o X0
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________________ IR I
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6.4.1

ot

EAI Data Plotter Operating Instructions ‘

An IBM 523 Summary Punch is used to read the punched cards
for input to the plotter. Board wiring diagrams are included for

each of the two possible graphs (cf. Fig. 6.4 and Fig. 6.5).

The residuals which may be plotted are data time versus
data revolution and vector magnitude versus data revolution.
Coordinates and.pen commands for both graphs appear on the same

data cards.

Note that it is possible to plot both graphs on the same piece
of graph paper by reading the data cards through the 523 Summary
Punch twice. This is accomplished by reading all of the punched
cards for the first graph. The axes and visible information as well
as the points on the graph will be plotted. If part six (6) of the data
deck is reread, the second set of the residuals may be plotted on

the same graph paper. ('

The plotter pen color and 523 board must be changed before
rereading the data cards. Two separate graphs may be produced
by reading all punched cards twice and changing the graph paper
and 523 board.

For the proper plotting of all data, the origin on the graph
paper should be five (5) centimeters right and nine (9) centimeters

up from the bottom left corner of the graph paper.

Graph scaling is as follows. The revolution number from
epoch is the x-axis for both graphs. The epoch revolution number
lies at x = 0. Each centimeter represents 20 revolutions, so that
the possible values for plotting lie in the range of -100 and + 400
revolutions. Vector magnitudeﬁ in kilometers is the y-axis for
one graph. Each centimeter represents 500 kilometers and the

possible range of values is 0 to 4500 kilometers. Delta time in ()
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minutes is the y-axis for the other graph. Each centimeter

represents five (5) minutes and the possible range of values is

-45 to +45 minutes.

Processing

The program reduces observations against element sets to

obtain time and vector magnitude residuals which may be plotted

against the revolution number,

processed, one at a time.

Up to 100 observations may be

The association status is checked to

determine whether the observation is an angles observation only

or a radar observation.

Association Observation Association Will RESPLT
Status Kind Category Accept?
1 Radar Associated Yes
2 Radar Doubtful Yes
3 Radar Unassociated Yes
4 Angles Only Associated Yes
5 Angles Only Doubtful Yes
6 Angles Only Unassociated Yes
7 Range Rate Associated No
8 Range Rate Unassociated No
9 Radar Special Unassoc. Yes
Oor A No

Fig. 6.6

The proper year constants are obtained and time of epoch is

converted to days since 1950. The observation counter ‘s increased

by one and the association indicator, observation number, and
sensor number from the observation are stored for output. The
sidereal time at the time of epoch is computed. The semi-latus
rectum and the components of the unit vector perpendicular to the

orbit plane are found to compute the inclination, the right ‘ascension
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of the ascending node, the eccentricity, and the semi-major

axis at epoch,

The mean argument of latitude, the mean angular motion, a
drag coefficient, and the, perifocal distance are computed. The
time since epoch, the sidereal time at the station, and the x, y
components of the station vector are found. The subroutine
XYZSB is used to compute the predicted position and velocity plus

intermediate quantities.

Observation type (OTYPE) will be referred to in subsequent

paragraphs as illustrated in Fig. 6.7

Observation
OTYPE Kind Quantities From Obs. Card

Angles Only | Azimuth-Elevation
Radar Azimuth-Elevation, Range {

-

'Radar Azimuth-Elevation, Range, Range Rate

Radar Azimuth-Elevation, Range Rate

N b W NN -

Angles Only | Right Ascension-Declination

Fig. 6.7

If the observation is an angles only observation, the range is
computed. If OTYPE =1, the predicted azimuth and elevation are
found. If OTYPE = 5, the predicted right ascension and declination

are found.

If the observation is a radar observation, the predicted range
is computed. The predicted azimuth and elevation are computed.

If OTYPE = 3 or 4, the predicted range rate is computed.

For all observations, the residuals are computed to find the
vector magnitude. Unless 100 observations have been processed, ‘\)

the program returns for the next observation.

1-6-8
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When all of the observations have been processed for a
single satellite the program generates data for punched card out-
put for the plotter. The punched cards contain all necessary
plotter control functions. Punched cards are generated to plot the
axes, visual satellite, element, epoch revolution, and epoch day
numbers. These cards are followed by the data cards. The pro-

gram then returns to process the next group of observations.
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Figure 6.8
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‘ 6.6 Formulation

=0+t (rotation cf earth) deg/solar day

eG day
2. Compute semi-latus rectum.

