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The prograns fall neaturslly inte two sections, tacse invelved
in the con~line reduction c¢f data frou the sztellite znd those
invelved in the anslysis Loith on-iine and off-line.
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50(4) ‘et word of gro £ 3 180 ke & zinute coumnts

C11(3) 1st word of group of 3 400 ke 46 sccond counts
101(5) 18t word of gzroun of 3 152 iic 46 second ccunts
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system in 3C0XS3  is extended tc £=10, 3=11, C=12.J
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loses loek BCU meros are tronsmiited with the code (net BCDXS3
zZero).
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Grequency cnift of
es integreted
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The receiver zlso counts to
both the 400 snd 150 MH s1gnels
doppler coumts over the 2 minute

during the minutes zre presented at 4 cond intervals
(code 3 and 5) interleave iti ne gatelld mnessege data.

The counts are present words., Jhen tae

code bits are reucved tue S numders BOLXS3 xcept for
the first 2 which are wiwayu BC if lock is lLost on either
403 or 180 Lid

r'“"ci them 2C.5%8S3 ¢ sre trancmitted in ploce
of the 7 ﬁCuXSB 3

wimately every 4.6 seconds (with a
2 minute period) the following cre

Thus in sumiarys
longer gop =t the end ¢

trensmitted
1. 3 grounc

2e 3 groupns

e 3 groupns

The first 400 and 180 ki Loppler of a 2 ixute period is the
accumulated dopler count cover the preceeding 2 minutes (the
firgt Joppler count citer tae setellite receiver locks om is
zlweys zerc).
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terrunt of = 2 minute pericd prevides an
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{perational Heguirementc for satellite novigotion

with current systems - cusust '869

flordware receiver should be in the mode that encbles 4.3 second
doppler data transfer and disables between passg interrunts.
3 itches for both these functions cre on the left hand of the

commuter dictribution bkozrd.
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The receiver oscillater reguircs severs
plugged in on standby for the ccceillator

The interrupt pulcse 'emgtqenlnr circuit must be on., This
requires doth + 12 volt cupwnlic

Coftware chould not reguire ; ntervention., Fix is printed
out on the 1816 znd is =lgo written te file SATH.

Skeleton common varicbles ISW(S), ISY(8) hove an effect on

the progreaas,

5

If I8W(5) is non-zerc then PF/T outwnut on punch £ chould be

: will hang up.
n cace thinge go

em, come of it is
acquaintance with

=

¥pected. If 2/T 2 is nct recdy the whole
This cutputl is reclly for cnalysic of datsz
vrong with the szutocaatic sclution of tue nroble

not lmneglately inteliigible without firgt hond
the catellite Zata,

If I5W(8) is no r cutnut following eny cutnut
ac o result of IBW(S) and sepcrzted freom it by blonik tose and
run~-cut iz put out i forz recdy for innut to an off-line
orogron CFBAT. ICU(8) is autcmetically set non-zero if the

m detects ¢ more ti 15 wminute errer between the coumuters

Pregre
internal cloelr cnd the in skeleton comwon verisble IRINT This
czlliows a fix to be obtained even if the externszl clock malfuncti

The ISJ(8) option should be avoilable enrly Septenmber.

2e comveniently set © or 1 by the/IC0

For prceper operation of the sotellite nrograms the cold

stort progrom CCLD2 ghould hove been executed at come stage.

Messazes cn typewriter

1. SLECL - Cpuricus Interrupts on satellite line

Usuclly means either that receiver has just been switched on
or off, voltage low on pulge lengthener circuit or noise
in from scme cther circuitry onto the satellite
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getting
interrunt line,
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Lpproximete time of end of satellite poss ond
C’.nulyo lr.‘; .
e SLTCL - invalid word count
T

CLTFR record length in error, nrogrom terainctes.,
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SLTCH =~ invalid doppler codes

Usually mecns that tne input data to SATFR has got ocut of
sequence probably through spuricus interrupts or through
migsing first 1nterrunt of nass. Check with WCTAFL to see
if first 6 words of GSLT0F aore 2003 7338 7333 4003 7333
7333. If not then suspect interrust circuitry.

