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Section 1
INTRODUCTION

rThis handbook has been prepared to provide dst _Aerospace Control~Squadronu(ADO)
personnel assigned to the Orbital Analyst position in SPACETRACK with detailed
procedures and standardized methods for accomplicshing their assigned tasks in
satellite processing.| These tasks are:
a. Domestic Launch
b. Foreign Launch
¢c. Debr s Separation
d. Proximity Determination
e. Element Maintenance
f. Decay Prediction
Each task represents a major orbital problem. A check list for each problem
is provided. The required steps leading to the solution of the problem are
identified. Analyst proceiures are described and cross-referenced to per-
tinent tasks. Computer programs which support the orbital analyst are or-
ganized by functional area and detailed with respect to their use, input
options and formats, and output format. Other system programs not of primary
interest to the analyst are identified and briefly discussed. Standard
system card formats, the system tape requirements, and the operating modes
are described in detail. Aids, charts, graphs, and other material which

assist in job performance are to be found in the appendix.
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Section 2
TASKS

The analyst is responsible for solving a variety of orbital problems. These
may occur independently or in numercus combinations. There are six such
problems, each constituting a task. Each task is described at two levels of
detail. The Check List identifies the major requirements of the task, and the
task description identifies a workable set of procedures which will suffice
for task accomplishment in a majority of cases. Each of the procedures is
referenced to a more detailed description of its use in the Procedures section

of tliis document.

The following tasks are described:

Task Page

1. Domestic Launch 2-3

2. TForeign Launch 2.9

3. Debris Separation 2-13
L. Orbital Proximity

Determination 2-15

5. Element Maintenance 2-17

6. Decay Prediction 2-21
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.1 DOMESTIC LAUNCH

Check List

Satellite classification

.1.1.2 Pre-launch information

Pre-launch folder:

1ACS Form 31
Calculated element set
Computed element set
Nominal hulletin
Nominal look angles
Launch memo

Launch messages
Lift-off time
Sensor notification
Adjusted element set ( O To)
Sensor notification

SPADATS object number

Internaticnal code name

.1.1.10 Released bulletin and look angles

2.1
DOMESTIC LAUNCH

™-1X-123/000/00
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n

.1.2 Task Description

2.1.2.1 Determine security classificatlon of satellite

2.

l1.2.2 Gather the following pre-launch information and initiate Form 31,

to include:

2.1

o 2]

2 0

[= > T o T4

a.

Nominal number

Day of Launch

PA = anomalistic Period (in days), or
a8 = semi-major axis

i = inclination

e = eccentricity

§, = injection latitude

A

= injection longitude

Time from lift-off to injection

Direction of satellite motion at I: northerly or southerly

2.3 Manually calculate a nominal element set (procedure 3.1), as follows:

Calculate w

:ifLJ- (N.); sin (180°-u) = —iﬁ‘L?ﬂ; (s.)

sin 1

wo = U, <¢i is -f); wo = 3600-\1, (¢i iS ‘)-

Calculate To:

E l - o wo o
Tan 3 = € ————;ifO S-—-S90,theno s§s9o
w
cot[' 180] [\/ :,cot[ 'IBOJ 1f 90° <-2—05180
then 90 < g < 180°

M = E —[:Ee sin E) (SYZiZJ S
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i

. Time of lift-off (in days) + Time from lift-off to injection (in days).

3
i

o Ti (in days) ~ At
NOTE: FNominal time of lift-off is assumed to occur at 0000Z hours
on the day of launch.

c. Calculate Qo (with 9, = 98.74077):
(1964)
- B ° 5
GGm =8, Eﬁo % 1.00273791) (360 E] ;
0

ER = At x 360",

o5 ). = COS U < 90°; (180° - ) = £C2 (1800 - u), 90° < u < 180°

cos —.Egg—ai, u ; COs AN) = cos ¢1

My . )M, =&\ - ER

Qo= 8, - A

\\'d’.

o =

Determine C from eccentricity vs. perigee plot (Fig. 2-1); where perigee
height (g) (in earth radii) = a (1-e).

2.1.2.4 Compute a nominal element set (procedure 3.1) using the 1620 launch

rrogram.

2.1.2.5 Ccmpare the nominal element sets and make the necessary corrections

on the seven--ard element set cards output by the 1620 program.

2.1.2.6 Duild a special SEAIC tape for the launch (procedure 313)_using the
SEAI program. '
2.1.2.7 Generste a bulletin (procedure 3.7) and look angles (procedure 3.8)

using the BLTNSGP and GLASGP programs (OCS 17). The security classification

oif the look angles ic the higher of the clagsification of the sensor or the

w

catellite. The security classification of the bulletin is the same as that
SRR AN

e satellite.  Ingure eppropriate sensor tasking.
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2.1.2.Y% Examine the bulletin and look angles for errors and release through

the Project/Sensor Branch.
2.1.2.9 Receive actual lift-off time.

2.1.2.10 Netify the sensors by phone of the time of their first rass, immedi-
£

t
ter lift-off and just prior to acquisition.

2.1.2.11 Calculate TO and Qoﬁ as follows:

a. Caleulate T,: Increase nominal Ty by 1ift-off time (in days).

t. Calculate QG: Re-calculate QO using TO'
2.1.2.12 Update the nominal element set to reflect actual QO and Toa

2.1.,2.13 Correct the nominal element set using reported observations.

nominal element set (procedure 3.5) usin_, the SGPDC program. This is usually

done after two or three revolutions ol data have been received.

2.1.2.13.2 If insufficient tagged observations are received:
a. PFrom BMEWS sensurs = separate all observatlions on the 410 tape
within the expected sensor acquisition times from the balance, using
the MAP, ORCON and OBSSEP programs; associate the observation on the
high-priority R-ispe with o1l element sets in the E-file (procedure
3.4), using the RASSN program; generate observation cards, using the
SRTMRG program; retrieve all unascoclated observation cards manually. e
b. TFrom other sensors - retrieve all possibly associated observation
cards.
¢. hAgsociate the cbservat:or: (procedure 3.4) with the nominal element

set, using the RADSN program in the SCHTP mode with lenient association

Dorrect the nomanal element set (procedure 3.5), using the associuted

sbuervations only, in the SGPDC program. .
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f.

If the DC fails, compute an initial element set ( procedure 3.2) using
IOHG, etc., or manually adjust the nominal elements (procedure 3.9)
as warranted;

Correct the element set again (procedure 3.5) using the SGPDC program.

2.1.2.14 If the DC is successful:

a.

Change the initial and final reveolution on thc seventh card of the

Publish a bulletin (procedure 3.7) and look angles (procedure 3.8).
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2.2 FOREIGN LAUNCH PROCESSING
2.2.1 Check List

2.2.1.1 Discrimination

2.2.1.2 Observation selection
2.2.1.3 Element set determination

2.2.1.4 HNominal element set adjustment (T. and Qo)

0
2.2.1.5 1Initial element set evaluation
2.2.1.6 Element set correction

2.2.1.7 HNominal element set evaluation
2.2.1.8 SEAIC update

2.2.1.9 Trial bulletin

2.2.1.10 Sensor tasring

2.2.1.11 Released bulletin and look angles
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.2.1 Compare Initial fan data with Beam Projection charts for discrimin-

.2.2 Examine initial observations for a major trend (procedure 3.4 and

3.10) and remcve those observations which deviate from such a trend. Retain

2.2.2.€ If ncne of the nominal element sets represents the initial ﬁg: data,
1

v calculate an element set using the initial fan data and selected

o
ey

crmation (procedure 3.1).

2.2.2.7 If the Initial obeervations are tracker datas, compute an initial
element cet (rrocedure <.2) using the IOHG program.

2.2.2.5 If the initizl cbservations are telemetry data, compute an initial
nt set {procedure 3.2) using the IOANGLE program.

.9 I the initial cbservations are geocentric rectangular coordirates
lceity data, compuate an initial element set (procedure 3.2) using the
ROC progranm.

2.2.2.10 If the ionc are simply two or more isolated radar

stations ond/cr on the same or different

rovelutions, compute an initial clement cet (procedure 3.2) using the IORF

2.2.2.11 Correct the nominal element set (procedure 3.5) using the initial

fourp duta In SOPDC progrom.,
2.02.2.12  Bvalunte the element get for gcceptability by examining the residuals

srd eloments Jor reasconable values ince

o e s il M
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At

A t range

A B

A B range
Perigee height
Period

Drag

2.2.2.13 If any of the elements is unacceptable, correct the element set

(procedure 3.5), using additional observations in the SGPDC program.

2.2.2.14 1If the DC fails, treat the satellite as an element maintenance

problem.

2.2.2.15 If the DC is successful, evaluate the element set for acceptability.

2.2.2.16 When all the elements are acceptable, add the element set to the
System SEAIC files and the SEAIC tape (procedure 3.3) using the Special SEAIC

program. A bulletin (procedure 3.7) and look angles (procedure 3.5) will be

generated automatically, as well as a trial bulletin.

2.2.2.17 Examine the trial bulletin for acceptability.

2.2.2.18 Insure appropriate sensor *asking (procedure 3.6).

2.2.2.19 Release the bulletin and look angles through the DSSO.
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2.3 DEBRIS SEPARATION

2.3.1 Check List

2.3.1.1 Corrected main element set
2.3.1.2 8Selected debris observations
2.3.1.3 Debris element set(s)

2.3.1.k GSEAIC update

2.3.1.5 BSensor tasking

2.3.1.6 Released bulletin and look angles
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=~

.3.2.1 Correct the main e

ement set (procedure 3.5) ising the mest recent
sbgervaticone in the SGPDC program.
2.%.0.2 Select from all asscciated observations (procedure 3.10) those which

s rather than the main body.

(S
!

5
4
T
Fog
re
,v‘
4
s}
i
e
3
0
o2
>3
-
4]
<
$ 4
)
e
Ry

t lebris observations with the main element set (procedure

%,i4Y, usins the REDUCT program or the RASSN program in the SCHTP mode.
>.3.2.4  Bxamine the residuals to identify groups of cbservations which may
censtitute major *Yrends related to debris objects (precedure 3.10).
.2.2.5 Modify the moin element set (procedure 3.5) (with a temporary identi-
Sficaticn nurber), using each group of selected debris observations in the

bris element set for each debris cbject.
2.2.2.% If the DC falls, medify the maln element set (procedure 2.5) using

<o time residuals of “he dehric observations in the SYSBULL program, pro-

Lng u debric element set.
2.%.2.7 Cuange +the temporary identification number tc the next usable

u
System SEAIC ©Ilcs and tne GEAIC tupe (procedure 3.3) using the SEAI program.

-~ i)

Z.%.2.4 Incure srproiviste censcr tasking (procedure 3.6).
2.7.2.9 Generate z bullelin and lock angles.

2.2.2.9.1 I the gebris ic from a fereign satellite, generate a bulletin
(rrocedure 3.7) wnd look ancles (procedure 3.8) using the BLTNSGP and GLASGP

soon as possible, ineuring appropriate

DLeLE e If wne Jeblelo 1o o Irvon & demestic satellite, generate look anel

sl
- rleg
/ ; OGNt s CTATAD 1oy crpnm v ‘ :
¢ viuve t.%) acirns the GLASGPE program (OCS 19), and release as scon as
;oonoitle, Grncurine sprropriate tecurity clussification. A bulletin is

P T A . epmpre s T ywgaes o A AR 3y |
counllor o rets regulred on domecstic debris.
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2.4 PRCXIMITY DETERMINATICL
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2.k.1 Check List - for orbiss related
2.5.1.1 Observation associgtion

2.4.1.
2.4.1.
2.4.1.
2.4.1.

Element set correcticon

N

Iritial proximity computation

ow

Final proximity computation

o

Proximity determination

A ]

o < = o |[EERE . s B oEE B -y
or ‘oreits relzmied w0 & gluern igean’ and Lizs

by

4 ~ . P r o
2.4%.2 (Check List -

.1 Initial proximizy computation
2

Eiement s=t correcriion

N
s
o
L

Final proxim:iy Ccomputatisy

[~ T e e A Ehayat +
£.4.2.4 Proximity determinaticn
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AV}

.

L.3 Task Description - for orbits related to each other.
2
J

4.3.1 Acsociate all observations (procedure 3.4) with one element set using

.
.
}
i

ot
®

RASSKN program in the SCHTP mode.

no
=

.3.2 Examine all residuals to identify groups of observations (procedure

3.10) which may constltute major trends related to different orbits.
2.4.3.3 Determine an element set for each orbit (procedures 3.2 or 3.5)
2.L.3.4 Correct each element set (procedure 3.5) with epoch time being the

time of nodal crossing for the revolution on which closest estimated proxi-

mity occourred.

2.4.3.5 Compute the time, distance and positions of closest proximity using

the XROADS program, with the time range equal to the span of time during

which closest estimated proxim}py occurred. L

2.4.3.6 Examine the XROADS program output for the sméllest proximity distance.
2.4.3.7 Recompute the time, distance ard vositions of closest proximity using /
the points of smallest proximity distance in the XROADS program and as small

a time range as is reasonable and meaningful. This may be repeated until the-—— =
analyst achieves the desired level of estimation acceuracy .

2.4.3.8 Determine from the final XROADS output the point, time and distance

of closest proximity.

3

2.4.4 Tagk Description - for orbits related to a given point and time.

2.4.5.1 Compute all satellite positions relative to & given time and
generate a Position Situation Report using the PSR program.

2.4.4.2 Examine the Position Situation Report to determine those satellites
within the required range of the given point.

2.4.h.3 Correct each element set (procedure 3.5) using the SGPDC program

2.4.4.h Recompute each satellite pogition for the revolution on which the
setellite 1 closgest to the given point and time using the GRNTRK pregram.
2.4.0.0 Determine from the output of the GRNTRK program those satellites

within the remquired range of the pgiven point and time.
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ELEMENT MAINTENANCE

7

5.1.1 Element set correction
5.1.2 BSEBEAIC update

5.1.3 Bulletin, look angle generation

2.5.1.% Sensor tasking

-1.5 Element set correction

T

2.5.1.6 SEAIC update

Return satellite to DSSO

o
-
-~

>.5.1.8 Unidentified observation association

5.1.9 Element set correction

5.1.1C Observation reduction
>.1.11 Element evaluation
2.1.12 Element adjustment

-5.1.13 Least squares correction

N3
o
[
o
=3

Julleting, look angle generation

\
]
..J

Sensor tasking

N

©.2.1.1¢ Release bulletin and/or look angles
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[

2.%.2 Task Description

-

2.5.2.1 Sufficient Observations
It sufficient observations are available, correct the last good element set
(procedure 3.5), using selected observations (procedure 3:¥0) in the SGPDC

program.

N

-5.2.2 If the DC fails, evaluate the element set as in 2.5.2.11 below.
2.5.2.3 1If the DC partially corrects the elements, re-evaluate the observa-
tions and compare the input elements with the output elements from the DC.
Correct ihe better element set again (procedure 3.5) using the re-selected
~hservations in the SGPDC program. This may be repeated as long as the
SGPDC program appears to improve the elements.

2.5.2.4 ¥ the DC is successful, updatethe System SEAIC files (procedure

3.5) ucinp the SEAI program. The element set may be assigned the next
ucable number as catulogue elements, or may be identified alphanumerically .

us test elements. Trst eclements are consldered less valid than catalogue

Z2.5.2.% Generate a bualletin rocedure 3.7) and look angles rocedure 3.8
~ e

ropriate using ue BLTNSGP and/or the GLASGP programs, 0OCS 17, or, if
b v ) s )

& d-term exicts, the GLAP program.

Z.5.2.5 Insure appropriate sensor tasking (procedure 3.6).

(
ohgervations in the SGFDC program.
£.5.2.56 Update the Syctem SEAIC files (procedure 3.3) using the SEAI program.
2zt elements were uced they must be deleted and the old catalogue elements
replaced with the new element set. Maintain the satellite until it can be
returned to the DSSO for routine processing.
2.5.2.9 Insufficient obcervations
I cufficient observations are unavaillable, associate .the.unidentified obger-
vatione in the system (procedure 3.4) with the last good element set using the

BASSH program in the SCHTP mode. The association parameters should have wide ‘

T v t N
clerances, and may warrant using a "blank” P-card.
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(Page 2-20 Blank)

2.5.2.10 Correct the element set using the SGPDC program as in 2.5.2.1 above.
£.5.2.11 Tf sufficient observations are-still unavailable, or if-for some

other reason the DC fails, reduce all observations (procedure 3.&) against the
best element set using the REDUGT program. An examination of past element sets

may reveusl the beginnine of the disparity between the observations and the

causs ol Lhe IV failure
£.9.2.13 11 the elements uffe-ted by the time equation appear valid, reselect

the cuservations (procedure 4 100 and/or manually adjust one or more of the

ainine elements {procedure 2.9) to facilitate successful differential cor-
roCt ion
2.1 Correct ths oloment set again, as in 2.5.2 1 above, to generate the
Lent pLsoshle element set on the satellita.
b2 1% It the elements sffected by the time equation appear invalid, or if
Yoew chsorvarions exist oo fasilitate a auccessful DC, generate a delta t
vooorevelution plot (proceduare 3107 of the residuals output by the REDUCT

prograv. s Detormine vhe order of the squatlon describing the plot and the

Saquiarcs points wileh define the plot.

2 5210 Torrsct the element sot {procedare 3.5) using the least squares
pelnte an the SYIHOLL progrom

<2 I werceste o bulletin {procedure 2 7) and look angles (procedure 3.8)

- o + , i I T
,A0 i 2 e 2 gl
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& ECAY PREDICTION

.1 Check List

5...1 King-Hele/Findley estimate

£.1.7 Decay folder:

a. Satellite characteristics

b.  IGPDC output

2 Senszor tasking messages

d. Bulletins released

e, Delta v vs, revoiution, period vs. revolution or period vs. day plots
. Look angles sceils

i ¥ing-Hele/Findley, Jacchia and other program predictions
. Finol decay messare
w.l.3 Differentinl correction, bulletin and look angles
.14 Sensor tasking
Goi.t Releucged bulletin and look angles
£.1.% Obucorvation arcociation and element correction
GU100 Josda predietion

£.1.6 T » od vo. revolution or period vs. day plot
.1.9 Obze . vation reduction
£.1.10 Leuct cguarec correction, bulletin and look angles
©.1.11 Released bulletin and look angles
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Z.6.2 Task Description

2.6.2.1 Bstimate the decay day {procedure 3.11) using King-Hele/Findley
program.
2.£.2.2 When the period is 90 minutes or less, initiate a decay folder on

the satellite, %o Include:
z. Satellite characteristics: tumble rate, motion, size, shape and mass.
b. SCGPDC output from a 90-minute period to decay
o. All sensor tasking messages
d. Bulleting released from a 90-minute period to decay
. Look angles released from a 90-minute period to decay
f. Delta t vs. revolution and period vs. revolution or period vs. day plots.
g. Fing-liele/Findley, Jacchia and other program predictions
. Final decay message

2.9%.2.3 Correct the latest element set (procedure 3.5) ucing all observations ]

.

in the SGFDC program.

2.4.2.4% Generate a bulletin (procedure 3.7) and look angles (procedure 3.8)

using the BLTNSGP and GLASGP programs (OCS 17).

.

2.74.2.5 Inscure apprupriate sensor tasking (procedure 3.6).
2.5.2.6 Release look angles 1o sensors.
2.0.2.7 Ascociate the additional observations (proce@gye 3.4) with the

latest element cet using the RASSN program.

N
: b}
o
O

srrect the latest element set (procedure 3.5) us ., the additional
associated observations in the SGPDC program. Repeat the generation of a
bulletin and look angles, coencor tasking, observation association and element ™
set correction until:

a. The DC fails, or

. The cencor system fails to return ovservations.
£.4.2.9 Wien cstimated decay ic less than one hundred revolutions away,

predice the decay revolution (procedure 3.11) using period/revolution data

rothe Joconls program; validate this by extrapolation of the curve on a ‘
syl oplot of period rs. revolution.

v
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-.2.10 When the DC fails, attempt to correct the elements (procedure 3.5)
nea Dpoterm In the REDUCT-SYSBULL-GLAP program sequence.
+2.11 Relecase look anples Lo sensors.

L.2.18 Manually gererate 2 delta t vs. revolution plot (procedure 3.11).

censor syctem fails to acquire the satellite in successive
ontte, the satellite nay have decayed.

<ammine tho various decay predictions and, when they agree, deter-
o uhe probabtle decuay day and time (procedure 3.11) from:

prediction

Marual plot of period vs. revolution and/or period vs. day.

c Manual plot of delsva L ves. revolution.

¢ Time cpan betweern the last cbhservation reported and the first pre-
dicted obsevration not reported.

2015 Gernerate the fina

o

decay message (procedure 3.11), including:

o Mumber

i hich satellite probably decayed.
¢ decay

d indicator on this satellite.
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Section X

PROCEDURES

A variety cf procedures are utilized to sclve ortital Jetermination problems.
Trey appear in varicus tass<s and in various combinaticrne. A procedure may or
may not involve the use of computer program support, and the fashion in which
It Is used mey vary from task tc tasx or from program to program. The re-

laticnship Te~weern itre procedures and the six taske descrived in Section 2

g
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144
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n
sl
[s¥)
2
44

1. Igmirel element set determination 3«3
z Trizizl element set determinaticon -9
. System Sernscr, Element, Acquisition, Inferzaticn
and Cemmunicaticr (SEAIC) files update 3-11
= Cosercezicn assceliazicm 3-15
. Elemer- ccrrezticn 2-19
<. Cerscr tes:<ing 3-21
- Zillietlrn gerereticn 227
. Lo angle generaticrn =25
9 Elemer~ set adliucstment 5=27
1. tzervallin selecticr 2-29
11, Derelr irediosion =32
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Tasks*

=

N

Procedures
Wi, Title
1. licminal element set determirnation.

2. Irizial element set determination.

3. SEAIC files update.

o, | Observaticn asscciation.
" Elemert correction.

b Senscr tasking.

7. Zulletin generation.

2 Iccr angle generaticn.
9, Flement set adjustment.
1C. Otservaticn selecticn.

12. Elerernt cornversion.

LT - T T T -

~

L T T T

T S T o - - -

o I I T o T T T -

- - R

w

Figure 3-1

rocedures and Related

*¥N-oze: Task tizles:
1 Demestic Lawsen
2 Trreism Lewmch
“. Detris Serarszicr

Iy Pv- o e D:"Qv*rv*v—a" o
Y = i ZR-3 %
. Elemer+ Mair-erance

Tasxs
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.ominal element cet Is generated from predicted orbital values in order to
rovide look angles to sensors so that the satellite can be tracked. Nominal
lements are determined tefore each domestic launch and may be required for

ccasional foreign launches for which initial observations are insufficient.

e nominal element set should contain values for the following orbital

b PA = anocmalistic period, a = semi-major axis or q = perigee distance

0
v
1

inclination — S
d. e = eccentricity
c. T. = epoch time

Ieowe = argument of perigee

1§}

. QO = right ascensicn

.2 Domestic Launcun Information

ational Aeronautics and Space Administration (NASA) or Space Systems Division

38D) of the U. S. Air Force usually supply pre-launch information before every

1.20% Inpdt
£ T .
1. Date of launch
T
A

(measured counterclocxwise from the equator, east of the ascending

node, to the orbit plane)

R ISR AR Pt A 3 1
¢, = lstitude of injection (I)

o s L.
- A

ongitude west ¢f injection

“. Direction of satellite motion at I: ncrtherly or southerly
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vectors) may be used in place of PA’ i and e, with the proper formulas.
3.1.2.2 Processing

Uren receipt of pre-launch information on a domestic launch, determine a set
of neminal elements in the standard format by manual calculation and by using
the I.B.M. 1620 Computer Launch program. The two nominal element sets are

compared and, if they do not agree, the disparities should be analyzed and

adjusted.

3-1.2.2.1 To calculate the Argument of Perigee (wo) on revolution zero:
a. Calculate the distance (u) in the orbit from injection to the

closest ascending node (actual or theoretical):

sin Q,
sin u = —————i, 1f the direction of satellite motion at I is northerly.

sin 1
sin ¢i

sin (1800—11) = ——
sin i

» 1f the direction of satelllite motion at T is
southerly.
L. Caleculate the Argument of Perigee (wo) measured from the theoreticual
ascending node on revolution zero to the perigee polint in the direction

of satellite motion:

woo=u, if T is in the northern hemisphere.
2
el . Lo N
w = 300Y-u, if I is in the southern hemisphere .
NOTE: Perigee is ascumed to occur at I

3.1.2.2.2 To colculate the time (TO) of the satellite's imaginary passage
threugh the ascending nede on revolution zero.

y [ DR e s - n"l v e v \'
a. Culeulate the Socentric Ancmaly (B):

l-e 0 @) l¢) [¢) E %)
—, If 07 2= — 2907, then 0 € — < 90"
1 + e 2 2

51
E - 1807 w, - 180° 1\ /1 - e o W, o
cot = = cot [___—2———_ 1T+ e’ if 907 <« > < 1807, then

90° < % < 180°

<

€
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o.  Calculate the Mean Anomaly (M):

M o= L—[Ze sin E)(57.3E] There are 57.3 degrecs per radian.

¢. Calculate the time difference (At) between TO and the time of

injection (Ti):

d. Calculate 7, (in days since 1 January):

Ti = Time of 1ift-off (in days since 1 January) + Time from 1ift-off
to injection (in fractions of a day)
NOTE: 1If time from lift-off to injection is given in seconds,
divide by 86,400.

DOTE: Nominol time of lift-off is assumed to occur at 0000Z on the

day of lounch.

G P | I m
[ alculate 7
&)
m . m - A
i I A
R S S T m.-

~-=-@es To celeulate the right ascension (0 )on revolution zero, (measured
o]
cagtwurd Irom the vernsl equinox to the ascending node):
‘wleulate the right ascension of zero longitude (Greenwich at
L [
i

{& ), with rirht uscenslon of zero longitude at 000QZ on

~
“m

1 Januery, 1964 (e

)= 98.7hOTT.

€, =6, * (30 times the fractional part of (TO +1.00273791)]

t. Paleulute the difference in longitude (Ax) between injection

toneitude (3 ) and the closest ascending node (actual or theoretical),

meacured Iin a westward direction from Greenwich:

ca A .__.L__E_:’__J; s it 590(). o e
COCs v,
o
s , cog (1807 -y o A0 0
NI (P TR V) BN - é ), if 907 <u s180".
L

i
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d. Calculate the longitude of the theoretical ascending node (Xw ) on

revolution zero:

and N =

northern hemisphere and S = southern hemisphere injection ‘

o]

IOTE: The signs of Ay and 3600 can be determined from the following

table, where P = prograde and R = retrograde satellite motion,

latitude. Addition or subtraction of 3600, where indicated in

the tuble, will not change the value of (xw

. Calculate QO:

o) -

. =

(85

o GT B hw,

O O

(WS
i

2. Read the C-tern
apprepriate con

Fer example, if e = O
_r

el

1.0, C = 0.0 x 10

height reprecentcs the

P R

A\ | 360%] x| 360°
N + -
g - + - +

> and eccentricity.

contours.

.1.2.2.4 Determine the drag term (C):

+ AL~ ER)

roi plot (Figure 3-2) with perigee height above the

rrr base number from 1 to O (left to right) betwzen the

exponent number (to the base 10) between the two

tours at the top of the plot.

.2 and ER = 1.03,

¢
or -1.0 x 10 3

C = -0.7 % 10'6

If e = 0.08 and ER =

The fractional part of the perigee

dictance above the earth.

R e |
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Lo

.1.35 Toreisn Lounch Information

re-launch infermation on foreign launches is usually unavailable. However,

as]

initinl observations miy come from three types of sensors.
3.1.3.1 Input
a. Radar fan data: time, azimuth, elevation, range and range rate
(optional)
I, Tracker data: time, azimuth, elevation, range and range rate

¢c. Telemetry data: time, azimuth and elevation

If telemetry or tracker data are received on a foreign launch, an initial
slement set is computed (procedure 3.2). If radar fan data only are received,

manually generate an element set.

There ave several rredetermined element sets which have been computed from
svlans Toreign lsunches. These may be used as nominal element sets for
guccecding luunches. Attempt to associate initial fan data with fan data

sn rrevious leunches to fucilitate selection of one of the nominal element

oo
s
“
4
[
o
-
=
(—‘h
L
e
.
G
[
it
-+
N
O
=
)
o8
O
©
0
@}
0
o
o
t
]
-
=
%)
o
o
oy
1]
[}
4]
}._J
4]
0
t
4]
o,
joi
2
=1
[
=
2]
]

addt tional observations are received. If the additional
Cheement lons ucceciute closely with the nominol element set (procedure 3.4),
i s corrected {procedure 3 5). Otherwise, the additional observations
snenld be used to compute an initial element set (procedure 3.2).

“hmen the initiol fan data does net associate with any historical data,

utbtompl Lo cualculate an initiul element set (procedure 3.2) using the

initiul fen data and cother available information.
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.2 INITIAL ELEMENT SET DETERMINATION

2201 General

Ao initiod element cet is determined from initiol observations in order to
rrovide look angles to sencors so that the satellite can be tracked. This
ocoure primerily on foreirn launches.

3.4.2 Foreipn Launch Information

fnitlul ebeervations on fereign launches usually come from three types of
CENSOrS.
£.2.2.1 Irput

U

a. Radar fun data: time, azimuth, elevation, range and range rate
(optionul)
L. Tracker data: time azimuth, elevation, range and range rate

¢. Telemetry datu: time, azimuth and elevation

ren recelpt of radar ran datu on o foreign launch, attempt to associate the

initial fan data with ":n duata on previous foreign launches (procedure 3.1).

T
A

the initial observatlone do not associate, attempt to calculate an initial

clement sel using the initliul cbeervations and other selected information.

S3N

o

Y
L

-

The procedure for this caleulation fellows as closely as possible the procedure

orocadeulating a nominal element set based on U.S  pre-launch information

rocedure 301

. Locek of complete informtion, however, may require that a

Vol be cosumed Uer ore or more of the elements on u Yrial basis. Continue

i wdjust the initicl element sel, until sufficient observations are
ceived to rrovide Tor o rellutle ditferenticl correction (procedure 3.5).

crorecolpt off trucker duta on ou forelign launch, the Initial Orbit by

v Ter-0iths (TOHG) procran o oused to coempute the initial element set.

e LOHG progrom uses three three-dimensional fixes from one sensor to

npute the iniiial element set The program automatically uses all remaining

coervations to differentinlly correct that element set (by the Simplified
J

N AY
Lhaod ).
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Upcon receipt of telemetry data on a foreign launch, the Initial Orbit from
Angular Fixes (IOANGLE) program is used to compute the initial element set.
Three angular position fixes from one sensor are used in the computation
and the remaining observations are utilized in a differential correction.
Basically the same methods as in the IOQHG program are employed for both
element set computation and differential correction.

If only geocentric rectangular coordinates and velocity data are available
on a launch, the Radar Orbit Computation (ROC) program is used to compute
the initial element set. No differential correction is included in this

progran.

If two or more radar fixes only are available on a launch, use the Initial

Orbit from Independent Radar Fixes (IORF) program to compute the initial

element set. These fixes may be isolated radar hits which come from

different stations or which occur during different revolutions. Differential "

correction is not included in this program. R
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.3 ZYSTEM SEAIC FILES UPDATE

2.3.1 General

Sensor, Element, Acquisition, Information and Communication data are maintained
on ¢ll catellites carried by the SPACETRACK Center. This data is maintained

¢n punched cards in the Syctem SEAIC files. It is also stored on the SEAIC
tere Tor most satellites, because many of the programs accept SEAIC tape
inputs.  The SEAI Tape File Maintenance program is used to add, modify or

delete information from the SEAIC tape.

Ny

3. 3.

Foreign Launch

Upon establishing the first acceptable element set on a foreign launch,

the E, A and I files on the satellite are added to the SEAIC tape to

iitate the generation of a bulletin and look angles. The Special

F W]
Lact

Foreign SEAI Tape File Maintenance program is used because it includes a

rredetermined acquisition and information file especially designed for

Terelgm launch.

3.3.2.1  Input
. Classification

d. FLASH bulletin indicator (optional)
. Satellite transmitting indicator (optional)

Kl hnk . . ~
. miement set

3.%.2.2 Frocessing
T Speclol Forelpn SEAI Tape File Maintenance program adds the E, A and I

Y

files to the SEAIC tape and automatically enters the bulletin and look
amle generation procedures (procedures 3.7 and 3.8). A and I-file cards

chould Be punched co that the information on the SEAIC Tape is also in the




Upon determination of

o

ial SEAIC tape be built.

2.3.3.1 Input
a. Sensor data
b. Nominal Element Set

¢. Acquisition data - usually from

d. Information data - usually from

Satellite Maintenance

Ol 3-12

nominal element set on a domestic launch, request that
This special tape is used until after the

a
satellite is launched and an acceptable element set determined.

the Operations Division

the Operations Division

ATter a reliable element set for any satellite has been determined, the

.

clement set is maintained in the System SEAIC files.

the element sets are made manually or automatically, depending on the stability

Simplified General Perturbation

(SGPDC) program in the automatic

of the satellite and the reliability of the element set.
2.2.L.1 Input
a. Elemeni set
L. Acauisition dat::
c. Informaticn datu
oy m ~ ~
2.3.4.2 Prececessing
I the element set is corrected by the
Ephemeris with Differential Correction

mode, the new clement set will be stored on the SEAIC tape in place of the

~ 4
50T

old element

drag term (procedure 3.5). Otherwise,

SEAIC tape. I the

SEAT Tape File Maintenance program is used to update the SEAIC tape (pro-

cedure 3.3).

provided convergence occurs on all six elements and the
the old element set remains on the

3
5GPDC program is used in the Schedule Tape mode, the

TM-LX-123/000/00

Subsequent changes to
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2.3.% BEAI Tape Files Maintenance

S, E, A or I-file card or the SEAI File Deletion card. P
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5.4 OBSERVATICH ASS0CIATION

Coecervations received by the SPACETRACK Center must be associated with s

catellite belore they zan bLe used to correct the element set describing that

The gross association of observations with a satellite 1s accomplished by

¥
A
ol
0
]
o+

N
t

P

3
’1
N
ct
oy
(o}
)
@
[¢)
o
%]
o
3
)

vaticns which fall in a specified time span. The
time span i usually that during which the satellite is expected to be
t

ion czpability of the sensor which returned the

lons.
e ~ T v e
e g ..’_n:;uw(t
3 SR ~ . -

u. Obszervation(s

5 A e RSt S, i PR + 3

. Asceriation criteria - e.g., time span
- 'S - -
3.4.2.7 Processing

musses of dsta are received, as from BMEWS, the Observation

‘ram is used to separate the observations into two

25 according Lo the time gspan indicated. The OBSSEP program outputs

chgervatlons falling within the time span on a high priority Report tape
(R-%ure) und those f8lling outside the time span on a low priority R-tape.

When only a few cbservations are invelved, the observation times may be

\ 1
S s
Tie Repord Association (RASSN) program is used to accomplish the routine

chservations with a satellite.

a0 Inpat
. Ouservoition dutu
5 o v 0
i) Soenoor data

e AAL - L+ Set
Z. roement SeT
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,
2.4.2.7 Processing

The RASSN program may be run in the automatic or the Schedule Tape mode.

In the automatic mode the program attempts to associate all observations e
with all satellites on the SEAIC tape. In the Schedule Tape mode the program
attempts to associate all observations with those satellites for which

element sets are input.

The program assigns one of three levels of association to each observation and
identifiies the satellite with which it is associated. The levels of association
are Associated (Ra), Doubtful (Rd) and Unassociated (Ru).

3.h.4 Specinl Association

Special ascoclation of observations with a satellite may be required whenever
Lhe e indntden marameters in the RASSN program are too open or too restricted

for aceurate association to occur. .

2.6.h L Tnput

2. Observation data

o

Sensor data

Element data

e}

s

Assoclation parameters
3.L.4.2 Processing

Either the RASSN or the Reduction (REDUCT) program may be used to achieve
assoclation under special conditions.

the numerical values of the association parameters (time, right ascension,
height, vector magnitude and beta). The program tags each observation as

associated or unassociated.

The REDUCT program reduces observations back to the last nodal crossing and

computes the residual differences between the observations and the elements

in terms of time, right ascension and height. The program then identifies .
those obcervations whose residuals fall within one of several sets of tolerance

limits contnined in ithe program. The limits are specified cach time the program

io ruan.

e e s i e bt e i e a1 et i o b
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The residuals output by the RASSN or REDUCT program may be used to further

refine the association levels of the observations (procedure 3.10).
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3.% ELFMENT CORRECTION

e

2.5.1L General

.

T}

heopurpoce of element correction is to refine an element set, making use
of vbiservations recelved since the preceding correction, so that the resultant

clement set more nearly represents the actual motion ot the satellite.

Z.5.2 Complete Correction - anomalistic data

A complele differentiol correction of an element set corrects all six

4

clements and the drag term.

2.9.2.1 Input
1. Observation data
ti.  Sensor duts

¢. Element set
Sy le Freeescing

I BUFDC prograd avieapoe to differentially correct all of the six orbital
oiements and the drag parameter. In case the attempt to converge on these
sever. parameters failc, the program automatically tries to converge on a

fewver number. The program is designed éb handle most satellifééagéving

zero to moderote eccentriclity Secular variations due to the earth bulge

and atmospheric drag are accounted for directly. The perturbations due to
solar radiation pressures and gravity fields of the sun and moon are neglected
iytically; however, any long term effects of these perturbations are

‘neluded in the element corrections obtained by the least squares error

vrocess. The SGPDC program does not compute the first derivative (D) of
“he drag term (C).

Pursial correction of un element set corrects only those parameters affecting

P, C, and D (the first

vie bime of erceessing the accending node: TO,

chrrivative of (,) .
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esol Input

[

a. Element cet
t. Time residusle at specific revolutions

2. Order of the equation to be it - linear, quadratic or cubic
3-%.3.2 Processing

Tne System Pulletin (SYSBULL) program may be used to correct an element set
vefore producing 2 bulletin. The program computes a least squares it to

tne time equation [rrm time residual inputs. Tnese residual values usually
come rom the output of the REDUCT program (procedure 3.4) and the order of

the equation Iz determined by examination of the tim: residuals plotted against

o

their revolution number (procedure 3.10).

1
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satellite and the amount of data to be

that the proper sensors are tasked at

Trore ure three priority levels and three data levels.

m,

Mucking Priority

3
L

a2

Data Suffix

A

C

4.0, HNAVSPASUR Sensorg

Tasking Category

1

Meaning

Observations on emergency or extremely
high priority space events.

High priority observations-on selected
satellites.

Routine observations on selected
satellites.

Send all possible position data from
the time of acquisition until the
object passes beyond the sensor
capability.

Send all position data obtainable
during a period not to exceed 3
minutes

Send best single observation.

Meaning

All observations referenced to
applicable receiver statlons are re-
rorted by telephone and followed by
an "Immediate" precedence message as
soon as possitle.

All observations referenced to applicable
receiver stations are reported by
"Priority" precedence message as soon

as possible.
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Tasking Category Meaning
3 All multi-station observations re-

ferenced to Kickapoo site and all
single observations referenced to
applicable receiver stations are re-
ported by "Routine" precedence message
every 8 hours.

L Same as Category 3: every 24 hours.

5 Same as Category 3: excluding

single observations, every 24 hours.
Categories 1, 2, and 3 are in effect tne same as the present Category 1, 2,
and 3 used with USAF Sensors wnen applied to new foreizn launcnes (Category 1)
and nev domestic launches (Category 2). Therefore, all pre-printed message
crms will include SPASUR as addressee on the initial alert messages from ..
NORAD SPADATS for botn foreign and domestic launcnes. Suffixes A, B, and C .
do not apply tc NAVSPASUR and they have been advised to disregard tne suffix

on multiple addressed mescages.

Categories U and 5 will be primarily used by the Data Control/Sensor Brancn
wnen assignring routine montnly tasking tnrougn NORAD SPADATS. However, sensor
tesking may be chnanged, on routine type satellites, to Category 4 or 5 wnen

applicable.
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3.7 BULLETTH GENERATION

|

i 2.7.1 General

|

rhemeris) contains Predicted satellite position information.

(e
Mature satellite positions are extrapolated from an element set best

ting the current and past satellite observations.

3.7.1.1 Input ‘ .- S

a. Element set

.70.1.2 Processing

<

There are two methods of penerating a bulletin. Normally the Bulletin with e
Simplified General Perturbations (BLTNSGP) program is used to generate

a bulletin. If the SYSBULL program is used to correct the element set, it

will produce a bulletin automatically, and unlike BLTNSGP, will use the D

term. The BLINSGF program uses anomalistic data, whereas the SYSBULL program

Lot programs compute cosentially the same information:

. FPosition and time of crossing an ascending node for all revolutions

1

he bulletin,

covered by 1
2. Pesilion, *ime and heleht at consecutive latitudes covering one

entire revelution.