P =h 2+h 2+h 2
o X0 . yo zo

3. Compute x, y, z components of W (unit vector L orbit plane).

W /B

X0 -

wyo B hyo/ Py

w (o] - hZO/Afp—O

Z
4. Compute inclination.

i

-1
i= tan <1-W 2 1w )
zZ0 Zz0

5. Compute right ascension of ascending node at epoch.

w/2 if Wzo = 0, otherwise;

Q = tan” [(wxo/sm iy / (-Wyo/sini):|

Compute eccentricity and semi-major axis at epoch.

_ 2 2
eo = axNo + aYNo

2
a_ = po/l -e,

7. Compute mean argument of latitude and mean angular motion

o~

at epoch.
U =1, -Q if W positive, otherwiseu =L +§
o o o Z0 o o o
n =k /a Y2
o e’ o
8. Compute a drag coefficient, perifocal distance, and KeLso'
: 2 2
ctt=-c (0 3604
q, =2, (1 -e)

2

K Ja
e e 2 27 2, . 2, 3 2 .
KeLso = p7/2 [i3-5eo -(4-Teo)sm1-(1-2eo)/cos1/:]
o

9. Compute time since epoch and sidereal time at station.

. T = (tobs - to) 1440 + time of day in minutes since midnight.

= A .
98 OG + N +.0043752691 T
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10.

Compute observed position from the observation, ..
X = cos 8 X/cos 6 ‘,’
= s — 8
Y =sin6_ X/cos ©
= s — ]

Use subroutine XYZSB to compute predicted position, I, and

velocity, r, plus intermediate quantities.

If angles only observations, .go to 17.

Equations 11-16 for radar observations.

11.

12.

14,

15,

Compute x, y, z components obs. unit vector from observer to

obj. with respect to horizon.

L = - cosAz cosh
xh

L = sinAz cosh
vh

Lzh = sinh

Compute x, y, z components S (unit vector from observer to

south). (

SX = sin ¢ cos Os
Sy = sin ¢ sin 95
Sz = -cos ¢

Compute x, y, z components Z (unit vector from observer to
zenith).
Z =cos $cos B
X s
Z =cos ¢sin®b
Yy s
Z =sgin¢

Z
Compute x, y, z components E (unit vector from obs. to east).

@

E =-sinb
s

E =cos®
s

E =0 o
Compute Eo (obs.unit vector from obs. to object). ‘

L=L_ S+L,E+L_ Z

- xh— yh h

1-6-12



Wolf Research and Development Corporation

- RESPLT

16. Compute ob. r, vector directed to object, and .
r=pL-R
1/ 2 2 2
r=yx +y +z
- lsin (Liw- w
B = |sm (r (R _VX))
Go to 30.

Equations 17-29 for angles only observations.

17.

18.

19.

-1 L h
' Azc = tan (—X—)

20.

21.

Compute x, y, z components of range vector p.

p=r+R

_ 2, 2, 2
P =\[Px TPy tP,

If Az-El type observation, go to 18,

If RA-Dec type observation, go to 20.
Compute predicted eleveotion.

P, COS es sin ¢ + p, sin 6s sin ¢ - p, cO8 ¢

I"xh = p
L --px sines+ pY coses

yh P

p, cos es cos ¢ +pz sin es cos ¢ + p, sin ¢

L =

zh p

L
hc =tan-l(—~—z—h— )
1-1 2

zh

Compute predicted azimuth.

i I"xh

Go to 22.

Compute predicted right ascension.

L=2¢/p

-1 L
ac=ta.n (Ll>
x

Compute predicted declination.
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L

5, = tan“1 (——E—— ) ‘,’

1-1L 2
zZ

Go to 27.

22. Compute x, y, z components obs. unitvector from observer to

objec;t with respect to horizon.

L = cosd cosa

xh
Lyh = cos§ sina .
Lzh = sin §

23-26. Same as equations 12-15. Go to 28.

27. Compute x, y, z components 'I:o.

L =cosdcosa
X
L =cos b sina
y
L = siné
z
28. Compute observation range. ‘

p= (X*W_ + YW +2Z2W )/(L -W_+L -W_+L -W )
X0 yo zo X X0 y yo z  z0
29. Compute predicted range.

oz, oz, 2
Pe M Px T Py TP,

30. Compute Au, change in mean argument of latitude,

-1 U
Au = tan (ﬁ)

—-x —_—

31. Compute At.
, 2
At ={AaR")/(K_~NP)

If angles only observation, go to 36.
32. Same as equation 17.
33-34. Same as equations 18-19.
35. If Az-El, Range Rate Obs. (OTYPE = 4), compute predicted

range rate.