SATCE - no time parcmeter available

Progrom unsuccessful in decoding vorichble paraneters -
program terminctes.,

SLTCH - not encugh good dopplers

Less thon 3 non-zero dopplers aveilsble for fix.
SLTD3 - 180 KC Doppler only

5LTP3 - 400 MC Doppler only

Te indicote fix guality.

SLTD3 - Freguency
Setellite fix ey - Time =
L:t 2 - LGK}E L4

i,

S

Se

Files aggocinted with on-line sotellite progrous
Name ilog He. Length Hecord Length
SATHE 2C 75 sectors 320

Tais contcine in the first 48 wordc of ecch record the
row catellite dota from the receiver output cocket,
Words 46-55 coantain additicnal informetion required
for fTix but externsl to the receiver., Word 48 always
hoe cntenna height in metrec, 38 alw@‘s hog word count
. . -
r

-

-

of number ¢f dato words cvoileble in th ecord,
Thic will clwoys be 48 except on the los ecord,
Jords 47 ond 49-84 are written only when the ctort

f o 2 minute period cccurs in tie data of the record

concerned (cee S.TIN). iords 58-320 are never uced.
HO0URP4 21 3 sectors 3 word

in 3 word records
‘rthoq that the
he firot 400 Le

ROOPY 22 3 gectors
1530 VME row doppler as for RDUPL,

RIZEES 23 3 sectors 3 word
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Sctellite message row doto

REIENZ 24 1 sector 10 word

lords 46-3E of those SATER records in which a 2
s

minute meesscge startz. This should be records
1, &, 11, 15 etc.
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6, BDOP4 25 3 sectors 3 word
40C kil boppler data converted from 2CD to decimnl but
still with code number attoched to front of ecch word
(i.e., mokting o 4 digit decimnl from code + 3 3CD numbers).

150 for HX P4
B, DL 27 3 sectors 7 word

400 Mc Doppler

nocw copverted from

2(P4 form to

W

extended precision flozting point without code,

9, XF1 28 3 sectors 3 word
180 vi Joprler os for UlP4,
16. 8LTR 1 2 gectors 8§ word

Doy Noo, time (3/10

minute), Lot. (deg.),

(1/100 min),
part

Lat.
The minutes

Long. (deg.), Longs (1 102 min.) of fix.
of Lnt. ond Leng. toke siga of degrees port,
Commen Varickles for cn-line nrogrons
NMESS Ho, of 2 minute morks in noes, cluding that
at lock time
L porcmeter for error informcoticn
ey number ot stert of pass
JirIi (51) Pived and Varinble mnjority veoted 3 word messcge
JvL2(39) groups in decimnl but with code poarcmeters ctill
attoehed
FPIX(11) Flonting noint decoded physical volues of fixed

porameters

The time prrome
porometers

SELE(12) The floating jore
UETL(12) The flooting point major
InaL(i2) Th

ters extrancted from the verioble

int eccentric snomcly correction

cxis correcticn

Ll tersc.
(The above 4 arroys ll start ot the 2 minute peried before
lock cnj
Cr4a(10) The physical fleating noint 485 and 150 & dopler
Y 1&2(10) 2 minwvte ccunts octarting with the zerc counts at
lock time
DCP(20) The doppler count used in anclysis (maybe vecuum,
400 or 150 MH).
Thic does nct ineclude the zcre count ot lock time,
LNTY intenna Height sbove ellipsoid in meitres
Vi Boct ond North velccities in kts.

Vi



BPUEG Sk, Leotitude and Longitude in degrees
ETDEG
Do) Fhysical cut of plane correction as for
TYTRT IR A
idlabab LAl
JTIM Iock on time in minutes from v

£11 verichies ere iwmplicitly tymped.