I addition, the BLTNSGP program prepares a modified description of the

crbital elements, which is used for special prediction purposes as specified

n the Internaticnal Gecphysical Year (IGY) World Wide Code for Satellite
Orbits (SATCR)
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5.8.3.1 Input
a. Sensor datas
b. El=2ment set

¢. Acquisition data

3.8.3.2 Processing

T™-LX-123/000/C0

Tne GLAP program will compute a set of acquisition coordinates for each

satellite and the associated sensors. The program computes look angles

fer general acgjuisition purposes.,
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3.9 FELEMENT SET ADJUSTMENT

3.9.1 General

When excessively large residuals exist, manual adjustment of the affected
element value may provide for a successful differential correction using

routine procedures.

3.9.2 Foreign launch Data

If the initial observations are insufficient to compute or calculate an
initial element set, or if the initial observations will not associate with
any of the nominal element sets, adjust one or more of the element values in
the closest nominal element set on a trial basis, and attempt to associate the

initial observations with this adjusted nominal element set.

3.9.3 Domestic Launch Data

Following a domestic launch the nominal elements (ﬂo and TO) are manually

ad justed to reflect the actual lift-off time.

3.9.4 Unusual Orbital Data

It is sometimes difficult to maintain a reliable set of orbital elements

on a satellite with an unusual orbit. Observations may no longer be received

or the elements may not converge on the cbservations available in a differential
correction (procedure 3 5). Occasionally all but one or two of the elements
converge on the cobservations, indicating that the observations are relisasble

but that one or more of the element values may be in error. AdJjust the
apparently erronecus element values and attempt *o attain convergence on all

the elements in another differential correction.
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3.10 OBSERVATION SELECTION
3.10.1 General

Removal of doubtful or erroneous observations from a group of data will
usually facilitate a more accurate differential correction. Particular
cbservations are of'ten selected from those available because they reflect
a major trend, evenly represent an entire orbit or indicate a different

but associated orbit.

The methods of cbservation selection are manual. In clear-cut cases, identify
observations by a visual examination of the hard copy produced by one of the
association programs. Otherwise plot the observations on a graph, in terams

of their deviations in cbservation time (delta t) or right ascension (QO)

from predicted values, as a function of revolutions. The groupings of
residuals may reveal the source of a problem in the maintenance of reliable
elements. The output of the REDUCT program fprocedure 3.4) is often used

to provide the data for such a graph.

3.10.2 Initial Cbservations

Initial observations on a newly launched satellite usually reflect a major
trend. Elimination of those observations which deviate from su.i: a trend

tends to improve the computed element set. [(procedure 3.2)

3.10.3 Element Set Variations

Observations on a satellite often reflect a slight change in the orbit of

the satellite by their general trend. A review of delta t vs. revolution using
all the observaticns sometimes indicates a break in the genersl trend. If
earlier observations (prior to the trend change) are eliminated, the most
recent element set can be differentially corrected (procedure 3.5) using

only the recent observations, which represent the latest changes in the orbit.
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2 10.4 Observations on an Unusual Orbit

Satellites naving unusual orbits often reflect one or more of the following:

High eccentricity

[ )

Low inclination

Small radar cross-section

o 0

Perigse in soutnern nemispnere

Large period

Small period (e.g., approaching decay)
High drag

O (D

Element set errors

Wnen a satellite has an unusual orbit, sensor coverage is generally marginal.
Thus the observations reported often represent a few unequally distributed
points in the satellite orbit. A group of selected observations, evenly
representing the entire satellite orbit, usually provides a better correction

¢f the element set.

2.10.5 Observations on Asscciated Bodies

When part of the main body of a satellite breaks off or is separated in

the form of debris, tne drbris observations are often not as numerous as

the larger body observations. However, debris observations are usually

received about the same time as the main body observations, and may associate
partially or completely witn the main body element set., Debris observations
deviate mainly in tneir *Ime residuals and, for a particular niece, tnese
deviations are consistent. The use of only debris cobservations in differentially
correcting tne main body «lement set provides an element set on the debris
object. The main body element set before correction is retained to represent

the main body of the satellite.

2.10.6 Unidentified Observations

Occasionally tnere are too few observations associeted witn an element set
to provide for adegquate correction of the element setl,. Scme of tne un-

identified observations in the system, wnicn did not associate witn tne
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element set using routine procedures, may in fact represent the satellite.

Observations received during & particular time period over a specific sensor
may be selected manually or by use of the OBSSEP program. Next, they are
associated with those cbservations which do not associate with any other satellite,

and then examined for possible assoclation with a given element set.
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3.11 DECAY PREDICTION
3.11.1 General

A satellite is removed from the system when 1t has reentered the earth's
atmosphere or is no longer in orbit. Decay predict’sn is seldom exact, so

several methods should be used simultanecusly.

3.11.2 Initial Decay Indications

The Duty Space Surveillance Officer (DSS0) usually forecasts satellite
decay hy a periocd check. The catellite i1s then transferred to the Analysis

Division for maintenance until it has decayed.

3.11.2.1 Input
a. Element set
b. Probable decay indication:
1. Period less than 90 minutes or

2. Decreace in period and eccentricity, and elements that hold for

cnly a few days.
3.11.2.2 Processing

Determine a probable cecay day by running the King-Hele/Findley program with
the element set, or by examining the results of the last King-Hele/Findley
run on this element set, which the DSSO initiated before transferring the
satellite to the Analysis Division. A revclution vs. day plot is generated

to substantiate the King-Hele/Findley predictions.
3.11.2.3 Output
The King-Hele and Findley routines both predict a decay day.

3.11.3 Final Decay Indications

The approach of final decay is indicated by the period, the rate of change
of the period and the satellite characteristics (tumble rate, motion, size,
shape and mass}. Maintenance of the satelllite requires greater attention

especially when decay apresrs to be less than 1C0 revelutions away. Care-

ful selection of cbservations may sub-*antially improve the element set.
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3.11.3.1 Input
a. A grapn of the difference between predicted and reported observation
time for each revolution (delta t vs. revolution.)
b. A graph of the period for eacn revolution (period vs. revolutior or day )

¢. Satellite characteristics - tumble rate, motion, size, shape and mass.
3.11.3.2 Processing

There are four metnods of predicting decay:

a. Run the Jacchia program using the periods and corresponding
revolution.

b. Manually extrapolate the period on the period vs. revolution or day
grapn, and compare the results with those of the Jacchia program.

¢. Examine the delta t vs. revolution graph for a break in the curve.
Tnis curve usually becomes cubile in shape and, just before final
decay, the rate of decrease of delta t increases sc sharply as to
deviate from a cubic curve and approach a logaritimic curve.

d. Identify that time span tetween the last observatlon reported and
the first predicted observation not reported. Tnis is only as reliable

as the element set used to generate the look angles for ine sensors.

Usually all four methods are used, and Jaccnia may even be run several times
using different sets of perlods, to determine a predicted range of revolutions
witnin wnicn to expect final decay. T1If results of tne various methcds agree,
the analyst may conclude tnat 1Tinal decay nas occurred wnen tne first tasked
sensor fails to report an observation. Otnerwise the analyst may wait until

several tasked sensors nave failed to observe tne catelliite,

Occacionally satellites decay shortly after launcn or are deorbited. Time
for decay prediction is not available and tne time of decay is olten reported

by an outside agency.

After final decay nas been concluded, initiate tne rinal decay message and

remove the catellite from the SEAIA files.
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3.12 ELFMENT CONVERSION
3.12.1 General

Flements received from external agencies (NASA, 6594th Aerospace Test Wing,
Sunnyvale, NAVSPASUR) must bte converted to a form useable by SPACETRACK.

The procedure for making the necessary adjustments is outlined below.

It should be noted that epoch times shown are not necessarily for a nodal
crossing as used by SPACETRACK, but are usually defined for some arbitrary
point in the orbit. The epoch time is measured at some point beyond perigee

and the satellite position at epoch is given by the mean anomaly, M,

3.12.1.1 Input

a., Orbital element set.
3.12.1.2 Processing

First, determine the time from perigee to the next nodal crossing. This is
dene by subtracting the argument of perigee (w)from 3600. Figure 3-3 is a

geographical representation of the problem.

tellite
) M = mean anomaly from
Bt ?f the message
ascending
nodal w = argument of perigee

cerossing

perigee

v = the angle between
perigee and nodal
crossing (360°-w )

Figure 3-3
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Let the quantity obtained above equal v, and, by substituting in equation 1,
determine the eccentric anomaly, E.

e + cos v

() eos B = s v

y Where e = eccentricity
Calculate the mean anomaly, M by equation (2):
(2) M =E-esinE (57.3%),

Then, by substitution in (3) determine M_, (total change in mean motion from
0ld epoch toc new epoch} t

(3) M, =M - M, M= mean anomaly from the message
The time of the epoch in the message may now be changed to the time of the

ascending node by using equation (4) and (5).

M
(%) At = 3%60 P,, P, = anomalistic period from the message
) = + = i
(9) T, =T +at, T = nodal epoch time
Tm = message epoch time

The right ascension of the ascending node at To must now be corrected, using

the right ascansion (Q} to calculate a new right ascension (QO).

(6) OO = +Q At, where: ( = right ascension from message.
OO = right ascension of nodal. crossing.
1 = right ascension motion.
Sincz the argument of perigee is given for a ncdal crossing on SPACETRACK

elements the argument of perigee on the message must be changed by equation (7).

(T) wo = w *+ wAt, where wo = new argument of perigee.

w = argument of perigee from the message.

w = argument of perigee motion.
Next, perigee distance and semi-major axis must be converted into earth radii.
Finally, a new epoch revolution number should be calculated. This can be
obtained from an old bulletin, or from the time equation (8).
)2

(8) T=TO+P aAN+C(aN +D(AN)3

N
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Section 4

PROGRAMS

The programs in the B-2 System are organized into six functional areas:
Executive
b. Association
¢. Element Determination
d. Observation Acquisition
e. Interplanetary

f. Miscellaneous
A seventh group consists of programs for use on the 1620 computer.

Card and deck input formats are specified and outputs described for the
programs most frequently used by the analyst. The purposes of the less

used programs appear at the end of their appropriate functiocnal area.

Following the program sections are descriptions of OCS sequences, Schedule

Tape requirements and standard card formats.
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L.1 EXECUTIVE AREA

The executive area of the B-2 System is composed of a real-time subsystem
(BMEWS and INTPROC), a non-real-time subsystem (EXECMODl, SYMOCT, EXECMOIR,
and EXECMOD3), and an initialization subsystem (BSTARTUP and BRSTART). The
real-time executive subsystem prcvider for BMEWS DIP backup while the non-

real-time executive subsystem provides control for the Space Track programs.

There are two modes of operating the B-2 System:
a. Interruptable - Space Track and BMEWS DIP backup
b. Non-interruptable - Spece Track only

The BSTARTUP program is used to initialize the B-2 System when running in
the interruptable mode. The BRSTART program is used to re-start the system
when a machine malfunction has occurred in the real-time area of core. The
INTPROC program provides vhe capability to interrupt a Space Track program
and perform BMEWS DIP backup, and then return to the interrupted program
without loss of data. The BMEWS program provides duplicate backup for the
EMEWS DIP processor, under the control of the INTPROC program.

The primary non-real-time executive program is EXECMOD1l, which contains the
basic routines that are required for operator control of the Space Track
System. The EXECMOI2 program provides control of OCS and Schedulz Tape
runs, including program environment and system “ape control. EXECMOD3 is
the Schedule Tape executive program. It is used for converting control
cards and data cards stored on the schedule tape, and for storing them in
core in a format acceptable to the other system programs. It also transfers
data from the prestored schedule tape to a date input tape when data for a
manual program is interpreted. After the data cards have been converted,
control is returned to EXECMODZ where the specified program is read in and
operated. The SYMOCT program converts mnemonic octal corrections from a
prestored tape to a format acceptable to the central computer. The program

operates as a closed subroutine of the EXECMOD1 program.
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4.2 ASSOCIATION AREA

The Asscociation area includes the input conversion programs (MAP and ORCON),
the associstion sequence prrzrams (RASSN, RTPJUG, SRIMRG and SRCHEK), another
association program (REDUCY) and observaticn file maintenance programs (OPURGE,
OBSSEF, SRADU, RUMOV, PRINTER, GOODER and OBSEND).
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4.2.1 REPORT ASSOCIATION - RASSN

4.2.1.1 Purpose
The RASSN program associates each of the cobservations with the element set

as Associated (Ra), Doubtful (Rd) or Unassociated (Ru). The classification

is based on a comparision of the residuals against specified criteria.

These criteria are specified by the Analyst when in the Schedule Tape kode.
In the Automatic Mode, the criteria are contained within the program with

the following values:

At = 2 min.

RA = Not tested.

AH = Not tested.

VM = 1000 km.

B = .2°
4.2.1.2 Input

4.2.1.2.1 Automatic Mode - in an OCS sequence
a. Observations from the R-tape.
b. Element sets from the E-file tape.

(]

Sensor coordinates from the S-file tape.

d. OCS Toggle number = Desired 0CS sequence.

4.2.1.2.2 Schedule Tape Mode (Toggle 24 On)

Deck Column
Pogition Card Type Number  Punch
1 Schedule Tape Card
2 Job Card
3 Remarks Card
b Program ID Card

1-6 SPSJ¢B
9-13 RASSN
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Deck Column
Position Card Type Number  Punch

17 0

Element Set cards, £-file and R-tape

inputs.

1 = Observation cards, S-file and E-file
inputs.

2 = Parameter card, Satellite Number card
and S-file, E-file and R-tape inputs.

3 = Element Set cards, Observation cards,
and S-file tape inputs.

4 = Parameter card and S-file, E-file and
R-tape inputs.

5 = Parameter card, Observation cards and

S-file and E-file tape inputs.

[2Y
1]

Parameter card, Element Set cards,
Observation cards and S-file tape inputs.
T = Parameter card, Element Set cards and

S-file and R-tape inputs.

18 0 = Sorted/Merged, Hardcopy and residual
cards output.
1 = Sorted/No Merge, Hardcopy and residual
cards output.
2 = No Sort/No Merge, Hardcopy output.
3 = No Sort/Merged, Hardcopy output.

80 J = Card type.
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Deck Column
Position Card. Type Number  Punch

5 Parameter Card
1-8 Delta T limit (max. = 1440 min.)
9-16 Delta RA limit (max. = 260°)
17-24 Delta H limit (max. = 6378 km.)

25-32 Vec. Mag. limit (max. = 1020 km. )
33-10 Beta limit (max. = 90°)
80 P = Card type
NOTE: Any unspecified 1limit (blank cols.) is assumed to countain its

maximum value.

6 Data Cards:
a. Input Option O:
(1) Element Set cards
b. Input Option 1:
(1) Observation cards
¢. Input Option 2:
(1) Parameter card
(2) Satellite Number card
d. Input Option 3:
(1) Element Set cards

(2) Observation cards
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Deck Column
Position Card Type Number  Punch

€.¢. Input Option 4:
(1) Parameter card
£ & Input Option 5:
(1) Parameter card
(2) Observation cards
gos. Input Opticn 6:
(1) Parameter card
(2) Element Set cards
(3) Observation cards
h. & Input Option T:
(1) Parameter card

(2) Element Set cards

T End of Case Card

8 End of Job Card

9 End of Schedule Tape Card
10 Blark Card

4.2.1.3 Output

4.,2.1.3.1 Normal RASSN

The ordering of the printed output from RASSN may be made in two forms, sorted
and unsorted. For sorted output associated (Ra) and doubtfully associated (RD)
observations are printed first and listed in the order received from the
R-tape. The unasscciated observations are printed in the second section

of printout in chronological order. In the unsorted form, all reports are

output in the order processed.

The quantities printed are:
1. association status (STATUS)
1
2

3

Ra for radar report

Rd for radar report

Ru for radar report




RASSN

4 May 1964 4-10 ™-1X-123/000/00

4 = Ra for angles only report

N
li

Rd for angles only rerort
6 = Bu for angles only report
T = Ra for range rate report*
8 = Ru for range rate report*
tag (association made by sensor - OSAT)
sensor number (STAT)
observaticn time (last digit of year, month, day, hour, minutes,
seconds and hundredths of seccnds YYM DD HHMMSS.SS)
assoclation number (satellite number with which the observation has
been associated; blank for Ru's - NSAT)
message number (if present; MSGNO)
revolution number and element set number (Ra & Rd only; REV EL)

The remaining quantities vary with the type of association status and are

as shown below

STATUS QUANTITIES PRINTED

1 U0 At, vector magnitude, B, time since epoch

2 Uo, At, vector magnitude, B, Ap, Ah, AA cos h, *ime since
epoch

3 @, x», H, A, h, p, sidereal time

L Uho’ Axh, vector magnitude, B, time since epoch

5 Uho’ Ath, vector magnitude, B, time since epoch, AS§ and Ay
cos 6, or Ah and AA cos h

5 6§ and ¢ or h and A

7 Ap, tag = association number, time since epoch

8 L]

¥ currently not used
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where

argument of latitude

U

o)
Lt
V-ctor Magnitude = magnitude of vzetor distance between observed

observed minus predicted difference in time (minutes)

It

and predicted positicas (km)

"out of plane'angle

o T
1l

range

p = range rate’

Ap = observed minus predicted range

h = elevation

Ah = observed minus predicted elevation

6 = declination

A = observed minus predicted declination

o = right ascension

Ay cos § = observed minus predicted right =scension
A = azimuth

AA cos h = observed minus predicted azimuth

aty,

AUhO = AUO computed from elements

= At computed from elements

If on the same observation there are two or more doubtful assoceticns, they

are printed in the output. The best doubtful, based on the lowest vector

magnitude, is marked with an asterisk next to association status. A tagged

observation whose tag is changed in processing is shown first as a doubtful

assoclation with a question mark next to association status. As many

residuals as have been computed are printed; those not computed at the time

of untegging are shown as zero.
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4.2.1.3.2 SRCHEK

Normally the SRTIMRG and SRCHEK programs are automatically run immediately
after RASSN so the SRCHEK output is included here. The quantities printed

are:

-~ O W o

9.

Satellite number and name.

Epoch date and time (year, month, day, hour, minutes, seconds,
thousendths of seconds).

Element number.

RMS value and RMS limit.

Delta T and mean delta T (of Ra's in last 5 days).

Number of observations from date and time, to date and time
Predicted date and time at which delta T will reach or exceed

.8 minutes (.8 DELTA T). A minus sign after the date indicates
that the satellite will not reach .8 minutes prior to bulletin
expiration. A plus sign indicates that the sate..ite will exceed
.8 minutec before the elements expire. Eleven X's will be printed
for satellites with less than 5 cbservations or when the slope of
the least square fit is zero.

Number of blocks on the SRADU tape being utilized for observations on
the s#tellite and where they are loccted.

Number of Ra's since epoch and in the last two days.

4.2.1.3.3 SATTB from SRCHEK

A Satellite Table (SATTB) it also produced by the SRCHEK program. This table

contains those satellites which require an SGPDC run. Specific information

for each satellite is printed:

1.

Indicators, listed in order of priority

a. Minus (-) - bulletin/element expiration date is within 36 hours
of expiration.

b. Plus (+) - RMS exceeds RMS limit for tne satellite.

c. Plus L (+L) - No Ra's within the last two days.

d. Plus T (+T) - Mean At of all Ra's for last five days exceeds .k
minutes.

e. I suffix - an automatic run has been generated.
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2. BRMS value

3. Number of observations

L., Delta T

L-1h T™-1X-123/000/00

SAMPLE PRINTOUT, SRCHEK SATTB

SATTB- LIST OF SATELLITES WHICH NEED ELEMENTS CORRECTED
SATELLITE NO. RMS

+L
-1
+L
+L
+L
+L
+L
+L
+L
+L
+L
+T

059
081
188
194
195
196
205
239
273
302
359
378

2k
8
0
38
6
15
0

0
26
96

0

179

4.2.1.3.4 Analyst RASSN
If a parameter card is used in input with input options 5 or 6 (Analyst
RASSN) the RASSN output will be presented in a slightly different format

although the content is the same.

NO. OF OBS. T - TO

N
no

N =
\O O 1w £ ONO0ND O
HOFOWORFMNMN—~I\O

N o R
NnohbFoOoONEHONO W
" o

All of the associations within the limits

specified will be printed in the doubtful formal to allow printing of all

residuals. The last line for each observation will be in the unasscciated

format to allow printing of the observational data.
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4.2.2 OBSERVATION SEPARATION - OBSSEP
4.2.2.1 Purpose

The OBSSEP program separates the observations on a R-tape intc two groups,
generating two new R-tapes. The separation is based on obuervation time.
Those observations falling within the specified time slice(s) will be vlaced

on a "high priority" R-tape, and all others on a "low priority” R-tape.
4.2.2.2 Input

Each time slice is specified by the analyst and input <12 the flexowriter:
a. Hour, minute, mcnth, day and vear of sturt t'me.

b. Hour, minute, month, day and year «f stop time.
4.2.2.3 Gutput

No program printout is generated by this program.
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4.2.3 NODAL CROSSING REDUCTION - REDUCT

4.2.3.1 Purpose

REDUCT

™-1X-123/000/00

The REDUCT program reduces observations to the last nodal crossing, computes

residusl differences between the observations and an element set and compares

the differences against specified tolerance limits.

sections in the REDUCT program.

General - for visual, radar and/or Baker-Nunn observations

b. Doppler - for doppler observations

c. Direction Finder - for direction finder observaticns

Residusals Computed by Various Program Sections

There are three sub-

Right Ascension Height
Program Section Time Residual Residual Residual
Visual X X X
Radar X X
Baker<Nunn X X
Doppler X
Direction Finder X
Tolerance Codes and Corresponding Values
Right Ascension

Code Time (days) (degrees) Height (km)
Bla I’]k}

0 . 002 20 200

1 1 5 500

2 .003 360 10000

3 .002 360 10000

L .001 360 10000

5 . 003 5 300

6 .05 2.5 200
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4.2.3.2 Input - Schedule Tape Mode (Toggle 24 On)

Deck Column
Position Card Type Number Punch

1 Schedule Tape Card
2 Job Card
3 Remarks Card
L Program ID Card
17-19 RUN
25-30 REDUCT
31-35  ,DATA
5 Parameter Card
1 0 = Special sensor tape (not the S-file tape)
input
1 = Sensor cards input
3 0 = Use interim tape and check residuals vs.
tolerance linits
1l = No interim tape and no check of residuals
vs. tolerance limits
8 0 = Identified observations processed against
assoclated element set only
1 = All observations processed as unknowns
9 0 = Hardcopy cutput
1 = HMardcopy and TTY output
10 v = Re-reduction, with open tolerance limits,
of unassociated observations
1 = No re-reduction of unassociated observations
11 0 = Compute perigec distance
. 1 = Use perigee distance from element set
6 Element Lead Card
8 7 = Card type
7 Element Sct Cards (max. = 25 sets)
g Sensor Lead Card (unnecessary with speciul sensor tape)

& 8 = Card type
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Deck Column
Position Card Type Number Punch

9 Sensor Cards (max. = 750 Sensors )
10 Observation Lead Card
T 0 {or Blank) = Tolerance Code O
1 = Tolerance Code 1
2 = Tolerance Code 2
3 = Tolerance Code 3
4 = Tolerance Code 4
5 = Tolerance Code 5
6 = Tolerance Code 6
8 8 = Card Type
NOTE. The tolerance limits for a group of observations may be changed by
. preceding the observation cards with another Observation Lead card.
11 Observation Cards (no limit)
12 Blank Card
13 End of Input Card
T9 9 = Card type
14 End of Data Card
15 End of Job Card
16 End of Schedule Tape Card
17 Blank Ca+d

4.2.3.3 Output

h.2.3.3.1 Satellite Inventory

Output begins with the satellite inventory. Seven groups, composed of

salellite number and element number, are printed per line.
.2 3.3.2 Obgservation Output

Observation ocutput will occur in three formats depending on which part of

. the prosram has done the reduction.
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4.2.3.3.2.1 General Reduction Output

1. Observation identification number
a. Satellite number
b. 1last digit of year of observation

c. month, day, hour, minutes, seconds, hundredths of seconds (ID)

2. Epoch revolution number (N)

3. Argument of latitude (U)

L. Time of nodal crossing (T sub N)

5. Time residual in days ( DELTA T)

€. Latitude of subsatellite point (PHI S)

7. Longitude of subsatellite point (IS)

8. Right ascension of ascending node in degrees (RA N)
9. Right ascension residual (DEL RA)

10. Height in kilometers (H (KM))

11. Height residual (DEL H) - zero for B-N or VIS.
12. Obs type (TYPE) - VIS for visual

RDR for radar
B-N for Baker-Nunn
13. Element Number (ELEM)
14. Station number (STA)
15. Optional $ - implies observation time precedes epoch by more than

4 days.
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4.2.3.3.2.2 Direction Finder Reduction (not currently used)

w N

NN oo~ Oy a0 R

Identification (same as for general reduction)
Epoch revolution (N)

Time of nodal crossing (T SUB N)

Time residual {DELTA T)

Elevation in degrees (H)

Slant range in kilometers (S)

Height in kilometers (H (KM))

Element number (ELEM)

Station number (STA)

4.2.3.3.2.3 Doppler Output (not currently used)

1
2.

LS

O o 3 Oy oan

Identification (same as for general reduction)
Epoch revolution (N)

Computed time of nodal crossing (T SUB N)

Time residual (DELTA T)

REDUCT

™-1X-123/000,/00

Arc distance in nautical miles from station to subsatellite point (D)

Elevation in degrees (H)
Slant range in kilometers (S)
Element number (ELEM)

Station number (STA)

h.2.3.3.3 Explanatory (cmments

Miscellanecus informative comments may be interspersed for observations. These

always appear with the ID information.

are.

1.

UNTAGGED UOS REDUCED W/0 TOLERANCES

Some of the more significant comments

All cbservaticons which follow have previcusly appeared as untagged

UO's, and have now been re-reduced with large tolerances.

U0 S FOLLOW

All observations which follow on the page did not correspond tc any

satellite whose elements are stored in the catalog.
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3. UNKHFH6R 36 100%

The next cbservation is an unknown. The message number is given.

the observation was a known observation which was treated as an un-
known, the satellite number is also given.

Ir
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La25
6 blank)
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L.2.L OTHER

The following programs in the Association area are seldom used by the analyst.

A brief cescription of each program is given.
L.2.4.1 GOODER

The GOODER program is used when the SRCHEK program indicates that there are
satellites out of order on the SRADU tape. The program generates a new SRADU

tape restoring the satellites to their proper order.
L.,2.L.2 MAP

MAP is a program designed to assemble DMNI data into input observation messages
in a format acceptable to ORCCN. The DMNI input tapes ares generated in real-
time by INTPROC or off-line with the 410 Recorder. The DMNI tapes currently
contain only the high-speed data from BMEWS; howev.r, the MAP program is
designed to process toth high-speed and teletype data. The only data currently
assembled by MAP are BMEWS Q-roint (penetrations of the BMEWS fans) messages.
£1]1 other data, including incomplete messages and improper formatted messages,

is discarded.

The DMN1 dump tapes are processed in the order in which they were generated.
A left-over message table is maintained by MAP to prevent loss of data be-

tween successive DMNI tapes.
L.2.4.3 OBSEND

The OBSEND progsram produces teletwpe and/cr hard copy cutputs from observations
on the SRADU tape. The program is used for transmitting observations to the
backup facility at Hanscom. The program allows for outputing selectad satellite

cbservations or all obgervations on the SRADU tape.
L.2 4. OPURGE

The OPURGE prorram ‘o used vo purge observations from the SRADU tape. The
jrocram cperates [n o modes ys follows.

a.  Mode one - delete all observiations for a specific satellite.
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b. Mode two - delete only those observations requested by satellite and
sensor number.

c. Mode three - delete individual observations as specified by satellite
and observation number

d. Mode four - delete all cbservations prior to an input time and satellite

number.
L.2.4.5 ORCON

The purpose of CORCON is to decode, edit, and store sensor observations. The
observation reports are in a variety of formats and may be received via tele-
type, or digital data link (BMEWS). All observations of various types received
via the several communications systems are converted to one standard format

and stored on an R-tape. Error checking is performed and cbservations in

error are not stored on the R-tape; however, they are recorded on the system

output tape so corrective action can be taken.
4.2.4.6 PRINTER

The PRINTER program is an observation editing program. It converts the
Observations on the R-tape to a readable format. The program is presently
used after the operation of ORCON to determine if all input data (especially
BMEWS G-point messages) nas teen converted. The program will alsc convert
the information on the DMUI dump tapes to a readable format. This option

is especially useful in the checkout of certain programs and in error

correction
L.2.4.7 RTPJUG

The function of the RTPJUG program is to transfer all unprocessed observations
from the B-tape to a scratch tape so they can be processed later by RAGSN.
The cconsole interrupt mode would be used only if a high priority run is

required dur.ns the operation of RASSN.

RTPJUG is run as a result of
a. A console interrupt during the operation of RASSN, or
b Az a munual frogrum when o machine malfunction occurs during the

cperation of RAGSN




4 May 196L L-29 ™-LX-123,/000,/00
(Page 30 blank)

L.2.4.8 RUMOV

The RUMOV program transfers the unassociated observations from the SRADU

tape to an R-tape for reprocessing by RASSN.
L.2.4.9 BSRADU

The SRADU program generates a SRADU tape from standard observation cards. The
program first builds a RADU tape and then calls in the SRMMRG program which
sorts the RADU tape and builds the SRADU tape.

4.2.4.10 SRCHEK

The SRCHEK program is normally run auvtomatically after SRTMRG in the association
sequence. However, the program can be run in the manual mode. The program is
used to:
a. determine if errors exist on the SRADU tape
b. furnish a satellite table (SATTB) of those satellites whose elements
need updating
c. describe the observational status of each satellit- on the SRADU

tape (e.g., RMS, mean At, number of Ra's received in last five days, etc.)
L.2.4.11 SRIMRC

The SRTMRG program 1s normally run automatically after the operation of RASSN.
However, it can be run as a manual program if tape errors are encountered.
Its main functions are to:
a. Sort all newly associated observations (stored on RADU tapes) and
merge these observations onto the system cbservation tape (SRADU tape.)
b. Produce observation cards from the newly associated observations.
These cards are used for running programs in the schedule tape mode
and for system backup files.
c. Purge those observations from SRADU tape that are not useful in the

differential correction function.
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k.3 ELEMENT DETERMINATION AREA

The Element Determination area includes the initial orbit computation
programs (IOHG, IORF, IOANGLE, and RO"), the differential correction
programs (SGPDC, SPWDC and ESPOD), the maintenance and summary programs

(SUM, SEAI, HANSEL, MSGV, LOCVEC, XRCADS and CCOE), and the decay pre-
diction program (SPIRDECB).
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k.3.1 ELECTRONIC SYSTEMS PRECISION ORBIT DETERMINATION - ESPOD -

4.3.1.1 Purpose

The ESPOD program differentially corrects a given element set (first updating
the elements tc a later epoch on option) and computes predicted satellite
positions. It can further differentially correct a given set of constant
biases in range, azimuth/right ascension, elevation/declination, range rate,
sensor longituae, sensor latitude, sensor height, and time for several sensors.
The differential correction is accomplished using a weighted least sguares fit
to the observations. The trajectory and ephemeris computations use a special
perturbations Cowell formulation, where the whole force field is integrated.
The (optional) update of the elemente to a later epoch uses a simplified gen-
eral perturbations formulation. Various statistical guantities are calculated
ard output to aid the analyst in determining the degree of validity of the re-
sults. ESPOD may be used for orbits of any eccentricity {including elliptic,
paratolic, ard hyperbolic types) orovided the earth is the primary force center.
Perturvations due to the moon and fur are accounted for by using ephemeris
tapes of these bodies. Several atmospheres are available on optiomn.

k.3.1.2 Input - Schedule Tape Mode only (Toggle 24 On)

Deck Column
Fosition  Card Type Number Punch
1 Echedule Tape Card
2 Job Card

1. The write-up for the ESPOD program input has been furnished by the 496L SPO.
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Deck Column
Position Card Type Number Punch
3 Remarks Card (opticnal)
L Program ID Card
17-19 RUN
25-29  ESPOD
30-34  ,DATA
5 Job Description Card

1-3
b7
8-17
18-29
30

32

33

34

JDC = Card type

Satellite Number (rt. adj.)

Satellite Name {optional)

Feader to be printed on output (optional)

0

1

COLD START

CONDITIONED START (i.e. results generated
(on Tape 7 by previous

CONDITICWAL START  (ESPOD runs are input
(on Tape 7.

Neither observations nor sensors are input

in any way except by a previous Tape T.

Either observations and/or sensors are in-

put in the deck or on SRADU or SEAI tapes.

Do not print sensor locaticns.

Print sensor locations.

Do not print observations.

Print observations.

No sensor cards are in input deck.
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Deck Column
Position Card Type Number Punch

3k 1 = Sensor cards are in input deck (These will
supplement or override sensor data from
SEAT tape).

35 0 = Obtain observations from SRATU tape.

1 = Obtain observations from observation cards
in input deck.
26 0 = Do not print the constants used in ESPOD.
1 = Print the constants used in ESPOD.
37 0 = Use seven-card element set from input deck
or E-file, or use I(TYP card in input deck,
or previous Tape 7.
1 = Use elements stored by a PRDCT card on an
immediately preceding ESPOD run.
41 0 = Do not differentially correct.
1 = Differentially correct (i.e. use ESPODDC).

4o 0 = A-priori ATa matrix not input.

1 = A-priori ATA matrix input (SMAT cards).
43 0 = Do not punch (ATA)-l metrix.
1 = Punch (ATA)'l matrix each iteration.
(UPMAT cards)
T
4L O = Do not punch A A matrix.

1 = Punch ATA matrix each iteration (SMAT cards)
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Deck Column
Position Card Tyve Number Punch

L5 0 = Print the u, v, w residuals.
1 = Print the s, t, w residuals.
2 = Print sensor latitude, longitude, height
residuals (i.e. how much sensor must be
"moved" to make calculated orbit coincide
with observation)
L6 0 = Retain "proven'" elements for use in the

calculation of the predictions. ("Proven"
elements are those which were used to cal-
culate the trajectory and residuals of the
very last iteration).

1 = Retain "new" elements for use in the cal-
culation of the predictions ("new" elements
are those which were predicted by the very
last iteration, but which have not been
used for the calculation of residuals).

L7 0

Normal differential correction on same

"

elements each iteration.

1 = Calculate velocity correction to minimize
the BMS of the time residuals, hut do not
apply the correction.

2 = Calculate velocity correction to minimize

the RMS of the time residuals, and apply

the correction on first iteration.
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Position Card Type Number Punch

51

52

03

22

56

1

Do not calculate predictions or epnemeris.
Calculate predictions/ephemeris (i.e., use
ESPODEPH)

DAC cards are not present in input deck.

DAC cards are present in input deck.

Do not generate an XYZ ephemeris tape.
Generate an XYZ ephemeris tape on Tape 10
for the program XYZIA, writing all ephemeris
points on output Tape 11 as well.

Generate an XYZ ephemeris tape on Tape 1C
for the program XYZLA, writing only first
and last ephemeris points on output Tape 11.
Do not output the updated statistical
guantities.

Qutput the updated statistical quantities
(i.e. those associated with the points of
the ephemeris).

Do not punch the updated covariance matrix
inverse (ATA matrix, SMAT cards).

Punch the updated covarlance matrix inverse.

NOTE: Zeros and blanks are equivalent for Cols. 30-80.

NOTE: All cards between the JDC and ENDPR cards may be in any order.
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Deck

Column

Position Card Type Humber

4-33E TM-LX-123/000/00B

Punch

NOTE:

Remarks Card (optional)

1-2
5T

10-T2

0l = Card number.
REM
(As desired). These remarks are printed on the

ESPOD ocutput, but are not typed on the flexowriter.

Initial Conditions Card #1 (omitted if seven-card element set is in

1-2

34

2-9

10-23 *

29-ko *

4L8-61 *

67-80 *

the input deck or is obtained from the SEAI tape).
0l = Card number.

Differential Correction Iteration Number {op-
tional)

ICOND = Card type.

Initial value of Right Ascension (deg) {or
longitude east (deg) ) or X (km).

Initial value of Declination (deg) or Y {(km).
Initial value of Flight Path Angle {deg) or
Z (¥m).

Initial value of Azimuth of Velccity Vector

(deg) or i (km/sec).

Initial Conditions Card #° (omitted if seven-card element set is in

1-2

3-4

the input deck or is obtained from the SEAI tape).
02 = Card number.
Differential Correction Iteration Number

(optional).

Asterisk means use declmal poinc somewhere in field.
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Deck Column
Position Card Type Number Punch

5-9 ICOND = Card type.
10-23 * Initial value of geocentric range (km) or i
(km/sec).
29-42 * Initial velue of magnitude of velocity vector
(xm/sec) or é (km/sec).
Initial Time Card #1 (omitted if seven-card element set is in the
input deck or is obtained from the SEAI tape).
(This card gives the time associated with Initial Conditions, i.e.
epoch).
1-2 0l = Card number.
5-9 ITIME = Card type.
10-23 * last two digits of year plus decimal point.
29-42 * Month of year (one or two digits plus decimal
point).
4L8-61 * Day of month (one or two digits plus decimal
point).
67-80 * Hour of day (one or two digits plus decimal
point).
Initial Time Card #2 (omitted if seven-card element set is in the
deck or is obtained from the SEAI tape).
1-2 02 = Card number.
2-9 ITIME = Card type.

NOTE: Asterisk means use decimal point somewhere in this field.
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Dacik Column
Pesition Card Type Number Punch

10-23 * Minutes of hour {one or two digits plus decimal
point).
25-42 ¥ Seconds of minute {one or *wo digits plus deci-
ual point plus decimal fraction of second)}.
Initial Conditions Type Card (omitted if seven-card element set is
in input deck or is to be obtained from SEAI tape.)
1-2 01 = Card number.
5=-9 ICTYF = Card type.
10-23 * 1.0 = Initial Conditions are right ascension,
declination, flight path angle, azimuth
of velocity vector, magnitude of geocentric
range, magnitude of velocity vector.
(i.e. ATBARV).
2.0 = Inritiel Conditions are: east longitude,
declinatior:, fiight path angle, azimuth
of velocity vector, magnitude of geouentric
range, my;nitude of velocity vector.
(i.e. A DEARV)
3.0 = Initial conditions are XYZ%&&
12 rag Parameter Card (Cun be omitted if drag is regligible.
Aust be input if DC is on C0d A/2M).

NOTE: Asterisk means use decimal point somewhere in this field.
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Deck Column
Position Card Type Number Punch

1-2 01 = Card number.

3-4 Different.al correction iteration number
(optional).
5 -8 DRAG L]

10-23 * Initial value of Cd A/2M (in square meters/

kilogram)
where Cd = Coefficient of Drag (approx. 2.2)
A = Cross-sectional area of satellite.

M

Mass of satellite.

29-42 * Initial value of K.

48-61 * Blank or 0.0 = No drag variation

1.0 = Drag variation model is
K (4 cos” € - 1) (aay-nignt)
2.0 = Drag *ariation model is

K (%ﬁ&%—) (secular)

]

67-80 ¥ 1.0 = Use ARDC 1959 Static Atmosphere

2.0

Use Paetzold/ARDC 1959 Dynamic Atmosphere
Blank or 0.0 or 3.0 = Use COESA 1962 Static
Atmosphere
4,0 = Use COESA 1962 Dynamic Atmosphere.
NOTE: An asterisk means use decimal point somewhere in this field.

NOTE: APF 10 cards must be input if a dynamic atmosphere is used.

u
|
U
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Deck Column
Position Card Type Number Punch

NOTE: Trailing floating point fields may be left blank, hut no in-between
floating-point fields may be left blark (fill with 0.0 if not used).
13 Bounds Parameter Card(s) (These cards input if and only if one
wishes to override the nominal values
of bounds which are built into ESPOD}.
(The bounds appear in one-to-one corres-
pondence and order as the one-punch flags

on the CAT1 and CAT2 cards).

1-2 Bounds Card Number (e.g. 01, 02, 03, etc.)

34 Differential Correction Iteration Number
(optional)

5-8 BNDS = Card type.

10-23 * Maximum value of change between iterations
of a differential correction variable (i.e.
initial condition, drag, drag variation, or
bias).

29-42 * (Same as cols. 10-23 but for snother variable).

48-61 * (Same as cols. 10-23 but for still snother
variable).

67-80 * (Same as cols. 10-23 but for still another
variable ).

NOTE: Asterisk means use decimal point somewhere in this field.
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Deck Column
Position Card Type Number Punch
NOTE: As many BNDS cards may be used as are necessary to specify the
required number of bounls. The last BNDS card may have several
trailing blank fields. For example, only one bound might appear
on the last BNDS card.
HOTE: Units of the bounds are the same as the units of the variables
corresponding to the bounds.
Category One Differential Correction Varisbles Card
NOTE: If a differential correction is to be performed (i.e. col. Lkl of
JDC card has one punch) and if both CAT1 and CAT2 cards are omitted,
\ ESPOD automatically differentislly corrects the six ADBARV variables.