151
H

1<l
D

1l
]
Il

D .
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Symbol
ALPHA

ASTAT
AXNO
AYNO
BLEXP

CAPZ
CFl1

Z=0

P, =L (p+R)

36, Compute range residual,

Ar=p-pc

37. If Az-El type observation, (OTYPE # 5).

Ah=h-h, Aa-= 'Az—Az‘
[ C

If RA-Dec type observation, (OTYPE = 5).

Ah= 6- 6, Aa:lo,-a‘ l

c c

38, If Ah> 7, Ah=2w-Ah
IfAa>1, Aa=27w-Aa

If angles only observation, go to 40.

39. Compute vector magnitude.

v =\[Ar2+(pAh)2+(pAa cosh)2

mag

Go to 4l.

40. V =\/?’30Ah)2 + (pc Aa cosh)2

mag

41. Compute revolution and delta revolution number.

7= B
1\‘_No-}' 2T
tn

AN:E

Process next observation.

File Definitions

Meaning

Azimuth in radians or right ascension
R = association indicator =1 - 9 (BCD)

axN

yN
Expiration of bulletin, in days since
1950, 0

a

Z, in earth radii

If other than A or 0, indicates that
RODOT contains max. freq. shift in
cyc/sec. &

1-6-15

File

mm O O

«

Core Image
48 bit fit. pt. number

OO0OO0OO0O0O0OO0OO0OR
48 bit floating point
48 bit floating point

48 bit floating point
Floating point

O00O00O0O0OCF
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cO c, in days/rev.2 E 48 bit floating point ‘2
CTYPE Coordinate type for LA S O0O0O0OO0OO0OO0O@
DAYNO Day number (relative to 1950. 0) O 48 bit flt. pt. number
DELTA  Elevation in radians, or declination ) 48 bit flt. pt. number
ELNO Element set no. (binary) E Binary integer
EFOCH To days since 1950 E 48 bit floating point
EQTYP CL=class. T =type of equipment O] CLAAAAATT
HXO hxo E 48 bit floating point
HYO hyo E 48 bit floating point
HZO hzo E 48 bit floating point
ISTOP Inclination correction indicator E O0O0000O01
MSGNO 5 character message number "0 AAAMMMMM
OALT H, in earth radii S Floating point
OBRITE Brightness in apparent magnitudes O ‘Same as tape record
OBSNO Observation nurmnber @) AAAXXXXX ‘
OTYPE Observation type O O00O00O0O0 OoT

0 = range rate only

1 = azimuth and elevation

2 = azimuth, elevation, range

3 = azimuth, elevation, range,

range rate-

5 = right ascension and declination
PHANG Cp phase angle coeff. in degrees E Floating point
PHIRD ¢ in radians S Floating point
RANGE Slant range in earth radii 0o 48 bit flt. pt. number
REVF Final revolution number E Floating point
REVI‘ .. Epoch rev, no. or initial rev. no. E Floating point
RODOT Range rate in earth radii/kemin 0o 48 bit flt. pt. number
SATN Satellite number (BCD) E AAAAABBB
SATNM  Satellite name E NNNNNNNN
SATNM?2 .Satellite name E NNAAAAAA
SATNO  Satellite number o assassss @
SATOB Number of observations E 48 bit floating point |

1- 6-16
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RESPLT

SATRM
STAID

STBRT
STGAR
STNM
STNM2
STYPE
TOY
UTIME
XLAMBA
XLO
XOVCT

Rms in kilometers

Station number

Station number

Standard brightness

F -sign bit on-classified
Sensor code

Sensor name (BCD)

Sensor type

Year of T0 - 1 BCD character
Time of day (min. since midnight)
\ radians east

Lo radians

X/cos 6 earth radii

1- 6-17
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48 bit floating point
AAAAANNN
AAAAABBB
Floating .point

F @AH p
NNNNNNNN
NNNNNNNN
OO0OO0OO0O0OAAA
OO0OO0O0OO0O0 Toy
48 bit flt. pt. number
Floating point

48 bit floating point
Floating point
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KEY:

OBSGET

START ‘
|

L RESPLT

Initialize
Counters

'

Initialize
Qutput
Routine

08SLOD

100 Obs.
Processed 7

OBSGET

Prepare Obs. for Outéut :
08SLOD ) Initialize to Retrieve 1st Ob.
Test for Sensor ' in OBLOC
Availability
Test Availability of Initialize to Retrieve 1st Elem.
Processed Obs. Set in EBLOC ‘)/

Retrieve Next Ob.
from OBLOC

1-6-18
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Sensor
avell. ?