1

Ingkel Common Veriocbles ore as for cruise 25 of iJiscovery




Calls

Purgose

SLTTIH, secondary entry wnoints SATIN, PGIHT
Sheleton Interrupt Reoutine
1800 Assembler

Level 3, SATCL

SLTFR « 75 gectors

2 x 37 word bhulifer
IHIHT - minutes and tenths time cf dey
I54¥ - BDay number
ICF3 « Breed in 1/1G0 kts.
IZDNG - 1/10 Jegrees
s

tenna keizht in metres

.

TLNTE -
T syt 3 ~y . o . o Ty 2 LI B
IPDAG -~ Duk. Letitude in Horth positive
Ty

. B R - S A
LOOG - D.d. Longitude in dast positive

e N
IFRCE -

&

%4

‘ass in ifrogress indicator

Hote that SATIN expects these tc be in certain
defined pizces in skeleton and current listing
is as for skeleton comuon of cruise 28, Foreover
SLTIN recuires an eguate giving the zddress of

[a2 ey

the ton end of skeleton coumon {currently JKIL
EGU /CF1D}.

Toc recpeond te interrupt from receiver and accept
15 low order bits of DIV cnm LIV 72, If the
interrunt is the first of a2 2 minute period
the fellowing satellite ccmmion variables are
nut inwords 48-855 of the common buffer.

Jerd 47 Deay lo,

48 intenna feight

49 Course 1/10 degree

50 JSpeed 14100 kt.

51 5.B. Let,., degrees

52 3.2, Long. in degrees

5% Time in 1/10 winutes

84 Position of ist date word alter
2 minute mark

55 o, of datz words in the sector

k3

Words 48 and 358 zre treunsferred to disk on every
disk trensfer not just these with a 2 minute
marka

The deta from the receiver is entered seguenticlly
inte words 1-45 of the buffer which when full is
trancferred by FGIVY a2t lzvel 3 to o sector of
SATRF, meaznwiaile data is streamed to the 2nd
ouffer. There are two words in front of ezch




Subprogram -39 p.2.

buffer containing & word count and sector
addresg., UJisk transfers take place every
23 seconde.

When no interrupts have been detected for
15 seconds nrogram timer 3 times out and
SaTIk is czlled if ne further interrunts
occeur after 185 more zeconds the nass is
assuned ended, the gkeleton buffer written
to SLTEYF, co n variebles initisliced
for next pass and SATCL is gueued,

This program is a direct adeption of one

by &, Caughraen of IBM at Scripps.
& Ee
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Hame SATCL

Lenguar
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Called From

Data files

Skeleton Counon

Purpose

Feinline Core-Load

Tortran

SETTE

SLTEE, RDCP4, ROCPL, REES3, RMINZ

sw(s), IcwWw(s), IMINT, IDAY

To sort file SLTFF

£ check ig Tirst made that wmore thon 1 sector

of date has Deen written. If not, it ig assuned

that the interrupnts are syuricus & message 1is

tyned znd program ends. Cign on ressages are

tyned saying thet satellite pass heos finiched.

If I5W(3) iz non-zero the messoge is- also punched
O

on P/T 2, If the ckeleton time IHMINT doec not

agree with internal clock ICW(8) ie set non-zero

to mrovide off-line cutnut and termination of
program SLTCH,

The 402 MH doppler data is stored

records in ROCP4L, Similarly 18&

in EO{P1 and satellite = sse»e in .