If a differential correction is to be performed only on Category 2

variables (biases), or if no differential correction is to be per-

formed at all (i.e. col. 41 of JDC card is blank or zero), then omit

CAT1 card.
1-2
5-8

10

11

01 = Card number.

CAT1 = card type.

0 = Do not differentially correct Alphs
(Right Ascension).

1 = Differentially correct Alpha (Right
Ascension.

O = Do not differentially correct Delta
(Declination).

1 = Differentially correct Delta (Declination).
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Punch

12

13

14

15

17

0

Do not differentially correct Beta
(Flight Path Angle).

Differentially Correct Beta (Flight Path
Angle).

Do not differentially correct Az
(Azimuth of Velocity Vector).
Differentially correct Az {Azimuth of
Velocity Vector).

Do not differentially correct R
(Magnitude of geocentric range vector).
Differentially correct R

(Magnitude of geocentric range vector).
Do not differentially correct V
(Magnitude of velocity vector).
Differentially correct V

(Magnitude of velocity vector).

Do not differentially correct Cd A/2M.
Differentially correct Cd A/2M.

Do not differentially correct K

(Drag variation parameter).
Differentially correct K

{Drag variation parameter).
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Deck Column
Position Card Type Number Punch

Number of DC Iterations Card (If this card is omitted, ESPOD assumes
a maximum of five DC iterations).

1-2 01 = Card number.

2-9 NITER = Card type.

10-23 * Maximum number of differential correction
iterations (integral number plus decimal point).

Weighting Parameter Card(s) (Input if and only if one wishes to
supplement or override the weighting parameters
which are already built into ESPOD).

1-2 Sigma Type Number (in the Master Sigma or
Sensor Type List, or as associated by an
STYPE card). (Number may range between 01
and 60).

5-9 SIGMA = Card type.

10-23 * Standard Deviation in Range (km) (Right Ascen-
sion of Field Reduced BN) expected for sensor(s)
associated with the Sigma Type Number.

29-42 * Standard Deviation in Azimuth (degrees)
(Declination of Field Reduced BN) expected
for the sensor(s) associated with the Sigma
Type Number.

NOTE: Asterisk means this field must have decimal point somewhere in it.
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Deck Column
Position Card Type Number Punch

48-61 * Standard Deviation in Elevation (degrees)
{Right Ascension of Precision Reduced BN)
expected for the sensor(s) associated with
the Sigma Type Number.

67-80 * Standard Deviation in Range Rate (xm/sec)
(Declination of Precision Reduced BN) expected
for the sensor(s) associated with the Sigma
Type Number.

Sensor Type and Parameter Card(s)
(Input if and only if one wishes tc supplement
or override the sensor weighting tyypes and
parameters which are already built into ESPOD).

1-2 Sensor Type and Parameter Card Number
(e.g. 01, 02, 03,...)

0-9 STYPE = Card type.

10-13  Sensor Number.

14-15 Sigma Type (i.e. weighting type) to be associ-
ated with the sensor in columns 10-13. (Two
digits, no decimal).

16-19 Gross Outlier Rejection parameter (Gs)
for the sensor in columns 10-13. (Right
adjusted. no decimal point).

NOTE: Asterisk denotes use of decimal point somewhere in this field.
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Deck Columr:
Position (Card Typr  Number Punch

20 0 or blank = Do not apply refraction correction
to measurements of sensor in colwmms 10-13.
1 = Apply refraction correction to sensor in
col. 10-13.
e1-23 N (mean surface value of refractivity ° 106)
for the sensor in colums 10-13, (not required
if col. 20 is blank).
29-.32 Sensor Number.
33.34  Sigma Type (i.e. Welghting Type) to be assoclated
with sensor in col. 29-32 {two digits, no decimal).
35-38  Gross Qutlier Rejection parameter (Gs) for the
sensor in col. 29-32 (right adjusted, no decimal
point).
39 O or blank = Do not apply refraction correcticn
to measurements of sensor in col. 29-32.
1 = Apply refraction correction for sensor in
col. 29-32.

4042 Ns (mean surface value of refractivity - 106)

for the sensor in columns 29-32; (not necessary
if col. 39 is blank).
48-51 Sensor Number

52-53  Sigma Type (i.e. Weighting Type) to be assoni-
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Deck Column
Fosition Card Type Number Punch

ated with the sensor in col. 48-51 (two digits,
no decimal).

54-57  Gross Outlier Rejection parameter (Gs) for the
sensor in col. 48-51 (right adjusted, no decimal).

58 0 or blank = Do not apply refraction correction
to measurements of sensor in col. 48-51,

1 = Apply refracticn correction for sensor in
col. 48-51.

59-61 N, (Mean Surface Refractivity * 106) for sensor
in cols. 48-51. (Not required if col. 58 is
blank).

67-70  Sensor Number.

71-72  Sigma Type (i.e. Weighting Type) to be associ-
ated with the sensor in col. A7-70 (two digits,
no decimal).

T3-76  Gross Outlier Rejection parameter (Gs) for the
sensor in col. 67-70 (right adjusted, no decimal).

7 O or blank = Do not apply refraction correction
to measurements of sensor in col. 67-70.

1 = Apply refraction correction for sensor in
col. 67-70.
78-80 Ns (Mean 3Surface Refractivity - 106) for sensor

in cols. 67-T0. (Not required if col. 77 is blank).
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Deck

Column

Position Card Type Number FPunch

NOTE:

Only those fields which one wishes to supplement or override need to
be input. The Gross Qutlier Rejection parameter causes observations
to be rejected as follows:

Reject Range Ot servation if | Range Residual I >G, (stendard devie-

tion in range for this sensor).

Reject Azimuth Observation if | (Azimuth Residual) cos Elevation

> G, (standard deviation in Azimuth for this sensor)

Reject Elevation Observation if | Elevation residqual | > Gé (stand-

ard deviation in Elevation for this sensor).

Reject Range Rate Observation if

Renge Rate Residual ')>Gs (stand-

ard deviation in range rate for this sensor).

Reject Right Ascension Observation if (Right Ascension Residual)
cos 5‘, > Gy (standard deviation in right ascension for this
sensor).

Reject Declination Observation if ’ (Declination Residual) [> Gy
(standard deviation in declination for this sensor).

Category Two Differential Correction Variables Card(s) (Biases)

(Omitted if no DC to be done on Category Two Variables).

1-2 Category Two Card Number (e.g. 01, 02, 03,etc.)
5-8 CAT2
10-13 Sensor Number

1k 0 = Do not differentislly correct RANGE BIAS

for this sensor.
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Position Cerd Type Number Punch

15

16

17

18

19

1

(1]

Differentially correct RANGE BIAS for this
sensor.

Do not differentially correct AZIMUTH BIAS
for this sensor.

Differentially correct AZIMUTH BIAS for
this sensor.

Do not differentially correct ELEVATION
BIAS for this sensor.

Differentially correct ELEVATION BIAS for
this sensor.

Do not differentially correct RANG:E RATE
BIAS for this sensor.

Differentially correct RANGE RATE BIAS for
this sensor.

Do not differentially correct RIGHT ASCEN-
SION BIAS for this sensor.

Differentially correct RIGHT ASCENSION BIAS
for this sensor. (Must be optical sensor).
Do not differentially correct DECLINATION
BIAS fo: this sensor.

Differentially correct DECLINATION BIAS for

this sensor. (Must be optical sensor).
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Deck Column
Position Card Type Number Punch
20 O = Do not differentially correct TIME BIAS for
this =ensor.
1 = Differentially correct TIME BIAS for this
sensor.
21 0 = Do not diflerentially correct this sensor's
IATITUDE BIAS.
1 = Differentially correct this sensor's LATi-
TUDE BIAS.
22 O = Do not differentially correct this sensor's
IONGITUDE BIAS.
1 = Differentially correct this sensor's IONGI-
TUDE BIAS.
23 0 = Do not differentially correct this sensor's
HFEIGHT BLAS.
1 = Differentially correct this sensor's HEIGHT
BIAS.
29-32  Sensor Number.
33-k2 Information identical with Column Numbers 1k
through 22.
48-51 Sensor Number.
52-61  Information identical with Column Numbers 14

67-T0

through 23.

Sensor Number.



ESPOD

1k August 1964 4-338 T™-LX-123/000/00B

Deck Column
Position Card Type Number Punch

(L-00  Ilntormation identical with Column Numbers 14-23.
NOTE: Any number of CAT2 cards may be used. However, only the last CAT2
card may have trailing blank fields. That is, there must be four
sensors per CATZ2 card except for the last CAT2 card, which may have
any number between one and four).
Bias Estimate Card(s) (Initial Value of Biases). {(Omitted if no
differential correction is being performed on any Category Two
Variables (Biases). If a D.C. is being done on any biases, ESPOD
will automatically make initial bias estimates of zero if this card

is omitted).

1-2 Bias Estimate Card Number (e.g. 01, 02, 03, etc.)
3-4 Differential Correction Iteration Number (cp-
tional).

5-9 BISES = Card Type.
10-23 * Initial value of a biss.
29-42 % Initial value of another bias.
L -61 ¢ Initial value of still another bias.
67-80 * 1nitial value of still another bias.
NOTE: Asterisk means use decimal point somewhere in this field.
NOTE: Any number of BISES cards may be used. However, only the last BISES
card may have trailing blank fields. That 1s, there must be four
bias initial values per BISES card except for the last BISES card,

which may have any number between one and four. The initial values
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K 4

Deck Column
Position Card Type Number Punch

of the biases should be listed in cne-tc¢-one correspondence and order as

the one-punch ~lags on the CAT2 card(s).

20 S-matrix Card(s) (a-pricri AT matri») (optional input)
1-2 S-matrix card number (e.g. 01, 02, 03...)
3-4 Differential Correction Iteration Number
(optional).

5-8 SMAT = Card type.

10-23 * Value of an element of the S-matrix.
29-42 * Value of an element of the S-matrix.
4L8-61 * Value of an element of the S-matrix.
67-80 * Value of an element of the S-matrix.

NOTE: An asterisk indicates a floating point field.

NOTE: As many S-matrix cards (sequentially numbered) as are necessary to
completely give the matrix are input. As the matrix is symmetric,
only the upper triangular elements are input. They are input in
the following order: the top row from left to right, the second
row from left to right beginning r the second element, the third
row from left to right beginning at the third element, etc.

NOTE: If the S-matrix is input, col. 52 of the JDC card must have a one-
punch.

NOTE: If the JDC card has a one-punch in col. b, S-matrix cards corre-

sponding to epoch will be punched out in the correct format after each
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Deck Column
Position Card Type Number Punch

iteration. If the JDC card has a 1 in col. 56, S-matrix cards
corresponding to each ephemeris point will be punched.
NOTE: If S-matrix cards are input, then CAT1 and CATZ cards(punched to

indicate the respective variables of the SMAT cards) must also be

input.
21 Covariance Matrix Card(s) (a-priori (ATA)-l) (optional input)
1-2 Covariance Matrix Card Number (e.g. 01, 02,
03,...).
34 Differential Correction Iteration Number
(optional).

2-9 UPMAT = Card type.
10-23 * Value of an element of the a -priori (A.TA)'l
matrix.
24-L2 * Value of an element of the a-priori ‘(ATA)-l
matrix.
L8-61 * Value of an element of the a-priori (ATA)-l
matrix.
67-80 * Value of an element of the a-priori (Aiﬁ)-l
matrix.
NOTE: An asterisk indicates a floating point field.
NOTE: As many covariance matrix cards are input (sequentially numbered) as
are necessary to completely give the matrix. Restrictions: The

maximum covariance matrix size is 8 x 8. n covariance matrix entered
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Deck

Column

Position Card Type Number Punch

NOTE:

by UPMAT cards may only contaln Category One variables. A CAT1 card
(punched to indicate the respective variables appearing on the
UPMAT cards) must be input whenever UPMAT cards are input.
As the covariance matrix is symmetric, only the lower triangular
paert of the matrix is input. They are input in the followlng order:
the first element of the first row, the first two elements of the
second row from left to right, the first three elements of the third
row from left to right, etc.
Zonal Harmonic Card (If this card is omitted, ESPOD assumes a stand-
ard set: J,, J3, Jh)'

1-2 0l = Card Number.

5-9 ZONAL = Card type.

10 0 = Do not include J2 in the earth gravitational

potential model.
1 = Include J, in the earth gravitational

2
potential model.

11 0 = Do not include J3.
1l = Include J3.
12 0 = Do not include Jh'

1 = Include Jh'
13 0 = Do not include JS'

1 = Include J5.
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Deck Column
Position Card Type Number Punch
14 0 = Do not include
1l = Include J6.
15 0 = Do not include
1 = Include JT.
16 0 = Do not include
1 = Include J8.
17 0 = Do not include
1 = Include J9.
15 0 = Do not include
1 = Include JlO'
19 0 = Do not includs .
1 = Include Jll'
20 0 = Do not include
1 = Include J12'
NOTE: Values of J must be input on

10’ Jll’ JlE

T™M-1X-123/000/00B

10°

11°

12°

99 cards.

Sectorial Harmonics Card (If this card is omitted, no sectorial

1-2
>-9

10

harmonics are

D1 = Card number.

.
oE

0

CTR = Card type.

Do not include

included).

Jg in the earth gravita-

tional potential model.

Include Jg in the earth gravitational

potential model.
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Deck Column
Position Card Type Humber Punch

Do not include J3.

11 0 = 3
1 = Include Jg.

ie 0 = Do not include Jﬁ.
1 = Include Ji.

13 0 = Do not include Jg.
1 = Include Jg.

1k 0 = Do not include Jg.
1 = Include Jg.

Tesseral Harmonics Card (If this card is omitted, no tesseral
P harmonics are included).
1-2 0l = Card number.
5-9 TESSR = Card type.

10-11  Value of n, and m, respectively means include

the term J_ (%) {4 the earth's gravitational
1
pectential model.

13-1%  Value of n, and m, respectively means include

the term J (m2).
n2

16-17 Value of n3 and m. respectively means include

the term J (m3).
™
19-20 Value of n, and my, respectively means include

the term g (M)
o,
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Value of n5 and m5 respectively means include

the term Jn (mE).

Value ng and me respectively means include the

Dec: Column
Position Card Type Number Punch
22-23
29-30
term Jn
6
32-33  Value of
the term
35-36  Value of
the term
38-39  Value of
the term
kl1-k2  Value of
the term
L8-49  Value of
the term
51-52  Value of
the term
54-55  Value of
the term

n

7

g (mg).

n

7

and mT respectively meuns include

ng and mg respectively means include

g (mg),

n

J

n

J

n

J

n

J

n

J

g

and m

9
(

n

10
Mo
11
M1
12

o

i3

1'113

9

m

9)-

and mlO

(my o),

and m,

(m

1
ll).

and m12

(mp,),

and m

13
(m13).

respectively means

respectively means

respectively means

r2spectively means

respectively means include

include

include

include

include
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-

Deck Column
Position Card Type Number Punch

57-58 Value of n , 8nd mo) respectively means include

1
the term J (mlh).

pl

NOTE: Any or all of the following fourteen terms may be chosen:

1 2 i 2 1 (2 L
5@, @), @ @) (), W 5@ 53 ),

(3)

d J

P

) (5)

s J6 s J6 s J6 Subscripts and superscripts

not punched on the TESSR card will be excluded from the geopotential

model. Values of Js(l) through J6(5) must be entered on 99 cards.

New Constants Card (This card used if and only if one wishes to

override any particular constant in ESPOD with

\ a new value for a particular run.)
1-2 99 = Card type.
5-9 Location number of the constant (right

adjusted) {(obtained from the master list).
10-23 * Value of the new ccnstant whose location is
given in col. 5-G.
24 -28 Location number of a constant (right adjusted).
29-42 ¥ Value of the new constant whose location is
given in col. 24-28.
L3-47 Iocation number of a constant (right adjusted).
48-61 * Value of the new constant whose location is
given in col. 43-47.

62-66  location number of a constant (right adjusted).

\ NOTE: Asterisk means decimal point must appear somewhere in field.
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Deck Column
Position Card Type Number Punch

67-80 * Value of the new constant whose location is
given in col. 62-66.
NOTE: Unneeded fields may be left blank.
Standard Element Set (with blank, 1 or 2 in col. 68 of Card 7).
Updating Elements Parameter Card (This card used if and only if
one wishes to update a seven-
card element set to a different
epoch).
1.2 01 = Card number.

5-9 DNREV = Card type.

10-23 * 1.0 = Update the seven-card element set to a
specified time given in days and fractions
of days in cols. 29-42%,
2.0 = Update the seven-card element set a

specified number of revoluticns past
the epoch of the element set, the number
being given in col. 25-42* (this numter
may be fractionsl).

3.0 = Update the seven-card element szt tc a
specified revolution number given in
col. 29-4o*,

-1.0 = Update to the time of the last observation.

NOTE: An asterisk denotes a field which must contain a decimal point.
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Deck Column
Position Card Type Number

h-3ha

Punch

FSPOD
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29-42 * Days and fractions to which to update, or

Number of revolutions to update past epoch,

or Revolution Number to which to update, or

Blank (if update to time of last observation).

NOTE: Elements on cards sre not updated unless a DNREV card is present.

Elements from the E-file are updated to the time of the last

observation unless a DNREV card is present.

Delete Residuals Card(s)

1-2

5-9

10-16 *
17-23 *
29-35 *
36-42 *
LB-54 *
55-61 *
67-73 *
Th-80 *

NOTE: More than one of these cards may be used.

be left blank.

(These cards used if and only if one wishes

to delete particular residuals from con-

sider=tion in all iterations of a run).

Delete Residual Card Number (e.g. 01, 02, 03...).

DEILET = Card type.
Beginning Residual Number |
Ending Residual Number
Beginning Residual Number —
Ending Residual Number o
Beginning Residual Number |
Ending Residual Number

Beginning Residual Number 7

Ending Residual Number

NOTE: Asterisk indicates a floating point field.

Causes deletion for
all included numbers.

Causes deletion
for all included
numbers.

Causes deletion
for all included
numbers.

Causes deletion
for all included
nunbers.

Unneeded fields should
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=

Deck Column
Position Card Type  Number Punch

Dynemic Atmosphere Parameter Card(s) (Omitted if a dynamic¢ atmosphere is
not used).
1-2 Dynamic Atmosphere Perameter Card Number
(e.g. 01, 02, etc.)
2=9 APF10 = Cerd type.
10-13 ¥ Day number in the year.
14-18 #* value of Ap for the day in col. 10-13.
19-23 * Value of F

10
29-32 ¥ Day number in the year.

for the day in col. 10-13.

33-37 ¥ Value of Ap fcr the day in e¢ol. 29-32.

38-42 % value of F,. for the day in col. 29-32.

10
48-51 # Day number in the year.

52-56 % Value of Ap for the day in col. 48-51.
- * *
57-61 * Value of Fy
67-T0 * Day mumber in the year.

for the day in col. 48-51.

71-T5 * Value of Ap for the day in col. 67-TO.
T6-80 # Value of F,, for the day in col. 67-TO.
NOTE: Asterisk denotes & floating point field.
NOTE: 30 is maximum nwiber of sets of one value of Ap and one value of
Flo which may be entered. 7Thus there can never be more than eight
APF10 curds.
NOTE: If days are omitted between two day numbers, a linear interpolation

is done.
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Deck Column
Position Card Type  Number FPunch

NOTE :

NOTE:

30

Ephemeris Specification Card(s)
1-2 Ephemeris Specification Card Number
(o1, 02, 03, O4).
5-9 DELIT = Card type.
10-23 * Value (in minutes of step size be‘ween
successive calculated positions).
29-42 * Time (in minutes) since epoch of the last point
of the calculated positions at the step size
glven in col. 10-23.
4L8-61 * Value (in minutes) of another step size between
successive calculated positions.
67-80 # Time (in minutes) since epoch of the last
point of the calculated positions at the step
seize given in col. 48-61.
A maximum of four Ephemeris Specification cards may be used.
The step size may be negative, indicating an ephemeris calculated
backwards in time.
Prediction Specification Card
1-2 01 = Card number.
2-9 PRDCT = Card type.

An asterisk indicates a floating-point field.
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Teck
Position Card Type

4-34D

Column
Number Punch

10-23 * Time (in days and fractions
prediction point.

29-42 * Mime (in days and fractions
prediction point.

48-61 * Time (in days and fractions
prediction point.

67-80 * Time (in days and fractions

prediction point.

T™-LX-123/000/00B

of days) of first

of days) of second

of days) of third

of days) of fourth

NOTE: Only one PRICT card may be used in any run; i.e. the maximum number

of specific prediction times is four.

NOTE: Unneeded time of prediction fields may be left blank.

Time Step Specification Card (If this card is omitted, ESPOD uses

8 variasble time step size in the numeri-

cal integration).
1l-2 01 = Card number.
>-9 TSTEP = Card type.

10-23 * Time step size (in minutes)

to be used through-

out the numerical integration.

Maximum Time Specification Card (If this card is omitted, ESPOD will

automatically disregard observations

which are more than ten days from epoch).

NOTE: An asterisk denotes a floating-point field.

L
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yJ .
i Position Card Type Number Punch

§ 1-2 01 = Card number.
5-8 TMAX = Card type.
10-23 ¥ Maximum time in days and fractions from epoch
for which observations are to be used. (Obser-

vations are disregarded if more than this number

of days from epoch)..
Radistion Pressure Parsmeter Card (This card is only for radiation
pressure perturbations).
1-2 01 = Card number.
5-9 RATPR = Card type.
10-23 * Effective Area of satellite in square meters.
23-42 * Mass of satellite in kilograms.
End Preliminary Data Card
5-9 ENDPR = Card type.
Standard SPADATS Observation Cards. (Not required if no DC is to be done).
NOTE: If observation cards are input, col. 31 of the JDC card must have a
one-punch. If there are less than 650 observations, they may be in
any temporal order; if more than 650, they must be in descending
time order. There is no maximum limit to the number of observations.
End Observations Card (Required only if cbservation cards are input).
L- 5-9 ENDOB = Card type.

NOTE: An asterisk denotes a floating-point field.
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Deck Column
Dosition Card Type Number Punch

N+l
N+2
N+3
N+

Standard SPADATS Sensor Cards
(Standard SPADATS Sensor cards)
(Input 1f and only if one wishes to override or
supplement the sensor file on the SEAI tape).
(1f eensor cards are input, columns 31 and 34 of the
JIC cerd must have & one-punch).
End Sensor Card (This card is input if and only if sensor cards are
input).
5-9 ENDSN = Card type.
End Date Card (Iast card of all ESPOD decks).
5-9 ENDAT = Card type.
End of Deta Card
End of Job Card
End of Schedule Tape Card

Blank Card




)

14 August 1964

4.3.1.3 Output

+=340

ESPOD

TM-1X-123/000/00B

The program provides output on both hard copy and punched cards.

4.3.,1.3.1 Program Printout

Part 1: Lists the input cards, with the columns of the printout corre-

sponding exactly with the columns of the cards.

Part 2: General

a.

Type of observations.

Satellite number and name.

Type of program run (e.g. COLD START or NON-COLD START).

Right ascension of Greenwich at 2400 on day of epoch

(AIPHA G ZERO).

Epoch <ime of the program run.
Initial conditions.

X - Position vector {km).

Y - Position vector (km).

7 - Position vector (lm).

XDOT - Velocity vector (km/sec).

YDOT - Velocity vector (lm/sec).

ZDOT - Velocity vector (lan/sec).

AIPHA - Right ascension (degT._-
DELTA - Declination (deg).
BETA - Flight path angle (deg).
A - Azimuth (deg).

R - Range (km).

V - Velocity {(km/sec).

Geocentric
Inertial
Cartesian

Coordinates

Geocentric

Inertial

Spherical

Coordinates
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CDA/2M {optional) - Atmospheric drag parameter (meter52/
kilogram).

Part 3: Program Constants {optional).

Part 4: Sensor Information (printed if Part 3 is requested).

1. SENSOR NO. - Sensor number.

2. SIGMA TYPE - Standard deviation category applied to the

sensor. |
3. RANGE/RA(FR) - Standard deviation in range/standard devia-
tion in right ascension for a field-reduced observation from
a Baker-Nunn camerva.

4. AZ/DEC(FR) - Standard deviation in azimuth/standard devia-
tion in declination for a field-reduced observation from a
Baker-Nunn camera.

5. EL/RA(PR) - Standard deviation in elevation/standard devia-
tion in right ascension for a precision-reduced observation
from a Baker-Nunn camera.

6. RDT/DEC(PR) - Standard deviation in range rate/standard de-
viation in declination for a precision-reduced observation
from a Baker-Nunn camera.

7. GSUBS - Gross outlier editing criterion for the observations
in terms of N sigma.

8. REFR. FLAG - Refraction correction indicator (1 = applied,
0 = not applied).

9. NSUBS = Refraction index for the time of interest.
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Part 5:

Part 6:

Part 7:

ESPOD
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Observeiion Type

9.

I0 - Sensor number.

T-TO - Time of observation (min. from epoch).

YR, MN, DAY, HR. MIN, SEC - Time observation (Greenwich time).
R - Range (ku’.

A - Azimuth (deg).

EL - Elevation (deg).

R DOT - Range rate (km/sec).

HA - Hour angle (deg), in lieu of azimuth.

D - Declination (deg), in lieu of elevation.

Senescor Locations

1.
2.
3.
L.

ST, NO. - Sensor number.
LAT. - Sensor latitude north (deg).
IONG. - Sensor longitude west (deg).

AIT. - Sensor altitude (meters).

Residuals Print

1.

2.

ID - Sensor number.

DATE - Time of the observation from which the residuals
wvere obuained.

N - Residual number.

RANGE KM - Range residual (km).

AZ,HA TEG. - Azimuth/hour angle residual (deg).

EL,DC DEG. - Elevation/declination residual {deg).
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10.

13.

k.

4=3%T TM-LX-123,/000/00B

RDOT KM/SEC - Range rete residusl (km/sec).

U KM (see notes) - Up component of the position residual
(km) collinear with and positive in the same direction as
the radius vector.

V KM (see notes) - Down component of the position residual
(km), orthogonal to the radius vector, in the orbit plane,
pocitive in the direction of motio...

W KM (see notes) - Cross component of the position residual
(km), normal to the orbit plane and positive in the direc-
tion of the angular momentum vector to complete a right-
handed coordinave system.

VM KM - Magnitude of the position residusl or displacement
vector (km).

DEL T MIN - Time separation of computed and messured posi-
tions (min), assuming Keplerian mean motion.

U DEG - Argument of latitude (deg), ungle from the ascend-
ing node to the redius vector.

BETA DEG. - Residual angle between the measured position

vector and the computed orbit plane.

NOTE: One of three symbols may appear following any nurerical value, indica-

ting deletion of the residual from further calculations:

*

G

-
n

DELETE input deletion.
Gross outlier deletion.

KEMS test deletion.
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NOTE: U KM, V KM, and W KM may be optionally replaced by normal, tangential
and cross-directional components of a vector describing the displace-
ment of the observed with respect to the computed position:

S KM - Vector component (km), orthogonal to the velocity vector
and in the orpit plene, forming & right-handed coordinate
system with T and W.

T KM - Vector component (km), collinear with and in the same direc-
tion as the velocity vector.

W KM - Vector component (km), normal to the orbit plane and in the
same direction as the angular momentum vector.

NOTE: U KM, VKM and W KM may be optionally replaced by components of a

. vector describing the displacement of the sensor which would be re-
quired to reduce the residual to zero.
ST. IAT DEG - Geocentric north latitude displacement (deg).
ST. LONE DEG - East longitude displacement (deg).
ST. HT KM - Height displacement (km above mean equatorial sea level).
Part 8: BEstimates of Mean and Standard Deviations by Sensor and Type.
1. ST. ID. - Sensor number.
2. R - Range values (km).
3. A,HA - Azimuth or hour angle values (deg).
4. E,D - Elevation or declination values (deg).
RDOT - Rarrz= rate values (km/sec).
. MEAN - Arithmetic mean.

p]

6

T. ESTD - Estimeted standard deviation (one sigma) of the mean.
8. NA/NR - Number of observations accepted/number of observations

rejected.
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Part 9: Curve Fit Iteration Summary

1.

Category 1 variables:

AIPHA - Right ascension (deg).

DEITA - Declination (deg).

BETA - Flight path angle (deg).

AZ - Azimuth to inertial velocity vector (deg).

R - Radius vector from geocenter {kas).

V - Velocity vector magnitude (km/sec).

CDA/2M - Drag parameter (meterse/kilogram).

K - Drag variation (secular option: metersa/kilogram/day;
periodic option: metersefkilogram.

DELTA - the corrections applied to each variable.

OID - Numerical values from the previous iteration.

NEW - OLD + DIELTA.

SIGMA - The uncertainty in each variable, computed from the
covariance matrix.

BOUNDS - The constraints epplied to the changes which the
program is allowed to make to the variables.

Category 2 variables:

R - Range (im).

A,HA - Azimuth or hour angle (deg).

E,D - Elevation or declination {deg).

RDOT - Range rate (km/sec).

LAT - Sensor north latitude (deg).
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10.

11.
13.
14,

15.
16.

17.

18.

19.

ESPOD
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ICNG - Sensor east longitude (deg).

AIl - Sensor altitude (meters).

T - Time (sec).

DELTA, OLD, NEW, SIGMA, BOUNDS - same as for Category 1l
varisbles.

Convergence statement.

Bounds statement.

CURRENT RMS - Current root-mean-square of the residuals.
PREDICTED RMS - The RMS predicted for the next iteration.
BEST RMS - The best RMS so far in the curve fit run.

DELTA V - The velocity correction based on the delta t fit.
RMS DEL T - Current root-mean-square of the time residusls.
PREDICTED RMS DEL T - The RMS predicted for the next itera-
tion.

Correlation matrix, with rows and columms numbered to
correspond to the Category 1 variables.

Covariance matrix, with rows and columns nunbered to corre-
spond to the Category 1 variables.

Run termination statement.

Part 10: Trajectory (or Ephemeris)

1.

2.

3.

Dete and Greeuwich mean time for the data.
Time from zpoch (min).

Time from January O ot the year of epoch (days).
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4. X, Y, Z, XDOT, YDOT, ZDOT - Components of the position (km)
and velocity (km/sec) vector in geocentric inertial Cartesian
coordinates. It is a right-handed orthogonal system where
the X axis is in the direction of the vernal equinox and
the Z axis is in the direction of true north. Coordinates
are true as of 0130 day of epoch.

5. Polar spherical position and velocity coordinates (ADBARV):
ALFA - Right ascension (deg).

DLTA - Declination (deg).

BETA - Flight path angle (deg), positive downward from the
local vertical.

AZ - Azimuth of the velocity vector (deg).

R - Range (km).

V - Magnitude of the velocity vector (km/sec).

6. ALT - Height (km).

7. LAT - Geodetic north latitude (deg).

8. IONE - East longitude (deg).

9. C(Classical osculating elements:

SMA - Semimajor axis (km).

ECC - Eccentricity.

INC - Inclination (deg).

NODE - Right ascension of the ascending node (deg).
OMG - Argument of perigee (deg).

M - Mean anomaly (deg).
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10.

13.

1k,

15.

16.

17.
18.
19.

20.

21.

ESPOD
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UX, UY, UZ - Direction cosines of the position in Cartesian
coordinates, with axes directed as 1n the XYZ system.

RPVX, RPVY, RPVZ - Components in Cartesian coordinates of a
vector in the orbit plane which 1s orthogonal to the position
(r) and angular momentum (h) vectors.

AIAT - Argument of latitude (deg), equals the sum of the
argument of perigee and the true anomaly.

TAU - Time until the next ascending nodal crossing (min.
from epoch).

PRD - Osculating orbital period (min).

Indeterminacy free elements:

1/A - Inverse of the semimsjor axis (E.R.).

D - Scalar product of position and velocity vectors (E.R;%),
equals (R'l;{)-Z-Vﬁ_‘- .

APOG - Apogee distance (km), above a mean equator.

PRG - Perigee distance (km), zbove a mean equator.

ELLIPSE or HYPEREOIA - Orbit ‘s conic form.

XVM, YVM, ZVM, XDVM, YDVM, ZDVM - Selenocentric position
(xm) and velocity (km/sec) coordinates, true as of 01-10 day
of epoch.

Xvs, YVS, ZVS, SDVS, YDVS, ZDVS - Hellocentric position (km)
and velocity (km/sec) coordinates, true as of 01-10 day of
epoch.

DVFM - Distarce from the vehicle to the selenccenter (moon)

(¥om).
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22.

23,

2k,

Lo shp TM-LX-123/000/00B

DVFS - Distance from ‘ne vehicls to the heliocenter (sun)
(xm).

In addition to the above items, the following are optional:
ORBIT PLANE SIGMA AND RHO MATRIX - A matrix of standard
deviations (diagonal terms) and correlation coefficients
(off-diagonal terms) related to the UVW Orbit Plane coordin-
stes:

U - Position vector (up) component (km) in the direction of
and collinear with the radius vector.

V - Position vector (down) component (km) in the direction
of motion and orthogonal to the radius vector in the orbit
plane.

W - Position vector (cross) component (km) normal to the
orbit plane in the direction of the angular momentum vector
to complete s right-handed coordinate system.

UDOT - Velocity vector of U.

VDOT - Velocity vector of V.

WDC - Velocity vector of W.

CDA/2M - Drag parameter (metersE/kilogra.m).

or

K - Drag variation parameter (for secular option: metersz/
kilogram/day; for periodic option: metersefkilOgram).
EIGENVECTORS OF U, V, W COVARIANCE MATRIX - Direction cosine

components with respect to the U, V, W axes for the orthogonal

axes of the error ellipscid defined by the covariance matrix.




14 August 1964

25.

27.

28.

4-34Q ™-1X-123/000/00B

SQUARE ROOTS OF THE EIGENVALUES - Represent the lengths of
the orthogonal semi-principal axes of the error ellipsoid.
TO ALIGN U, V, W WITH THE PRINCIPAL AXES - A series of
ordered rotations which will reposition an observer, facing
initially in the positive V direction, to a new orientation
facing along the error ellipsoid's nearest principal axis:
YAW RIGHT -~ (deg).

PITCH DOWN - (deg).

ROLL CIOCKWISE - (deg).

POLAR SIGMA AND RHO MATRIX - A matrix of standard deviations
(diagonal terms) and correlation coefficients (off-diagonal
terms) related to the Polar Spherical coordinates: ALPHA,
DELTA, BETA, AZ, R AND V.

CARTESIAN SIGMA AND RHO MATRIX ~ A matrix of standard devia-
tions (diagonal terms) and correlatior coefficients (off-
diagonal terms) related to the geo:i-ntric inertial Cartesian

coordinates: X, Y, Z XDOT, YDOT, ZDOT.

4.3.1.3.2 Punched Csrds

The program provides punched card >utput in three formats.

Part 1: Seven-card Element Set

The program provides OLD or NEW osculating elements, us requested in col. 46

of the JDC card.

Part 2: Soluticn Parameters

The program provides a record of data from a run in a format identical with
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selected input card formats, for use in subsequent input decks. The data are
grouped by iteration, and each output card contains the iteration number in
cols. 3-4. The output cards can be read by referring to the corresponding
input cards: ICOND, DRAG, BISES, BNDS. ICTYP, ITIME, SMAT, UPMAT.

Part 3: DAC Parameters
The program automatically provides the second and third card of a 3-card DAC
set when DAC cards are input to supply the desired update times. The first
card must be provided by the Analyst before using this output as Input to
arother program (see Message Header card for the GIPAR program). The output

cards can be read by referring to the corresponding input cards.
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k.3.2 INITIAL ORBIT DETERMINATION FROM ARGULAR FIXES - IOANGLE
4.3.2.1 Purpuse

The IOANGLE program computes an element set describing a satellite orbit from
three angulsr position fixes from the same sensor on the same revolution (e.g.,
telemetry data). The element set is then differentially corrected using

additional observations.

4.3.2.2 Input - Schedule Tape Mode only (Toggle 24 On)

Deck Column
Position Card Type Number Punch
1l Schedule Tape Card
Job Card

Remarks Card
Program ID Card
1-6 SPSJ¢B
9-15 IGANGLﬁ
17 0 = Parameter card, Observation cards and

S-file tape inputs.

2 = Parameter card, Observetion cards and
Sensor cards inputs
18 0 = Hardcopy and punched cards output
80 = Card type
5 Parameter Card 1
1-3 Satellite number
L-6 Element set number
T 0 = Circular approximation only
1 = Circular approximation and elliptical
sector-to-triangle approximation
8 0 = No differential correction
1 = Differential correction

9-18 Satellite name
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Deck

Column

Position Card Type Number Punch

oo o 9 O

23-36  Epoch revolution (floa.ing point)
41-48 Minimum time between observations in the
initial orbit computation
80 F = card type
Parameter Card 2

24-36 Final revolution (floating point)

6T 0 = Correct the inclination
1 = Do not correct the inclination
80 P = Card type

End of Case Card

End of Job Card

End of Schedule Tape Card
Blank Card

4.3.2.3 Output

Program printout consists of four parts.

4.3.2.3.1 Part 1

The first part contains:

1. For each input observation; obs number, sensor identification, obs

date, and observed angles.

2. Preliminary elements using the circular approximation input cption:

a
b.

[o TR ]

o S S T

M12, the geocentric angle between the observations in radians
semi-major axis in earth radii (A)
inclination indegrees (INCL)
node in degrees (NODE)
period in minutes (P (MIN))
a__, a__ components (AXNO, AYNO)
xn’ “yr
components of angular momentum vector (HXO, HYO, HZO)

mean longitude in degrees (LO)
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3. or, elements using first circular and then the sector-to-triangle

method (input option):

a.
b.

om0

i.
Je

4.3.2.3.2

semi-major axis in earth radii (A)
eccentricity (E)
inclination in degrees (1)
node in degrees (NODE)
argument of perigee in degrees (OMEGA)
time of nodal passage in minutes (TN)
riod in minutes (P (MIN))
8, ayn’ components (AXNO, AYNO)
components of angular momentum (HXO, HYO, HZO)
mean longitude (I0)

Parts 2-4

Parts 2-4 of the printed output contains the differential correction with

further observations and corresponds to Parts 1-3 of the SGPDC program (see
section 4.3.8.3).
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%.3.3 INITIAL ORBIT BY HERRICK-GIBES - IOHG

4.3.3.1 Purpose

The IOHG program computes an element set describing a satellite orbit from three
or mcre three-dimensional fixes from the same sensor on the same revolution
(e.g., tracker data). The element set is then differentially corrected using

additional observations.

4.3.3.2 Input - Schedule Tape Mode only (Toggle 24 On)

Deck Column
Position Card Type Number Punch
1 Schedule Tape Card
2 Job Card
3 Remarks Card
L Program ID Card
1-6 SPSI@B
9-12 IOHG
17 0 = Parameter card, Observations cards and

5-file tape inputs.

18 0 = Hardcopy =2nd punched cards output
80 - Card type
5 Prcgram Card 1
1-3 Space Track number
& Element Set number
8 1 = Corresponding Element card number

g9-18 Object name {optional)
36 Epoch revelution
79 1 = Second, next to last and median observa-

tions used in orbit computation

2 = Third, second to last and median observa-
tions used in orbit computation
80 P = Card type
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Deck Column
Position Card Type Numher Punch
6 Parameter Card 2
8 L = corresponding Element card number
9.-22 C-term
&80 P = Card type
T Parameter Card 3
8 7 = Corresponding BElement card number
29 Initial revolution number
36 Final revolution number
67 0 = Correct all elements
1 = Set the I-stop
2 = Set the C-stop
4 = Correct mean motion
80 P = Card type
8 Data cards:
a. Parameter card
b. Observation cards (min. = 3 from one sensor, in order of in-
creasing time)
9 End of Case Card
10 End of Job Card
11 End of Schedule Tape Card
12 Blank Card

4.3.3.3 Qutput

The program printout contains 4 parts.
4.3.3.3.1 Part 1

Part 1 contains the lollowing information
1. Satellite name and numnber
2. Element set number

3. Time of epoch
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4eb3

. SPACETRACK elements (initial orbit)

a.
b.

[STRENN ¢ ]

¥ om0

i.

Revolution number

Semi-major axis, a (earth radii)
Eccentricity, e

Inclination, i (degrees)

Nede, O (degrees)

Omega, w (degrees)

Drag, C_ (day/revz)

Perigee altitude (statute mi.)

Anomalistic period, Pa (min.)

5. N, M elements

a.
b.

d.