NOSENS

Clear
Sensor
No.

Eiem Set
Currently

\\ Avail.? /

Yes

Untagged
ob. ?

Untogged
ob ?

Yes Yos

Use
Current

Eiem. Set

Required
Elem. Set
Avail, ?

KEY

Return to Retrieve Next Ob. Prepare Obs. for Output
Check Association Status of Ob.

Retrieve Required Elem. Set
from EBLOC
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Sensor
Doto
Avoil, ?

Set
Indicator
for Rodar

(D
) indicator

for Visuol

Al

Obtaoin Yeor
Constonts

!

Convert
to Days
Since 1950

‘KEY}

Retrﬂieve Next Ob. from OBLOC !
Continue Computations

1-6-20
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Increcse
Ob.
Counter °

'

Store Ob.
Dato for
Qutput

v

Compute
i 6y ot
Time of Epoch

'

Compute
Py W, i

l PREL4
. Compute
""o"o"’o

hRELll

Compute
‘ Ugangee”

L PREL13

‘ Compute
9% Kol so»
0 T

KEY:

Compute x, y, z Coordinates

‘1-6-21
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Compute
XY
Radar Ob.?
VISUL
0b. to Obs. to
Xy2 Obs. Vector
OBVEC 0BCOM
Predicted
Range
0B VEC
" |
4 R3

Compute
Ay At

DELTAU

Rador Ob 7
Compute
Predicted Ob,
0BCOM
KEY;

Compute and Store Residuals

Compute Predicted Position and
Velocity (xr2 =30)

1-6-22
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RESPLT

. Compute
Vmog'.w'or

Rador Ob.

A6

Compute
Residuols

Ar, Ah,aQ

Radar Ob.7

~ Compute
Vmag. for

Angles Oniy

KEY:

@ Return to Process Next Ob. in OBLOC

T

Compute
N,AN
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i

(

c7
Obs. 10 be
Plotted ?
EPILG
Empty
Output
Buffers
Output
Output Plotter
Plotter St
Stop op
Command Command
Output .
Axis ExIT
Generator

Convert (\"
Rev.,To, .

Elem. No.
TOBCD

v

Qutput

Sat. No.
Generotor

CPLOT

v

Output
Elem.No.
Generator

CPLOT

KEY:
Continue Plot Header Generation

868) Begin Ob. Sort by Rev. No.

O
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Output
Rev. No.
Generator

CPLOT

y

Output
Epoch Time
Generotor
CPLOT

¥

Output
Pen Up
Command

Commond

Output
Printed
Header

Set Up
Sort
Table

‘ CSORT

Sort Obs.
by Rev.
No.

KEY:

Retrieve Ob. Data from Array Storage

1-6-25
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NXTLP

Retrieve
Dota from

Arrays

l WRIT

OQutput:
Print and
Punch

Processed ?

Reset
Ob. Countar

KEY: :
Return to Process Next Observation

@ Empty Output Buffers and Exit to Exec.

(;

A

-
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7.2

PREPINT, Satellite Situation Report From Nodal Elements
Function

The purpose of PREPINT is to supply the sub-satellite point
and related data of all satellites at specified times. The longitude
and time at the last ascending node are also computed for each

satellite.

A maximum of 500 satellites may be included in each report.
However, positions will be computed only for those satellites in-
cluded in the request deck (See 7.3). If any comments (such as
"IN HELIOCENTRIC ORBIT'"} appear on the request card of a
satellite, these comments are printed out and the program does

not attempt to determine the sub-satellite point.

During one run of PREPINT, as many as 10 reports may be
produced, one report for each time card (See 7. 3). If a report time
is 1200 hours, the output heading will be WEEKLY SATELLITE
SITUATION REPORT. A daily report is issued at all other times

but both types of report are identical other than heading.

Input

The input to PREPINT is arranged as follows: 1) request
cards (< 500); 2) request deck terminator; 3) time cards (< 10);
4) time deck terminator; 5) standard 6 or 7 card element sets;

and 6) element deck terminator.
(1) The request cards contain the following information:

Cols. 1-3 Satellite number

" Col. 7 Comment indicator = 0 or A, no comments;

= 1, read comments from cols., 21 = 62.