2IN2 hes the 10 word reccerds from words

46 to 55 of SATYF whenever t were is a 2 minute
mark, & count is xept of the number of these
records to give the total number of messages
received,

The rortlug process also rearrsnges the data in
form of the original

Fortran arrays revarsing
SATEY order which mbler ordered. It ic
also assumed that fir interrupt is for
the Tirst word cf 400 Mc do pnler and that
subseguent dete i trictly in the expected
order.,

3 vy
15 asse

.
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Data Files

Skeleton Common

Purpose

SATVT

Mainline Core-Load

Fortran

TH8AT

SATCL

SITEN, SST8T, BITsT, 3Ch

the sotellite 3CD duta to decimzl
integer. This progrom checks that there are
at lezst & complete 2 minute messages, It
then majority votes bit by bit both the fixed
and vericble nparameters and converts from BCD
to decimel code, lecving the code parameters
attoched to the front of each word.

To convert

CefLe an corigincl hemndecimel bit pattern 73893
will be decoded tc 7860, and integer, 2CTLXS3
zerog are itreated cos indicction of loss of lock
and the whecle of the group of 3 words concerned
are cet tc azero.

Hext the 4.6 second dopplers cre converted from
BCD te decimal,

If I5W(5) is nom-zero the decoded decimel values
cf the fixed and varicble parametercs, 400 and
100 Mc doppler ocnd the informaticn from worde
48 - 585 of thooe sectors of SLATHF conicining

o 2 minute work ore munched to 24T 2.



Called by

ata Files

w

Skeleton Comacon

Purpose

INSAT

SLIVT

BbCPZ, S0(P1, (F4, DOP1

None

To check that fixed and varicble parameters hove
Then the

right code ~nd if not flag an error.
fixed porcmeters cre scnled to paysical units,

The vericble corrections to eccentric anomnly
ond major axis aore found, storting with the

correction of the 2 minutes before lock and
centinuing for 3 2 minute intervals beyond
lost one received,

the

The out of plone porometer: is decoded line by
line But not fully evolunted ot this stage.

The integer doppler dota from IN3LT is converted
to physicel unitc by couwbinction of the 3 word
groups into o single flooting pcint word., 445
second dopnler ig filed on dick and 2 minute data

written to COMILN,
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Dote Files

Skeleton Common

Purpcse

SLTCH
Voinline
Fortran
S5aTD1

INGAT

REINZ
Hlone

Checks thct at lecst one of £00 MH and 150 MH
doppler hns right ccde, Gets poarameters
(antenns height lat and long) from RMIN2
record 1,

Checks if out of plone parameters available,
If they ore it combines the £ single digits
from succegcive messcge groups inte ome physical
cut of plame parameter.

Uses time moduls 30 minutes from satellite
varicble porometers to line un computer clock
time with sotellite time moduls 1440 minutes.

Next the two minute dopplers are edited to
remeve counts less thon 2,800,000 apd greater
thon 4,706,000 =né alece nomn-increccsing counts.
If both 4C0 =mnd 1850 ke dopnler ore avoilcble
these are checked for differences grecter thon
1200 which it found lead to a rejection of those
doppler counts (they are set to zero).

The nuier of non-zerc donpler counts avoiloble
for o fix is then found ond progrom termincites 1if
there cre less thon &,

peed are recd from the

Finally the cource nnd gpes
& converted to velocity

o
lagt record: of RUMHINZ an
oot and north in knots,

o
-
G

®



Sreleton Common

Furpose

SETD
¥ainline
Fortran

)

SATD

a

S5LTCH
Hone
Hene

varicble parnmeters

Lecepte sateliite .
= through JCEMCI from

and £ minute doppler nas

SATCH.

At this stoge =1l dato must hove been verified

and perfect, Zero doppler countzs will be accepted
o8 an indicotion of missing dota. SA%D1's main job

ic to calcul-te catellite pogitions every 2 minutes

from leck on until the cend of the pnss. The coordinates
are pleoced in arvoys X8, ¥5, Z05 which are cartesion

T

inertial coordinates - X8 thrsugh 1st point of lries
pe angles and in equatorial plane and ZS8

s at I{'lg:’it ARy it
threougi the M. Pole the 3 forming o right honded system.