Revolution number
Mean longitude, L (radians)
A , A components

yn

Xn
Angular momentum components (Hx’ Hy’ Hz)

4.3.3.3.2 Parts 2-4

IOHG

™-1X-123/000/00

Parts 2-4 of the printout correspond to parts 1-3 of the SGPDC printout
(see section 4.3.8.3).
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b.3.4 INITIAL OREIT DETERMINATION FROM INDEPENDENT RADAR FIXES -~ IORF

4.3.4,1 Purpose

The IORF program computes an element set describing a satellite orbit from two
or more radar fixes, which may come from different stations or occur during
differert revolutions. The element set is then differentially ccrrected using

additional observations.

k.3.4.2 Input - Schedule Tape Mode only (Toggle 24 On)

Deck Column
Position Card Type Kumber Punch
1 Schedule Tape Card
2 Job Card
3 Remarks Card
i Program ID Card

1-6 SPSJ@B
9-12 IORF
17 0

Parameter card, Observation cards and S5-

file tape inputs.

2 = Parameter card, Observation cards and
Sensor cards inputs.
18 = Hardcopy and punched cards output
8o = Card type
5 Parameter Card 1
1-3 Sotellite number
L-6 Element set number

9-18 Satellite name
23-36  Epoch revolution

79 0 = No differential correction
1l = Differential correction
80 P = Card type

NOTE: All inputs are right-adjusted.
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Deck Column
Position Card Type Number Punch
6 Parameter Card 2
9-22 Drag term, C, (days)}; if unknown, use zero

23-24k M, maximum number of solutions desired

2k-36

33 (min.), magnitude of the difference bhetween
the computed ard observed times between the
two positions.

37-48 € (km.), distance of the third position fix
from the computed crbit

49-60 m, number of parts into which to divide the
interval between minimum p and maximum p

80 P = Card type

NOTE: If blank, the program assumes M = 1.0, €, = .001 min., €, = 100km.

3 4

and m = 50,

T Parameter Card 3
23-36 Predicted revcolution number (see DC output)

67 0 = Correct the inclination
1 = Do not correct the inclination
8o P = Card type

8 Data Cards:
a. Input Option 0O:
(1) Observation cards
b. Input Option 2:
{1) Observation cards

(2) Sensor cards

9 End of Case Card
10 End of Job Card
11 End of Schedule Tape Card

12 Blank Card
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L.3.4.3 Output

Printout of this program contains 4 parts.

4,3.4.3.1 Part 1

The first part contains:

1. Observations to be used

a.
b-

C'

cbservation numbers
time of observations to thousandths of seconds

X, ¥, 2 and r in earth radii

2. Initial elements

o
.

(TR ¢

JoMm H o

§.3.4.3.2

Parts 2-L

semi-major axis in earth radii
eccentricity

inclination in degrees

node in degrees

omega inr degrees

Tn, time of first node after T., days since 1950

1

Ll’ longitude of first observation in degrees
a

%n’ “yn’

angular momentum components (Hx’ Hy, Hz)

Tl’ time of first observation, days since 1950

revolutions between cbservations

perifocal distance (q) earth radii

semi-latus rectum (p) earth radii

mean angular motion {n) radians/min

a drag coefficient {c")

Parts 2-4

section 4.3.8.3).

IORF

™-LX-123/000/00

of the printout correspond to parts of the SCPDC printout (see
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%.3.5 LOCKHEED VECTOR COORDINATES - LOCVEC

k.3.5.1 Purpose

The LOCVEC program computes the predicted position and velocity of a satellite
for the Satellite Control Facility (SCF) from a seven-card clement set. The
output is a special binary teletype tape which is used as an input to the CDC

computer at SCF.

4.3.5.2 Input - Schedule Tape Mode (Toggle 24 On)

Deck CoJlumn
Position Card Type Number Punch
1 Schedule Tape Card
2 Job Card
3 Remarks Card
L Program ID Card
17-19 RUN
25-30  IOCVEC
31-35  ,DATA
5 Request Card (max. = 500, requires one for each element set)
i-3 SPADATS object number {optional)

First digit of STC#*satellite number, or
9 = SPADATS number used
1¢-12  Sateliite number (last two digits)
13-20 Satellite name

21-24  Country of origin

6 End Request Deck Card
8 Any of the digits 1-9
T Element Set Curds {max. = 500 sets)
8 Blunk Card
9 End cf Datu Card
10 End of Job ~ard
11 End of Schedule Tupe Cerd
12 Blank Card

At

* Junnyvale Track Center = Satellite Control Facility
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L.3.5.3 Output

There are two ocutout lines printed for each satellite. The order is the same
as that of the request deck. FEach line contains:

1. Satellite number

2. Sunnyvale Tracking Center number, or if preceded by 9, the SPACETRACK
nurber
Element number
Month, day, hour of epoch

Seconds since start of epoch mcnth

ON W oW

Epoch revolution

-

x, ¥, 2 coordinates in feet

8]

Velocity components in feet per second
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4.3.6 RADAR ORBIT COMPUTATION - ROC

h.3.6.1 Purpose

The ROC program computes an initial orbit from a radar track or from geo-
centric rectangular coordinates and velocities. There is no differential

correction of the computed element set.

4.3.6.2 Input - Schedule Tape Mode (Toggle 24 On)

Deck Column
Position Card Type Number Punch
1 Schedule Tape Card
2 Jop Card
3 Remarks Card
b Program ID Card
17-19 RUN
25-27 ROC
28-32  ,DATA
5 Parameter Card
1-3 Number (odd) of observation cards to be input

(from 3-999); required only for input option 1
6-17 Satellite name
18-35 Date of computation
h1 1
42 1

Element cards output

print x, y, 2z, X, y and % for the mean

of the chservations
6 Data Cards:

a. Input Option 1:
(1) Sensor cards
(2) Observation cards
b. Input Option 2:
(l) Rectangular Coordinate cards
1-14  x (km.), including decimal point
15-28 y (km.), including decimal poir*
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Deck Column
Position Card Type Number Punch

23-42 = (km.), including decimal pcint
43-46 Year of epoch

(2) Velccity Component cards
1-14  x (km./sec.), including decimal point
14-28 ¥ (km./sec.), including decimal point
29-42 2 (km./sec.), including decimal point
43-56 Day of year of observation (in days and

fractions), including decimal point

7 End Card
79 9 = Card type
8 End of Data Card
End of Job Card
10 End of Schedule Tape Card
11 Blank Card

4.3.6.3 OQutput

Program printout consists of the normal Radar Orbit Computation plus one extra

option.
4.3.6.3.1 Normal Printout

The ncrmal printout contains:

l. Satellite name and number.

2. Semi-major axis (km and earth radii).

3. Period (Pn in days)-

4. Perigee and apogee (in km usnd earth radii).
5. Right ascension of ascending node (deg.)
6. Argument of perigee (degrees).

7. Time of last perigee pass (days).

8. Time of last nodal crosing (days).

9. Radius vector (km).

10. Velocity (km/sec)
11. Inelination (degrees).

12. Eccentricity (e) and &
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4.3.6.3.2 Optionel Output
The optional printout contains the geccentric rectangular coordinates (x, ¥, z) and

the velocity components with the time of the observation.
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4.3.7 SEAI TAPE FILE MAINTENANCE - SEAI

4.3.7.1 Purpose

The SEAI program generates a new SEAI tape or modifies an existing SEAI tape
by replacing, adding or deleting data.

4.3.7.2 Input - Schedule Tape Mode (Toggle 24 On)

The SEAI program may be run in the Regular or the Special input mode. The
Special input mode is used exclusively to add an element set to the SEAI

files on a foreign launch. Toggle 47 On = Build new SEAI tape. Toggle 47
Off = Update old SEAI tape.

4,3.7.2.1 Regular Input Mode {Toggle 4l Off)

Deck Column
Pogition Card Type Number Punch
1 Schedule Tape Card
2 Job Card
3 Remarlks Card
i Program ID Card
17-19 RUN
25-28  SEAI

29-33  ,DATA

5 Sensor Card (optional)

6 Element Set Cards (optional)
7 Acquisition Card (optional)
8 Information Card (optional)
9 Delete Card (optional)

10 End Card

1-3 END

11 End of Data Card
12 End of Job Card

13 End of Schedule Tape Card
14 Blank Card
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4.3.7.2.2 Special Input Mode (Toggle 4b On)

Deck Column
Position Card Type Numb:-r Punch
1l Schedule Tape Card
2 Job Card
3 Remarks Card
L Program ID Card
17-19 RUN
25-28  SEAI
29-33  ,DATA
5 Parameter Card
1l U, Blank = Unclassified
E = Unclassified EFTO
C = Confidential
F = Confidential/NoForn
S = Secret
N = Secret/NoForn
2 D = Deferred
R = Routine
P = Priority
0 = Immediate
Z = Flash
3 K = Launch area

T, Blank = Launch area
L Z = Send flash bulletin to DIA/CIIC
NOTE: Used only when launch deviates from nominal inclination by 5 degrees

or mere, or when launch area appears to be other than K or T.

5 T, Blank = Transmitting
N = Non-transmitting

80 P = Card type
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(Page L4-64 Blank)
Deck Column
Position Card Type Number Punch
6 Element Set Cards
T End Card
1-3 END

End of Data Card

End of Job Card
10 End of Schedule Tape Card
11 Blank Card

4.3.7.3 Output

No printed output is generated by this program except for rejected input cards.
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4.3.8 SIMPLIFIED GENERAL PERTURBATIONS IMPHEMERIS WITH DIFFERENTIAL
CORRECTION - SGPDC

4.3.8.1 Purpose

The SGPDC program computes the best fitting orbit (in the lemst squares sense)
to a set of observations. All or any of the six elliptical elements and the
drag parameter may be corrected. The program converges On s many parameters

as possible.
4.3.8.3 Input
4.3.8.2.1 Automatic Mode - in an OCS sequence

a. Observations from the SRADU tape.

b. Sensor coordinates from the S-file tape.

c. Satellite numbers from the SATTB tape.

d. Corresponding element sets from the E-file tape.
e. O0CS Toggle number = Desired OCS sequence.

4.3.8.2.2 Schedule Tape Mode (Togzle 24 On)

Deck Column
Position Card Type Number Punch
1 Schedule Tape Card
2 Job Card
3 Remarks Card
4 Program ID Card

1-6 SPSJPB
9-13 SGPDC
17 0 = Batellite Number cards, S-file, E-file

and SRADU tape inputs

1l = Satellite Number and Observation cards and
5-file and E-file tape inputs

2 = Observation Number and Element Set cards
and S-file and SRADU tape inputs

3 = BElement Set and Observation cards and S-

file tape inputs.
NOTE: When using Element Set Cards: cols. 23-36 of the Tth card should be

blank and col. A7 of the Tth card should specify the desired correction.
When using the E-file tape: +, -, E or N must be input by flexowriter.
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L-66 T™- IX-123/000/00

Coluun
Card Type Number Punch

AV e e « B B S

L = Satellite Number and Observation Number
cards and S-file, E-file and SRADU tape
inputs

18 0 = Hardcopy and punched cards output

1]

Angle residuals in degrees

80

Card type
Data Cards:
a. Input Option O:
Satellite Number cards
b. Input Option 1:
Satellite Number cards
Observation cards
¢. Input Option 2:
Observation Number cards
Element Set cards
d. Input Option 3:
Element Set cards
Observation cards
e. Input Option k:
Satellite Number cards
Observation Number cards
Erd of Case Card
End of Job Card
End of Schedule Tape Card
Blank Card
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SGPDC

5.3.8.3 Output

Printout from the program contains three separate parts.

4.3.8.3.1 Part 1

The first part is the differential correction residuals and contains the

following guantities for each case:

1.

2
3,
4

MO O N oW

1C.
11.
12.

Tag and sensor number

Time of observation to hundredths of seconds

Association status {RA)

Rejection indicator (RJ) - asterisk indicates rejection of at least
one residual. The residusl rejected will appezr with an asterisk also.
Range residuals (km)

Right ascension and declination residuals (km.) or azimuth
Elevation residuals (km.)

Range rate residusl (km/sec)

Vector magnitude (km.)

Delta t (minutes)

Mean latitude (u)

Qut-cf-plane angle (BETA)

4.3.8.3.2 Part 2

Part 2 contains corrective quantities =~nd elements as follows:

1.
3.
4.

AWa
.

6.

RMS and RMS2

a/n (mean angular velocity)

Ay B2 (components of a)

AU, (mean latitude)

Changes in node, inclinetion and drag term

Correcred elements (if they are corrected) revolution number, case number,

L, To, a, e, i, Q, w, Co’ perigee altitude, PA'

4.3.6.3.3 Part 3

Part 3 is a summary sheet which contains in addition to a printout like

Part 2 old RMS values, old elements, rate of change of omega and node,

and summary notes.
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4.3.9 CPIRAL DECAY - SPIRDECB

(The input and output information for the SPIRDECB program will be included

in this document when the program becomes operstional.)
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k.3.10 SPECIAL PERTURBATIONS WITH WEIGHTED DIFFERENTIAL CORRECTION - SPWDC

4.3.10.1 Purpose

The SPWDC program corrects a given element set and computes predicted satellite
positions. The differential correction is accomplished using a least square
fit of observations which have been weighted by the Observation Weighting pro-
gram (OBSWGT). The emphemeris and prediction computations use a special
perturbations variation of parameters formulation. This requires that only
the perturbations in the elements be integrated at each integration step
instead of the whole force field as is required by an Encke method. All
integrations are numerical and can take place in either & backward or forward
direction. The perturbations included are:

a. Barth Bulge

b. Drag (1942 NASA atmosphere)

¢. Radiation pressure
There are two types of prediction:

a. By time in which the start time, number of pecints and time between

points are specified.
b. By station pass, in which a closest point of approach (CPA) point

and points on either side of the CPA point are computed.
4.3.10.2 Input - Schedule Tape Mode Only (Toggle 24 On)

Deck Column
Position Card Type Number Punch
Schedule Tape Card

Job Card

Remarks Card

L A

Program ID Card
1-6 SPSJ@B
9-14 OBSWGT

17 0 = Purameter cards, Satellite Number cards,

and S5-file, E-file and SRADU tape inputs.
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Deck Column
Position Card Type Number Punch
17 1 = Parameter cards, Element Set cards, and
(cont'd) S-file and SRADU tape inputs
2 = Parameter cards, Satellite Number cards,

Sensor cards, and E-file and SRADU
tape inputs

3 = Parameter cards, Sensor cards, Element
set cards and SRADU tape inputs .

4 = Parameter cards, Observation cards,
Satellite Number cards, and S-file
and BE-file tape inputs

5 = Parameter cards, Observation cards,

Element Set cards and S-file tape inputs

On
1]

Parameter cards, Observation cards, Sensor

cards, Satellite Number cards and E-file

tape inputs

T = Parameter cards, Observation cards, Sensor
cards and Elem:1t Set cards inputs

8 = Parameter cards, Element Set cards and S-
file tape inputs

9 = Parameter cards, Satellite Number cards,

and S5-file and E-file tape inputs

18 0 = Hardcopy and punched cards output
5 OBSWGT Parameter Card
1-5 SPWDC
9-11 Satellite number (opticnal)
12 0, Blank = Weighting Tape input
1 = Use Gensor Weighting Data in OBSWGT Weight
file
9 0, Blank = Use Observation weights in SPWDC

1 = Do not use observation weights in SPWDC

80 P = Card type
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Deck Column
Position Card Type Number Punch

6 Vehicle Characteristic Card (required only for DC option)
1-k42 Remarks
4h3-52  Diameter of Satellite (in meters)
53-62 Mass of satellite (in kilograms)
63-72 Reflectivity
79 a
80 P
NOTE: If the Vehicle Characteristic card is omitted, the program assumes

Mass = 10.0 kg., Diameter = 1.0 weters and Reflectivity = 1.0.

Parameter card number

Card type

T Differential Correcticn Parameter Card (required only for DC)
1 Blank = Variable At integration
1 = Fixed At integration
2-11 Delta t (min.), plus (+) or minus (-)

12 0 = Do not compute bulge perturbation
1 = Compute bulge perturbaticn

13 0 = Do not compute drag perturbation
1 = Compute drag perturbation

14 0 = Do not compute radiation pressure

perturbation
1 = Compute radiation pressure perturbation
15 0, Blank = New epoch is revolution in cols.

16-29 of this card

1 = New epcch is time in cols. 16-29 of this
card
2 = New epoch is time of last observation

16-29 Time (days) since 1 Jan., or

Absolute revolution number, or

Blank if col. 15 of this card has a 2 punch
30 0, Blank = Do not correct n

1 = Ccrrect n
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Deck Column
Pesition Card Type Number Punch
7 (Cont'd) 31 0, Blank = Do not correct a_
1 = Correct &
3R 0, Blank = Do not correct ayN
1 = Correct ayN
33 0, Blank = Do not correct U0
1 = Correct U0
34 0, Blank = Do not correct (0
1 = Correct Q0
35 O, Blank = Do not correct i
1 = Correct 1
36 0, Blank = Do not correct m
1 = Correct m
3T Maximum number of correction
38 0, Blank = n is not the only first pass
correction
1 = n is the only first pass correction
39 0 = No Aq check
1 = Ag check

NOTE: Cels. 36 and

39 are used

Yho-47
48-55

H6-63
6h-71

T2

79
80

only if 6 or 7 elements are corrected.

Maximum Aq (km.)

Absolute maximum azimuth, elevation and range
residuals (in kilometers)

Absolute maximum range rate residual (in
kilometers/second)

RMS multiplier

0, Blank = No residual output

1 = First and last residual output
2 = All residuals output

3 = Parameter card number

P = Card type
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Deck Column
Pogition Card Type Number Punch
8 Absolute Error Parameter Card
1-10 ap (Absolute Error criteria)
11-2¢ a
]
X
21-30 a
Y
31-40 a,
z
k1-50 a,
X
1.
51-60 8y,
Y
61-T0 a,
b2
T9 4 = Parameter card number
80 = Card type
NOTE: If the Absoclute Error card is omitted, the program assumes
I _ _ ~8
ay = 10 7, aE = éb = 10
9 Relative Error Parameter Card
1-10 r. (Relative Error criteria)
11-20 r
a
X
21-30 r,
Y
31-40 r,
2
k1-50 r,
X
(-‘ —-—
51-61 r,
Y
61-70 ry
Z
79 5 = Parameter card number
80 P = Card type
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Deck

Column

k-8 ™~ LX-123/000/00

Position Card Type Number Punch

10

11

Time Prediction Parameter Card 1 (Prediction-by-time option only)

~
L

2-11

13

1k

16

17

18

19

9
80

plank = Variable At integration
1 = Fixed At integration

Delta t (min.); plus (+) or minus (-)

Do not compute bulge perturbation

Compute bulge perturbation

Il

Do not compute drag perturbation

= O = O
li

I

Compute drag perturbation

o
I

Do not compute radiation pressure

perturbation

1 Compute radiation pressure perturbation

Print option - sum the desired options:

1 ="Print t, r, 1
2 = Print t, a, e, 1, 1, w, U
L =

Print T, ¢, AE, h

0, Blank = No binary tape output

1 = Binary tape output

0, Blank = Do not compute prediction reliability

1 = Compute prediction reliability (must have
weighted 6 or T element DC including the
drag term)

0, Blank = Do not punch r, t

1 = Punch r, t

6 = Parameter card number

P = Card Lype
It

Time Prediction Paramever Card 2 {Prediction-by-time option only)

1-12
13-20
21-2k
79

80

Time {in days) since 1 Jan.
Delta t (min.)

Number of output points

T = Parameter curd number

P = Card type
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Deck Column

Position Card Type Number Punch
12 Station Paas

option only)

Prediction Parameter Card 1 {Prediction-by-station

1 Blank = Variable At integration
1 = Fixed At integration
2-11 Delta t (min.)

12 0 = Do not compute bulge perturbation

Compute bulge perturbation

13

Do not compute drag perturbation

Il

Compute drag perturbation

O O
|

14 Do not compute radiation pressure
perturbation

1

[}

Compute radiation pressure pertu.cbation
15-16 Print opti n - sum the desired options:

1
2
L

8
= No binary tape output

]

Print t, r, T

Print t, 2, e, 1, i, w, U
Print t, @, ;\F, h

Print t, p, p, A, h

"

U

17
= Binary tape output
18

= Do not compute prediction reliability

e

= Compute prediction reliablility (must
have weighted 6 ot 7 element DC including
medmgtam)

19-22 Blank Station Pass Prediction Parameter

I

Card 2 provides sensor input
X000

23-32  Number of pusses
33-42 Delta t (min.), either side of closest

S-file tape provides sensor input

approach
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Deck Column
Position Card Type Number Punch

43-52 Delta t (min.), output per delta t (must have
weighted 6 or T element DC ircluding the

drag term)
53-62 Minimum height (deg.)
9 8 = Parameter card number
80 P = Card type
13 Station Pass Prediction Parameter Card 2 (Prediction-by-station
option only)
1-4 Station number

5-14 ¢N° (station latitude)
15-2k AWO (station longitude west)
25-34 H (meters) (station height)

e 9 = Parameter card number
80 P = Card type
14 Program Execution Parameter Card
1 0, Blank = No differential correction
1 = Run differential correction
2 0, Blank = No prediction
1l = Compute time predi~tion

2 = Compute station predietion
3 O = Print t, U, B for 1lst pass
1 = Print t, U, B, Ae, &y cos §, Aé,
Ay cos h (km.), A5 (km.) for 1st pass
2 = Print At, U, B, Ae, Ay cos 8, A€, Aw cos h
(deg.), A8 fdeg.) for all passes
3 = Print At, U, B, Ae. U, Ae. V, Ae. a Ae, Ao cos b
&é, Ax cos h (deg.), Aé {deg.) and means
for all above values for 1lst pass only
78-79 10 = Parameter card number
&0 P = Card type
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Deck Column
Position Card Type Number Punch
15 Observation Cards (optional)
16 Sensor Cards (optional)
17 Satellite Number Cerds (optional)
18 Element Set Cards (»ptional)
19 End of Case Card
20 End »f Job Card
21 End of Sclhiedqule Tape Card
22 Blank Card
4,3.10.3 OBSWGT Weighting Tape Format
Deck Column
Pogsition Card Type Number Punch
1 Program ID Card
1-8 TOWEIGHT
9 11, 8, 2 punch = Card type
2 Observation/Sensor Weighting Card (in lieu of Function Weighting cards)
1-3 Sensor number
b 0 = Sigma data is for all observations from
the specified sensor
2 = Sigma data is for the next observation
only
9-16 o, =P (xm.)
17-2k o, = f (km./sec.)
25-3 o, = A% or o°
33-40 o = h® or §
b1 11, 8, 2 punch = Card type
NOTE: If a sigma value is not input, leave the field blank.
3 Function weighting card 1 (im lieu of Observation/Sensor Weighting card)

1-3 Sensor number

b 1 = Parameter data is for a function

5 0, Blank = Last parameter is contained on
this card

1l = Next card is also a parameter card
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Deck Column
Position Card Type Rumber Punch

9-16 Function ID (left adjusted)
17-80 Parameter (follow the last parameter by

an 11, 8, 2 punch)

L Function Weighting Cards 2-10 (in lieu of Observation/Sensor
Weighting card)
1-3 Sensor number
L 1 = Parameter data is for a function

9-16 Function ID
17-24  9th parameter (if appropriate)
25-32  10th parameter, followed by an 11, 8, 2 punch

4.3.20.4 Output

The maximum program printout consists of differential corrcection output,

rrediction output, prediction reliability output, and error comments.

4.,3.10.4.1 Differential Correction Output
The differential correction output may appear in several different forms
depending on the input option selection. Basically, two formats are avail-

able and the other opticns add or subtract information from them.

4.,3.10.4.1.1 Type 1
The first type of printout consists of the residuals for all of the observations,
followed by the RMS and corrections to the elements, and the corrected elements.

The format of the output is like that of SGPDC (see section 4.3.8.3)

4.3.10.4.1.2 Type 2
The second type of differential correction ocutput contains the following
information:
1. Station number
2. Time of observation
3. Residusls for U, V and W in kilometers where U is the unit vector along
radius vector, V is the transverse unit vector, and W is the unit
vector perpendicular to the orbit plane.
4. Range, range rate, and angular residual means and standard deviations.

5. U, V and W residual means and standard deviations.
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4.3.10.4.2 Prediction Output

For prediction by time there are three output options which may be requested
separately or in combinaticn. These contain in addition to time:
1. First option
a. Position (X RADIT, Y RADII, Z RADII)
h. Velocity (XDOT RAD/KEMIN, YDOT RAD/KEMIN, ZDOT RAD/KEMIN)
2. Second option
a. Osculating orbital elements
a (ARADIT)
e (E)
i (I DEG)
Q (NODE DEG)
w (OMEGA DEG)
U (U DEG)
3. Third option
a. OSubsatellite track

@ (PHI DEG)
g (LAMBDA DEG)
h (H KM)

For prediction by station pass there is an additional option tc output:
1. Time

2. Acquisition coordinates - p, p, A, h
4.3.10.4.3 Prediction Reliability Output (not currently used)

The optional prediction reliability output will priut at each prediction
point:

1. Standard deviation in predicted position.

2. Standard deviation in predicted velocity components.
These values will be given referred to the cross-track, in-track, and out-
of-planc coordinates and also referred to the inertial x, y, 2 coordinate

system.

L.3.10.4.4 Error Comments

All error printouts by the program are sclf-explanatory and need not be listed.
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4.3.11 ORBITAL INTERSECTION - XROADS
4.3.11.1 Purpose

The XROADS program computes the point of closest proximity between two orbits,
and operates in one of four modes:
a. "Primary" Mode - the program establishes a positior and time of
intersection or closest approach of two orbits. |
b. "Test Case" Mode - the program computes the elements of a second
orbit, given an initial orbit and the intersection parameters.
¢. '"Direct Entrance to Function Minimization" Mode - when the time
of intersection is known quite accurately, the program goes
directly to the final stages of proximity computation.
d. "Ephemeris Computation Only" Mode - the program computes

ephemerides in position and velocity for given element sets.
4.3.11.2 Input - Schedule Tape Mode only (Toggle 24 On)

Deck Column
Position Card Type Number Punch

1 Schedule Tape Card
2 Job Card
3 Remarks Card
L Program ID Card
1-6 SPSJ@B
9-14  XR@ADS
17 0 = Parameter cards and Element Set cards
input
1 = Parameter cards, Satellite Number cards
and E-file tape inputs.
18 0 = Hardcopy output
80 = Card type
5 Parameter Card Number 1

T 1l = Parameter card number
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Deck Column
Position Card type Number Punch
5 (Continued) 8 0 = Primary mode case

1 = Test mode case

2 = Direct mode case

3 = Ephemeris mode case

9-12 Year of estimated intersection (if zero,

program computes value)

13-19 DDD.DDD = Days since beginning of year of
estimated intersection.

20-27 +.xxxtxx (hadians) = Convergence criterion 1
(typically = + .100-0k4)

28-35 +.xxxtxx (Dimensionless) = Convergence
criterion 2 (typically = + .200-01)

36-43  +.xxxtxx (Radians) = Convergence criterion 3
(typically = + .100-04)

bh-51  +.xxxtxx (Days) = Convergence criterion &4
(typically = +.100-07)

52-59  +.xxxtxx (Dimensionless) = Convergence

eriterion 5 (typically = +.200+02)

It

60-67  +.xxx*xx = Weighting factor (typically
+.100+~1)

t

68-69  Meximum number of iterations in Loop 1

e.g., 1

TO=TL  Maximum nurber of iterations in Loop 2

e.g., 10

{2-73 Maximum number of iterations in Loop 3

e.g., 10

Th-7% Maximum number of iterations in Loop &
e.g., 20
80 P = Card type
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Deck Column
Position Card Type  Number Punch
6 Parameter Card Number 2
T 2 = Parameter card number
8-15 +. XXX XX (km)2 = Variance in x
16-23  +.ooctxx (km)° = Variance in y
24-31 | +.xxxtxx (km)2 = Variance in 2
P-39 +oxxxtxx (:;',ec)2 = Variance ir. t
LO-UT  +.xxx*xx (days) = Interval for emphemeris
output
4L8-49 Half the number of time points for ephemeris
output
80 P = Qard type
7 Parameter Card Number 3 {Required only for Test Case Mode - Case 1)
T 8 = Card number
8-14  DDD.DDD (Days since beginning of year) = Epoch
for which the second element set is to be
generated by the test case gensrator (case 1)
15-21 DDD.DDD (Days since beginning of year) =
Time at which input perturbations are
applied by the test cuse generator
22-29  +.xxxtxx (m/sec) = Tangential component
of velocity impulse
30-37 +.xxxtxx (m/sec) = Normal component of
velocity impulse
38-45  +.xxx+xx (m/sec) = Transverse component
of velocity impulse
46-53  +.xxxtux (m) = x component of position error
54-€1  +.xxxrxx (m) = y component of position error
62-69 choxxxtax (m) = z component of position error
TO-TT  toxxxtxx (Sec) = Time error
8o P = Card type

13T et R
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Deck Column
Position Card Type Number Punch

8 Data Cards
a. Case 0, Case 2 and Case 3:
(1) Input Option O:
(a) Parameter card 1
(b) Parameter card 2
(¢) Element set 1
(d) Element set 2
(2) Tnput Option 1:
(a) Parameter card 1
(b) Parameter ccrd 2
b. Case 1
(1) Input Option O:
(a) Parameter card 1
(b) Parameter card 2
(¢} Parameter card 3

(d) Element set 1

9 End of Case Card

10 End of Job Card

11 End of Schedule Tape Card
12 Blank Card

4.3.11.3 OQutput
4.2,11.3.1 Normal Output

The primary output of the program consists of the position and time in each
of the orbits at the intersection as well as the differential quantities which
describe the characteristics of the intersection. The specific values are:

1. Times in days (Ti, T2)

2. Position coordinates in kilometers (X1, Y1, Z1, Xz, Y2, Z2)

3. Velocity components in km/sec (X1D, Y1D, Z1D, X2D, Y2D, Z2D)

4. Velocity magnitudes (S1D, S2D)
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5. Geodetic latitude at the intersection point witii geodetic radius (GEOD.
LAT)

Longitude (IONG)

Slant height (HEIGHT)

Time difference in seconds (DT)

9. Position coordinate differences in meters (DX, DY, DZ)

o -~ On

10. Velocity component differences in meters per second (DXD, DYD, DZD)

11. Velocity magnitude difference in meters per second (DSD)

12. Component of velocity along radius vector in meters/sec (DRD)

13. Component of velocity impulse tangent to vehicle path in meters/sec
(TANGENTIAL COMP. OF DELTA RDOT)

14. Component of velocity impulse which is normal to vehicle path but in
the orbital plane in meters/sec (NORMAL COMPONENT OF DELTA RDOT)

15. Compcnent of velocity impulse which is normal to the orbital plane in
meters/sec (TRANSVERSE C(MP. OF DELTA RDOT)

16. F, E - DG, A, D + G, B where

2 2 2 2
F= (x,-x) +(y2-yl)" + (z, -zl) *(t, - ty)
g2 g 2 g2 g 2
¥ Y z t
oF
A= S
J'tl
Y

St

2

p. SF
'31;12

E - I°F
St.2t,

¢ _O°F
ot 2

2

4.3.11.3.2 Ephemerides
The optional ephemerides output consists of the position and velocity in each

nf the orbits for a number of times equally spaced about the mean time of the
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intersection. The quantities are:
1. Position coordinates in kilometers ¥i, Y1, 21, X2, Y2, Z2)
2. Times in days (Tl, T2)
3. Velocity componenets in km/sec (x1p, Y1D, Z1D, X2D, Y2D, Z2D)
L. True arguments of latitude in degrees (Ul, U2)
5. Separation in kilometers (SEPARATION

4.3.12.3.3 Error Comments

Six significant error printouts may also appear from the program:

1. N1 MAX EXHAUSTED - failure to converge on tu (times at which u's
are equal).

2. N2 MAX EXHAUSTED - function F is greater than allowed value (see
input parameters) at converged value of tu.

3. N3 MAX EXHAUSTED - failure to converge on the times corresponding to
the geometrically determined values of u.

L. Nh MAX EXHAUSTED - failure to converge in the function minimization
loop.

5. SADDLE POINT - function minimization process yields times at a saddle
point.

6. RELATIVE MAXIMUM - function minimization process yields times at a

relative maximum.

In 8ll six cases, the program continues processing, in the first four cases

using the latest values of t.
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4L.3.12 OTHER

The following programs in the Element Determination area are seldom used

by the analyst. A brief description of each program is given.
4L.3.12.1 CCOE

The CCOE program calculates, from an input element set, the cartesian coordinates
(x, ¥, z) and the components of velocity, (i, i, z) of a satellite for a
specified length of time at given intervals. The output can be expressed

in either kilometers or earth radii.
4.3.12.2 HANSEL

The HANSEL program produces a teletype tape for transmission to SCAF (Space
Track Center Alternate Facility). The tape contains the SPADATS object
numbers and element set numbers of all satellites whose elements were updated

during a specified time period (normally 2L hours.)
}.3.12.3 MSGV

The MSGV program produces, for transmission to specified field sites, a set
of teletype tapes containing newly updated element gsets. The type of element
sets (seven or four cards) can be specified as an input option. The program

is normally run once a day.
4.3.12.4 SEAT

The SEAI program generates & new SEAIC tape from standard SPADATS data cards.
The program will build a new tape or update an existing tape by replacing,

adding or deleting records.

The files contained on the SEAIC tape are as follows:
1. Sensor file
2. Element file
3. Acquisiticn file
L. Information file

5. Communication file
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4.3.12.5 SUM

The SUM program summarizes the contents of the SEAIC tape. All files or only

selected files (toggle option) can be specified for output in hard copy
format.




R T A ey TIR T

4 May 1964 4-99 ™-LX~123/000/00
(Page 4-100 Blank)

4.k OBSERVATION ACQUISITION AREA

The Observation Acquisition area includes the programs that generate
acquisition coordinates (GLASGP, IAP, ENSCHED, OBSERV, XYZLA, ORPS and
POSE), the position and status programs (PSR, PREPINT, and GRNTRK) and the
bulletin programs (BLTNSGP and SYSBULL).




BNSCHED

L May 1964 L-101 ™-1X-123/000/00

4.4.1 BAKER-NUNN SCHEDULE ~ BNSCHED

4.4.1.1 Purpose

The BNSCHED program computes sets of predicted acquisition coordinates for
a group of satellites and specified Baker-Nunn sensors.

4.4.1.2 Input - Schedule Tape Mode Only (Toggle 24 On)

Deck Column
Position Card Type Number Punch

1l Schedule Tepe Card
2 Job Card
3 Remarks Card
l Program ID Card
1-6 SPSJ{B
9-15 BNSCHED
17 0 = Parameter card, Sensor Number card,

S-file, E-file (all alement sets)
and I-file tape inputs

1 = Parameter card, Sensor Nvmber card,
Element Set cards, S-file and I-file
tape inputs

2 = Parameter card, Sensor Number card,
Satellite Number card, S-file, E-file and
I-file tepe inputs

3 = Parameter card, Sensor Number card,
Sensor card, E-file (all element sets)
and I-file tape inputs

4 = Parameter card, Sensor Number card,
Sensor card, Element Set cards and I-file
tape inputs

5 = Parameter card, Sensor Number card,
Satellite Number card, Sensor card,
E-file and I-file tape inputs

18 0 = Hardcopy and TTY output
1 = Hardcopy cutput
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Deck Column
Position Card Type NHumber Punch
5 Base Time Card (optional)
1 Base Year (last digit)

2-10 Base Day

25-28 Base message number
9 3 = Card type

80 P = Card type

NOTE: The Base Time card is optional. If not used, the information is

1]

taken from the last case executed.
6 Parameter Card .
2-10 Beginning time (days since Base Day)
11-19 Ending time (days since Base Day)
20-21 Total number of sensors on the Sensor
Number card(s)
29-33 Minimum start track angle (deg.)
34-38 Minimum elevation angle (deg.)

80 P = Card type
7 Sensor Number Card

1-3 Sensor number

L 1 - Secret

2 = Secret / NoForn

3 = Confidential
4 = Confidential/NoForn
5 = Unclassified
6 = Unclassified/EFTO
5 Y = Emergency
¢ = Operations - Immediate
P = Priority
R = Routine
NOTE: Cols. 1-5 may be repeated, once for each sensor, up thru col. 75.
80 P = Card type
8 Satellite Number Card

1-8 Satellite number (rt.—adj.)
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Deck Column
Position Card Type Number Punch

9 Data Cards:
(1) Element Set cards (optional)
(2) sensor cards (optional)

10 End of Case Card

11 End of Job Card

12 End of Schedule Tape Card
13 Blank Card

L.4.1.3 Output

Program printout consists of the following information:

1. Addressing information

2. Message identifier
. 3. Station number
L te -- day, month, year
5. Acquisition data containing:

a. obJject number
b. time of start track -- hours, minutes, seconds

star chart map number and indicator

a0

azimuth in tenths of degrees
altitude in tenths of degrees
initial track angle in degrees

angular velocity in seconds per second

0om Hom

final track angle in degrees

-

right ascension in hours and minutes
sign of declination and declinstion in degrees
position angle in degrees

check word

= S R I

time of start of next predictions
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SAMPLE PRINTOUT, BNSCHED

VD  DXA32SDHBTLL

00 ENTAFB JHNISL

DE SPA TRK 41H 2¢/17322

ANR

0 2017322 ZEX

FM SCAF LG HANSCOM FLD MASS

TO JHKISL/DET 4 2SURVILLSQ JOHNSTON ISLAND
IFO ENT AFB/1ST AERO ENT AFB COLO

BT

UNCLASS/E F T O / 1AERO OOPS 66617 4gha3 @732
CAMERA PREDICTIONS FOR STATION AT SAND ISLAND(B/N)

66617 40k23

gg162 gg7e S53h5¢ 34711 P338¢ @P3¢3 38¢¢T Pu38L 1¢3kk 2818¢
@p162 PPT3k 1934¢ 345h1 go87¢ ¢13¢h 37418 gLkl g23k9 79599
gg162 @Pr3s L6@3g 3L131 gelug @e8@s T3P35 Ph58P 16353 51951
gg162 @g737 12150 33381 Pol1g GL9@T 28¢58 gughg 24357 88582
@g162 @738 3826¢ 32311 P196¢ P78@8 22088 Ps¢op L3pPl 28¢98;
gd1c2 ggThg $535¢ 31161 g 18847 79118 P5@5¢ 62¢@6 Th18L
@g162 @@l 31350 3¢ell PgR6g 135¢6 371k gLlug BgEe3 87255
@162 PfTho S8LPP 29681 F6L@ 15hgl 89160 2¢2T@ 831hk 66293
@g162 PgThl 2L38¢ 29411 @3god 168¢3 76172 19¢¢¢ 73171 @¢s23

NEXT PREDICTIONS START AT DAY 115.499.

EXPLANATIONS:
Message ID
Station
[——Date
Line 1: 666017 |140k2
not used
obJj. number
not used

time of start track
Star map number

Star map indicator
Azimuth

Not used
——A)titude

™-LX-123/000/00

g3k4) 28180

ot used
Line 2: 062 : N b3 zé {0033 3807 Eﬁaﬂll

Initisl trk. angl
Angular velocity
Final trk. angle
Right ascension
Sign of declination=—————
Declination

Pass angle

~heck word
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k.h.2 BULLETIN WITH SIMPLIFIED GENERAL PERTURBATIONS - BLINSGP
h.4.2.1 Purpose

The BLTNSGF program computes an ephemeris (set of predictions) of future
satellite positions based on the orbital elements describing the motion of

the satellite. The program integrates the orbit using the SGP technique.
L.h.2.2 Input

b.4.2.2,1 Automatic Mode - in an OCS sequence
a. The satellite number from the SATIB tape.
b. The corresponding element set from the E-file tape, including
the number of the initial revolution of Part II.
c. OCS Toggle number On = Desired OCS sequente.
d. Toggle & On = Non-addressed bulletin on tape 5 for printing/punching.