1-7-1
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¢

Cols. 9-20 Satellite name

Cols. 21-62 Comments to be printed on report if Col.7
contains a "1'" punch. (A maximum of 50
satellites may have comments. )

All other columns on this card are not used.

(2) The request deck is terminated by a card with a "' 2"
punch in Col. 7
{(3) The time cards contain the times at which reports are
desired. They are punched as follows:
Cols. 1-4 Year
Cols. 6-7 Month numbér
Col. 8 Blank
Cols. 9-10 Day of month
Cols. 11-17 Hours and minutes (HHMM- MM)

AY

Col. 20 Output unit indicator = 0, output in statute mil !

it

1, output in kilometers

All other columns are not used.

(4) The time deck is terminated by a card with a " 7' punch
in Col. 8, |

{5) Both standard 6 card element sets and standard 7 card
element sets may be included in the element deck.

(6) A blank card is used as an end of input indicator.

The ordering of the satellites on the output is determined by
the order of the request deck, not by the element set order. More
than 500 sets of elements may be read in since the program stores

only the elements for satellites in the request deck.

7.4 Output

The heading of each satellite situation report contains the

date and time for the information following it. One line of data is
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printed for each satellite. If comments were read from the request
card, these comments are printed out beside the sateilite number.
Otherwise, the following information is printed out for each satellite:

1) Identifying information: satellite name and number, and
element set number.

2) Sub-satellite point at report time: latitude and longitude
west, in degrees.

3) Inclination, i, in degrees and nodal period, PN' in
minutes.

4) Distances to apogee and perigee in statute miles or

kilometers, depending on Col. 20 of the time card.

5) Revolution number at report time and T, Q_ ., and A

N N N

for this revolution.
6) Eccentricity, e, satellite height in statute miles or

kilometers.

7) Satellite latitude and longitude west in tenths of a degree.

The sentinels required by the TELTYP Program are supplied
to enable transmission of the above output including all information

from 1) to 4).

Processing

The entire input deck is read in and the data stored in arrays
before any computations are made. First, a maximum of 500
request cards are read in. The satellite identification and comments,
if any, fro‘m the request deck are saved. Next, tre report times
and output options are read from the time cards and stored. Finally,
the element deck is read in and the elements for all satellites in
the request deck axe stored. For all element sets which are out
of order, the satellite and card numbers are printed out via the
flexowriter with an appropriate message. After the element deck

terminator is read in, a check is made to see if there were any
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element sets out of order. If there were cards out of order, the {
program returns control to the executive program. Otherwise,

computations for the first report are started.

After retrieving the first report time from the time array,
the teletype sentinels and report headings are written on the output
tape. Next, the first satellite number is retrieved from the
request deck array. If comments appeared on the request card for
this satellite, they are written on the output tape and the next
satellite number is picked up from the request deck array. For
satellites having no comments, the elements are retrieved from
the element array for computation of the sub-satellite point at
report time. First, the revolution number at report time is com-
puted and all elements are updated to the time of the ascending node
for this revolution. If the satellite has decayed prior to report
time, an appropriate message is written on the output tape and the -
next satellite number is retrieved from the request deck array. (\‘
However, if the satellite is still in orbit, the sub-satellite point
at report time and other data for output are computed. The output
is converted to the proper units and written on the output tape. The
next satellite number is retrieved from the request deck array and
the computations continue until all requested satellites have been

processed.

The next report time is retrieved from the time array and the
same procedure followed until reports have been completed for all
requested times. The program then returns control to the executive

program.

Error Messages

1. SATELLITE CARD _  OUT OF ORDER

Program continues reading entire element deck and (}i
writes this message for every card out of order. After all elements

have been read in, program exits to executive routine.

1-7-4
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2. SUBROUTINE ERROR EXIT FROM OCTAL __
Subroutine or irrecoverable input-output error. Program
exits to executive routine if the GO option is taken. If the STOP
option is specified, the message is retyped. A dump should be

taken if possible.

1-7-5
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7.6 Formulation
‘ PNo
L. P, = ——
o 1- wPNQ
21
P,, 2/3
2. 2, = ( —o5gH72997 )
3. qo = ay (1 - eo)
4 At = PN AN+ C, AN®+d. AN
* N - No [o] (e}
2
5. Py = Py, +2C, AN+ 3d, AN
6. Cy = Cot 3dAN
7. iy = Gt 9 AN
K 1 .e 2
8. qN = qo+qNAtN+TqOAtN
9. oy = Gyt GoAtyt o 8y oty o<oy<2n @
0. Ry = Qo+ R otgt o5 G, Aty 0 < Qy< 2l
11 P, _ PN
N = TP
] - NN
21
2/3
Pan /
12. ay = )
. 058672947
q
13. e = 1- %
N an
. (. 086917) (a2 (5 cos?i-1)
14. Wy = )
1l -
( °N )
5 oo - ' (-.17383) (ap)” "/ 2 (cos 1)
. N -
- 2)2
N
16. qn = an(1l- eN)

¢
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17,

18.