N,I,.C. PROCGRAL
Home
Tyne

onzunge

olle

2

Fal

Cclied by
bota Files

Creleton Common

Purnose

34751 is gimil-r to the pon-procecs .
]

pivy] Ay,
Zoriron

37T e
WL LD

SLTDY
Hone
Nene

To perform iterctive solutioh of the novigation
problem. & .. position ot lock time ic cssumed
and ships peogition ot cucceeding 2 minute
is colculoted in Z, ¥, & coordinctes (see
Losuning o velocity for the ship.

cf sotellite from D.X. positions cre calculated,
nge in digtonce every 2 minutes is ceommrred

with the true change in distrnce given by the integrated
deppler count, fLllowing o sanll error im J.4. residusl
eguntions ocre forwmed for the latitude znd
errors. Solving thece eguotions for o new
solution ig iterated until ghe I tituce znd longitude
are less thon 1077 prodion and satellite
frecuency residurl (o 3rd unknown poraneter
problem} is less thom C.1 cycle/2 minutes,

nfter 30

e

he soluticn doesn't converge iteraticons

iec zet.



Colls

=% 1 7 T
Colled

in
il

ot ilegs

&

8kel Comuon

Furnpcse

VILG
SLiTD2
3 .L[A
None

Te outsut to typewriter.ocnd disk file G.LTF the results
of S4TB2., It nlso informs user of type of fix,

€.e 400 kic only mesns thot vacuum dopiler wasn't used
in the fix calculation., Ictitudes North ond icongitudes
Loot cre Fogitive.

SATF heo 8 word records of DAY NG,, TIHE (& FIX (1/10
minute}, Latitude (aeg.), Ietitude (1/100 minute),

icngitude (deg.), ngitude (17130 ninute).
<3 U

The minutes part of the nosgitions toke the sign of the
degrees nvort. The file is o process file and uced in

coq*vnctlcn with 9/00 FULL.

fralatrd

N A »

SLTC3 is the non-nrocess ecuivolent of
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IJ.I.(’.

Neune SLTCH

Lyne Non-Process Program
Lenguoge Fortron

Cells 3i7C2

Cnlled oy Hone

Furncse To input cff-line data for gotellite fix,

Data /f JiB
// XET 3.TC1 e
(cy Musber I3 formnt)
(11 fixed porcmeters B15.8/formct)
(N = No. of oppler counts + 1, If format)
rs in E15.8/formnt,

(N sets of 3 variable norcosm

Geccentric Lnomcly first, mojor oxis correcticon ond

-ne ce;mactlun)

finnlly ocut cf n
(§ - 1 Ooppler counts Ei5.8/fcrnnt)

Lock om tine in minutes from midnight B15.8/)
(.2, Latitude degrecs E15e 8/, lerth positive)
(3.2, Lotitude minutes part, clwoys +)

(.. Longitude degrees 215+8/, ecct positivel
(D.¢e Longitude in winuteg W©15°8/, alwoys +)

(Antenno height chove geoid in metres B15+8/)
{Velocity cnct B15.8/)

(Velecity ncrth 215.8/)

{M = number of 2 minute intoervanles frea lock tize

ot which fix is recuired, I1 formnt)
/7 BN

Mote tant if doppler counts are nct cvoiloble fer
e mriticulor 2 minute pericd then they may be get
zerc in the doto cbove and o fix otill be obtaoined
nroviding there cre ot lerst 3 goed dopplers,

P
i
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Nome SLTC2
Iyne Non-Prececs Frogrom
Jertran
Colls SLTC8
SN Ta P
[N A VN
Purpose Iterative seolution of sotellite novigationol

prolem, Idemticol with 8.TD2.

N.I.C,

voe Programn
irnzuage Fortran
Colls BLIT

rurncse Cutput to 1i r the rescults of 5LTC2,
Colculcoticns similor to 5.T33. Ho disk files
written,