4.4.2,2.2 Schedule Tape Mode - (Toggle 24 On)

Deck Column
Position Card Type Number Punch

Schedule Tape
Job
Remard (optional)

£ ow

Program ID
1-6 SPSJ@B
9-15 BLTNSGP
17 O = Satellite numbers card, E-file and
I-file tape inputs
1 = Parameter card and element set cards
inputs
18 0 = Hardcopy and TTY ocutputs
1 = Hardcopy output comments (alpha
number)

19-72  Comments (alphanumeric)
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Deck Colurn
Poslition Card Type Number Punch
5 Satellite Numbers Card (optional)
6 Parameter Card (optional)
1l N = Non-addressed bulletin
- = Pre-addressed bulletin from I-file
2-24 Satellite Number
T 0 = TTY input
1 = No TTY input
8-9 Last two digits of year satellite
was launched
10-11 01 = &
g b IGY World Wide Code
03 = vy
ok =5
12 Component (No. assoc. pes.)
13-27 Radio frequencies, 5 digits each, in
100ths of a megacycle
34-40 Initial revolution
Lk1-47  Final revolution
48 0 = No grid
1 = Standard grid
2 = Special grid
49-55 Grid revolution
60-61 Grid increment (no decimal pt.)
62-65 Grid latitude
66-67 Bulletin year
68-70  Bulletin number
80 P = parameter card

T Data Cards:

a. Input option O:
b. Input option l:

None

(1) 7-card Element Set Cards
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PART III. REDUCTION TO OTHER IATITUDES AND HEIGHTS FOR REV
LAT MINUTES IONG HEIGHT LAT MINUTES LONG HEIGHT*

N PLUS CORR  KILOM S PLLS CORR KITOM*
SN 00 .00 .00 1117.8V NS 00 53.20 193.39 1222.8v#*
SN 10 2.97 359.24 1096.7V NS 10 56.28 192.66 1246.1v*
SN 20 5.95 358.39 1079.0V NS 20 59.39 191.85 1268. 3y*
SN 30 8.92 357.32 1065.2V NS 30 62.53 190.82 1288.7v*
SN 40 11.85 344.82 1055.4v NS L0  65.69 189.39  1306.3V*
SN 50 14.87 353.54 1049.6V NS5O 68.89 187.18  1320.2V*
SN 60 17.90 349.60 1047.8V NS 60 72.15 183.34 1329.6V*
SN 70 21.02 341.25 1049.7v NS 70O 75.52 175.17 1333.5V*
SN 80 24.79 309.12 1050.9Y NS 80 79.57 143.76 1329.7V*
N PT 26.36 277.25 1061.3v S PT  81.26 112.30 1325.5V*
NS 80 27.93 245.03 1066.4V SN 80 8.9 T79.77 1319.6V*
NS 70 31.71 212.23 1081.7v SN 70 86.97 L46.35 1299. 6V*
NS 60 34.88 203.76 1097.2 SN 60  90.31 37.80 1277 . hv*
NS 50 37.95 199.76 111i4.6 SN 50 93.51 33.82 152.2 *
NS 40 40.99 197.50 1133.7 SN 40 96.65 31.53 1225.0 *
NS 30 44.03 196.02 1154.L SN 30 99.74  30.05 1196.9 *
NS 20 L7.07 194.96 1176.hbv SN 20 102.80 28.99 1169.1v*
NS 10 50.13 194.12 1199.4v SN 10 105.82 28.14 1142.6V*
NS 00 53.20 193.39 1222.8Y SN 00 108.84 27.37 1117. 4V

4.4.2.3.4 Part IV - The description of SATOR {modified Orbital Elements for

Prediction Purposes) is as follows

Code word:

SATOR

Symbolic form:

SATYR

00000

RAFRE

aa

bb

it

aabbc deeff
Jkkk1 ARPER
PPPPP ECCEN .

58585

geges
11111

Qqaaq

(sssss repeated

as necessary)

Last two digi

hhbnX
mnnnX
PERRA
RATASC

N@WES
PERI@D
rrrrrr

ttttt

ts of year satellite launched

Greek letter designation, Ol - Alpha,02 - Beta, etc.

Component

Reference time (time of perigee passage closest to epoch):

last digit of numerical notation for month; i.e,, 1 = January

or Noevember, 2 = February or December, 3 = March, etc.
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ee = Reference time:

ff
284208

Reference time:

Reference time:

date

hour

L-110

™-1X-123/000/00

minutes and hundredths of minutes

Z = Universal time, Greenwich Mean Time

hhhh

Inclination in degrees and hundredths of degrees.

If the orbit inclination is negative (satellite

launched westward) group is preceded by NEGAT.

X = Always an X

PART IV
SATOR 6404A 20311 56582 8148¢ NOWES
27906 20718 ARPER 08315 2186X PERIOD
08894 0000G ECCEX 01882 PERRA L6036
RAFRE 36.70 00000 RADEG 03279
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L.bh.3 OENERAL LOOK ANGLES USING SIMPLIFIED GENERAL PERTURBATIONS - GLASGP

4.4.3.1 Purpose
The GLASGP program computes sets of predicted acquisition coordinates for

a group of satellites and their associated sensors, using the anomalistic

data in an element set. The program integrates an orbit using the SGP tech-

nigue.

4.4.3.2

Input
4.4.3.2.1 Automatic Mode - in an OCS sequence

0Cs

satellite numbers from the SATTB tape.

corresponding element sets from the E-file tape.

sensors associated with each satellite from the A-file tape.
acquisition coordinates for each sensor from the A-file tape.
Look Angle message parameters from the A-file tape.

number Toggle On = Desired OCS sequence.

Toggle 44 On = addresses from I-file, not C-file

4.4.3.2.2 Schedule Tape Mode (Toggle 24 On)

Deck Colurn
Positior. Card Type Number Punch
1 Schedule Tape Card
2 Job Card
3 Remarks Card
4 Program ID Card

1-6 SPSJ@B

9-14 GLASGP

17 0 = Batellite number card, S-file, E-file and
A-file tape inputs

1l = Sensor, Element Set and Acquisition cards
18 2 = Hardcopy ard TTY outputs

3 = Hardcopy output
80 J = Card type




o

GLASGP

4 May 1964

Deck

4-112 ™- [X-123/000/00

Column

Position Card Type Number Punch

b

NOTE:

N o O

Data Cards:

al

b.

Input Option O:

(1) satellite Number card (max. = 4 per case)
Input Option 1:

(1) Sensor cards (max. = 31 per case)

(2) Element Set cards

(3) Acquisition cards (max. = 31 per case)

Initial and final revolution are specified only if Nb and N‘ +15

F

on the Tth Element card are not acceptable to the analyst.

End of Case Card

End of Job Card

End of Schedule Tape Card
Blank Card

a
b.

¢]

(a7

L.4.3.3 Output

The program printout is essentially a Look Angle message containing the
following information:

1. Addressirg information

2. BSatellite name and number

3. Element set number

4. Initial and final revolution of computation

>

Sets of acquisition coordinates containing:

Time

Angular quantities and/or
Renge and/or

Range rate and if desired

Elevation angle of the sun and satellite illumination.
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SAMPLE PRINTOUT, GLASGP

. 00 SPAYRx
DE RUW@ALD 2612 17,1m2n2

0 1718202 26X

FM LAERQSPCTLSC ENT AFB COLO
YO SPAYRW/LAERCSFCILSO ENT AFO® COLO

- AFGRNC

ot

UNCLAS SPACETEACK CENTER
Eny AF@ COLORALC
COMPUTATIONS STAFTED AY REVOLUTION NO,

REV

NG,
3347
3317
3317
3317
3325
3325
3328
3325
3328
3325
3325
3333
3333
3333
3348
3348
I348
3344
3348
3348
3348

COMPUTATIONS STCFPED AT REVOLUTION NOD,

ZEBRA Tlre
DAY HR KIA,
44 1 6,4¢
44 1 7,40
44 1 8,4¢
44 1 §,4¢
45 1 47,4¢
45 1 44,40
49 ¢ 45,4
49 1 %9,4¢
49 1'31|‘t
45 1 %3,%
45 1 53,4¢
46 2 3,40
406 2 J3,4C
46 2 4,4
48 0 431,4¢
48 0 ag,4c
48 0 a4,4c
48 0 45,4p
48 0 46,40
48 0 47 ,4¢

tér

NEXT REVCLLTIOM ST4RTS AT Day

8

222222 NANN

k-113 ™-IX-123/000/00
(Page k=114 Blank)
44 3317 503 ,
628+UPST 1  SAT, Nn, 503 ELEM 17 PaBE §
20850  VISUAL PABSES
ELEV  AZIM RANGE RAYE Redo DEC SUNS IL#UH:
sk, ANG, Kh, KM/REC DEG, DEG ELEY NATION
3906 170,9 2981 #31,1 A1,120 #11,337 7,5 35,4
4.3 162,0 293F e, 4 £7,071 5,468 7,7 33,6
48:31 151,6 293z .3 93,043 358 7,9 31,8
50,6 139, 2975 1.0 99,001 54939 eBe1 30y
4019 208,4 2987 02,2 44,130 6,330 =15,3 35,7
46,2 204,0 2873 w1.5 49,823 0,594 ¢15,5 33,0
55!8 497,7 279 e.,8 85,831 5,386 =15,7 32,2
ea;a 188,3 2772 =0 42,139 11,307 =15,8 390,S
48,3 173,8 2791 .6 48,711 17,013 16,0 28,8
71,9 152,4 2853 L.,3 75,486 22,2%i =16,2 27,2
2.4 127,64 2955 1.9 82,374 26,800 16,4 29,7
A0,8 23Y,2 2959 .5 wy1,.080 20,514 #33,9 29,4
66,6 240,0 2944 0 87,240 24,0406 =24,1 27,%
76,2 244,7 2968 |7 43,990 31,223 24,3 20,9
35.8 184,1 2907 2,2 46,178 15,782 8,9 43,8
41,4 176,7 2797 v1.4 S4,402 9,044 e2,1 41,0
46,9 16/,. 2737 =5 40,949 3,067 3,3 30,9
51',‘ 155, 4 272¢€ .2 47,528 2:900 #3,8 38,0
86,2 141,08 2769 §.,0 V4,146  8:473 #2:7  34s2
95;1 127,86 2836 1,8 R0,732 13,008 2,9 34,9
wd. 4 114,4 2984 2.4 07,200 18.823 3,1 32,7
3354
49,048 3AT, NO 503 ELEM 17

b
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4.h.4 GROUND TRACK - GRNTRK

L.L.k.1 Purpose

The GRNTRK program computes a subsatellite track of a satellite between two

sperific revolutions at a given tiume increment.

L4 k.2 Input - Schedule Tape Mcde Only (Toggle 24 On)

Deck Column
Position Card Type Number Punch
1 Schedule Tape “ard
P Job Card
3 Remarks Card
L Program ID Card

1-6 SPSJ@E
9-1k GRNTRK
17 0 = Parameter card; E-file inputs

1 = Parameter card and Element Set cards

inputs
15 0 = Hardcopy output
1 = Hardecopy and TTY output
50 J = Uard type
5 Parameter Card
1-3 Satellite number

£0-24  TInitial revolurion (without Start Time)
26-30 Final revolution (without End Time)
¥-.3%  Deltu time intervel (min )
3746 Start time  YYMMDDHEMM (without Initial Rev.)
4g-58  End time, YYMMDDHHMM. (without Final rev.)
80 P = Card 1ype

6 Data Cards:

a Input Option 1}

(1) Elem=nt Set {aris
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Deck Column
Position Card Type Number Punch

T End of Case Card

End of Job Card

End of Schedule Tape Card
10 Blank Card

L.h.4k.3 Output

The output of the program is a printed ephemeris. The length is governed

by the starting and final revolutions or starting and ending times on the

input parameter card. The time interval between printed points is also

variable and determined by the parameter card. Quantities printed are:
1. Epoch time

Time (year, month, day, hour, inutes )

Latitude in degrees

East longitude in degrees

. Altitude in Kilometers

Oy W oW o

.+  Revolution number
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L.4.5 LOOK-ANGLE PROGRAM - LAP

h.4.5.1 Purpose

The LAP program computes a set of predicted acquisition coordinates for a
given satellite and each specified sensor, using the nodal data in an ele-
ment set. There are three sub-programs:

a. the General Look Angle Program - GIAP

b. the Baker-Nunn Look Angle Program - BLAP

c. the Special Look Angle Program - SLAP

4.4.5.2 Input - Schedule Tape Mode (Toggle 24 On}

Deck Column
Fesition Card Type Number Punch

1l Schedule Tape Card

2 Job Card

3 Remerks Card

b Program ID Card
17-19 RUN
25-27  LAP
28-32 ,DATA

5 Element Set Cards

Alert Deck Request Card (optional)

1-3 Satellite number (right adjusted)
5-7 Element Set number (right adjusied)
20-2k  Initial revolution for computation
26-30  Final revolution for computation
55 5 = Card type

7 IAD Request Card
1-3 Satellite number (not required if card is

for Alert deck)
Element number (must be -10 if card is for

Alert deci)

1
o

20-24  Initial revolution; or initial day number for

SLAP (not required if card is for Alert deck)
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Deck Column
Position Card Type Number Punch

26-30 Final revolution; or final day number for SILAP

(not required if card is for Alart deck)

32-34 Time separation between points (optional for
GIAP, SLAP; not required for BLAP)
blank = 2 minutes

36 0 or blank = All passes
1l = Visual passes
37 0 = Short output format
1l = Long output format
optional for GLAP 38-42 Maximum range, km (NM if GLAP and Col. 56 = l)
and SLAP, not re- blank = 1 x 1010 km or N.M.
quired for BLAP 43-45 Minimum elevation
blank = 0°
L6-48  Maximum elevation
blank = 90°
49-51 Minimum azimuth
blank = 0°

52-54  Maximum azimuth

blank = 360O

55 0 = All-point GLAP
1 = One-point GLAP
3 = Three-point GLAP
4 = BLAP
8 = SLAP

56 GLAP range units for output (optional)
0 = Kilometers
1 = Nauticsl miles

56 BLAP Importance (opticnal

3, 2 or 1, where 3 is most important ‘
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Deck Column
Position Card Type Number Punch
57 BLAP Reply (Optional)
3, 2 or 1, where 3 is most urgent
48 BLAP Element Indicator (optional)
0 = New elements

1 = 01d elements

66-72  Perigee distance (optional for BLAP, not
required for GLAP, SLAP);
g-term if q # a (i-e);

blank = q from element card
8 Sensor Card
NOTE: Pairs of one Request card and one Sensor card are required for each
sensor for which look angles are to be computed. These pairs con-

stitute the Alert Deck i card 6 is used.

9 End of Data Card
10 End of Job Card
1t Eni of Schedule Tape Card

12 Blank Card

h.4.5.3 OQutput

The exact output obtained from the program depends upon the combination of
options selected in the request card. The general output obtained depends
on which of the three major subprograms (GLAP, SLAP, BLAP) is chosen in
the LAP type option.

h.4.5.3.1 GLAP Output

The printout for this portion of the program contains:
1. Station and satellite numbers of the prediction
2. ©Station and satellite names
3. Element number

h. Acquisition data ordered by revolution and time within revolution:
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a. Revolution number
b. Time of predicted poinu (GMT)
c. Elevation and azimuth in degrees

d. Range in kilometers
e. Optional elevation and :llumination angles of the sun.
5. Day of next revolution, satellite number, and element number.
6. If computations were inconsistent, the residuals of time (min.),

right ascension of ascending node (deg.), and height (km.) are printed.

The number of data lines rer revolution number is determined by the type
of GLAP requested.

1. One data line is put out for the point of closest approach in one-
point GIAP.

2. Three data lines are produced in three-point GILAP, The first and third
lines are for the points immediately above the minimum elevation angle
of the station. The middle line is f'or the point of closest approach.

3. A variable number of data lines is produced by all-point GLAP, starting
with the first point above the station horizon end proceeding by in-

crements of delta iime to the last point above the other horizon.
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SAMPLE PRINTOUT, GLAF

BBRBEBRBREBRBREBBB 300 Lk

*

*

TRINIDAD 300  62B-KAPPA SAT. NO. Luil ELEM. 2%
COMPUTATIONS STARTED AT REVOLUTION NO. 32  ALL PASSES*

REV ZEBRA TIME ELEV AZIM  RANGE*

NO. DAY HR MIN  ANG. ANG. KM *
P 03 00 12.09 1.1 183.7 9534* 300
32 303 00 15.k0 6.4 187.9 9139% 300
3» 303 00 18.78 11.9 187.2 8723% 300
3 303 00 22.21 17.7 186.9  8290% 300
32 303 00 25.67 23.3 185.9  TO4i* 300
303 00 29.15 30.3 185.2 7389% 300
3 .63 3~ F- 300
3 303 00 36.07 4h.5 183.3 6u82* 300
32 303 00 39.47 52.4 181.8 60h8* 300
32 303 00 L2.81 60.9 179.3 56h3* 300
33 303 00 46.07 70.0 17h.3  5280% 300
33 303 00 49.2h 79.L 159.1 L97h* 300
33 303 00 52,30 84.2 83.0 L7ho* 300
33 303 00 55.24 75.8  33.4  L591% 300
33 303 00 58.07 €4.8 23.4 L 35% 300
33 30301 0.78 53.7 19.6 bLsTa2* 300
33 303 01 3.36 42.9 17.9 L4695% 300
33 30301 5.83 3.9 16.9 4893* 300
33 303 01 8.17 23.8 16.4  5151% 300
33 303 01 10.39 15.5 16.2  545h* 300
33 303 01 12.51 8.1 16.2 5788+ 300
33 303 O1 14.51 1.4 16.3  61h4h= 300
37 303 11 34.54 1.5 57.4  1459*% 300
37 30311 35.60 2.5 79.k 1439% 300
37 303 11 36.66 1.8 99.L  1613* 300
37 303 11 37.7% 0.1 11k.k  1931*

COMPUTATIONS STOPPED AT REV. .NO. yO*
NEXT REVOLUTION STARTS AT DAY 303.853 SAT 4ilh ELEM 2%$ 300
* MACHINE COMPUTATIONS CONSISTENT 300
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Lh.4.5.3.2 SLAP Qutput

The Special Look Angle output is identical to GIAP output. Prediction points
are separated by the delta time of the request card. Minimum elevation 1s not
tested; instead, the iteration is continuous throughout the requested time

interval.

4.4.5.3.3 BLAP Output

Baker-Nunn Lock Angle ocutput contains the following information:
1. BSatellite name and number
2. OStation name and number
3. Eight words of packed coded data plus a code number, station number
code, and cbject number on the first line only. The eight words
contain:
a. year, month, day of culmination
b. reply code
c. azimuth angle in degrees and tenths of degrees
d. altitude setting in degrees and tenths of degrees
e. operaticnal priority
. angular velocity in seconds of arec per second
g. track angle of shadow entry or exit {hour of culmination,
angle in degrees)
h. +time of culmination in minutes and seconds
i. height in statute miles
J. check sum word
4. Uncoded look angle data
a. time of prediction point {GMT)
b. elevation and azimuth in degrees
c. angular velocity in seccnds of arc per second
d. slant range in miles
e. height in miles
5. Day of next revolution, satellite number, and element number.
6. If computations were inconsistent, the residuals of time, right

ascension, and height are printed.
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4.4.6 OBSERVING SCHEDULE - OBSERV
4.4.6.1 Purpose

The OBSERV program computes sets of predicted acquisition coordinates for fan
and tracker type sensors. It is usually used for all satellites in the system

over a specified sensor.

4.4.6.2 Input - Schedule Tape Mode Only (Toggle 24 On)

Deck Column
Pcsition Card Type Number Punch
1l Schedule Tape Card
2 Job Card
3 Remarks Card
4 Program ID Card

1-6 SPSJ@B
9-14  (BSERV
17 O = Parameter card, S-file and E-file tape
inputs
1 = Parameter card, Element Set cards and
S-file tape inputs
2 = Parameter card, Element Number cards
and S-file and E-file tape inputs
3 = Parameter card, Element Set cards and
Sensor cards inputs
4 = Parameter card, Sensor cards, Element
Number cards and E-file tape inputs
18 0 = Hardcopy and TTY output
1 = Hardcopy output
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Deck Column
Position Card_ Type Number Punch
5 Parameter Card
1-4 Sensor Number (rt. adj.)
6-12 xxx.xxx (days) = Beginning time (days since
beginning of year)
13-19  xxx.xxx (days) = End time (days since beginning
of year)
20-25  xxxxxx = Maximum observable range
26-29 xx.x_ = Beam width
30-23 Year
34 0 = Fan number output (fans only)
1 = Elevation angle output
35 0 = Nautical units for range and range rate
1l = CGS units for range and range rate
37 O = Unclassified
1 = Confidential
2 = Secret
3= Secret/NoForn
38-39 Priority (printed on output message)
53-56  Message number of first message to be
generated
79 R = Card type
80 P = Card type
6 Fan Card (optional)
1-6 xxxx.x_ = 1st fan elevation angle (or azimuth,
if col. 77 is V-punched)
T=-12 xxx.xxo = 15t fan minimum azimuth (or elevation,
if col 77 is V-punched)
13-18 xxx.xxo = 1st fan maximum azimuth (or elevation,
if eol. T7 is V-punched) .
19-24  Fan number (rt. adj.)

ond fan (see cols. 1-6)
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Deck Column
Position Card Type Number Punch
31-36 2nd fan (see cols. 7-12)
37-42  2nd fan (see cols. 13-18)
43-48 Fan number (rt. adj.)
49-54  3rd fan (see cols. 1-6)
55-60  3rd fan (see cols. T-12)
61-66 3rd fan (see cols. 13-18)
67-72 Fan number {rt. adj.)
T3-T5  Sensor number
TT V = Vertical fan indicator
9 F = Card type
80 P = Card type
NOTE: A maximum of seven fan cards may be input per sensor.
T Tracker Card (optional)
2-6 -99.0 = tracker request
19-24 xxx.xx_ = Minimum elevation
25 3 = 3 points/pass
5=25 points/pass
T=1T points/pass
T3-T5 Sensorlnumber
9 F = Card type
80 P = Card type
8 Address Card
1-32 Sensor address (32 BCD characters)
67-T72  Sensor number
9 A = Card type
80 P = Card type
9 Data Cards
a. Input Option O: HNone
b. Input Option 1:
(l) Element Set cards
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Card
Position

4-130

Column

~ard Type Number Punch

cC.

Input Option 2:
(1) Element Number cards

d. Input Option 3:
(1) Sensor cards
(2) Element Set cards
e. Input Option L:
(1) Sensor cards
(2) Element Number cards
10 End of Case Card
11 End of Job Card
1 End of Schedule Tape Card
13 Blank Card

4.4.6.3 Output

Program printout consists of 4 parts.

4.4.6.3.2 Part 2

™-1X-123/000/00

Part 2 contains a Satellite Summary for the receiving station and consists of

the following information:

Satellite numbers.

Satellite number of any which are decaying.

1
2
3. OSatellite numbers of any 100 days past epoch.
L

Element numbers
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SAMPLE PRINTOUT, OBSERV
PART 2, SATELLITE SUMMARY

SAT. SUMMARY FOR sTA-850

059, 369,503

DECAYING

000

100 DAYS PAST EPOCH

000

SAT.NO./SET NO.

059/120 369/018 503/016

4.4.6.3.3 Part 3
Part 3 contains the teletype heading with priority, station name, message

number classification, and current time.

4h.4.6.3.4 Part b

Part 4 contains the look angle schedule, sets of acquisition coordinates with
the following information:

Satellite number

Element number

Time in hours, minutes, and hundredths of minutes

Elevation in degrees

Azimuth in degrees

O WV oW o

Range and range rate in nautical or CGS units
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SAMPLE PRINTOUT, OBSERV
PART L, IOOK ANGLE SCHEDULE

UNCIAS SPACETRACK 308 031L.80
LOOK ANGLE SCHEDULE FOR POINT MUGU(FPS-1)

SAT ELEM  TIME ELEV AZMTH RANGE R-RATE
DAY 305  01/11/63 (NM)

369 18 103k.27 .9 58.1 1746  -1.5
369 18 1037.67 h.5 87.1 1569 -.0
369 18 1209.70 1.1 16.1 1711 -3.5
369 18 1216.96 64.2 100.2 Lol -.0
369 18 1349.01 1.0 348.3 1713 -2.8
369 18 1354.70 14.8 296.3 1132 -.0
059 120 1505.h7 1.0 187.1 1966 ~-1.9
059 120 1411.18 7.2 147.3 1599 -.0
DAY 306 02/11/63
369 18 0102.21 10.8 266.5 1053 .0
503 16 0107.3%4 1.0 302.5 5962 -1.6
503 16 0147.65 67.6 130.2 1522 .0
503 16 04L1.65 1.0 300.6 L2865 2.2
503 16 0501.2k 10.4 230.0 2279 .0
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4.4.7 POSITION SITUATION REPORT - PSR

L.Lk.7.1 Purpose

The PSR program computes satellite position information at a given time for
the Position Situation Report, and computes satellite status information at

a given time for the Satellite Situation Report.
4.4.7.2 Input - Schedule Tape Mode only (Toggle 2k On)

Deck Column
Position Card Type Number Punch

1l Schedule Tape Card
2 Job Card

Remarks Card

Lo

L Program ID Card
1-6 SPSJ@B
9-11 PSR
17 0 = Parameter card, I-file and E-file tape
inputs
18 0 = Hardcopy and TTY output
1 = Hardcopy output
30 J = Card type
5 Parameter Card (max. = 11 cards for Satellite Situation Report)
1 0 = Position Situation Report output
1l = Satellite Situaticn Report output
2 = Both reports output
2-3 Hour of report
L-5 Minutes of report
6 Z = Zulu time (GMT)

9-10 Day of month of report
12-14 Month of report
16-19 Year of report
23 0 (or tlank) = Suppress debris output in
Satellite Situation Report
1 = Output all satellite data in Satellite
Situation Report
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Deck

Column

Position Card Type Number Punch

O o =~ Oh

2l 0 (or blank) = Perigee and apogee in statute

miles in Positicn Situation Report

1 = Perigee and apogee in kilometers in
Position Situation Report
80 P = Card type

End of Case Card

End of Job Card

End of Schedule Tape Card
Blank Card

h.oh.7.3 OQutput

b.4.7.3.1 Position Situation Report

The printout of the Position Situation Report gives the following quantities:

10.

=N O\ W F oW Y

CbJject name

Satellite number

Latitude in degrees

West longitude in degrees

Inclination in degrees

Period in minutes

Apogee and perigee in kilometers or statute miles (as specified on the
input parameter card)

Revolution number

TN’ lN’ Right AscensionN for this revolution
Classification (blank if unclassified)

4 4,7.3.2 Satellite Situation Report

The printout of the Satellite Situation Report consists of the following

information:

Part 1 - Objects in orbit inclusive or exclusive of debris (option or

input parameter card)
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Time of report
Satellite name and code name
Source

Launch date

rt

Anomalistic period in minutes
Inclination in degrees

Apogee and perigee in statute miles

Transmitting frequency, if any

oo N N F o O

Comments from parameter cards

Part 2 - Objects removed from orbit

1. Satellite name and code name
2. Source
3. Launch date

. 4. Decay date
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k.4.8 NODAL SYSTRM BULLETIN - SYSBULL

4.4.8.1 Purpose

The SYSBULL program corrects the orbital parameters affecting the time equa-
tion which describes the motion of a given satellite, and computes an ephem-
eris of future satellite positions with respect to the equator and other

latitudes.
L.4k.8.2 Input - Schedule Tape Mcde (Toggle 24 On)

Deck Column
Position Card Type Number Punch

1 Schedule Tape Card
2 Job Cerd
3 Remarks Card
L Program ID Card
17-19 RUN
25-31  SYS3ULL
32-36 ,DATA
5 Parameter Card
2 0 = Hardcopy output
1 = Hardcopy and TTY ocutput
11 0 = Use nodal period in element set
1 = Compute nodal period
6 Element Lead Card
8 7 = Card type
T Element Set Cards

NOTE: From 1 to 25 element sets are allowed; there must be ocne for each

Bulletin Request Card.

8 Bulletin Request Lead Card
8 8 = Card type
9 Bulletin Request Card (all numbers right justified)
1-3 Satellite number
L-6 Element Set number {(only if elements are non-

current)
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Deck Column
Posicion Card Type Number Punch
ﬁh_:: Cols. T=10 are used only if the elements are to be corrected.
T Order of the least-squares equation
8-9 Number of least-square points
10 O = Time equation correction
1 = Right ascension equation correction
11-13 Number of corrected element set
14-18 Epocn revolution number of corrected element
set
NOTE: If cols. 11-18 are blank, no element set will be punched.
19-25 Perigee distance (earth radii), only if
q # a(l-e)
26-30 Initial revolution number for test bulletin
31-35 Final revolution number for test bulletin
NOTE: If cols. 26-35 are blank, no test bulletin will be output.
36 0 = Previous bulletin reference message fr-
Purt I output
1l = List elements for Part I ocutput
37-39 Bulletin number for output
Lo-44  Initial revolution for Part II output
45-49 Final revolution for Part II output
NOTE: If cols. 39-49 are blank, Bulletin Parts I and II will not be
output.
50 0 = No grid {part III) output
1l = Otandard grid output
2 = Special grid output
51-55 Grid revolution number
56-57 Minimum special grid latitude
58-59  Maximum special grid latitude
60-61  Special grid latitude increments
62-65 Any special latitude (optional)
NOTE: Cols. 56-65 are blank unless a special grid is requested.
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Deck Column
Position Card Type Number Punch

66-67 Last two digits of the year for which

computations are to be made

68 0 = Hardcopy output

1 = Hardcopy and TTY output
€9 0 = Unclassified output

1l = Classified output

70-72  Analyst number {optional)
76-78 Day number (optional)
NOTE: The Element Lead, Element Set, Bulletin Request and Bulletin

Request Card sets may be repeated as often as desired.

10 Least Squares Point Card
1-10 Delta t (days) or delta right ascension
(degrees)
11-20 Number of revolutions from epoch
NOTE: There is one least squares point on each Least Squares Point card,
and the number of cards {points) appears in cols. 8-9 on the pre-

ceding Bulletin Request card.

11 Trailer Card (follows the last of the input sets)
8 9 = Card type
12 End of Date Card
13 End of Job Card
14 End of Schedule Tape Card
15 Blank Card
4.4.8.3 Output

The contents of output are determined by the bulletin request card and the
option card. Maximum printed output consists of least squares correction,
a test bulletin, the three parts of the edited bulletin, and an unedited
bulletin.
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4.4.8.3.1 Least Squares Option
A. Time equation correction

1. T , time at the node in days

0?
2 Pn’ nodal period in days/rev )

3. C, rate of change of period in days/rev

L. d, rate of change of ¢ in days/rev3

5. least squares points from input (Atn, AN)

6. N by (N+1) matrix representing the ncrmal equations of least

square fit where N is the order of the curve
T. Computed increments for A To’ A Pn’ Ac, Ad
8. incremented elements
B. Right ascension correction
1. Pn
2. ¢
3. 1, right ascension of ascending node in degrees
b, Q, first derivative of Q
5. 6/2, half of second derivative of Q
6. least square points ( A Q 2 AN )
7. N by (N+1) matrix
8. Computed increments for A 0, A, &0 /2
9. incremented elements
If a nodal u-term was input, @&n anomalistic equation correction is output with
the following quantities:
1. four points of (T% , A ) where T is time of perigee in days
2. al x5 normal matrix
3. computed anomalistic equation with T_, Pa (anomalistic period},

Ca (anomalistic c- term), d_ (anomalistic d-term)
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SAMPLE PRINTOUT, SYSBULL
LEAST SQUARES SECTION
SATELLITE 764 LEAST SQUARES.
0. 75072060+002 0.61219440-001 -0.10992000-005 0..00000000+000
-0. 000070000 0.
0.007640000 9.
0. 008200000 10.
0.010370000 1k. input points (Atn, aN)
0.010690000 15.
0.011280000 16.
0.012130000 18.
R x 0.70000000+001  0.82000000+002 0.11820000+00k 0.17T76000+005  0.60240000-001
(x+1) ]0-82000000+002  0.11820000+004 0. 17T76000+005 0.27611400+006  0.85511000+000
Matrix )O-11820000+00k  0.17776000+003 0.27611400+006 0.43943920+007  0.12694410+002
0. 177T6000+005 0.27611400+006 0.4394 3920+007 0.71241042+008 0.19524863+003
-0.69864588-004 0.11549697-002 -0.40158214-004 0.75880680-006
0.75071990+002 0.62374410-001 -0.412574 14 -00k 0.75880680-006----- corrected
SATELLITE 764 TEAS?T SQUARES FOR ANOMALISTIC EQUATION elements
T76.082455730 -2.
76.3287883350 2. T N
76.759835050 9. '
T7-375571930 19.
0.40000000+001  0.28000000+002 0.45000000+003 0.75880000+00k  0.30654665+003
I x 5 \0.28000000+002  0.45000000+003 0.75880000+004 0.13691400+006  0.21614670+004
Matrix § 0.45000000+003 0.75880000+004 0.13691400+006 0.25351480+007 0. 3475977 3+005
0. 75880000+00% 0.13691400+006 0.25351480+007 0.4757T450+008 0.58667894+006
0.76205621+002 0.61581912-003 -0.27264850-006 -0.96017112-009
EXPLANATIONS:
Line 2:
T
A
[0-75072060+002] fo.62219ub0-001] [-0.10992000-005]  [0.00000000+000 ]
Line 1h: AT ot

A

|-0.69864588-00k

[0.11549607-00¢]

[-0.40158214-00k |

| 0.75830680-006 |

Line 25:

m

I

Pa

C

._]L

d

1T
[ o.76205621+002] [0.61581912-003]

|-0.27264850-006]

{-0.96017112-009]
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L. L.8.3.2

SAMPLE PRINTOUT, SYSBULL

1
2
3.
4,
p)
6
T

Test Bulletin Option

revolution number (REV)

h-1ko

™-1X-123,/000/00

time at node computed from updated elements in days (TN NEW)

time at node from original elements in dawvs (TN OLD)

difference between new and old times (DELTA T)

right ascension of ascending node from updated elements in degrees {RAN NEW)

right ascension of ascending node from old elements in degrees (RAN OLD)

difference in right ascensions (DEL RA)

TEST BULLETIN SAT NO.

REV
53.
Sk.
55.
56.
57
58.
59.
60.
6.
62.
63.
6L,
65.
66.
67 .-
68.
69.
70.
T1.

[BX
1343240k

75

T5.
75
5.
5.
75
5.
e
.6305711k

75

75.
.T54126L6
5.
87755205
.93922758
. 00088433
. 06252686
12419972
T6.

75
75

TN NEW
07199013

19657999
25876253
32087621
38292559
LLko1522
50684965
5687334k

69236729
81585320

18578746

76l

ELEM

TN OLD

. 07206000
.1332783L
. 194LoLLE
.255708ke
. 31692017
. 37812971
. 439337107
. 5005L222
.5617L517
. 62294592
.68L1LLLEB
.Th534083

80653499

). 86772699
.92891671
.G901 0438
. 05128064
SilzhteBl
7.17305378

DELTA T

-0.00007
. 00105
. 00209
. 00305
.00396
. 00k80
. 00558
. 00631
. 00699
.00763
. 00822
. 00879
. 00932
. 20983
.01031
.01078
L0112k
.01169
01213

CCOO0O0 OO0 O OO OO0 00

RAN NEW
172.786
172.8L1
172.896
172.951
173.006
173.061
173.115
173.170
173.225
173.280
173.334
173.389
173.L43
173.498
173.95¢2
173.607
173.661
173.716
173.770

RAN OLD
172.771
172.826
172.881
172.936
172.991
173.0L46
173.100
173.155
173.210
173.265
173.320
173,375
173.430
173.485
173.5k0
173. 59k
173.6kg
173,70k
173.759

DEL RA

sNeoNoNsNoReoNsloNoNoReloNoNolNeRoNe e o

.015
015
. 015
. 015
. 015
.015
. 015
. 015
.015
.015
.01k
.OLk
.013
.013
.013
012
.012
.0l1
.0l1
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4.4.8.3.3 Edited Bulletin Option

L.4.8.3.35.1 Part I

Bulletin number

Satellite name

Eroch revolution

Epoch time in days

Anomalistic period in days/rev, (Pa)

First and second derivatives of the pericd (c, d)

Semi-major axis in earth radii, (a)

o~ O ow o e

Eccentricity, (e)

Right ascension of the ascending node in degrees (Q)

O

First derivative and one half of the seccnd derivative of the

j—
o

right ascension of the ascending node, (Q, {i/2)

11. Argument of perigee in degrees (w)

12. First derivative and one half of *the second derivative of argument of
perigee (@, w/2)

13. Mean longitude in degrees, (L)

ik. 1Inclination in degrees, (i)

SAMPLE PRINTCUT, SYSBULL

EDITED BULLETIN, PART 1
Bulletin Epoch

qg. Sat. time Gi)

Name

{

oci 00
BBBEBBEBBBBBEBB 76k
BLTN Ob 196k4-12A IN/3 PARTS./PART I.* |
,071  76.18579 0.0615819 -0.273-006 -0.960-009 1.03227 0.005k1%
1(3 770 0.884 0. ooe 116 Lo8 -4.229 -0. oooT 186.87 95.70%

hpoch
Rev w/2
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4.4.8.3.3.2 Part II = For each crossing of ascending node
Date
Revolution number (REV)

Time in hours, minutes, hundredths of minutes (TIME Z)

= ow o

Iongitude west in degrees

SAMPLE PRINTOUT, SYSBULL
EDITED BULLETIN, PART 2

PART II. S-N EQUATOR CROSSINGES.*
REV TIME Z LONG W REV TIME Z IONG W REV TIME Z LONG wW*

16 MAR 6h¥
071 0k27.63 66.91 072 0556.27 89.10 073 0725.02 111.30%
074 0853.78 133.49 075 1022.56 155.69 076 1151.37 177.90*%
077 1320.21 200.12 078 1449.08 222.34 079 1618.00 244 .58+*
080 1T746.97 266.83 081 1916.01 289.09 082 2045.10 311.37*
083 2214.27 333.67 08k 2343.51 355.99%

17 MAR 64#*
085 0112.8: 18.33 030 O2k2.26 L40.69 087 0411.78 63.07*
088 0541.40 85.49 089 0711.13 107.93 090 0840.98 13C.39*%

4.4.8.3.3.3 Part IIT - For a grid revolution

Direction of crossing

Latitude 1in degrees

= ow o

West longitude in degrees ascending node

Time in minutes :> since crossing
Height above earth in kilometers

Visibility indicator

Argument of perigee

Latitude at perigee

O GO~ On o

Direction at perigee
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SAMPLE PRINTOUT, SYSBULL

EDITED BULLETIN, PART 3

PART III. REDUCTION TO OTHER LATITUDES AND HEIGHTS FOR REV

LAT MINUTES
N PLUS
SN 00 0.00
SN 10 2.49
SN 20 4.97
SN 30 7.45
SN L0 9.93
SN 50 12.hk2
SN 60 14.92
SN 70 17.45
SN 80 20.15
N PT 22.17
Ns 80 2k.2C
NS 70 26.88
NS €0 29.h40
NS 50 31.88
NS k0 34.35
NS 30 36.80
NS 20 39.25
NS 10 ki1.70
NS 00 hk.16
GRID

LONG
OORR
0.00
1.62
3.31
5.1k
7.26
9.89
13.62
20.17
39.25
95.55
151.84
170.92
17747
181.19
183.82
185.92
187.75
189.43
191.0k

SATELLITE T64 ELEMENTS

ARG OF PERIGEE = 166 .49824 + (-4.22911 } X ( T76.92658 -

113. 36535
66.N GOING N-C.

REIGHT
KITOM
254 .8
245.8
237.6
230.4
233.9
218.2
213.1
208.4
203.6V
200.3V
197.2V
193.7
191.1
189.5
189.9
191.6
195.8
202.0
210.4

h-1k5

LAT MINUTES

S PIUS

NS 00 L4h.16
NS 10 L6.62
NS 20 49.09
NS 30 51.58
NS 4O 54.08
NS 50 56.60
NS 60 59.15
NS 70  61.75
NS 80 6k4.52
S PT 66.62
SN 80 68.71
SN 70 71.50
SN 60 Th.11
SN 50 T76.68
SN 40 T79.23
SN 30 81.76
SN 20 84.28
SN 10 B86.79
SN 00 89.2k

4. REVOLUTION NO.

LONG
CORR
191.0k
192.66
194.35
196.18
198.30
200.94
204 .68
211.25
230.35
286.66
342.97
2.08
8.65
12.39
15.0k4
17.16
19.01
20.70
22.32

SYSBULL

™-1X-123/000/00

83. *
HEIGHT *
KILOM*

210.4

220.
23.
245,
259.
273.
285.
296.
305.
309.
312.
312.
309.
303.
296.
287.
277,
268.
258.

% Kk k K k Kk k N Xk Kk Xk

*
* %k Kk Xk

%

FOWW FO F Fw W OV WD (2]
<Q<.‘ -

* %

83. DAY NO. 76.93

76.18579 )
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4.,4.8.3.4 Unedited Bulletin (not optional)

Revclution (REV)
Time at node in days (T SUB N)
Time at node in hcurs, minutes, hundredths of minutes (TIME Z)

Right ascension of ascending node in degrees (RA SUB N)

wvooE W o

Iongitude west in degrees (LONG)

SAMPLE PRINTOUT, SYSBULL

UNEDITED BULLETIN

UNEDITED BULLETIN NO. O SAT NO. 764 ELEM L,
REV T SUB N TIME Z RA SUB N LONG
071 76.15479 Ob27.53 173.77019 66.91
072 76.2L7h1 U556.27 173.82524 89.10
073 76. 30905 0725.02 173.88019 111.30
o7 76.37069 0853.78 173.93503 133.49
075 76.43234 1022.56 173.98978 155.69
076 76.49401 1151.37 174 . Olikhk 177.90
077 76.55570 1320.21 176.09900 200.12
078 76.617h2 1449.08 174.15348 222.3k
079 T76. 67917 1618.00 174.20789 244 .58
080 76.74096 1746.97 174 .26221 266.83
081 76.80279 1915.01 17k . 31646 289.09
08 76.86L66 2045.10 17h . 37064 311.37
083 T76.92658 09 .1k27 174 . L2476 333.67
084 76.983855 2343.51 17h . 07882 355.99
085 77 .05059 0112 .84 174 .53281 18.33
086 7711263 2Lz .26 174.58676 L0.69
087 77.17485 0h11.78 17k, 6L 00T 63.08
088 77.23709 05kl .40 17k . 69LLG 949
089 7. 299h0 0711.13 174 . 74829 107.93
090 736180 0840.9¢ 17h . 80205 130.40
4L.4.8.3.5 Punched Card Outpat Options

Punched eard output consists of.