19

.

20,

21,

22.

23.

24.

25,

26.

217.

28.

29,

30.

31,

32.

33.

34.

_ -1 —1’ l- eN “N
EN = -2tan = ( TFey tan 5 )

My = EN-eN sin En
2l - At
M(t) = My + —=—2t
N Py
Solve for E(t) : M(t) = E(t:)--eN sin E(t)
- -1 lte E(t)
v = 2 tan ( —T‘_QN.N-_ tan T_ )
. 1 .. 2
B o= viogtey Attt _Z‘“’NAt
! N AP .
¢ = sin " (sin i sin p)
-1 tan ¢’
¢ = @n (55355583
R . 9966443
o =
1/ 1--00670015 - cosZ¢
- 2y (1-en®
(i-f—eN)‘COSV
H=1r-R
(e}
B = sin-l ( cosi )
- cos ¢’
., /
A)\/ = sin-1 (M—)
tan i

1

/ b .o 2
AN = A X+ At(QN-6.3003883)+—2—9NAt

AN =BG -y, 0< A <360
Ng = Ay~ A\, 0< X <360

Apogee = (ZaN Ay - 1) * K where K is km/ e. r. or sm/ e.r.
conversion factor

Perigee = (qN -1y K

| 2
(107.08829) (1+ ey cos g inp- (6. 3003883 cosdan(l - eN
VaN(l-elgz 1+ en cos v

Course = tan_
(107. 08829) (1 + eNncos V)

v an(l- en?)

1-7-7
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7.

7

Glossary

Location

AA

AAl
ANGL
ANGLE
ANOMA
APOGEE
AXIS
AZIB

BB
BBl

CA

CC

ccl
CHECK
COURSE

D

DA
DAE
DAP
DAYE
DAY
DAYN
DAYP
DD
DDl
DELLOT

DELONG

DELTAT

DELTTN

Symbol

sin cb'

AN
At

AtN

(

Meaning

Comment from request card

Array for storage of comments AA
Array for storage of inclination angles (i)
Inclination angle

Anomalistic period in days

Apogee distance

Semi-major axis

Angle B, see diagram

Comment from request card

Array for storage of comments BB

Rate of change of period in days/rev. 2
Array for storage of c terms
Comment from request card
Array for storage of comments CC ‘? '
Sine of geocentric latitude of subsatellite point

Course in radians

First derivative of ¢ in days/rev.3
Array for storage of d terms
Array for storage of epoch times (t,)
Array for storage of decay times (t})
Time of epoch in days of year

Day of month of report

Number of whole days in ty

Epoch time of decay equation
Comment from request card

Array for storage of comments DD

Delta longitude of node excluding precession
of node for this revolution

Difference in longitude from node to
subsatellite point

Time from ascending node of updated ‘3\
revolution to report time (tg gporT = tN)

Time elapsed from epoch tolast ascending
node prior to report time (tyy - to)

1-7-8
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DEPOCH
DTIM

DTIME

E
El

EE
EEl
EN
EPOK

EPOKR

ERAD

ES
FEPOCH
FF

FF1
FRACT
FTIM
FTIME
FORDC
FORDE

FORDP

GEGL _
GEOCL
GEOGL
GG
GGl

H
HLS
HT

E(t)

Time of epoch in Smithsonian days

Array for storage of report times in
Smithsonian days

Report time in Smithsonian days

Eccentricity

Array for storage of eccentricity
values (e)

Comment from request card
Array for storage of comments EE
Eccentric anomaly at the node

Array for storage of epoch revolution
numbers (Ng)

Epoch revolution number

e

l1t+te

Eccentric anomaly at time of report
Time of epoch in fractional part of day
Comment from request card

Array for storage of comments FF

In fractional part of tN
Array of fractional days of report times
Fractional part of day of report

Nodal c term from 7 card element set

Column 80 of element cards (E in col. 80
indicates 7 card element set)

Nodal period from 7 card element set

Latitude of the subsatellite point in degrees
Geocentric latitude of-subsatellite point
Geodetic latitude of subsatellite point
Comment from request card

Array for storage of comments GG

Longitude of the node
Longitude of the subsatellite point
Height of satellite above earth
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1D Element card number ‘j
IELNO Element number
ILN Array for storage of element numbers
IT Number of times at which reports are tobe
issued
KAZ Day for which report is issued
KIL Array for storage of outpiit options
KILO Output option (km or sm) for report
KiLox Output option {2 3 SUPSE in statate miles
MAGIN Input tape number
MAGOUT Output tape number
MESS "Out of Order'' message for flexowriter
MO Month number of report
N Number of satellites requested for report
N1 Array of comment indicators :?pn:izftofgr?lil:its
for this satellite (
NAT Satellite number
NATNO Array for storage of satellite numbers
NEOGL Latitude of subsatellite point in degrees
NLS Longitude of subsatellite point in degrees
NN Number of satellites having comments on
request card = 0 no comments on card
NO Request card switch! =1 store comments from
card
=2 end of request deck
NREV N Revolution number at time of report
NRSC Number of element sets which are out of
order
NYEAR Year of report
NZIB {Course in degrees
PEDOT irray for storage of @ values
PERDOT ® First derivative of argument of perigee
PERI Array for storage of w values
PERIG w Argument of perigee O
PERGEE Perigee distance
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PERIOD
PNOD
PNODL
PRDDO
PRDDOT

Q

QA
QDDO
QDDOT
QDO
QDOT

R
RADDO
RADDOT

RADOT
RASDOT

RAX
RIGHT
RITAS
RITASC
RJ

RO
SNAMEI}
SNAME2

SNAME A
SNAME B

SOLMN
SOLMS
SUBLN

TIM
TIME
TME
TIZ
TN

Nodal period in minutes

Array for storage of nodal periods (PNO)
Nodal period in days/rev.

Array for storage of 1/2 &

One half 2nd derivative of argument of perigee

Perigee distance in earth radii

Array for storage of q values

Array for storage of 1/2 ¢ values
Second derivative of argument of perigee
Array for storage of q values

First derivative of argument of perigee

Revolutions since epoch
Array for storage of 1/2 Q values

One half 2nd derivative of right ascension of
the ascending node

Array for storage of &

First derivative of right ascension of the
ascending node

57.2957795 (deg/rad)

Right ascension of ascending node in degrees
Array for storage of §I values

Right ascension of the ascending node
Distance from center of earth to satellite

Radius of earth at subsatellite point

Satellite name

Arrays for storage of satellite names

Mean anomaly at the néde
Mean anomaly at time of report ‘

Longitude of the node in degrees

Time of report in hours and minutes
Arrayof times atwhich reports are tobe issued
Time of report in hours and minutes

Year of report

Time of nodal crossing for revolution
number of report
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U

VEK

YCONS
YCONST

YEAE
YEARE
YEARP
YEAP
YEAR
YR

ZATE
ZETE

Argument of latitude of satellite at
time of report

True anamaly at time of report

Array for storage of g, values

Sidereal time at Greenwich at beginning
of year of report

Array for storage of epoch years

Year of epoch

Year of epoch of decay equation

Array for storage of epoch years of decay
Year of report

Last digit of year of report

Satellite name

1-7-12
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Illustration of Angle B

Fig., 7.1
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PREPINT
START ‘ )
Initialize
Counters
ond Switches
Reod
Request
Card
End of Yes
Request Dock? .
Yes Output No Read One
Comments | Time Cord
Store Store o
Comments O"S:Q.Ng:‘.. ‘ 1
In Arrays in Arrays
Store
Requested
Times in
Arrays
More Time
Cards 7
KEY:

YRMOY | Computes Smithsonian Day
Given Month Number, Day,
and Year ‘\

Retrieve 6,
Given Last Digit of Year

Read Element Cards
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o

Read
Element
Cord

End of
Elements 7

Yes

Sot. No.

in Request
List ? Error Msg: Retrieve
i UBROUTINE Time from
ERROR | Arroys
Store *
Elements
in Ar
in Arrays EXIT .
Reod Next
Element
Card
Element
No(  cordsin Yos
\. Sequence ”/
y Yy
Write Msg: Store
ouT OF Elements
ORDER in Arrays

Update @
Out Of Order

Counter

KEY:
9 Converts Smithsonian Day
to Year, Month, Day
Finishes Element Read

Prints Heading for Output

é
®E
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Read
Seventh
Card
Write
Teletype
Sentinel
Daily
Report ?
Write Write
Daily Weekly
Report Report
Heading Heading
KEY:

: Read Element Card No. 1
Read Element Cards No. 2-6

(49

Retrieve First Set of Elements
for Computations

1-7-16
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i

Write
General
Output

Heodings

'

Pick Up

First Sot.