1. Oeven and four-card element sets when an clement update is made.

2. Look ungle rezquest card when an edited bulletin is requested

(sec section #.h4. 5.1, card number ¢.)

3. Edaited bulletin whern requested
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4.4.9 X, Y, Z, COORDINATES LOOK ANGLE REPORT - XYZIA

Loh.9.1

Purpose
o el

The XYZLA program computes sets of predicted acquisition coordinates for a

given satellite and specified sensors, using epliemeris data from the MUNENDC

or Interplanetary prograns.

L.h.9.2

Deck

Position Card Type

Column
Number Punch

Input - Schedule Tape Mode (Toggle 24 On)

1

2
3
L

Schedule Tape Card

Jotr Card

Remarks Card

Program ID Card
17-19
25-29
30-34

Parameter Card
1-L
5-7
8-9
10-11
12-13
1k-17

25-34

Ly

RUN
XYZI1A
,DATA

Year of predictions

Day of the year

Hour of the day

Minutes of the hour

Seconds

Starting time of predictions (thousandths of a
second , ¢ol. 1k contains decimal point).
Maximum time increment or range for predicticns,
in minates Ifrom the starting time (Cols. 1L-17).
If blank, computaticns will cover all input
ephemeris data.

O = Ephemeris data input by cards

1 = Ephemeris data input by tape
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Deck Column
Position Card Type wrmber Punch
L5 0 = Compute all passes
1 = Compute only visible passes
L6 0 = Positive elevations only acceptable
1 = Positive and negative elevations acceptable
by 1 = Output punched ephemeris cards
L8 0 = Topocentric output
1 = Geocentric output (incl. day, time, right
ascension, declination and range)
L9 ( = Tepocentric output plus right ascension
1 = Topocentric output plus hour angle
h Sensor Card
T Satellite ID Card (required only when using ephemeris cards input)
1-16 Satellite name (alphanumeric)
8 Ephemeris Card (optional)
1-12 X geocentric coordinate (in earth radii)
13-24  y geocentric coordinate (in earth radii)
25-36 z geocentric coordinate (in earth radii)
37-48  x geocentric coordinate
L9-60 y geocentric coordinate
A1-72 2 geocentric coordinate
73-80  Time increment (min. ), from the starting time
of predictions {parameter card, Cols. 1L-17)
NOTE: Ephemeris cards are ordered by increacing time increment.
9 Blank Card (required for cach tupe or card input set) |
10 Blank Card (required only tor cach card input set)
11 Znd of Duta Curd
12 End of Job Card
13 End ot" Schedule Tape Card
1h Blank Curd
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4.4.9.3 Output

The basic printout of this program is a schedule of predicted look angles for
a particular station at specific times. The quantities printed are:
1. Batellite name
2. OStation name
3. Data
a. Day of year, hour, minute, and fraction of minute of the search
roint.
b. Predicted right ascension, declination, azimuth, and elevation
in degrees.
Predicted slant range in kilometers.

d. Elevation and illumination angles of the sun.

SAMPLE PRINTOUT, XYZLA

6LOLO2 VENUS *
LOOK ANGLES FOR BMEWS 3 FYLNGDALE*

DAY TIME R.A. DEC AZIM ELEV RANGE SUNS ILLUMI
7 DEG DEG. ANG. ANG. KM. ELEV  NATION

93 1124.73 87.111 -1.045 9L.060 1.620 128967 39.9 103.5%
93 1204.73  87.194  -1.408 102.422 7.053 138587 LO.T  103.L*
93 12Lk.72  87.225 -1.725 111.020 12.362 148121 L0.1  103.3*
93 1324.73  87.215  -2.006 120.007 17.397 157603 38.2 103.3*
93 140k.73  87.175 -2.25k 129.520 21.995 167063 35.2 103.3*
93 14kL.73  87.113 -2.476 139.665 25.978 176524 31.2 103.2%

93 152k.73  87.037 -2.674 150.478 29.160 186010 26.6 103.2%
93 1604.73 86.954 -2.853 161.896 31.366 195536 21.4  103.2%
93 1644.73  86.870 -2.013 173-731 32.450 205116 15.9 103.2%
93 1724.73  86.791 -3.158 185.688 32.335 214758 10.2 103.1*
93 1804.73 8E€.721 -3.289 197.441 31.024 224467 L.4W  103.1%
93 18uk.73  86.664 -3.408 208.711 28.605 234243 -1.3  103.1%*
93 1924.73 86.623 -3.516 219.330 25.221 244081 -6.9 103.1%
93 2004.73 86.600 -3.615 229.253 21.043 253977 -12.3 103.1%*

93 2044.73  86.596 -3.705 238.530 16.2L4k 263918 -17.2  103.1%
93 212k.73  86.612 -3.788 247.273 10.984 273892 -21.6  103.1%
93 2204.73  86.64T -3.865 ©255.626 5.406 283884 -25.2  103.1%
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L.%.10 OTHER

The following programs in the Observation Acquisition area are seldom used by
the analyst. A brief description of each program is given.
L.L.10.1 ORPS

The ORPS program 1s used for predicting search times for observing satellii=s
al a given sensor. The program first ccmputes the X,Y,Z srarch point coordinates
of a satellite, then computes the right ascension, declination, azimuth, eleva-

tion, and slaut range from these points in the same manner as the XYZLA program.

L.4.10.2 POSE

The POSE program computes a search ephemeris for a given station and a given
point in space. The program is used when a sensor detects an unknown object.
The assumption is made that if the object is a satellite it will come close to
the same point in inertial space on the next revolution. Therefore, the look
angles are calculated for the time, which is equal to the observation time
Plus the smallest orbital period expected. If the peint is visible at the

station, the gquantities gare written on the output tape.

The orbital time is then updated by a specified time increment and compared to
the largest orbital period expected. If this period is within limits, the

search ephemeris 1s computed for this nev time.
4.4,10.3 PREPRINT

The purpose of PREPRINT is to supply the cubsatellite point and related data
of all satellites at a specified time. The west longitude and time of the
last ascending node are also computed for each satellite. The following
information is contained in the output.

a. oSatellite name, number and element set number

b. Iatitud. and west longitude at report time

Y

Tnclination ard period

d. Apogee and perigee

e. Eccentricity and height

f. Revolution number and time of ascending node, right ascension and

longitude of the node.
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L.5 INTERPLANETARY AREA

This section includes the interplanetary programs (HELIO, MUNENDC and NFAR).
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L.5.1 HELIOCENTRIC - HELIO

4.5.1.1 Purpose

The HELIO program computes the heliocentric trajectory of a satellite given

the launch and warget points, the launch date and the flight time.

4.5.1.2 Input - Schedule Tape Mode {Toggle 2L On)

Deck Cclumn
Position Card Type Number Punch
1 Schedule Tape Card
2 Jot Card
3 Remarks Card
L Program ID Card
17-19 RUN
25-29  HELIO
30-34+  ,DATA
5

5-6 01l = Card number
10-11 Year of launch
13-14 Month of launch
16-17 Day of launch

6
5-6 02 = Card number
10-17 Name of launch planet
7
5-6 03 = Card number
10-17 Name of target planet (for an artificial body,
use COMET)
8

5-6 Ok = Card number

10-13  xx.x (Days) = Time of launch increment
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Deck Column
Position Card Type Number Punch

9
5-6 05 = Card number
10-13 Number of time-of-launch increments
10
5-6 U6 = Card number
10-1%  xxx.x (Days) = Initial time of flight
11
5-6 07 = Card number
10-13  xxx.x {Days) = Time of flight increment
12
5-6 08 = Card number
10-13 Number of transit time increments
13
5-6 09 = Card number
10 0 = Tnitial value of sigma only
1 = Long coast time only
2 = Short coast time only
3 = Short and long coast times
1k
5-6 10 = Card number
10-16  xxx.xxx* = Initial sigma value
15
5-6 11 = Card number
10-15 xx . xx = Sigma increment
16

5-6 12 = Card number
10-11 Number of sigma increments
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Deck Column
Position Card Type Number FPunch
17
5-6 13 = Card number
10-18  xxxxx.xxx (km.) = The perifocal distance of
the escape hyperbola taken
equal co the earth-centered
radius of the parking orbit.
18
5-6 14 = Card number
10-16  9.0E+37 (km.) = Crossover factor in millions
19
5-6 15 = Card number
.0 0, Blank = Standard output
1 = Special output - ephemeris tape (Logical T),
hard copy of X Y and Z geocentric coordinates
of the probe (earth radii) and X, ¥, and 2
heliocentric equatorial coordinates (A.U.)
2 = Same as Option 1 except: heliocentric
coordinates are ecliptic, not equatorial
9 = Same as Option 1 plus: separation distance
between target and present position on the
transfer ellipse, and additicnal values
describing the transfer ellipse and escape
hyperbola
12-14%  xxx = Start time (days past injection)
16-17 xx = Start time (hrs. past injection)
19-20 xx = Start time (min. past injection)
22-2h  xxx = Stop time (days past injection)
26-27 xx = Stop time (hrs. past injection)
29-30 xx = Stop time (min. past injection)
3¥-35 xxxx = Time interval (min.) between position

computations
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Deck Column
Pozition Card Type Numbe = Punch
37-38  xx = Launch date year {of selected transfer
conie)
40-41  xx = Launch date month {of selected transfer
conic)
43-44  xx = Launch date day {(of selected transfer
conic)
46-50 xxx.x = Time of flight {days) of selected
transfer conic
52 1 = Long coast time
2 = Short coast time
54-57  xxxx = Maximum number of iterations (0000-
9999) which the program will go through
in calculating the eccentric anomaly
for the present position on the hyper-
bola; if blank, the program assumes 200
20
5-6 15 = Card number
10-16 XXX, XXX
18-2h  xxx.xxx
26-32  xxxX.xXxx
34-40  xxx.xXxx
& Selected azimuths to be
b2-h8  xxx.xxx
50-56  300%. XXX processed up to a max. = 8
58-64 xxx.xxx
66-72  XXX.XXX )
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21

22

23

2k

17
25
33
b1

49

65
13

56
10-18

5-6
10-18

10-18

5-6
10-18

J

> an "E" to indicate the last

azimuth on the card

MM#NHH%ME
o
=

L

17 = Card number

It

zxxv.xxxx (sec.) = True anomaly in the
hyperbolic orbit at

injection

18 = Card numb< -

xxxxx.xxx (sec.) = Time from laurch to

parking-orbit injection

19 = Card number

Time of final burn

xxxxx. xxx (sec.)

20 = Card number

o] .
xxXxx.xxxx = The arc subtendea at earth's

One of these columns must contain

center during ascent from launch

to parking orbit
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Deck Column
Position Card Type Number Punch

25
56 21 = Card number
10-18  xxxx.xoxx” = The arc subtended at earth's
center during final burn out of
the parking orbit to injection
26
5«6 22 = Card number
10-18 xoxxx.xxx (sec./deg.) = The inverse parking
orbital rate
27
5-6 23 = Card number
10-18  xxxx.xxxx~ = Longitude of launch site
28
5-6 24 = Card number
10-18  xxxx.x00® = Latitude of launch site

23«24 03 = This is last card in deck

Blank = This is not last card in deck

NOTE: Cards numbered 25-36 will only be used when Card 3 has been designated
as & COMET in cols. 10-18. Otherwise, Card number 24 is the last
card in the deck.

29
5-6 25 = Card number
10-24 0606000060000 (km.B/sec.a) = Mean gravitation

of the target body
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Deck
Position Card Type

30

31

32

33

34

35

HELIO
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Column

Number Punch

5-6 26 = Card number

10-18  xx.xooxx {(A.U.) = Semi major axis of

target body

5-6 2" = Zard number

10-16  .xxxx4x = Eccentricity of target body

5-6 28 = Card number

10-17 x.xxxxxx {yr.) = Time change from 1950.0 to
present date, for eccentricity
(may be zero)

5-6 29 = Card number

10-18  xx.xxoxxxx” = Inclination to the ecliptic of

the orbit of the target body

5 -6 30 = Card number

10-17 x.xxxxxx (yr.) = Time change from 1950.0 to
present date, for inclination
(may be zero)

5-6 31 = Card number

10-19 XX - KIOOKAX = Longitude of ascending node of

the target body
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Deck Column
Position Card Type Number Punch
36
5-6 32 = Card number

10-17  xx.xxxxx (yr.) = Time change, from 1950.0 to
present date, for node

(may be zero)

37
5-6 33 = Card number
10-19 XXX+ XEAAXK = Argument of perihelion for the
target body
38
5-6 34 = Card number
10-17  xr.xxxxx (yr.) = Time change, from 1950.0C to
present date, of perihelion
38
5-6 3% = Card number
10-18  xxxxxxx.x (Julian) = Date of perihelion passage
of target body minus £430000
Lo
Loty 36 = Card naumber
To-1k COMET
23-24 03 = This is last card in deock
41 Znd of Lais Card
he End ¢f Job Card
43 End of Gchedule i Card

e Rlark Card




HELIO

L May 196k 4-163 ™-1X-123/000/00

4.5.1.3 OQutput

The normal program printout contains four parts. A special output option

also may be included.

4.5.1.3.1 Part 1 - Input Conditions

This section contains the following quantities:

o — Oy W= oW o

uo

Greenwich hour sngle in degrees (GHA)

Perifocal distance of the escape hyperbola in km. (PER)

True anomaly in the nyperbolic orbit at injection (TA)

Launch site latitude in degrees (LAA)

Launch site longitude in degrees (LOL)

Time from launch to parking orbit injection in s::onds (T02)

Final stage burning time in seconds (T23)

Angle subtended at earth's center between launch and parking orbit
injection in degrees (P0O2)

Angle subtended at earth's center dvring final stage burning (P23)
Inverse orbital rate during parking orbit ccasting in secords per
degree (ORB)

Crossover distarn.e in millions of km. (RS)

A.G. ‘o million km. conversion factor (A.U.)

Grevitation constant for launch planet, Km3/sec.2 (GML)

Gravitaticon consiant for target planet, kma/sec.c (GMT)

Eal .~

2.2 Tart 2 - Heliocintric Conie Group

Tle secuna yart of the printout contains the following quantities:

1.

ja

— oW o)

Flight time in cays (TF)

Sun-to-launch-planet distance at launch time in A.U. (RL)
Sun-to-arr val-planet distance at arrival time in A.U. (RP)
Heliocentric central angle in degress (HCA)

Semi-major axis of trinsfer o Lipse in A.U. (SMA)
Eccentri-ity of transier ell:pse (ECC)

Commun<-ation disturce ut arrival in millions »f km. (RC)
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True anomaly in transfer ellipse at launch time in degrees (TAL)
True anomaly in transfer ellipse at arrival time in degrees (TAP)

10. Inclination angle of transfer ellipse to ecliptic plane in degrees (INC)

11. Celestial latitude at launch time in degre=s (LAL)

12. Celestial latitude at arrival time in degrees (LAP)

13. Celestial longitude at launch time in degrees (IOL)

14, Celestial longitude at arrival time in degrees {1LOP)

15. Speed at launch time in km. 'sec. (VL)

16. Path angle at arrival time in degrees (GAL)

17  Speed at arrival time in km./sec. (VP)

18. Path angle at arrival time in degrees (GAP)

19. Launch-plaret speed at lawich time in km./sec. (V1)

20. Arrival-planet speed at arrival time in km /sec. (ve)

21. Departure angle at launch time in degrees (DA) "

22. Arrival angle at arrival time in degrees (AA)

23. Angle between launch hyperbolic excess velocity vector and launch
planets orbital plane in degrees (GL)

24. Angle between launch hyperbolic excess velocity vector and arrival
planets orbital plane in degrees (GP)

25. Sun-target planet-probe angle {Zeta P) in degrees (ZAP)

26. Sun-launch plane*-probe angle (Zeta L) in degrees (ZAL)

27 Sun-laurch planet-target planet angle (Eta) in degrees (ETA)

28. Distan'e of periapsis in km [RCA)

29. Distance of apoapsis in km. (APO)

30. Period in days for the transfer ellipse (PRD)

3i. Time of last theoretical perihelion passage {TAU)

32. Longitude of ascending nuwie of transfer ellipse in degrees (LAN)

33. Argument of perihelion of transier ellipse in degrees {AOP)
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4.5.1.3.3 Part 3 - Planetocentric Conic Group

The third part of the printout contains the following quantities:

Hyperbolic excess speed at launch in km./sec. (VHL)
Declination of launch asymptote in degrees (DLA)
Right ascension of launch asymptote in degrees (RAL)

Hyperbolic excess speed at arrival in degrees (VPL)

iR W o

Decliination and right ascension of arrival asymptote 1in degrees (DPA,RAP)
2 2

Twice the total energy cr vis viva in km. /sec.® (C3)

Eccentricity (ECC)

Distance from launch planets center at injection in km. (RAD)

O o =1 O

Injection speed in km./sec. (VEL)
10. Injection path angle in degrees (PTH)
11. Component of unit impact parameter in (T Bar) and (R Bar) directions (BT,BR)

12. Component in T and R darections of impact parameter in km. (B.T, B.R.)

4.5.1.3.4 Part 4 - Launch to Injection Conditions Group

The fourth part of t}r: printout is compesed ~f the following quantities:

1. Launch azimuth in degrees (LAZ)

2. Launch time in seconds past midnight of launch day (TL)

3. Injection time in seconds past midnight of launch day (TI)

L. TInjection declination, right ascension, and launch azimuth in degrees
(DEC, RA, AZ)

5. Parking orbit coast time in seconds (CST)

6. Time fvom launch to injection in seconds (TLI)

7. Angle between injection and the outgoing launch asymptote in degrees (CA)

8. Injecticn Jongitude in degrees (LON)

9. Latitude and longitude at start of final burning in degrees (LA2, 102)

10. Launch and injection times in hours, minutes and seconds (TL, TI)
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4.5.1.3.5 Part 5 - Geocentric and Heliocentric Pesition and Time

The part of the program printout is opticnal (see input parameters) and

contairs the fellowing data:

)| 8

Start time - year, day of year, menth, day, seconds, and hundredths of
seconds

For each position:

a. Time in day of year, hours, minutes, seconds (TIME)

b. Time in minutes relative to start time (DELTAT)

c. X,y,z geocentric vosition of probe in earth radii (GEO)

d. X,y,z heliocentric position in A.U. (HELIO)

Position and veloccity components of injection peint vector

(X, ¥, Z, XDOT, YDOT, ZDOT)
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4.5.2 UNIFIED ENCKE WITH DIFFERENTIAL CORRECTION - MUNENDC

4.5.2.1 Purpose

The MUNENDC program computes a satellite's predicted position and velocity
with respect to tne Earth, Moon and Sun for specified time intervals given

the satellite's position and velocity at a starting time.

4.5.2.2 Input - Schedule Tape Mode (Toggle 2L On)

Deck Column
Position Card Type Number Punch

1 Schedule Tape Card

2 Job Card

3 Remarks Card

L Program ID Card
17-19 RUN
25-31  MUNENLC
32-36 ,DATA

5 Parameter Card 1
1-4 Year of epoch
5-6 Month of epoch
7-8 Day of epoch
9-10 Hour of epoch
11-12 Minutes of epoch
13-18 xx.xxx = Seconds of epoch
25-40 Satellite name

6 Parameter Card 2
1-12 x geocentric coordinate of initial position

(in ea: n radii)

13-24 y geocentric coordinate of initial position
(in earth radii)
25-36  z geocentric coordinate of initial position

(in earth radii)
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Deck Column
Position Card Type Number Punch

37-48 % geocentric coordinate of initial velocity
(in earth radii/ke-l min. }

49-60 ¥y geocentric coordinate of initial velocity
(in earth radii/ke-l min. )

61-T72 z geocentric coordinate of initial velocity

(in earth radii/ke'l min. )

NOTE: All gquantities on this card are given in floating point format =
Haxxxxxxxixx. The decimal point 1s assumed at the right of the

mantissa.

T Parameter Card 3
1-10 Runge-Kutta error criterion for position
11-20 Runge-Kutta error criterion for velocity
21-24k  Year of initial time of ephemeris
25-c6  Month of initial time of ephemeris
27-28 Day of initial time of ephemeris
29-30 Hours of initial time of ephemeris
31-32 Minutes of initial time of ephemeris
33-38  xx.xxx = Seconds of initial time of ephemeris
39-42  Year of final time of ephemeris
43-4L4  Month of final time of ephemeris
5-46  Day of final time of ephemeris
47-48 Hours of final time of ephemeris
19-50 Minutes of final time of erphemeris
51-56  xx.xxx = Seconds of final time of ephemeris
57-67 Initial integration step size, At {min.),

(decimal anywhere in field)

68 0 = variabie At
1 = fixed At

69 0 = Do not print moon satellite number
1 = Print moon satellite number

T0 0 = Print every U2 lines
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Column

Position Card Tvpe Number Punch

8

9
10
11
12
13
1L
15
16

Parameter Card k&

1 0 = Do not correct Encke element ﬁi
~

1 = Correct Encke element Mo

2 0 = Do not correct Encke element l/a
1 = Correct Encke elcment 1/a

3 0 = Do not correct Encke element c*
1 = Correct Encke element c¥

4 0 = Do not correct Encke element s*
1 = Correct Encke element s*

5 0 = Do not correct Encke element o*
1 = Correct Encke element a¥*

6 0 = Do not correct Encke element §*
1 = Correct Encke element &%

20 Correction iteration (any number from 1 to 9)

25-30  Absolute maximum of observation residuals in kms.
31-36  Absolute maximum of range rate residuals in km/sec.
37-40 Rejection parameter.

Observation Cards

End Card

Sensor Cards

End Card

Znd of Data Card

End of Job Card

End of Schedule Tape C:.rd

Blank Card

4.5.2.3 OQutput
The printed outmut for MUNENDC contains two parts.

4.5.2.3.1 Part 1, Ephemeris OQutput

4.c.2.3.1.1 Page 1
" The quantities printed on Page 1 are:

L.

LA

ty (TIME SUB 0)
displacement error (DISPLACE ERROR)
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3. displacement rate error (DIS.RATE ERROR)

4., A t (DELTA TIME)

5. semi-latus rectum {PARAMETER)

6. e (ECCENTRICITY)

7. q, perifocal distance (Q)

8. ’ﬁb (M-0-TILDE)

9. 1/a (ONE OVER A)

10. P components (PX, PY, PZ)

11. ?i'components (QX-TILDE,QY-TILDE,QZ-TILDE)

12. Time (TIME)

13. x,y, and z components of position displacement from the
reference orbit (XSI, ETA, ZETA)

14. x,y, and z ccmponents of velocity displacement from the

reference velocity (LAMDA, OMEGA, PSI)

15. first 12 points from lunar and solar ephemerides tapes.

4.5.2.3.1.2 Page 2

The gquantities on this page are a printout of the elements identical to Page
1. ©Since the first page appears only after initialization, this page is

necessary to show the elements after rectification.

4.5.2.3.1.3 Pages 3 and 4

These pages describe the first two time points of the ephemeris. The

items printed are:

geocentric position, velocity, and distance for the reference orbit
same for the vehicle in its actual trajectory

geocentric ponsition vectors of the wmoon and the sun

position vectors and distar:es of the moon and the sun irom the vehicle
pcaition and velocity deviations from the referznce oii L

marnitude, ralial, and tangential components of the velocity vector;

T o oW

vhie time interval
. rturbative accelerations; distance oif the vehicle above earth's
>

equator; other intermediate quantities
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8. position and velocity of the actual vehicle from the earth in

laboratory units.

At the point of closest approach to the moon the full page ocutput will again
be printed for that point. The comment "TH1S PAGE CONTAINS A POINT OF
CLOSEST APPROACH TO THE MOON" is printed at the bottom of the page.

At the point at which rectification oceurs the full page output appears
twice. The first page will have the points before rectification. The
comment "TH1S 1S THE POINT AT WH1CH RECT1F1CATION OCCURS" will appear at
the bottom of the page. The second full page printout will be the first

point of the new reference orbit.

This type of output will also be given after 42 or 10 integration steps
(input option).

4.5.2.3.1.4 Page 5 and 6

For the remainder of the ephemeris computation, only one line per time

point is given containing:

1. time (TIME)

2. geccentric coordinates of position (X,Y,Z EARTH-ROCK, G-RADI1)
3. coordinates of velocity {X,Y,Z DOT ER)

4, geocentric aistance (R EARTH-ROCK, G-RADII)

If the opticn to print moon-catellite coordinates is used, the next puge will

be one line per point consisting of:

1. time (TIME)

2. coordinates of moon-satellit: position (X,Y¥,Z MOON-ROCKET, G-RAD11)
3. coordinates of sun-satellite position {X,Y,7 SUN-ROCKET, G-TAD1I)
L. distance of object from moor (R MOON-ROCKET, G-RADII)

LD

i " 3 A
AR W ’“Ww«f‘é*%#
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(Page L-17¢ Blank)

4.5.2.3.2 Yart 2, Differential Correction Output (not currently used)

4.5.2.3.2.1 Section 1

This section contains the residuals printed in tabular form. The quantities

are:;

Ny

o = Oy wvoFEowWw

sensor (STAT;

time (TIME)

range residual (RHYQ REZID)

range rate residual (RCZOT RESID)
right ascension residual (R.A. RESiD)
declination residual (DECL RESID)
azimuth residual (AZIM RESID)
elevation residual (ELEV RESID)

An asterisk appears next to residuals which are rejected.

4.5.2.3.2.2 Section 2

This section contains corrections made to auxiliary qQuantities whichk are

translated by *he program tc element corrections:

b IS AT & R = WS B A0 B

RMS val ue of resaduals in position (SUM)
annfo (DEL M-0-TIL)

A(1/a) (DELTA 1/A)

A c¥ (DELTA C*)

A 5% (DELTA &)

Aa* (DELTA ALPHA*)

Ab* (DELT DELTA*)

This section contains the corrected elements and the position and velocity

coordinates (at t

1.

na
-

R W

O) iisted as follows:
~ g

M (M-C-TILDE)

i/u (ONE OVER A)

P components (PX_PY,PZ)

~ .
Q components {QX-TILDE, QY-TILDE, QZ-TILDE)
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.5,3 NEAR-EARTH CONIC - NEAR

4.5.3.1 Purpose

The KEAR program computes possible trajectories for lunar flights and other
missions in which the probe remains within the Earth's sphere of influence.
The powered flight phases are based on a configuration involving &n initial
burn time, a circular intermediate parking orbit coasting phase and a final
burn time terminating in injection into the transfer conic. The transfer
conic solutions include escape trajectories of both elliptical and hyper-
bolic form depending upon the magnitude of the energy expended during the

final burning stage.

Given launch point, launch azimuth and arrival date, the program computes
launch time, imjection point into the transfer conic, time of flight,

coast time and other trajectory properties.

4.5.3.2 Input - Schedule Tape Mode (Toggle 24 On)

Deck Column
Position Card Type Number Punch
1 Schedule Tape Card
2 Job Card
3 Remarks Card
L Program ID Card
17-19 RUN
25-31  NEARBBA
32-36  ,DATA
Deck Scaling Column
Position Factor Number Punch
P,
F2.0 5-6 0l = Card number
F2.0 10-11 Last 2 digits of year of launch {optional)
F2.0 13-14  Month of launch {optional)

F2.0 16-17 Day of launch (optional)
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Deck
Fositicn

Scaling
Factor

6

10

F2.
Fa.
Fe.
F2.

o O O O

F2.
F2.0
I2

F3.0

o]

F2.0
F6.2
Fs.1

F2.0
F3.1
F5.1

F2.0
I2
I1

F8.2

4-180 TM-~LX-123/00G/00
Column
Number Punch
5-6 02 = Card number
10-11 Last 2 digits of year of arrival
13-14 Month of arrival (optional)
16-17 Day of arrival (optional)
5-6 03 = Card number
10-11 Time of flight (optional)
13-14 Number of arrival dates (optional)
16-18 Minimum allowable coast time (optional)
5-6 04 = Card number
10-15 Initial launch azimuth
17-21  Perigee distance (km.) (optional) (if given,
the program will compute eccentricity)
5=6 05 = Card number
10-12 Azimuth increment
14-18 Azimuth used to compute the energy term
(optional) (if 7777., program assumes = 102°)
5-6 06 = Card number
10-11 Nuembo,- of azimuth increments
13 1 = Use short coast time
2 = Use long coast time
3 = Use both coast times
15-22 Distance from earth's center to injection into

transfer conic (meters) (optional)




4L May 1964
Deck Scaling
Position Factor
11
F2.0
F7.h4
12
F2.0
F8.3
13
F2.0
F8.3
ik
F2.0
F8.4
15
F2.0
F8.4
16
F2.0
F9.6
17
Fz2.0
FL.O
F2.0
Fh.2

Column

NEAR

4-181 T™-LX-123/000/00

Number Punch

5-6
10-16

5-6
10-17

5-6
10-17

5-6
10-17

5-6

10-13
15-16
18-21

07 = Card number

Angle between perigee and injection

08 = Card number

Time from launch to injection

09 = Card number

Time during firal burn

10 = Card number
Angle from launch to injection into parking

orbit

11 = Card number

Angle rade during final burn

12 = Card number

Inverse parking orbital rate (sec./deg.)

13 = Card number
Longitude of launch point (deg.)
Longitude of launch point {(min.)

Longitude of launch point (sec.)
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Deck
Position

Scaling
Factor

16

19

20

2l

Fh.
F2.
Fh.

F2.
F3.
Fo.
Fh.

Fe.
F3.

Fk.

F2.
F3.

Fe.

Fh.

n O o O

n o o O

4-182 ™-1X-123/000/00

Column

Number Punch

5-6 14 = Card number

10-13 Latitude of launch point (deg.)

15-16 lLatitude of launch point (min.)

18-21 Latitude of launch point (sec.)

5-6 15 = Card number

10-12 Lunar longitude (deg.) (optional)

14-15 Lunar longitude (min.) (optional)

17-20 Lunar longitude (sec.) (optional)

5-6 16 = Card number

10-12 Declination of outgoing asymptote {deg.)
(optional)

14-15 Declination of outgoing asymptote (min.)
(optionai)

17-20 Declination of outgoing asymptote (sec.)
(optional)

5-6 17 = Card number

10-12 Greenwich hour ansle at launch (deg.)
(optional),

14-15  Greenwich hour angle at launch {min.)
(optional)

17-20 Greenwich hour angle at launch (sec.)

{optional)
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Deck Scaling
Position Factor
22
F2.0
F2.0
Fz.0
F4.2
23
F2.0
FT7.6
24
F2.0
FT7.6
25
Fz2.0
F7.6
NOTE:

26

27

NEAR

4-183 T™-1X-123/000/00

Column
Number Punch
5-6 18 = Card number
10-11 Right ascension of outgoing asymptote

(hrs.) (optional)
13-14 Right ascension of outgoing asymptote

(min.) (optional)
16-19 Right ascension of outgoing asymptote

(sec.)} (optional)
5-6 19 = Card number
10-16 X-component of outgoing asymptote (optional)
5-6 20 = Card number
10-16 Y-component of outgoing asymptote (optioral)
5-6 21 = Czrd number
10-16 Z-component of outgoing asymptote (optional)

If the declination and righkt ascension of the outgcing asymptote

are given, the X-, Y- and Z-components will be computed.

F2.0
F9.7

Fa2.0
F6.6

5-6
10-18

5-6
10-15

22 = Card number
Energy term (km.2/sec.2) (optional) (if T7777.,
the program will compute this value)

23 = Card number
Eccentricity (optional)} (program computes

this if perigee distance is given)
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Deck Scaling Column
Position Factor Number Punch
28
¥2.0 5-6 24 = Card number
F7.2 10-16  Semi-latus rectum (meters) (optional)

(unnecessary if eccentricity> 1.0, energy
term>» 0 or is to be calculated)

I2 18-19 03 = Last input record indicator
29 End of Data Card
30 End of Job Card
31 End of Schedule Tape Card
32 Blank Card

4.5.3.3 OQutput

The program ocutput printout shows the input items for a case followed by the
outputs. The input section contains 24 lines, one line corresponding to
each of the 24 input cards. The output section contains the following

quantities:

Components of S, the outgoing asymptote (SX, SY, SZ)

Declination and right ascension of the outgoing asymptote (DAO, RAO)
Earth moon distance at encounter (RI)

Leuncher latitude and longitude (LAT, LON)

Twice the total energy per unit mass, km.z/sec.2 (c3)

Eccentricity and semi-latus rectum of the conic (ECC, PAR)

True anomaly at injection (TA)

Distance to perigee (RCA)

Inverse parking orbit rate (KFD)
Time of first and final burn (TLP,TFB)
First and final burn arcs (PLP, PFB)

i i
N R o

Greenwich hour angle at encounter (CHA)

Lunar phase angle (LPH)

—~
(WH]
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14. Longitude of the moon at encounter {LOM)

15. Distance to injection (RAD)

16. Injection velocity (km./sec.) and injection path angle (VEL, PTH)

17. Launch date - month, day, year (LAUNCH DATE)

18. Time of flight in hours (TF)

19. Arrival date - month, day, year, hours, minutes, seconds (ARRIVAL DATE)

With each launch azimuth the following quantities are printed:

1. Launch azimuth (LNCE AZMTH)
Launch time - hours, minutes, seconds GMT (LNCH TIME)

o

Time from launch to injection in seconds (L-I TIME)

Injection latitude and longitude (INJ LAT, INJ LON)

Range along the earth's surface (RANGE)

Inject_on right ascension and azimuth (INJ RT ASC, INJ AZMTH)

Injection time - hours, minutes, seconds, GMT (INJ TIME)

Parking orbit ccast time (PO CST TIME)

. Latitude and longitude of second stage ignition (ING 2 LAT, ING 2 LONG)

@
L R N
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L.6 SPECIAL PURPOSE AREA

This section includes special purpose programs (DUPE, MAKETAPE, TELTYP,
WRTSENT, RESPLT, DUMP, RPTGEN, ICONDIS, TAPEQP, HISPFRC, MESNO and TAPEGEN).
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L.6.1 RESIDUAL PLOT - RESPLT
4.6.1.1 Purpose

The RESPLT program reduces observations against specified element sets and
outputs the residuals on punched cards which can be used in the EAI Data

Plotter.

h.6.1.2 Input - Schedule Tape Mode only (Toggle 24 On)

Deck Column
Position Card Type Number Punch
1 Schedule Tape Card
2 Job Card
3 Remarks Card
b Program ID Card
1-6 SPSJ@B
9-14 RESPLT
17 0 = Observation cards, S-file and E-file tape
inputs

1l = Observation cards, Element Set cards and
5-file tape inputs

2 = Observation cards, Element Number cards
and S-file and E-file tape Inputs

3 = Observation cards, Sensor cards and
E-file tape inputs

h

Observation cards, Element Set cards and
Sensor cards inputs

5 = Observation cards, Element Number cards,
Sensor cards, and E-file tape inputs

18 O = Hardcopy and punched cards output
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i May 196k 4-190
Deck Column
Position Card Type Number Punch
5 Data Cards:
a. Input Option O:
(1) Observation cards
b. Input Option 1:
(1) Observation cards
(2) Element Set cards
¢. Input Option 2:
(1) Obvservation cards
(2) Element Number cards
d. Input Option 3:
(1) Observation cards
(2) Sensor cards
e. Input Option U4:
(.) Obvservation cards
(2) Element Set cards
(3) Sensor cards
f. Input Option 9:

O o =N Oy

{1) Otservation cards
(2) Element Number cards

(3) Sensor cards

End of Case Card
End of Job Card
End of Schedule Tape Card

Blank Card

™-LX-123/000/00
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bh.6.1.3

Outgut

4.6.1.3.1 Printout

4-191

RESPLT

™-I1X-123/000/00

The printed cutput of RESPLT consists of reduced observations sorted by

revolution number.

1.

2
3.
i

O o =1 Oy o

Quantities are:

Satellite number

Observation number

Revolution number

Time (min./100) since epoch

Vector magnitude (km.)

Revolution number (N/1000) since epoch

Element number

Association status

Sensor number

SATNO OBSNO

03k
53k
03k
034
03k
034
034
034
03k
03k
034
03k
034

4333k
43335
43336
L3337
43338
43339
43340
433h1
43343
43344
L3345
L3346
L3347

REV
10731
10731
10731
10731
10731
10731
10731
10731
10731
10731
10731
10731
10731

DT(MIN}
-.0012
-.0010
-.0010
-. 0011
-.0010
-. 0009
-.0009
-.0012
~. 0010
-.0012
-.0011
-.0013
-.0012

VMAGN
56
L8
L8
52
L8
L1
43
5k
Lo
54
51
62
53

NREV
. 007
. 007
. 007
. 007
. 007
. 007
. 007
.007
. 007
. 007
. 007
. 007
- 007

SAMPLE PRINTOUT, RESPLT

joclesNecRocResNacsNovRocRorResRosResNe )

ELNO ASTAT

119
119
119
119
119
119
119
119
119
119
119
119
119

HFHEHFRFRRFRFHRFFRFRRRFF S

STA
039
039
039
039
039
039
039
039
039
039
039
039
039
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4.6.1.3.2 Punched Cards

The punched card output of the reduction is used as input to the data

plotter. The output consists of:

1. Stop card (to allow operator action)

2. Axes cards

3. Graph labeling cards (characters S, E, R, T)

4. Deta (satellite number, element number, epoch revolution number,

epoch tire in days)
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h.6.2 OTHER

The following programs in the Miscellaneous area are seldom used by the

analyst. A brief description of each program is given.
L.6.2.1 DUMP

The purpose of the DUMP program is to dump the contents of core memory, in
mnemonic and octal format, onto the system output tape. The DUMP program
can be initiated by a console interrupt or by manually executing a jump at
the computer console. In either case, the program is read in and operated

by EXECMOD1.
4.6.2.2 DUPE

The DUPE program provides the means for duplicating tapes in the B-2 System.
The program will duplicate a specified number of the blocks or until a
sentinel block on tape is reached. The program automatically rewinds both

tapes and checks the identification blocks before duplicating.
4.6.2.3 HISFRO

The purpose of the HISPEO program is to reduce the BMEWS historical data on
the system output tape to a readable formet.

The program will process the following types of BMEWS input messages and

indicate either test or real mode:

a. Individual impacts
b. Equipment status at sites 1, 2, and 3
c. Radar status at sites 1, 2, and 3

d. Threat summary

D

Manpan Threat summary
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L.6.2.4 ICONDIS

The purpose of the ICONDIS program is to produce a teletype tape of sub-
satellite tracks for input to the ICONORAMA display equipment in the NORAD
COC. The maximum number of satellites which can be displayed simultaneously
is twelve if the updating time interval is twc or four minutes, cr eight if

the updating time interval is one minute.

The geographical background for the display is a Mercator projection with the
following limits:
78° north latitude, 69° south latitude with the east-west break of 60°

east longitude. There is no overlap in longitude.
4.6.2.5 MAKETAPE

The MAKETAFE program produces, from cards, an input tape in a format acceptable
to the TELTYP program. The program has an option to break up the message into

90-1ine segments.
L.6.2.6 MESNO

The MESNO program types on the console typewriter the current message number
of the SEAIC tape and provides the operator with the option to change this

number via the typewriter.
4L.6.2.7 RPIGEN

The RPTGEN program produces a hard copy report in a specified format from

input cards.
L.6.2.8 TAPEGEN

TAPEGEN is a utility program run under SYS (Philco 2000 operating system)
control to generate binary master tapes for the B-2 System. The program has

the following seven modes oi operation:

a. Mode 1 - generates a new binary master from an RPL (Running Program

Language ) tape.




0
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(Page 4-196 Blank)

Mode 2 - same as Mode 1 with the added feature of allowing octal

corrections to be inserted in the specified programs.
Mode 3 - updates the old binary master with new RPL programs.

Mode 4 - same as Mode 3 with the added feature of adding octal

corrections.
Mode 5 - updates the binary master with octals only.

Mode 6 - updates the old binary master by deleting all

program specified by the operator on the conscle flexowriter.

Mode 7 - converts a Philco 2000-211 binary master to a 212 binary

masher.

4.6.2.9 TAPEQP

The TAPEOP program provides the B-2 System with the following tape maintenance

capabilities.

a
b.

]

d.

e.

Write a sentinel block
Rewind any system tape
Skip a specified number of blocks or to a sentinel blnck
Copy a specified number of blocks or to a sentinel block

Compare two tapes for a specified number of blocks or to a sentinel block.