No. from
Request List

Write
Comments

KEY:

Comments
for This
Sot. ?

Retrisve

Sat. Elems.
from Arrays

Compute
Pa,0,q

. |

Compute Position for This Satellite

Check to See if All Satellites Have

Been Processed
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(
(s2)

Compute
At, AN,
Aty

Can
Position Be
Determined

Write Msg: Update

POSITION Elements To
INDETERM!- Time of

NATE Report

@ Compute

En-"n ’M(t)!
Et),v,u, 2P

¢ ¢
Compute
Rova Hl AA) A‘

A Course

:

Convert
OQutput to
Proper

Units

y

Write
Position
Data for

Sot.

(+9)

KEY: ,
@ Check to See if All Satellites
Have Been Processed

¢

1-17-18
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’ More

Pick Up
Next Sot. No/ Reports to be \Yes
from tssued 7
Req. List ’
Q Write
Telotype
Eng
Sentinel
EXIT

KEY:

Start Processing Next Satellite

@ Retrieve Time for Next Report
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MAKETAPE

8.2

MAKETAPE, Make Input Tape for TELTYP

Function

The program MAKETAPE produces a magnetic output
tape incorporating the message sentinels required by the TELTYP
program. Only one message is produced by the program. An
optional control feature will produce the message broken into

90-line segments.

Input
Input data originates from the Schedule Tape. This input is
moved by the system from the Schedule Tape to the System Data
Tape (logical 0).
Two control cards are used in addition to the data cards
containing the message to be converted. The following should

be in cols. 17-24:

1. TELEFORM
2. FINDATA

Description of Control Cards

1. TELEFORM
This card, if present, will precede the data deck. When
encountered, it will signal the program to break the message into

90-line segments.
2. FINDATA

This must be the last card of the data deck. The program

exits to the executive program when this card is intercepted.

Output

The output tape (logical 11) created by this program is in a
form acceptable for subsequent conversion by the TELTYP program.
A hard copy of the message with its sentinels may be obtained by
printing through the UBC using data select one. For a discussion
of the sentinels used, the writeup of the TELTYP program should

be consulted.
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Processing
MAKETAPE reads data into core from logical tape zero.

Each card image is scanned for the control information described
under the input section, If TELEFORM is found, an internal
switch is set to cause line counting. If the program is in the line
counting mode, each group of 90 lines will be preceded by the be-
gin sentinel and followed by the end sentinel required by the
TELTYP program.

All data read into core will be written onto the output tape,
with the exception of right-adjusted blank fields. The program
will exit to the executive routine when the FINDATA control card
is intercepted.

It is generally expected that the TELTYP program will be
used immediately following this program or, at least, before

logical tape eleven is wrapped up by the system.
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MAKETAPE
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9.1
9.2

9‘3

XYZLAR, Look Angle Report From x,y, z, Coordinates

Function

The program is used for predicting the position of a satellite
in terms of the tracking coordinates of a particular station. The
program is especially useful for deep space probes.

The position of the satellite is defined in terms of the right
ascension, declination, azimuth, elevation, and slant range at the
prediction time, for a particular station. The elevation and illumin-
ation angles of the sun are also computed to determine if the satellite
is visible.

Input options exist to consider the restrictions imposed by the
type of observing equipment used. No data will appear for a re-
quested prediction time unless these limitations have been met.

The ephemeris data, used in the calculations of the look angles,
may be read from an ephemeris tape previously written by either
the Unified Encke Differential Correction Program (accuracy,
approximately ten lunar distances), or by the Interplanetary Program.
If the ephemeris tapes are not available, the data may be read in
from punched cards. Predictions for more than one station may be

based on the same ephemeris data.

Input

An input set consists of a standard station card for the observ-
ing station, a request card, and the ephemeris information from an
ephemeris tape or pﬁnched cards containing the ephemeris data
followed by a blank card. Each input set results in a look angle
schedule for the station specified. If look angle schedules are required
for the same satellite but different observing stations, additional
pairs of cards, composed of a station card and a request card, may
be added to the input deck. If new ephemeris data is to be entered
from punched cards, the station card of the next input set must con-
tain a negative station number. Any number of input sets may be
entered. The last set must be followed by a-blank card which is in

addition to the blank card following the ephemeris data cards.
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