L. 6.2.10 TELTYP

The TELTYP program is used to convert an output tape, written by other

programs such as MAKETAPE, to teletype format (Baudot code). The program

searches for a particular start sentinel and then converts all of the message

until an end sentinel is located. It then writes all of the converted data

back onto the system output tape for off-line processing.

i.6.2.11 WRTSENT

The WRTSENT program provides the means for writing sentinel blocks on tapes

or rewinding tapes in the B-2 System.
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4.7 1620 COMPUTER PROGRAMS

This section includes the 1620 programs used by the analyst (Jacchia,
King-Hele/Findley and Launch).
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4.7.1 JACCHIA II SATELLITE DECAY PREDICTION - JACCHIA

4,7.1.1 Purpose

The Jacchia program computes a predicted satellite decay revolution up to
100 revolutions after the input revolution. The computation may be

performed by either or both of two methods:

4.7.1.1.1 Method A uses an equation whose solution approaches zero as the
stepped revolution number in the equation approaches *he decay revolution

of the satellite.
4,7.1.1.2 Method B is essentially 2 plotting method.
L.7.1.2 Input

4.7.1.2.1 Input Mode A {legal only using Method A)

Deck Column
Position Card Type Number Punch
1 Satellite Number Card

1-10 Satellite number {right adjust)

2 Data Card
1-10 x.xxxxxxxx (days) = Period
11-20  xxxxxxxx.X = Revoluticn number
3 Data Card 2: same as Data Card 1
. Data Card 3: same as Data Card 2

NOTE: Dauva cards must be in ascending order by revolution number.
L.7.1.2.2 Input Mode B

Mode B uses one Satellite Number card {see Mode A format) and from 6 to 100
Data Cards {sce Mode A format). Data Cards must be in ascending order by

revolution number.
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4.7.1.2.3 1Input Mode C

Mode C regquires from 6 to 100 sever-card elcment sets. The element sets

must be in ascending order by element set number.

L.7.1.3 Togsle Switch Settings

Switch Position Input Method

1 On A only A only

1 Off: Program tests switch 2

2 On B B

2 off c B

2 On cee SW 2 A in addition to B
3 Off: Nc effect

L On: Input data not printed on typewriter

4 Cff: Inpat data printed on typewriter

4.8.1.k OQutput
The printed output corsists of tne following information:

1. Sateilite number

[

Number of input points (Method B)

Pericd in days and revolution number (inpit data)

= I

Decay revolution




JACCHIA

i May 1964 -2 ™-1X-123/000/00
-2

=
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(Page 4 Blank )

SAMPLE PRINTOUT, JACCHIA IT

.Satellite number

Pi
Tlg‘ ll_______...-number ol points
06293789 70— Rev .
.06290kL2 28.0
06280657 85.0
06264376 191.0
06257386 235.0
.062LC596 300.0 ’  Method B
,06240L51 31k.0
. 06220669 393.0
. 06202941 455.0
.061778kL2 512.0
.06164303 535.0 ]
DECAY ON THIS REV - 591.0
06293789 7.0 |
06257386 235.0 > Method A,bpoints
06164303 535.0 selected by the program
DECAY ON THIS REV - 601.0
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L.7.2 KING-HELE/FINDLEY DECAY PREDICTIOR

L.7.2.1 Purpose

The Xing-Hele and Findley programs both compute a predicted satellite decay
day using the same input but different formulas. The two programs are rin

together.

4.7.2.2 Input

One seven-card element set is the only input required.

4L.7.2.3 Qutput

The printout consists of the folilowing quantities:
1. Satellite number
2. Element set number
Predicted day of decay from January 1, and day and year if before 3
years. The output contains both King-Hele and Findley methods.
SAMPLE PRINTOUT, KING/HELE FINDLEY

DECAY PREDICTIONS

DAYS FROM JAN 1 DAY AND YEAR, .IF BEFORE 3 YEARS
SAT EL KING HELE FINDLEY KING HELE FINDLEY
713 11 29 25 29 196l 25 196k
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4.7.3 1620 LAUNCH

4.7.2.1 Purpose
The 1620 Law:ch program computes a set of nominal elements given nominal

input data.

L7.3.2 Input

Deck Column
Positicn Card Tvpe Number Punch
1 Parameter Card 1
1-3 Satellite number
L-6 Element Set number

G-20 Satellite name
LO-50 Eecentricity
£1-64  Inclination

2 Parameter Cari -
1-9 Day of launch

ic 0

1

Launch direction south

il

Launch direction north

11-24  Anomalistic period

25-36  Time (sec.) from lift-off to injection

37-50 Latitude of injection {+ is north and - is
south)

51-64  Lengitude of injection {(+ is west and - is
east)

65-78  Perigee (ir earth radii)
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L.7.3.3 Output

The printcut of the program is the same as the punrched card output, that
is, a starndard T-card element soct, Lo’ Ca’ and CY1 are omitted. Specifically

the quantities printed are:

1. Satellite number.
2. Element set number.

Satellite name.

LAl

L. BEpoetr revolutior {o).

5. Eccentricity, e.
&. Inelination, i.
T. Epoch year (always current vear).
8. Epoch time, T -
9. Anomalistic pericd, Pa (days/rev).

10. Right ascension of node, 0 (deg.).

11. Argument of perigee w (deg.).

12. Perigee distance {earth radii).

13. Chenge in right ascension,  (deg./day).

14. Change in argument of perigees, w {deg./day).

i5. Semi-major axis, a (earth radii).

16. Nodal period, P (days/rev).

17. Bulletin expiration time, always current year, first month,
first day.

18. Element card numbers.




I« May 196k

SAMPLE PRINTOUT
1620 LAUNCH

501

S01

SO01

501

r—>Satellite no.

r—Element set no.

4-207

(Page 4-208 Blank)

Card No.
atellite name
Epoch Year
018 LE 1
0 2 196k
(Pa)
0 3 .06265722
04
05

(a)
06 1.0Lkéeb2

07

(Epoch rev) (e)
X. 0.0155
(to)
41.97791
(QE (w)
214.67115 155.14981
(&) (b)
-2.9220k -1.7732k
(Pn)
06266655
(BLTN Date)
2040101

1620 LAUNCH

™-1X-123/000/00

(q)
1.02847401 E
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4.8 STANDARD SYSTEM INFORMATION
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L-209
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This section includes the following standard items of system information:

a.
b.

[STRENN ¢

o Mmoo

CCS Sequences

Schedule Tape Cperation - card and tape requirements

Observation Card
Satellite Number Card
Sensor File Card

Element Set File Cards
Acquisition File Card
Information rile Cards
Communication File Cards

SEAI File Deleticn Card
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L-211

{Page 4-212 Blank)

4.8.1 0CS Sequence

4.8.1.1 Group 1:

0CS SEQ

™-1X-123/000/00

Must alsc have accompanying indication as to source of

cbservation input.

0CS Number: gos1* dcse des3 gosk pCss pesé
Toggle Control: 2-Up 3-Up 4-Up 5-Up 6-Up
Programs: ORCON ORCON ORCON ORCON ORCON
RASSN RASSN RASSN RASSN
SGPDC SGPDC SGPDC
BLTNSGP ELTINSGP
GLASGP
4.8.1.2 Group 2: R Tape must be mounted prior to initiaticn of sequence.
0CS Number: gest gcss @Ccs9 gcs1o @FCs11#*
Toggle Control: T7-Up 8-Up 9-Up 10-Up
Programs: RASSK RASSN RASSN RASSN
SGPDC SGPDC SGPDC
BLTHSGP BLTNSGP
GLASGP

4.8.1.3 Group 3

After initiation, Executive program will request a table

of satellite numbers (SATTB) to be entered.

0CS Number: gcs1e
Tegegle Control: 12-Up
Programs: SGPDC
0CS Number: geo18wx
Toggle Centrol:

P ograms: GLASGP

**currently not used.

gcs13
13-Up
SGPDC
BLTNSGP

pCs19
18-Up

gesih gcs1s**  gesié gesit
14-Up 16-Up i7-Up
SGPDC BLTNSGP BLINSGP
BLTNSGP GLASGP
GLASGP

fCsoox®  Prs2lwx
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L.8.2 Schedule Tape Operation

4.8.2.1 Standard Carc Formats

Column
Card Type Number Punch
Schedule Tape Card
1-8 70 SCHTP
9 11, 8 and 2 = * = end of block
80 J = card type
Job Card
17-19 J@B
25 1 = first schedule tape program run

2 = second sched.l: tape program run
etc.
Remarks Card {optional)
17-19 REM
Program I.D. Card (see program)
Parameter Card (see program)
Data Cards (see program)

End of Case Card {optional)

1-8 END CASE
9 11, 8 and 2 = * = end of block
80 J = card type

End of Data Card {opticnal)

17-23 ENDDATA
End of Job

1-8 ENDPFJI@B
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Column

Card e Number Punch
9 12, 8 and 2 = * = end of block
80 J = card type

End of Schedule Tape
1-8 ENDSCHED
9 11, 8 and 2 = * = end of block
80 J = card type

Blank card

L4,8,2.2 Deck Format

10
él ank Card

Schedule Tape

4.8,2.3 Input Tape Requirements

See Figure L-1
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L.B.3 Observation Card Format

Column
Card Type Number Punch
Observation Card
1-3 Satellite number., Column 1 conteins =a
minus sign if this is a classified ~b-
servation; 3 or 5 are not allowed
4.5 Equipment Type
6-9 Sensor Number
10 Accuracy or Signal Strength
11-15 Date
16-2k Time (2)
25-30 Elevation/declination. Column 2% can
be overpunched + or -.
31-37 Azimuth/right ascencion. Column 31 can
be overpunched + or -.*
38k Slant range (km.)
45.53 Range rate (ka./sec.) with implied

decimal point between columns 46 and 47;
or baximum frequeney shift (cycles/sec.e)
with implied decimal point between

columns 52 and 53.

* A minus overpunch in col. 31 indicales cols. 25-30 and 31-%7 are declination

and right ascenslon respectively.
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Column
Card Type Number Punch
5l O, Blank = FRange rste in cols., 45-53

1 = Maximum frequency shift in cols.

L5-53.
55=57 Brightness ai observation time (see
paragraph 4.5.3.2)
£8-59 Maxix 'm brightness
653-01 Minimun brightness
£2-63 Time interval of brightness
ol-65 Date or line number
56-69 Message number
ce Equinox (see paragraph 4.3.3.3)
73-78 Observation number {assigned by @RCEN)
9 Switch indicator used by manual system
£0 Card type (code type = Any numeric be-

tween 0 - 9) identifies an Observation
Card. O = Unknown, 1 - 9 coded accord-
ing to the Asscociation Status as deter-

mined in RASSN.
4.8.3.1 Column 10: Accuracy
Either accuracy or signal strength may be indicated in column 10.

If entry in columns 4% and % is 31 or greater, column 10 contains signal

strength. I entry is 30 or less, column 10 contains accuracy.
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Code Figure Accuracy Signal Strength
o Normal observations made under fair Signal strength good,
conditions. reliable measurement.
1 Ctservations slightly under par due Sigrnal fair.

3

1o outside interference (e.g. some

clouds, reduced visidbility),

2 Observaticns only poor due to out- Signal weak, results
side interference. DOCT.
3 Only estimates possible (maifunction Signal questicnable.

of instrument. Too short time of

object seeing).

L Doubtiul observations, unable to
verify either object or instrument
behavior. Observations should be

considerad only as tentative.
4L.8,3.2 Columns 55-53 Cross Section, Fregquency - for manual runs only

The block containin; columns 55 through 03 is a dual purpose block where
cross section and {requency, or magnitude and time interval are ind:vated.

In order to specify cross section and f{requency, a minus is used in column 58.
No sign is used in column 38 when this block contains magnitude and time

interval

Cross section, given In sguare meters, is listed in columns 55 through 57.

To indicate less than ont square meter cross sectlon, use appropriate numbers
and a minus in column 5%, thus Iin effect, putting a decimal point before
column ©%. For larger values where three digits would not be sufficient,

use a plus in column %% to represent ten times the indicated value (adding

a ¢ero to the value listed).
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Frequency in megacycles, is listed ir columns 58 through 63 with the decimal
point understood to be located between columns 50 and 61. In rare cases it
might be desirable tc increase the range of frequency given either side of
the decimal point. To do this, use a minus in column 63 to move the point

one place to the left, or a plus in column 63 to move the point one place to
the right.

4.8.3.3 Column TO. Equinox

Column 7C contains yeer of Equinox as specified by the following:

G = year of date
1 = 1900
2 = 1925
3= 1950
L = 1979
5 = 2000
6 = 1850
T = 1855
8 = 1875

9 = to list actual year, if not provided above, list last two digits
of year in columns 71 and 72 and use a minus in column 70 for 18
and a plus in coluwmn {0 for 19. Example: Eguinox of 1961 would

contain "+61" in columns 70, 71, and 72.

BN S—
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L.8.4

(Page 4-222 Blank)

Satellite Number Card Format

Column
Card Type Number Punch

Satellite Number Card

1-8 Satellite Number (rt. adj.)

NOTE: Cols. 1-8 may be repeated, once for each satellite, up through
cel. T2.

80 R = Card type
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4,8, Sensor File Card Format

Column
Card Type Number Punch
Sensor File Card
1-4 Sensor Number
5-11 4% (+N) = latitude (decimal assumed
hetween -ols. T7-8)
12-19 2 (+W) = longitude (decimal assumed
between cols. 15-16)
20-25 H (meters) = altitude (decimal assumed
after col. 25)
33 Clasgification (U, C, S)
37-5k Location {descriptive)
50-T8 Remarks
T9 * = this sensor is in S-file
8o S = Card type
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.2.5 Element Set File Card Formats

e
L

—
e}

Card Type

Element Card 1

Element Card 2

6.1 Seven-Card Element Set

ELFMENT 7 ZARD

L-225 ™-1X-123/000/00

Column

Number Punch

1-3 Satellite number (rt. adj.)

L-6 Element set number (rt. adj.)

8 1 = Card number

9-18 Satellite name for Element File Update

23-36 N = Epoch revolution

3T7-50 e = Eccentricity

51-64 i = Inclination {degrees)

80 Card type (Code type = E, F, G, or H):
E = Nodal Elements
F = Nodal Elements from Lockheed
G = Nodal Elements from NASA
H = Nodal Elements from N M

1-3 Satellite Number (rt. adj.)

L-6 Element set number

8 2 = Card number

G-12 Year of 'I‘o

23-36 T, = Time of Epoch (day and fraction
of days in year)

80 Card Type (Code type = E, ¥, G, or H):

E = Nedal Elements
F' = Nodal Elements from Lockheed
G = Nodal Elements from NASA

H

Nodal Elements from N ﬂ
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Column
Card Type Number Punch

Element Card 3

1-3 Satellite number (rt. adj.)

L-6 Element set number (rt. adj.)

8 3 = Card number

9 .22 P, = Anomalistic Period at Epoch (days/
rev.)

23-36 & o - Right Ascension of ascending node
(deg. )

37-50 v - Argument of Perigee (deg.)

51-64 q - Perigee (earth radii)

80 Card type (Code type = E, F, G, or H):
E = Nodal Elements
F = Nodal Elements from Lockheed
G = Nodal Elements from NASA
H = Nodal Elements from N M

Element Card k4

1-3 Satellite number (rt. adj.)

L-6 Element set number {(rt. adj.)

8 4 = Card number

9-22 C = Rate of change of period in days/
(rev.)2

23-36 o o, = Time derivative of Right Ascen-

sion of ascending node (deg./day)
37-50 o 5 - Time derivative of Argument of
Perigee (deg./day)
80 Card type (Code type = E, F, G, or H):
E = Nodal Elements
F
G = Nodal Elements from NASA
H = Nodal Elements from N M ‘

Nodal Elements from Lockheed

1
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Card e

Element Card 5

Element Card 6

Element Card 7

EIEMENT 7 CARD

4227 ™-1X-123/000/0C
Column
Number Punch
-3 Satellite number (rt. adj.)
b Element set number (rt. adj.)
3 5 = Card number
80 Card type (Code type = E, F, G, or H):
E = Nodal Elements
F = Nodal Elements from Lockheed
G = Nodal Elements from NASA
H = Nodal Elements from N M
1-3 Satellite number (rt. adj.)
L-6 Element set number (rt. adj.)
6 = Card number
G-22 a = Semi-major axis (earth radii)
23-36 P = Nodal period (days/rev.)
37-50 CN = Rate of change of nodal period
in days/(rev.)2
51-64 Cp = Phase angle coefficient (optional)
80 Card type (Code type = E, F, G, or H):
E = Nodal Elements
F = Nodal Elements from Lockheed
G = Nodal Elements from NASA
H = Nodal Elements from N M
1-3 Satellite number (rt. adj.)
L-6 Element set number (rt. adj.)
8 T = Card number
23-29 Initial Revolution, decimal may be

punched in column 29
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Card nge

7

/
{(Cont'c)

Column
Number

30-36

37-50

51-58
59-66

™-1X-123/G00/00

Punch

¥inal Revolution, decimal may be

punchied in column 36

YMMDDHHMMSS.SS = Expiration date of
Bulletin
XX XX = RS

Number of observations used in obtain-

ing RMS

Blankx or O = Correct all eiements

1
2

3

Do not correct the inclincation
Do not correct the drag term

Do not correct inclination or

drag term

Correct time equation only

Do not rerun if drag term becomes
positive

Do not correct the inclination or
rerun 1f drag term becomes
pusitive

New epocnh is time of last accept-
able residual., Initial revoluc¢icn
of the new bulletin is the revolu-
tion which the satellite is on at
the time of program run. New
bulletin time = operational time
of o0ld bulletin, which stops at
time of program run.

New epoch is time of last accept-
able residual. Initial revolution

of new bulletin is the final rev.




ELFMENT T CARD

§ May 1964 k229 ™-[X-123/000/00

Column
Card TEEQ Number Punch

minus 1 of old bulletin. New bulle-
tin time = 4/3 0ld bulletin.

E = Used only when elements are good but
bulletin is expiring or epoch is
greater than 100 days.

NOTE: +, -, or B used only for OCS runs.
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1,8 6.2 Four-(.rd Element Set

Column
Number

Cerd TXEG

L-230

T™-1X-123/000/00

Punch

Element Card ©

=

9-11

13-1k
16-24
26-28
30-31

32

0 = Card number

Blank = SPADATS number

4-9 = SPASUR number used prior to
SPATATS number

Satellite number

Blank = SPADATS elements

9 = SPASUR elements

Element Set number

Last two digits of year

Greek letter designator

Piece number

US = United States]

SR = Russia

FR = France

UK = England Country of Origin
CA = Canada

JA = Japan

0 = Unknown

1 = Seientific
2 = Weathker

3 = Navigation Functional Type
4 = Communications

5 = Manned
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Column
Card Type Number Punch

33 0 = Silent
1l = Transmitting
2 = Rocket body silent
3 = Rocket body transmitting
4 = Metal or other fragment
9 = Unclassified elements of all foreign

jaunched vehicles
35-36 Last two digits of epoch year
38-39 Month of epoch
Yy1-42 Day of epoch

Lh4-L6 Bulletin number

48-49 Month of bulletin issue

51-52 Pay of bulletin issue

5l -56 Number _f revolutions covered by

bulletin
Element Card 1

1 1 = Card number

2-12 Sam: as cols. 2-12, Card number C

13-26 XAAHX  XXXXXXXX = Modified Julian Day of
epoch

28-38 KX XXXXxxxx (e.r.) = a, semi-major axis

40-50 +oxooxxtxx (e.r./day) = da/dt, the first

time derivative

of a
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Card Type

Element Card 2

Element Card 3

Y232 T™-LX-123/000,/00
Column
Number Punch
50-02 +oxxxxxxtxx (e.r./day/day) = dga/dtg,
the second
time deri-
vative of a
6l -66 Check Sum - the ar:.thmetic sum of digits
in each line, plus one for
each minus sign
1 2 = Card number
2-12 Same as cols. 2-12, Card number O
13-2C xxx.xxxx_ = Inclination
22-29 XXX L 00K = Argument of Perigee
31-38 XX XK = Right Ascension of the
ascending node
Lo-47 Jxoooxxxx. = Eceentricity
4g9-55 xox.xx (min.) = Anomalistic Period
57-62 xxooaxx (km.) = Height of Perigee above
Farth's Equatorial Radius
6l -66 Check Sum
1 3 = Card number
2-12 Same as cols. 2-12, Card number O
13-20 xxx.xxxx’ = Mean longitude
22-29 i;x.xxxxo (deg./day) =dw/dt, First

time derivative
of the Argument

of Perigee
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Column
Card type Number Punch
3 (Cont'dj 31-38 +xx.xxxx (deg./day) = d&@/dt, first

time derivative
of the Right
Ascension of the

&scending :ode

Lo-kLt +. yxx+xx (per day) = de/dt, first time
derivative of eccen-
tricity

49-55 +.xxxx (min./day) = dPa/dt, first time

derivative of the
Anomalistic Period
57-62 Revolutions from launch
6l-66 Check sum
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4.8.6.3 N M Flement Set

Card Type

Element Card 1

Column
N:g;er

1-12

13-2k4

25-36

37-48

-

49.60

9

80

4-23h TM-LX-123/000/00

Punch

to = Initial time point of integration
(min.), (floating point)
At = Integration time step interval
(min.), (floating point)
tf = Final time point to be integrated
(min.), (floating point)

d = The caliber or reference diameter
of the vehicle (meters), (floating
point)

m = The weight of the vehicle (kilo-
grams), {(floating point)

1 = Card number (not used in manual
programs )

Card type (not used in manual programs)

NOTE: Floating point numbers are given in the format: +.xxxxooox+xx

Element Card 2

1-12

13-24
25-36
37-48

L9.60

=
il

mean longitude at initial time

(radians), (floa.ing point)

(floating point)

(floating point)

hx = x-component of angular momentum,
(floating point)

hy = y-comporent of angular momentum,

(floating point)
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Column
Card Type Number Punch
2 {Cont'd) 61-72 hz = z-component of angular momentum,
(floating point)
79 2 = Card number {not used in menual
programe )
80 Card type {not used in manual programs)

HOTE: Floating point numbers are given in the format: +.xx00ixx+xx
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L.E.7T Acguisition File Card Format
Column
Card Type Number Punch

Acquisition File Card

1-3 Satellite number (rt. adj.)

5-7 Element set number (rt. adj.)

15-18 Sensor number (rt. adj.)

20-24 Initial revolution = first revolution

for which Look
Angles are com-
puted
26-30 Final revolution = last revolution for
which Look Angles are

computed
32-3 Grid size = interval between successive
Look Angles {min.)
36 1 = Look Angles are desired for visual

passes
0 = Look Angles are desired for all
passes, wnether ~Isual or not
37 0 = Short output format
1 = Long output format {includes sun's

elevation and illumination)

38-42 Maximum range that the sensor can read
(Yom. )

43-45 Minimum elevation that the sensor can
read (deg.)

46-48 Maximum elevation that the sensor can

read (deg.)
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Column
Number Punch
L9-51 Minimum azimuth that the sensor can
read (deg.)
c2-5h Maximum azimuth ihat the sensor can
read (deg.)
55 0 = Generate all-points look angles
(rise tc set)
3 = Generate CPA (i.e., generate first,
last, and point of closest approach)
look angles
4 = Generate BAKER-NUNN look angles
6 = Generate all points-scheduling
(i.e., write Look Angles on Schedule
Type)
9 = Generate CPA-scheduling
56 1 = Hardeospy and TTY output

U = TTY ontputs
57 C-type Outpubt Coordinates {see Figure L.
80 A = Card type
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4,8.8 Information File Card Format

Column
Numbter

Card nge

INFC CARD

-239 ™-1X-123/000/00

Punch

Information Card 1

6-8
§-10
11-12

Information Card 2

n

Geocentric elements in cols. 51-55
Cols. 51-55 blank

Heliocentric elements in cols. 51-55

w = O
1

1l

Barycentric elements in cols. 51-55
Classification (U, C, S)

Satellite Number (rt. adj.)

Last two aigits of year of launch

Greek letter-number designator: 0Ol =g,
ete.

Component no. A-Z

Satellite name - alphanumeric

Commnon name

Launch day

Launch month

Launch yea: (last 2 digits)

Taunch site

SPADATS number

01 = Card number

I = Card type

Booster country
Payload country
Mission or Description

Weight (kg.)
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Column

Card Type Number Punch
h1-48 Shape
Lg-56 Length (meters)
57-64 Height (meters)
65-T2 Width (meters)
75-17 Satellite number {rt. adj.)
78-T79 02 = Card number
&0 I = Card type

information Card 3
1-3 Diameter {meters)
25-32 M2 = Radar Cross Section
L1-56 Type Transmission
57-61 Tumbling date
62-6L Tumbling rate (rev/min)
T5-TT Satellite number (rt. adj.)
78-79 03 = Card number
80 T = Card type

Information Card b
1-16 Stabilization
17-24 Maneuver characteristics
25-32 yxxxy.xx = Transmitting frequency

NOTE: Cols. 25-32 may be repeated, once for each frequency, up through
col. Gh.
TH-TT Satellite number {rt. adj.)
78-(9 Oh = Card number

80 I = Card type
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Card Type

Information Card 5

Information Card 6

L-ph1
Column
Number Punch
1-8 Arnomalistic Period (days)
9-16 Inclination
17-24 Apogee
25-322 Perigee
33-40 Eccentricity
T5-TT
‘78-T9 05 = Card number
8o I = Card type
2l Classification
25.26
31-32 Box ccore ¢code

Satellite number (rt. adj.)

INFO CARD

T™-1X-123/000,/00

Country code (1jS, SR, JA, UK, CA)

U. 5. EARTH
U. S. EARTH
U. 8. SPACE
U. S. SPACE

PAYIOAD
DEBRIS
PAYIOAD
DEBRIS

USSR EARTH PAYIOAD
USSR EARTH DEBRIS
USSR SPACE PAYLOAD
USSR SPACE DEBRIS

U. K. EARTH
U. K. EARTH
U. K. SPACE
U. K. SPACE
OTHER FARTH
OTHER FARTH
OTHER SPACE
OTHER SPACE

PAYIOAD
DEBRIS
PAYIOAD
DEBRIS
PAYIOAD
DEBRIS
PAYLIOAD
DEBRIS

V0
01
02
03
ol
05
06
o7
08
09
10
11
12
13
1k
15
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Column

Card Type Number Punch
T5-TT Satellite number (rt. adj.)
T8-79 06 = Card number
80 I = Card type

Information Card 7
P5-72 Address codes (zero prior to 3 letter/

number codes) e.g. OSCA, 0659

75-7T7 Satellite number (rt. adj.)

78-79 07 = Card nurber
80 I = Card type
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4L.6.9 Communication File Card Format

Column
Card Type Number Punch
Communication Card 1
1-4 Sensor number (rt. adj.)
1 = Second card follows
0, Blank = No second card
65 0 - Unclassified
1 - Unclassified/EFTO
2 - Confidential
3 - Confidential/Noforn
L - Secret
5 - Secret/Noforn
T R - Routine
P - Priority
0 - Immediate
Z - Flash
8 A - Aircomnet
R - 1 Aero
S - 530
9-15 Unclassified routing indicator (1ft. adj.)
16 "From" line indicator:
O = WORAD SPADATS
1l =1 Aero
5 = S80 CONAD
17-64 "To" line

T73-79 Classified routing indicator (1ft. adj.)
80 C = Card type
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Column
Card e Number Punch

Communication Card 3 (for information and pass lines only)
1-40 Information line, including routing
indicator (1ft. adj.)
hl-72 Pass line
80 C = Card type
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4.8.10 SEAI File Deletion Card Format

Colum:
Card Type Number Punch
SEAI File Deletion Card
1 D = Card type
2-5 Satellite Number (rt. adj.)
6-8 Sensor Number
80 Card sype (S, E, A, or I)
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Section §
APPENDICES
The following information is included in the Appendices section:

Forms

a
b. Miscellaneous - constants, conversion factors, charts, etc.

]

Observation formats.

d. Glossary
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5.1 FORMS

The following lst Aecrospace Squadron forms are used by the analyst:
a. Analyst Launch Checklist (Page 5-5)
b. Bulletin Input Data (Page 5-6)

Data Request and Routing Sheet (Page 5-7)

(=T ¢ ]

least Squares Points (Page 5-8)
e. Look Angle Request (Page 5-9)
f. Satellite Observation Conversion Sheet (Fage 5-10)
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I ANALYSL LAUNCH CHECKLIST
PRE-LAUNCH:
“ragran/FTV: Nominal No: PMRB No:

' “aunch Site:

No. Pieces Expected:

Transmitting Frequencies:

Size and Weight:

MOMINAL DATA,

LA aden Longi tude Time (L/0+Sec)
ELEMENTS
Yo Ty “n(days)
L
i n{min) ()
c RA A
RA ()
q e
DOST LAUNCH
Launch Time: Ob,i No: Int']l Desig:

SENSOR LOOK ANGLE SCHEDULE

..8V]315 1316 328

332 } 36 | 337 | 339

340 | 347 | NAV

Other

T

Remark..:

i

1ACS Form 31, Mar G4
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BULLETIN INPUT DATA T o
(Right Adjust AUl Fields)
FIELOQ DESTRIPTION ] COLUMN

1 | SATELLITE NUMBER 13

2 | ELEMENTS NUMBER {give only if non-currenl) 46

3 LEAST-S_&JARES DRDER DF EQUATION 7

4 | LEAST SQUARES: NUMBER OF POINTS {see following sheel} 8-9

5 | LEAST SQUARES: IN, PUNCH “‘D’" RAK, PUNCH “1" 10

6 JUPCATED ELEMENTS NUMBER 1-13

7 [UPDATE TD REVDLUTIDN NUMBER 1418

8 IPERIGEE IN EARTH RADN (give only if g F a. (1.} 19-25

9 | TEST BULLETIN STARTING AT REYDLUTION NUMBER 26-30

10 | TEST BULLETIN ENOING AT REVOLUTION NUMBER 31-35

IF DESIRE BULLETIN, PART 1 LIST ELEMENTS, PUNCH 1", IF OESIRE

11 | REFER TD PREVIDUS BULLETIN, PUNCH “0" %
12 | BULLETIN NUMBER 739
13 | BULLETIN FROM REVDLUTIDN NUMBER §0-44
14 ! BULLETIN TD REVGLUTION NUMBER. ND: PUNCH “0"" 1549
 STANDARO: PUNCH “'1"
15 JORD: SpECIAL:  PUNCH 2" (see Items 17-20 below) X
16 ' GRID AT REVOLUTION NUMBER 5155
;7 |SPECIAL GRID: LDWEP LATITUDE (generaily 0) (only if “2” 5
_ L punch for ilem 15)
18 |SPECIAL GRID: UPPER LATITUOE 53.59
19 |SPECIAL GRID: INCREMENT 60-61
2 |SPECIAL GRIO: SINGLE LATITUCE 6265
21 |YEAR (last 2 digilss 66-67
s |PRINTONLY, PUNCH 0" =
PUNCH (tor Iransmistion), PUNCH 17,
;3 | CLASSIFIEQ, PUNCH *'1" =
| © | UNCLASSIFIED, PUNUH "0"" _ _
26 | DRIGINATOR'S NUMBER 70-75 J
25 | DAY OF YEAR 76.30

1st AEROSPACE 5@ “ <™ 5
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DATA REQUEST AND ROUTING SHEET

THER AGENCIES

I ‘ Dss0

TEL EPHONE NUMBER

i

SIGNATURE

SFLUATY CLASSIFICATION INPUT DUTPUT
{_JuNcCLAss {_|sECRET [JuncLASS | |SECRET
DATF JOB RUMBER FRIORITY ]ELEMENTS
DELIVER INPUT TO ORIG
lOBSERVATIONS
ROUTING INSTRUCTIONS
SATELLITE AND ELEMENT NUMBER =E—- u = T -
ROUTING_ llﬁE )_ OUTPL}L COPIEE DELIVER TO OTHER
DISPATCHER PRINTOUT QRIG
T B
CONVERSION ERRES QG
- — . N N -4 — = J— — — —— e — -_l...
COMPUTER FAPER TNE ORIG
AND PRINTOUT
oD
ORIGINATOR
— T e e m__ X ‘|
ANALYST PROCRAMME R DISPATCHER | DATA
|

CCS KUMBER

JoB TYPES

HREMARKS

REQUCTIONS

e

QoC

SEAIC UPDATE

SUM

BULLETINS

GLAP

FAN

PREP

PRINT PUNCH

LISTINGS

COMPILE

TEST RUN

USE CODI

‘Acs TR Y

Fepoen

Lk
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LEAST SQUARES POINTS
R S50

1712 {13 14 ;15|16 17 {18 |19 |20
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(Page 5-12 Blank)

9.2 MISCELLANEOUS

The following information is used by the analyst:

o Mm

a0

g R M0

[

Conversion Factors

Modified Julian Days

Oblate Spheroidal BEarth Model Distance
Right Ascension of Greenwich
Satellite Elevation and Slant Range
Semi-major Axis vs. Period
Mathematical constants

Formulas

Minutes and seconds to degrees

T™M-~1X-123/000/00A




4 May 1964

5.2.1 Conversion Pactors

>-13

TO_CONVERT

D
days

days
degrees (angle)
degrees (angle)

degrees (angle)

E

earth radii

earth radii

earth radii

F

feet
feet
feet
feet
feet

feetfmin
feet /min
feet/min
feet/min
feet/min
feet/sec
feet/sec
feet/sec
feet /sec
feet/sec

feet/sec

INTO

minutes
seconds
minutes
quadrants

radians

kilometers
miles (naut.)

miles (stat.)

centimeters
kilometers
meters

miles (naut.)
miles (stat.)
cms/sec

feet /s
kms/hr
meters/min
miles/hr
cms/sec

kms /hr

knots
meters/min
miles/hr

miles/min

MULTIPLY BY

1,440.0
86,440.0
60.0
0.01111
0.01745

6378.165
3443.934
3963.208

30.48

3.048 x 10°
0.3048
1.645 x 10
1.89% x 10
0.5080
0.01667
0.01829
0
0

L

L
L

.3048

.01136
30.48
1.097
0.5921
18.29
0.6818
0.01136

™-LX-123/000/00



L May 1364

TO CONVERT

feet/sec/sec
feet/sec/sec
feet /sec/sec

feet/sec/sec

H

hours

hours

K

kilograms
kilometers
kilometers
kilometers
kilometers
kilometers
knots
knots
knots
knots
knots
knots

M

mean sclar day
mean sclar day
meters
meters
meters

meters

5- 1k

INTO

cms /sec/sec
kms/hr/sec
meters/sec/sec

miles/hr/sec

days

seconis

pounds

earth radii

feet

miles (naut.)
miles (stat.)
yards

feet/hr
kilometers/hr
nautical miles/hr
statute miles/hr
yards/hr
feet/sec

sidereal day
sidereal time
feet
kilometers
miles (naut.)

wiles {stut.)

MULTIPLY BY

30.48
1.097
0.3048
0.6818

b.167 x 1072

3,600.0

2.205
1.56785 x 10~
3,281.
0.5299569
0.6214

1,094,

6,080.

1.8532

1.0

1.151

2,07,

1.689

4

1.00273791
2L503™56° 555
3.281
0.001
5.396 % 107
6.214% x 107

L

h
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4 May 1964

TO CONVERT

meters
meters/min
meters/min
meters/min
meters/min
meters/min
meters/sec
meters/sec
meters/sec
meters/sec
meters/sec
meters/sec
meters/sec/sec
meters/sec/sec
meters/sec/sec
miles (naut.)
miles (naut.
miles (naut.
miles (naut.
miles (naut.
miles (naut.
miles (stﬂt.
miles (stat.
miles (stat.
miles (stat.

miles (stat.

N e et e el mt e el e e

miles {stat.
miles /hr
miles/nr
miles/hr
miles/hr

5-15

INTO

yards
feet/min
feet/sec

kms /hr

knots
miles/hr
feet/min
feet/sec
kilometers/hr
kilometers/min
miles/hr
miles/min
ft/sec/sec
kms/hr/sec
miles/hr/sec
earth radii
feet
kilometers
meters

miles (statute}
yards

eurth radii
feet
kilometers
meters

miles (naut.)
vards
feet/min
feet/sec

kms /hr

kms/min

™-IX-123/000/00

MULTIPLY BY
1.094
3.281
0.C5468
2.06
0.03238
0.03728
196.8
3.281
3.6

0.06
2.237
0.03728
3.281
3.6
2.237
2.9036 x 10~
6,080.27
1.853
1,853.
1.1516
2,72T.
2.52321 x 10~
5,280.
1.609344
1,609.
0.8684
1,760.
88.

1.467
1.609
0.02682

L

N




i May 196k

TO CONVERT
miles/hr
miles/hr
miles/hr
miles/hr/sec
miles/hr/sec
miles/hr/sec
miles/min
miles/min
miles/min

miles/min

P

mounds

R

radians
radians
radians
. 7
radians/sec
radians/sec
radians/sec
revolutions

revolutions

S

sidereal day

sidereal day

Y

yards
yards
yards

yards

5-16

INTO
Knots

meters/min
miles/min
feet/sec/sec
kms/hr/sec
meters/sec/sec
feet/sec

kms/min

miles (naut.)/min

miles/hr

kilograms

degrees

minutes

seconds
degrees/sec
revolutions/min
revolutions/sec
degrees

radians

mean solar dayo

mean solar time

kilometers
meters
miles (naut.)

miles (stat.)

MULT1PLY BY
0.868L
26.82
0.01667
1.467
1.609
0.4470
88.
1.609
0.868u
60.0

0.4536

5T7-30
3,438.
2.063 x 10
57.30
9.549
0.1592
360.0
6.283

p)

0.99726957
23%06™,5 091

=]
9.14k x 107

0.914k

4 .93 x 107"
| _)

5.682 x 10

™-I1X-123/000/00
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4 May 196k -7
5.2.2 Modified Julis: Days - 1904
DOM JAN FEB MAR APR MAY JUN
pOY MJD fpoy | Mom |poy | MJD |pcy | MJD |pcy } MID fDOY{ MJD
1|1 [38395]32 [38ke6fer [38k55|92 |38486]122 |38516{153 385k
2|2 96133 27162 56193 87{123 17]154 L8
313 97|34 28163 57194 838124 18§155 49
Ll b 98135 29 |64 53|95 89125 19}156 55Of
515 9936 430165 59196 490{126 | 5208157 o1
66 Loo |37 1166 LEol9T 911|127 21]158 2
717 01]38 2 67 £1198 921128 221159 53}
318 02|39 33168 €2199 93{129 23]160 gl
919 03140 34 169 €3J100 941130 2hj161 55
10 {10 ol |41 35170 643101 5{131 251162 56
11 |11 05 fh2 36§71 654102 96132 261163 57
12 |12 06|43 37|72 661103 97]133 27]164 581
13 |13 o7 44 38173 67§104 98]134 281165 59
14 [y 08 |15 9|7 6cf1os]  99l13s| 29f166| 560
15 |15 o9 lu6 | sho|T7s 691106 5000136 s530)167 61
16 |16 hiolat L1176 470]107 01137 31168 62
17 |17 11 |48 L2 )77 711108 021138 321169 63
18 j18 12 |49 L3718 721109 031139 33]170 6l
19 119 13]50 L 79 73]110 okl1ko L7l 65
20 |20 14 |51 45180 T4 1111 05|11 35172 65
21 |21 15|52 L6 |81 750112 05)1k2 361173 67
22 {e2 16153 L7132 761113 071143 37|17k €8
23 123 17 |54 48183 7711k 0814k 381175 69
2L ok 18 {55 49|k 734115 09145 g6 570
25 {25 19 156 450185 179|116 s510f146 | 54077 71
26 26 Lao |57 51186 480 hat 1i|1h7 L1178 72
27 127 21 |58 52|67 811118 121146 L2 1179 13
28 |28 22 159 53188 oz 1119 13149 4318¢C 4
29 |29 23160 54 189 83j120 141150 Ly 161 )
30 |30 2h 90 g ]121 15{151 L5 82 76
31 |31 25 91 85 152 L6
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5.2.2 Modilied Julian Days - 19¢k (Continued)

DOM JUL Al SEE QU NOV DEC
DCY MJD | DOY | MJn |DOY MJD {DOY ) MJD {1 DOY] MID | DOY | MJID
83 3857T{ 21k 135608255 [38639] 275 138669] 2¢6[387C0] 236 138730
184 781215 09feLc | esol276) £70] 207 014 337 31
165 791216} 610|247 L1 27 T 308 02] 338 32
166 580|217 11248 Lzl 278 72| 309 031339 33
187 811218 12249 L3279 73] 310 Ol f 340 34
' 52§19 13]250 Lif 250 T4 311 05) 341 35

T AND OO -1 OV R N
—
o
Co

159 331220 14251 L51ea1 75t 312 06 3kz2 36

190 dhy 2zl 15252 Leyzsa 76§ 313 Grlses 37

191 85| 222 164253 L7)e8 7 31h 06 3ku 38
16 |19z 86]223 17 |25k Lal 28 73} 315 09| 35 39
11 {193 8722k 18125 49 285 791 315 T10|3k6 ]| THO
12 1194 38)225 92561 650[286) €30] 317 11} 347 51
13 195 89)za6 | érol)est 51 287 81 318 12} 348 2
14 {196 590{z27 21258 521288 de] 319 131349 53
15 | 197 91228 221259 531239 837 320 14350 Ly
16 1198 92229 23260 =i{ 290 8hl 321 15]351 L5
17 | 199 93]230 | 2kfzé1 5el291 5} 222 16]352 L6
18 1200 9lkl231 251eé2 S6i .92 H6| 323 17]353 L7
19 |2¢1 95232 26 (263 571293 871 24 181350 L8
20 |202 9612 33 =T |26k 58| 294 88f 325 19] 355 49
21 203 9723k | 28¢5 59(295 | 89l326 | Teo|35€¢f Ts¢C
22 |204 &2 35 29266 | 6601296 | (90 397 211357 5l
23 |205 g9les6 | 030 [2AT 611297 91 <25 oo ls,8 52
24 j206 £00(23 31 Je68 F21298 921 329 231359 53
25 |207 014250 2 P9 51299 3133 24§60 5L
2¢ |208 021239 3zkio €41 390 2 IEAAt 25]301 55
27 1209 C3]2%0 el 451 301 951 33 202 56
28 |210 Ohfehi | 3| A3 S1333 | erfxsy or
29 1711 onfeh= | 63| Cofx0s ] 9ry3sh ]l erlse- | 98
BN PR 0E |24 % STk 631 304 951329 g s 59
21 [213 o7 |2hh 37 30" 99 s | 1o
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(Page 5-20 Blank)

5.2,3 OBLATE SPHEROI!DAL EARTH MOOEL

Plceocentric’
6379  gum I '
EQUATOR

6378

RN SR R—

-

6377

6376 N e = 6378,165 KM

\ £ = 1/98.3
6375

a,,:. 6356.7B3 KM
P= aea,/(dz SN’ i-t-
ﬂ-: cos® fi

€373 —

6374

6372 .

6371

6370

6369 ‘
6368 \
6367 \

6366

6365

6364

6363

GEQCENTRIC DISTANCE TO
6362 THE SURFACE OF AN OBLATE
SPHEROIOQAL. EARTH MODEL

6361 —t ——— - - + + 4= + —~

6360 1T 1"

6359

N. OR S.
635B

6357

6356

n

c + 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 BC 85 90 O

¢ {GEOCENTRIC)




DEG.

L May 196k

5 2.4 Right Ascension of Greenwich, O Jan, 0000Z

1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970

{ Page

>
9

2
2

1
2

Blank)

99 3902
99,1514
958.9127
98 . 740
99. 4209
99.18p2
98 9435
93 TOL8
99 L3517
99.213C
98 a7k3
98 7356
99, L8275
99.2438
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b May 1964
(Page S5-24 Blank)

5.2.5 SATELLITE ELEVATION AND SLANT RANGE

CHART FOR DETERMINING ELEVATION 8 SLANT RANGE OF SATELLITE

2oL DISTANCES ARE IN STATUTE aILES- & STATUTE MILES £QUAL APPROXIMATELY 8 KILOMETERS
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5.2.7 Mathematical Constants
5.2.7.-1 Earth Constants

The gravitational potential of the earth for general perturbations calculations

is defined by:

GM :Ei: n
® 8 (1)
g = r i - n=2 Jn r Pn (sin ¢) » Where

GMj, the geocentric gravitational constant, (2)

= 3.986032x1020 cm3/sec2. (3)

a , the mean equatorial earth radius,

6378.165 km

Il

r

g

and Pn (sin Q) is the Legendre polynomial.

the radial distance from the dynamical center is a, units

the geocentric latitude

The zonal harmonic coefficients are:

J, = 1082.30x10'6 (3/2 J, = J)
_ -6 -

J3 = -2.3x10 (5/2 J3 = H)

3, = -1.8¢107 (-35/8 J, = D)

and(-15/L Ju = K)

Jn>h are not considered.

f, the flattening of the earth (implicit in all calculations for U values,
and used in all geometrical calculations),

= 1/298.30 = 0.0033523.

{
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5.2.7.2 ©Sidereal Constants.

w, the earth sidereal rotational rate,
= 1.0027379093 mean sidereal rotations/mean solar day

BG’ the mean right ascension of the Greenwich meridian at
0h U.T. on O January,

= 96.70478 degrees (1964)
= 99.45171 degrees (1965)
= 99.21298 degrees {1966)

(1) The special perturbations programs used for precision satellite position
determination apply geopotential functions which are both longitude and
latitude dependent. The Kozai zonal coefficients {SAO Special Report

| . No. 101, 31 July 1962) are generally used.

(2) The values of My, &, £, I, J3, and J) are those recommended by
Kaula {NASA TND-1848, May 1963).
(3) In SPACETRACK computations, k. is used, where
1
k, = (GMQ)‘ = 0.07436662 earth-radii/minute.

(The value 0.07Tk365Th was used prior to March 196k.)

In general perturbations programs ke i and ke are assumed to be equal.
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5.2.8 Formulas
5.2.8.1 Definition of Symbols
semi-major axis (units of earth radii unless otherwise specified)
b semi-minor axis

difference between orbital pilane as defined by elements and orbital
plane defined by ovservation

anomalistic drag term (days/reva)

Ca
Cy nodal drag term (days/reve)
D, anomalistic drag acceleration term (days/rev3)
D, nodal drag acceleration term (days/rev>)
e eccentvricity
h arogee height
i inclination
k geocentric gravitational constant (k = 84.48932 or 205.82)
L0 mean longitude at epoch
A injection longitude (west)
i
kw longitude of the theoretical ascending node on revolution zero
o
M mean ancmaly
Q, right uscension at any time t
\ rigat aucencion at ascending node
L
argutent ol perigee
L arguient 7 geriges at time To + At.
L
w nowlial wrgument of perigee

W time deerivad ve of w
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semi-latus rectum

anomalistic pericd
nodal period
injection latitude

perigee height

distance from center of earth to satellite
opservation position vectcr of satellite
revoiutions

revolution from ‘I'0 to T

tine at AR revolutions since ‘I'O

time of injection (days)

epoch time
right ascension of Greenwich at TO

angle between perigee point and some specified point in the orbit

velocity at apogee

circular velocity of a satellite at a height equal tc apogee height

circular velocity of a satellite at a height equal to perigee height

velocity at perigee

unit vector normal to orbital plane
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5.2.8.2 Miscellaneous Formulas

L.htg
2
8 = sin %—(f.ﬁ)
1
e | 2
e =1 - 5
a

)2

q (v

—_h-g9__1p - - =2

a g +h (JC) g~ L orl ivhi 2
j - a

Lo=M+wz*Q 5 +Q, if 1 < 90°

» .o =
a, =0 +0 (at) + 31 (&) 07 = a < 360°
- 9.96 a-T/zcos i

(1 - %)°

G =

w=w * &O (at) + 3 w (Aﬁ)e; where 0° < w < 360"

. 4.98 3-7/2(5 cos® i-1)
w= 212
(1-e%)

3/2
P, =<i ), P, is in minutes; if a is in ER, let k = 84.48932

if a is in Stat. miles, let k = 205.8

or P, = .058672947 (3)3/2 (P, is in days, a in ER)

A A

360
Py :@WD Fy

q=a(l-e)

D
1+ ccos v

r =

2 ?
= + ‘ v -
T=T Ry (a R) + Cy (A R)T + L (a R)

AL = - (en= 6.2831853)
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5.2.9 Minutes and Seconds to Degrees

™-LX-123/000/00A

Minutes to Mins Seconds to Minutes to Mins Seconds to
Decimal of or Decimal of Decimal of or Decimal of
Degree Sec. Degree Degree Sec. Degree
. 00000 00 . 00000 . 50000 30 . 00833
. 01667 01 . 00028 . 51667 31 . 00861
.03333 02 . 00056 .53333 32 . 00889
. 05000 03 . 00083 . 55000 33 .00917
. 06667 ob .00111 . 56667 34 . 009LkL
. 08333 05 .00139 .58333 p) . 00972
.10000 06 .00167 . 60000 36 . 01000
L11667 07 . 00194 61667 g . 01028
13333 08 .00222 .63333 38 . 01056
.15000 09 . 00250 .€5000 39 . 01083
. 16667 10 . 00278 66667 Lo .01111
18333 11 . 00306 68333 b1 01139
. 20000 12 . 00333 . 70000 L2 .01167
21667 13 . 00361 LTLO6T 43 . 01194
. 23333 14 . 00389 . 73333 Ly .0l1222
. 25000 15 .00k17 . 75000 Ls .01250
. 26667 16 . OOk L1, . 76667 L6 .01278
.2832" 17 . 0okT72 .78333 L7 . 01306
. 30000 18 . 00500 .80000 L8 .01333
. 31667 19 . 00528 .81667 kg .01361
- 33333 20 .00556 -83333 50 .01389
. 35000 2l . 00583 .85000 51 .01417
. 36067 22 . 00611 . 86667 c2 LO1L4L
. 38333 23 . 00639 .88333 53 . 01472
. Locoo 2k . 00667 . 90000 S5k . 01500
L1667 25 . 006Gk .91667 55 .01528
13333 26 . 00722 .93333 56 . 01556
-45000 27 . 00750 .95000 57 . 01583
LeooT 28 . 00778 .9666T 58 . 01611
. 48333 29 . 00806 96323 59 .01639

41
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5.3 OBSERVATION REPORT FORMATS

Observations are received in the fcllowing formats:

a. OStandard A

b. Station 315 old format
c. Holloman

d. Moonwatch

e. SAO Baker-Nunn

f. SATEV (Muedon)

g. SATOF

h. SATUG

i. Trinidad

Jj. Synecem
k. 681/682
Millstone

Bach format is given, and the proczedures for handlogging the information onto
standard Observa“ion cards are described. (See section 5.1 for appropriate

form).

5.3.1 Standard A Format

The following stations use the Standard A Format:

a. Shemya 345

b. Shemya 316

c. Turkey 337

d. Turkey (new) 315
e. Laredo

. Moorestown

g. SPASUR

h. Minitrack

i. Prince Albert
BMEWS

K Trinidad
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5.3.1.1 Example

$35$$
tSTAa OBJEC YMoDa

HHMMSSsss DDdddd DODdddd HNNNNNnn NNnnnnS HHcce

M)
Line Code Meaning
1 $35%3 Connecting call code
2 t Observation type (see figure 5.1)
STA SPADATS sensor number
a Observation accuracy/signal strength
OBJEC SPADATS object number
YMoDa Date of observation
8 HHMMSSsss Time of observation
DDdddd / Elevation
(DDddds) Declination (0 = north, 1 = south for last digit)
DDDdddd/ Azimuth
( HHMMSSs ) Right Ascension
NNNINnn Slant range (rautical miles)
NNnnrnS Range rate (nautical miles/second), sign (8): 0 = +,
l =+, 2 = unassigned
HHcce Hit count (HH) and check sum (ccc)
4 M) Disconnect call code

£.3.1.2 Handlogging Procedures

1. First line is the connecting call code and is not used in manual
rrocessing.
2. Second line:
a. First digit of the word is the code for the observation type.
See figure 5.1 for the associated two-digit code to be logged
in ce 4-5. The next three digits are the SPADATS sensor number;
log zero in cc 6 and the number in cc T-9. The last digit, accuracy,
is logged in cc 10.
b. Second word is the SPADATS object number; log the last three digits
in ce 1-3.

¢. Dzte of observation is the third word and is logged in cc 11-15.
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3. Third line (first data line):

a. Log the first word, time of observation, in ecc 16-2L.

b. The second and third words represent elevaticn and azimuth unless
the observation type is zero or two (lst digit second line). In
that case, they represent declination and right ascension.

(1) Log elevation, second word, in cc 25-30. Log azimuth, third
word, in cc 31-37.

(2) Log the first five digits of declination in cc 25-29 and add
a zero in cc 30. If the last digit of this second word is a
one, an eleven punch is needed in cc 25. Log right ascension,
third word, in cc 31-37. An eleven overpunch is always
necessary in cc 31 when the report is in declination and right
ascension.

c¢. Slant range, the fourth word, is reported in nautical miles which

. must be converted to kilometers. Multiply the digits by 1.852.

The decimal point falls between the fifth and sixth digit of the

message. Range rate, fifth word, is reported in nautical miles

per second. The first six digits are multiplied by 1.852, the

decimal point falls between the second and third digit of the message.

The seventh digit is a sign -- if it is a one, an eleven overpunch

is needed in cc 45; if it is a zero, plus is understood and no

overpunch is needed.
k. The classification (U or C) as indicated in the message text must be

logged in cc T1.

Figur. 5.1
Observation Type Code for Standard A Reporting Format

INPUT OUTFUT INSTRUMENTATION/FIELDS REPORTED
(1st digit, line two) (cc 4-5)
0 0l Optical-right ascension/declination
1 01 Optical-elevation/azimuth
A 16 Baker-Nunn-right ascension/dec.
. 3 25 Radar-el/az/slant range/range rate

L 22 Radar-el/az/slant range
5 51 Radiometric-el/az
f 25 BMEWS-Site 1, Site 2
T 51 SPASUR
8 21 FPS-17-el/az/slant rante/range rate
9 b1 Doppler-range rate
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5.3.2 Station 315 0ld Format

5.3.2.1 Example

SYrMo  Messglr
) 0.0 ¢ O0BJ XXX  DaHHMMSSs NNNNX XX

bt
Line Code Meaning
1 S Station indicator
YrMo Year and month of observations
MessgNr Message number
2 )0,0.¢ Line number of observation
0ORBJ SPADATS object number
)0,0 ¢ Elevation and azimuth
DaHAMMSSs  Day and time of cbservation
NNNN Slant range (nautical miles)
X End of line (for handlogging purposes)
84 Doppler channel
3 bt End of message

5.3.2.2 Handlogging Procedures
1. Pirst digit of first line is station indicator, and in this case would
be logged as staticn 0315 in cc 6-9. The second two digits are the
year of observation, and the last digit is logged in col 11. The last
two digits of the first word is the month, and is logged in cc 12-13.
a. The second word of the first line is unused for logging purboses.
2. Second line (first data line).
First word is unused for manual processing.
b. Second word is the SPADATS ObJject number and is logged in cc 1-9.
¢. Third word is clevation and azimuth, and is logged in cc 25-30,
31-37. (See 315 Handbook).
d. Fourth word is day and time of observation. Log the first two
digits in cc 1b-15. Log the time of the observation (next seven

digits) in cc 16-22, adding zeros in cc 23-2L,
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e. Slant range, the fifth word, is reported in nautical miles which
must be converted to kilometers. Multiply the digits by 7..852,
and log in cc 38-44. The last character of the fifth word is not
logged.

f. Sixth word (two digits) is not used at SPADATS.

3. The type is 21, and is logged in cc 4-5, if slant range is omitted,
log type Ol in cec 4-5.
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5.3.3 Holloman AFB Format

5.3.3.1 Example

DAY

Line

1

OBJECT HH MM ©SS.s DDD.dd DD.dd

Code Meaning

DAY Zebra Dey of Observation
OBJECT SPADATS Object Number
HH MM S5.s5 Time of Observation
DDD.dd Azimuth (degrees)

DD.dd Elevation (degrees)

5.3.3.2 Handlogging Procedures

1.

SPADATS sensor number is reported in the message text. Sensor number
is 050. Log in cc 7-9, preceded by a O in cc 6.

Log type Ol in cc k-5, and O for accuracy in cc 10.

Zebra day is reported. Convert to current date using calendar, and
log in cc 11-15.

The remaining fields are described in the message. ILog in appropriate
columns.

Classification (U or C) as indicated on the message is logged in cc T1.
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5.3.4 Moonwatch Format

5.3.4.1 Example

SENSORNAME RSTAT OBJEC YMoDa EHHMM SSsss DDDmm  UDDmm  CCCCC

Line

1

Code Meaning

SENSOR NAME

R Reporting Method

STAT SAO Sensor Number

OBJEC SAO Satellite # International Designation, Yr. of
Launch, launch number, and piece #

YMoDa Date of Observation

E Epoch of Star charts

HHMM Time of Observation (hours and minutes)

SSsss Time of Observation (seconds)

DDDmm Azimuth or Righ* Ascension (If R.A. HHMMm)

U Unused digit if elevation

DDmm Elevation or Declination (If Dec. SDDmm, O = north,

1 = soutl in first digit)
CCCCC Check Group. ©Sum of all digits in corresponding column.

Units digit only, tens digit not carried forward.

5.3.4.2 Handlogging Procedures

The first word is the alphabetic sensor name. It is not logged.
The first digit of the second word is the reporting method. If the
digit is zero, the cbservation is in elevation and azimuth. If the
digit is one, the observation is reported in right ascension and
declination. The next four digits is the SAO sensor number, this
must be converted to SPADATS station number. Log in cc 6-9.

The third word is the object's international designation. Convert
to SPADAT object number, and log in cc 1-3.

The fourth word is the date of observation and is logged in cc 11-15.
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5. The first digit cf the fifth word s Epoch ¢f Gtar Charts.
- Present

- 1855

1875

- 1900-1920

1950

w n +~ o
'

-
1

Epoch of Star Charts is logged in cc TO0. The remaining fcur digits and
all the digits of word six is time of observation, log in cc 1€-2k.

6. The seventh word is azimuth or right ascension. If right ascension,
log the first four digits in cc 31-34%, multiply the last digit by 60
and log the result in cc 35-37. (Right ascension is always indicated
by an eleven punch in cc 31). If the first digit of the second word is
0, the observaticn will be in azimuth, log the first three digits in
cc 31-33. Convert the next two digits to decimal of degree by using
the table in section 5.2.9, and log in cc 34-37. ‘

T. The eight word is elevation or declination. If elevation is indicated
by repocirting method, the first digit is unused. Log the n xt two digits
in cc 25-26. Convert the last two digits to decimal o. a..ree by using
table five, and log in cc 27~30C. If declination is indicated, first
digit is sign (1 indicates an eleven punch in cc 25, O is plus and is
understood). l.og next two digits in cc 25-26, and convert the last
two digits to decimal of degree by using the table in section 5.2.9,
and log in cc 27-30.

The ninth word is the check sum and is not used in handlogging.
The type is 0l, and is logged in cc 4-5.
1C. The accuracy ls zero, and is logged in cc 10.
11. The clussification (U or C) as indicated in the message must be logged

in cc T1.
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5.3.5 SAQ Baker-Nunn Format

Baker-Nunn Sensors are as follows:

B-N Sensor Number

Name

™-L{-123/000/00A

SPADATS Sensor Number

0033
0034
0035
0036
0037
ookl
0038
o042
0045
0044
0046
Q047
0030
0032
0029
inactive
0031

0l Organ Pass
02 0lifants Fontain
03 Woomera
oL San Fernando
05 Tokyo
06 Nainital
o7 Arequipa
08 Shiraz
09 Curacao
10 Jupiter
11 Ville Dolores
12 Maui
13 *Edwards
14 *¥Cold Lake
15 *Harestua
16 Santiago
. 17 *¥Sand Island
L 3
Non-3A0 station
5.3.5.1 Example
$333$  YrMoDaxXxXXX
2225t YMoDa
OBJEC PIECE WHHMM S58sss  HHMMm  SDDMM CCcCce
WHHMM S8sss  HHMMm  SDDMM CCCCC
YMoDa
OBJEC PIECE WHHMM  SSsss HMMMm  SDDMM CCece
1))
Line Code Meaning
1 $3353 Connecting Call Code
YrMoDaXXXX  Message Date/Control Number
2 222 Format Code Indieator
5t B-N Sensor #
YMoDa Date of Observation
| 3 OBJEC PIECE Satellite # International Designation (Year of Launch,
| Launch # or Greek letter, and piece in group)
. W Value of culmination time difference
HHMMSSsss Time of Observation

3
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Liine

Code

(O LWLV 2 R o

HIIVMm

DDvM
cccce

5l ™-LX-123/000/004

Meaning

Right Ascension

Sign (0 = +, 1 = minus)

Declination

Chezck group. Sum of all digits ir corresponding column.
Units digit only, tens digit not carried forward.
Additional cbservation.

Designates change in date.

Observation (see line 3)

Disconnect Call Code.

5.3.5.2 Handlogging Procedures

1.

The first line of five dollar signs and the message date/control number

is not used in manual processing.

Seccnd line:

a.

b.

First word is the format code indicator, followed by the Baker-Nunn

sensor number. Convert the two digit sensor number to the SFADATS

sensor number shown on the preceding page and log in cc 6-9.

Third iine:

a.

[#]

The first

The secord word, date of observation, is logged in cc 11-1%.

two words are the object's international designation;

convert to SPADATS object number, using Satellite table, and log

in cc 1-3.

The first

the word,

ce 31-34.

digit of word three is not used. Log the remainder of

and word four, time in cc 16-24.

Right ascension is the fourth word. Log the first four digits in

Multiply the fifth digit by 60 and log the resuit in

35-37. An eleven overpunch must be logged in cc 31.

The first

digit of word six, declination, is the sign; 1i it is a

one, an eleven overpunch is needed in cc 29, but if it is a zero

no overpunch is needed. Log the next two digiis in cc 25-26.

Convert the next two dirits to decimal of degree {section 5.2.9) ard

log in cc

27=30,

The last word i{s unused in handlogging.

Buker-Nunn is type 10, and is logged in cc 4-5. Log (U or C) as

clagsification in message indicates in cc (1.

—
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5.3.6 SATEV Format

The following is a list of COSPAR Station numbers with the corresponding

SPADATS Station numbers.
COSPAR

3101
3102
3103
310k
3129
3130
3131

SPADAT
0075
0076
COT9
0080
0081
0082
0083

5.3.6.1 Example

SATEV  STATt OBJEC  rMoDa
HHMMS  SssDD DMM//  DDMM/
bt
Line Code Meaning
1 SATEV Format Code Indicator
STAT COSPAR Sensor #
t Observation type (See figure 5.2)%
OBJEC Internaticaal Designation (sat. #) Yr of launch, launch
number, piece in group.
r Data Type Code (see figure 5.2)%*
MoDa Date of Observation
2 HHMMSSss Time of Observation
DDDMM// Azimuth
DDMM / Elevation
3 bt end observation

5.3.6.2 Handlogging Procedures

1.

First word of line is format indicator and is not used in handlogging.

a.

The first four digits of second word is COSPAR sensor number.
Convert to SPADATS sensor number using COSPAR sensor listing, above,
and log in cc 6-9. The last digit is observation type code.

(figure 5.2). Log 01, type, in cc 4-5.
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Convert the third word, satellite number, to SPADATS object
number using satellite table.
The first digit of word four is data type. {Figure 5.2) The

last four digits are month and day of observations. Log in cc 12-15.

The year is understood to be the current y=zar, and is logged in cc 11,

Second line:

a.

Log the first five digits of wcrd one and the next three digits of
word two, time of observation, in cc 16-£3 adding O in cc 2.
Azimuth is the las®t two digits of word two and the first digit of
word three, log in cc 31-33. If the data type is 2 the next two
digits should te converted to decimal of degrees using the table
in section 5.2.9, and logged in cc 34-37.

Elevation is word three, log the first two digits in cc 25-26.

If 2 is the data type, convert the last two digits to decimal of
degree using the table in section 5.2.9, and log in 27-30. If 1
is the data type, log the digits in cc 27-28 adding O in cec 29-30.

If reporting type is 1, SATEV may omit the last digit of azimuth and

elevation, in which case the minutes are in decimal of degree. Slashes

are between and at the end of observation parameters.

Log O in c¢c 10 for observation accuracy, and the classification (U or C)

as indicated on the message in cc T1.
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Figure 5.2
*¥Observation Type Coded As:
photographic; cinetheodolite

photographic; fixed camera or smell telescope
photographic; tracking camera or telescope
photographic; telescope

Visual; naked eye or binoculars

Visuval; telescope (low power)

Visual; telescope

Visual; theodolite

Visual; telescope

other instrument or unknown

**Data Type Coded As:

Azimuth/Elevation (degrees and thousandths of degree)

Azimuth/Elevation (degrees, minutes, tenths of
Equatorial (right ascension/declination) Epoch
Equatorial (right ascension/declination) Epoch
Equatorial (right ascension/declination, Epoch

Equatorial (right ascention/declination) Epoch

minutes)

1950.

of date.

of BD chart 185

of CD chart 1575.
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5.3.7 SATOF Format

5.3.7.1 Example
STATION DaHHx MMSSs HHMMm SDDMM  IBoCC

Line Code Meaning

1 STATION Station Name
Da Day of Observation
HH Hour of Observation
X Unused Digit
MMSSs Minutes and Seconds of Observaticn
HHMrim Right Ascension
S Sign
DDMM Declination
I Accuracy of observation
B Stellar Magnitude
b Tenths of Magnitude
oo, Check Sum (Sum of all digits in observation)

5.3.7.2 Handlogging Procedures

1. The first word is station name. Convert to SPADATS sensor number,
and log in cc 6-9.

2. Day of observation, first two digits of word two, is logged in cc 14-15,
Hour of observation is the third and fourth digit, log in cec 16-17.
Current year and month are logged in 11-13. The last digit of word two
is unused.

3. Log the third word, minutes/and seconds of observation, in cc 18-22
adding 0 in cc 23-2k.

L4, Log the first four digits of word four, right ascension in cc 31-3k,
multiply the last digit by A and log the result in cc 35-36, adding
0 in cc 37. Right ascension is always indicated by an eleven punch in

ce 31.
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5. First digit of word five is sign. O signifies plus and is not logged.

1l indicates minus and an eleven punch is logged in ce 25. Log the

next two digits in cc 25-26. Convert the last two digits {section 5.2.9)
and log in cec 27-30. If the units digit of the minute field is an x, the
tenths position is tenths of degree. Log digit in ce 27T.

First digit of last word is observation zccuracy. Leog in cc 10.

Type is 01, and is logged in cc 4-S.

Object number will be in the message text. Log in ce 1-3.

0 o =1 O

Classification {U or C) as indicated on message is logged in cc 7l.
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5.3.8 SATUG Format

5.3.8.1 FExample

STATION DaHHx MMSSs DDDdx DDdxx  IBbCC

Iine
1

Code Meaning

STATION Station Name

Da Day of Observation

HH Hour of Observation

x Unused Digit

MMSSs Minutes & Seconds of Observation
DDDd Azimuth

X Unused Digit

DDd Elevation

XX Unused Digits

Accuracy of Observation
B Stellar Magnitude
Tenths of Magnitude
cc Check Sum (Sum of all digits in observation)

5.3.8.2 Handlogging Procedures

1.

Station name, first word, is converted to SPADATS sensor number

and logged in cc 6-9.

The first two digits of word two is day of observation. Log in cc 1k-15,
Current month and year is lcgged in cc 11-13. Hours of observation is
the third and fourth digit, and is logged in cc 16-17. Last digit of
group is unused.

Minutes and seconds, word three, is logged in cc 18-22 adding O in

ce 23-24.

Log the first four digits of word four, azimuth, in cc 31-34 adding

0 in cc 35-37. Last digit of group is unused.

Elevation, word five, is logged in ecc 25-27 adding O in cc 28-30.

The lagt two dipgitc of group are not used.




1 July 1964 5-51 ™-LX~123/000/00A

6. Accuracy of observation, first digit of last word is logged in
cc 10. Remaining digits are unused.

7. Type is O0l. Log in cc 4=-5.
Satellite number will be in message text. Log in cc 1-3.

Classification (U or C) as indicated on message is logged in cc T1.
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5.3.9 Trinidad Format

5.3.9.1 Example

$355$
SS511  OBJty STATa  YMoDa

HHM&?S.SS DD.d DDD.dd NNNN C
))))

Line Code Meaning

1 $$$33 Connecting Call Code

2 S5511 Format Code Indicator
OBJ SPADATS Obj #
ty Observation type
STAT SPADATS Sensor #
a Observation Accuracy
YMoDa Date of Observation

3 HHMMSS. ss Time of Observation
DD.d Elevation {degrees)
DDD.dd Azimuth (degrees)
NNNN Slant Range (Nautical Miles)
c End of Line Indicator

4 N Disconnect Call Code

5.3.9.2 Handlogging Procedures

1. First line ($$$$$) is not used in handlogging.

2. Second line:

T™-LX-123/000/00A

The first word of line two is the format indicator and is unused.
b. The first three digils of word two is SPADATS object number, log

in cc 1-3. The last two digits of word two is observation type

and is logged in cc L-5.

(@]

‘n cc 6-9,.

SPADATS Sensor number, the first four digits of word three, is logged

d. The last word of line two is date of cbservation, and is logged in

cc 11-15.
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LA

Third line:

a.

e.

Tre first word is the time of observation and it logged in cc 16-23
adding 2 0 in cc Bk,

The second word of line three is elevation and is logged in cc 25-27
adding O in cc 28-30.

Azimuth, the third word, is logged in cc 31-34%, adding O in cc 35-3T.
The fourth word is slant range reported in nautical miles. Convert
the four digits to kilometers by multiplying by 1.852, and log the
result in cc 38-L4.

The last word, one digit, is unused in manual processing.

Trinidad may submit ohservations without slant range, in which case

type Ol is logged in cc 4-5.
The classification (U or C) is logged in cc 71l. Classification is

indicated on the message.
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5.3.10

SYNCOM 1I Format

The following 1s a list of Syncom Station names with the corresponding SPADATS

Station numbers:

SYNCOM STATION NAME SPADATS STATION RNUMBER
SYNTIH = = = = = = = = a = 4 0 o a2 = a - a 0909
SYNCSR2 = = = = = @ @ = ¢ @ = = = o o o = @a - 09C1
SYNCS3 = = = = = = = = 0 a0 02 v =0 o = - 0902
SYNCSY = = = = = = = = = 20 = 2 o -2 - - - - 0903
SYNCSS - =« = = = @ = & o o o o e e a---- 0904
5.3.10.1 Example
))))) oBJEC
STATNA YYMMDD HHMM SSsss T DDd
STATNA YYMMDD o SSsss T KKKXKKxkk
STATHA YYMMDD HHMM SSsss T Kkkkkk
STATNA YYMMDD HHMM SSsss T DDDd
$$38$
Iine Code Meaning
1 }2B))) Precedes Object #
OBJEC International Designation Satellite #
2=5 STATNA ,Station Name
YYMMDD De .e of Observation
HHMMSSss s Time of Observation
T Type Code (See Figure 5.3)
§ 000000004 Data (3-G characters: see Figure 5.3)
6 $33%8 End of Observation
5.3.10.2 Handlogging Procedures
1. The first word of line one 1s unused in handlogging. The second word
1s the SAO satellite number, convert to SPADATS number by using Satellite
table. Syncom II 63311 1s cbject number 634, and 1s loggea in cc 1-3.
2. Esch observation consists of 4 lines. The station name 1s the first

word of each line. Convert to SFADATS senscr number, and log in cc 6-9.

The second word of each line is date of observation, and is logged in




¢

LY
LI
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c¢ 11-13. Time is word three and four of each line. Use only line one,

the average observation time, and log in cc 16-2k. The fifth word is the

observation type code {1 digit). See figure 5.3.

a. Type code 5 indicates elevation in degrees and tenths of degree
(3 digits). Log in cc 25-27 adding O in cc 28-30.

b. Type code 1 indicates slant range in meters (9 digits). The
decimal point falls after 6th digit. Iusure decimal point is in
the correct place on log sheect. Log in cc 38-44. The last digit
is rounded off.

c. Type code 9 indicates range rate, end is logged in cc U45-51 edding
0 in 52-53. Minus sign as indicated on message is logged in cc 45,
If no minus sign is indicated, plus is understood and a 0 is logged
in cc k5. The decimal point falls after the first digit.

d. Type code 4 indicates ezimuth in degrees apmd tenth of degree, and is
logged in cc 31-3% adding O in cc 35-37.

Type 25 is logged in cc L-5, accuracy of observation is O and is logged

in cc 10.

Classification (U or C) as indicated by message is logged in cc Tl.

Figure 5.3
Observation Type Codes As:

1 - Range in meters (9 digits).

4 - Azimuth in degrees and tenths of degree (4 digits).

5 - Elevation in degrees and tenths of degree (3 digits).
9 - Range Rate in meters per/second.

Given to nearest .0l meters per/second (sign and 6 digits).

S

b
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5.3.11 [81/682 Format

5.3.11.1 Example

$o484
tSTAza OBJEC YMoDa
HHMMSS Q DDDdd DDdd 3000000
IN)
Jine Code Meaning
1 $$888 Connincting Call Code
2 t Observation type
STA SPADATS Sensor #
a Observation accuracy
OBJEC SPADATS Object #
YMoDa Date of Observation
3 HHMMSS Time of Observation
Q Data Quality
DDPdd Azimuth
DDdd Elevation
) 0.0.9.0.9.0.0.¢ Frequency
L)) Disconnect Call Code

5.3.11.2 Handlogging Procedures

1.

2.

First word of line one is connecting call code and is unused in hand-

logging.
Second line:

a.

Type, first digit, of line two is observation type. 681/682 is

type 32, and is logged in cc 4-5. The next three digits are SPADATS
sensor number. Log in cc 7-9 with a O in cc 6. Last digit of word
one is accuracy of observation, and is logged in cc 10.

Second word is SPADATS object number. Log last three digits in

cc 1-3.

Third word, date of observation, ia logged in cc 11-15.
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3. Third line:
a. Time of observation, first word, is logged in cc 16-21 adding O

5.

b.

€.

in cc 22-24,

Data Quaiity, second word, 7 - Best, 4 - Good, O ~ Poor, is for
analyst use only.

Azimuth, the third vord, is in degrees and hundreth of degrees.

Log in cc 31-36 adding O in 37-38.

Elevation, the fourth word, is in degrees and hundredth of degrees.
Log in ece 25-28 adding 9 in cc 29~30.

Last word is not used in handlogging.

If no header card is on the message, log information for cc 1-15 from
text of message. Station 1 is 681 and Station 2 is 682. If text of
message is omitted, message DE line will be FIMEAD. The DSS80 wvill
advise you on necessary information for Object number, Station number,
and date.

The classification as indicated on message is logged in cec T1l.

%
i
¢

AP I L VR At
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J

e. Slant range is in kilometers and is logged in 39-42 preceded by a
0 in cc 38. Decimal point is understood at the end of the field.
Add 0 in cc 43-LL,

f. lLog digits for range rate in cc 46-50, adding O in cc 51-53. Log O

in cc 45. If a minus sign precedes the field, an eleven overpunch
is needed in cc 45.

g. Classification (U or C) as indicated on messages is logged in cc T1.

;
?
2
i
f
:
:
§
i
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e. Slant range is in kilometers and is logged in 39-42 preceded dy a
0 in cc 38. Decimal polnt is understood at the end of the field.
Add 0 in cc 43-i4.

f. Log digits for range rate in cc 46-50, adding O in cc 51-53. Log ©

in cc 45. If a minus sign precedes the field, an eleven overpunch
is needed in cc 45.

g. Classification (U or C) as indicated on messages is logged in cc T1.

%
‘
{

A
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5.3.13 Code Tables

5.3.13.1 Observation Accuracy Code*

VISUAL OBSERVATIONS: ZEquipment CODED
Code 01 through 20

Normal Observation made under fail 0
conditions

Observation slightly under par due b}
to outside interference (e.g., somne
clouds, reduced visibility)

Observation poor due to outside 2

interference.

Only estimate possible (Malfunction 3
of equipment, too short time of
object seeing).

Doubtful observation, unable to
verify either object of instru-
ment behavior. Observation should
be considered only as tentative.

[+

™-1X-123/000/00A

ELECTRONICS OBSERVATIONS: Equipment
Code 21 through 52

Signal strength good, reliable
measurements.

Signal strength fail.

Signal weak, results poor.

Signal questionable.

*
Column 10 of Satellite Observation Conversion Sheet

¢
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5.3.13.2 Instrument Code

Ol Visual observation without instruments. Estimates of h, z, or . & only.

02 Visual observation with binoculars or small telescopes. Estimate only.

03 Optical observation with wide circles (Accuracy not better than * 1/2 Degree).
O Same as 03, accuracy + 1/2 to 1/10 Degree.

05 Same as 03, accuracy better than + 1/2 Degree & Time better than 1/5 Second.
06 Same as 03, accuracy better than 1 Minute of Arc, and Time to 1/100 Second.

07 Specisl code for observations with instruments specifically designed for tracking.

11 Photographic observations with very short-ratio and small frame (e.g., 35 MM
Lecia etc.); positions obtained by simple linear interpolation in starfield.

12 Sume a8 11, but carefully analyzed (measured/posi<ions).

13 Photographic observations with larger telescope and/or larger place (e.g.,
Astrograph, Schmidt telescope, ROTI, etc.).

14 Same as 13, but carefully measured and reduced.

15 Photographic observations with speciel tracking camera (ballistic camera,
photheod) carefully analyzed or QUICK LOOK DATA for codes 11 or 13.

16 Photographic observations with BAKER-NUNN Cameras, direct data readout no
special reduction (preliminery data).

17 Seme as 16, final analysis with all corrections made.

21 Radar observations with fixed beam antemnna.

22 Radar observation with moving beam, no self-tracking feature. Data readout
from position of dials.

23 Radar observation with moving beam antenna "T" tracking capability. Data
readout by dials.

24 Same as 22, data readout automatic.

25 Same as 23, data readout automatic.

31 Passive tracking data from telemetry systems ,e.g., TIM-18). Disk with
diameter of less than 20 feet. Angular data accuracy not better than 1 degree.

32 Same as 31, disk diameter between 20 and 59 feet.

33 Same as 31, disk dismeter over 60 feet.

34 Same as 3l.

35 Same as 32 with angular accuracy better than + 1 Degree.

36 Same as 33 + 1/10 Degree.

37 Same as 31.

38 Same as 32 but angular data accuracy better than + 1/10 Degree.

39 Same as 33.

41 Doppler observations (passive track). Signal strength accuracy see section 5.3.13.1

42 Direction finding system. Signal strength accuracy
43 Interferometer system. Signal strength accuracy

51 Fence observation (Minitrack).

52 Fence observation (Microloc).

53 Fence observation (Doploc).

- =y
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X

0 s

5.3.13.3 Time Accuracy Code

0 = At the full second (next 2 digits must be Zeros ).
1 = At the 1/10 second (last digit must be zero).
2 = At the 1/100 second {last digit).

SN

1 5 = At the ten second digit (accuracy + 5 second: second digit can be 0 to 9).
9 = At the minute (any seconds will be considered estimates only).

5.3.13.4 Time Zone Code

0 = ZUU (Z)
4 = Eastern Daylight (EDT)

5 = Bastern Standard iEST)
Central Daylight (CDT)

6 = Central Staudard (CST)
Mountain Daylight (MDT)

7 = Mountain Standerd (MST)
Pacific Daylight {FDT)

8 = Pacific Standard (PST)
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5.4 GLOSSARY OF ABBREVIATIONS

COSPAR

CFA
DC
DIA

DIP

DMNI

DMNO

DoY

EFTO

IGY
MJD

N-M Element
Set

0Cs
Q-Points

Committee on Space Research, an international space agency

established by the International Council of Scientific Unions.
Closest Point of Approach.

Differential Correction.

Defense Intelligence Agency.

Display Information Processor. The computer used to generate
the BMEWS displays in the NORAD COC.

Device for multiplexing non-synchronous inputs.

Device for muliilplexing non-synchronous sutputs.

Day of month.

Day of year.

Encrypted for transmission only.

Earth radii, as a unit of distance. Also earth's rotation.
International Geophyvsical Year.

Modified Julian Day.

An elem~nt set based on vectors. N is a geocentric unit
vector directed toward the ascending node. M 18 a vector
directed toward and in the same plane as the orbit path

and normal to N.

Orbit Computation Sequences.

The effective fix on an object which results from scan-to-scan
comparative analysis in a fan from either detection radar or
tracking radar at the BMEWS sites.

Right ascension.

Root mean square.

ik e Ty TR
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SAO
SATEV

SATOF

SATOR
SATTB

SATUG

SEAIC

STC
580

SYRCOM

5-64 ™-LX-123/000/00A 0

Running Program Language.

Smithsonian Astrophysical Observatory.

A code that defines the particular format in which observations
from COSPAR stations are received.

A code that defines the particular format in which observations
from COSPAR stations are received.

Satellite orbits.

Satellite table, containing satellite numbers automatically
selected by the RASSN Program for further processing.

A code that defines the particular format in which observations
from COSPAR stations are received.

Sensor, Element, Acquisition, Information and Communications

files.
9

A B-2 tape file containing Sorted Reports, Associated,
Doubtfully Associated, Unassociated.

Sunnyvele Test Center, Sunnyvale, Califormnia.
Special Security Officer, Air Force Security Service Network.

Defines code format in which observations are received from

this satellite source.

The Philco Utility Program System.
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