E CT- 82- jto-4I- LR

G ot

I~ FAA TECHNICAL CENTL
. . ,LE'ETEH [“‘EEPQT‘

%

GLOBAL POSITIONING SYSTEM (GPS)

i

SATELLITE ELEVATION AND AZIMUTH ANGLES

by

Michael Magrogan

U. S. DEPARTRIEMT GF TRANSPORTATION
FEDERAL AVIATICN ADAINISTRATION
TECHNICAL CERTER
Atlantic City Airnort, f.J. 08400



ABSTRACT

This program was written to plot Global Positioning System (GPS)
Satellite elevation and azimuth angles versus Greenwich Mean Time
(GMT) in hours. This program is used by Technical Center engineers
to predict the GPS satellite visibility window for flight test
planning and post flight data analysis. A program flow chart,
program listing and sample plots produced by this program are
contained in this report.

The author of this letter report is Michael Magrogan, ACT-100B.3
and he may be contacted for additional information at FTS-346-3915,

(609) 641-8200, extension 3915.
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INTRODUCT I ON

PURPOSE

This program was written to plot Global Positioning System (GPS)
Satellite Elevation and Azimuth Angles versus Greenwich Mean Time
(GMT) in hours.

BACKGROUND

A program called "A GPS Almanac' was written by Che S. Wong of Texas
A&M University in partial fulfillment of his Master of Engineering
Degree (Reference 1). This program was modified to run on DEC PDP
11/34 computers at the FAA Technical Center. A listing of this
modified program is included in Appendix C. The program predicts
rise/fall times, elevation, and azimuth angles of the GPS Satellites.

The inputs to this program are: almanac data file name, identification
"number of the satellites or satellites excluded from the navigation
constellation, the number of satellites in the almanac data file, user
position (latitude, longitude, altitude), start time, stop time, computation
interval, date of use, option to predict rise/fall times or elevation
and azimuth angles. The almanac data file is created by running a
program, which is included in Appendix B, that collects the current
almanac data from the memory of the GPS Z-set. The modified position
prediction program outputs GMT time, satellite constellation and the
satellites elevation and azimuth angles to a line printer and a disk
file.

The listings of the GPS azimuth and elevation angles were useful, but
a graphical representation would provide an easy to use presentation of
the satellite visibility window,

DISCUSSION

A program was written to plot the azimuth and elevation angles of the GPS
Satellites from a data file created by the GPS Satellite Position prediction
program.

The main program logic is displayed in the accompanying flow chart (Figure
1). The user enters the date of use and a plot data file name. The program
reads the data file into memory., The first record contains the date of
almanac collection. The remaining records in the file consist of GMT time,
satellite pseudorandom number (PRN), elevation and azimuth angles.



The data is scaled to an eight inch GMT time axis and a six inch
elevation angle axis. An eight and a half by eleven inch border is
then drawn around the plot area. The GMT time axis and the elevation
angle axis is drawn. A dashed line is drawn at zero elevation. A
reference time azis in seconds is also drawn. The elevation angle
data is plotted for each satellite. The satellite's PRN number is
written after the last elevation angle data point. This elevation
angle data plot is finally labeled.

The azimuth angle plot is set up the same as the elevation angle plot.
A border is drawn around the plot area. The GMT Time axis and azimuth
angle axis are drawn along with a reference time axis in seconds. The
azimuth data is plotted for each satellite which is tagged with a PRN
number. This azimuth angle plot is labeled and the program terminates.
Sample plots are shown in figures 2 and 3, A program listing is
contained in Appendix A. All plot subroutine calls are CALCOMP sub-
routines written for a DEC PDP 11 computer and a CALCOMP 1051 Drum
Plotter.

This program is used by the GPS Fixed Wing and Helicopter Navigation
groups to predict the satellite visibility window for flight test
planning and post flight data analysis.
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:#*********************#*****************************iﬁ****#****i%****?

B — O FELE-NAME{-ALCOLFOR
C LINK WITH ZREAL

b

v &
B C FROGRAM TO COLLECT ALMANAC DATA FROM{THE ZSET,.
P €
c ‘ SEE DOCUMENT: CFP-US-30S,FAGE 10-12, 20 JUN 78
) € FARLE—-10—V-—PACKED-DATA-BLOCK—T-I1
c . :
€ MIEHAELE——MAGROGAN—CE0-0FP—AETF—O00I——JANUARY—1981
® c GFS HELICCOFTER FROGRAM
SRR KK K K KK K K K KK KK K K 0OK KOK K KK KRR R KK KK K KK JOK K ICK AR K KK KKK K K Kk Kk

DIMENSION IALMAC(12,24),ISVFRN(24)
® ° BYTE—ALMAC(24,24)» IAR(4D
REAL%4 OMD»yOMO»MO
INTEGERX 4 -JVAL- - -

» INTEGER H
— EQUIVALENCE - (IAR(l)rJUAL);(IALMAC(l»l);ALHAC(lJi)) :
DATA FI/3,14152285/sISVFRN/4+7+969895:9,18%0/ )
———€ —ISTALDL IS --THE bTéRTINB ADDRESS - OF ALMANAC DATA AND -IWCNT--IS-THE NUMEE

> C OF WORDS IN THE ALMANAC DATA. :
: -—-DATA ISTAD/0172700/» IWCNT/288/ ——-- —
C CALL ZREAD TO READ ALMANAC DATA FROM THE ZSET.

D = CALL--ZREAD(ISTAL» IWCNT» IALMAC (1415}
C ASK THE USER TO ENTER DISK FILE NAME AND DATE OF COLLECTION.
3 WRITE(S»y100) —
WRITE(S,110)
. EALL-ASSIGN(1yr=1)
) WRITE(S,120)

REAINSy130>--TITC- *

C WRITE DATE OF COLLECTION TO DISh FILE.
» WRITEC1130) DTEC-—— —_
' Lo 10 J=1,24

—-C- GET-SATELLITE ID(PRN-NUMBER) -FROM-ALMANAC-LATA
D D0 20 I=1,24

—— e TS ALMACC 19 I :
C TEST TO SEE IF SATELLITE IS IN FRN NUMEER ORLER.

® ——IF¢ID vEQ,-0)>-GO TO-20 - : —
IF(IDF JEQ. ISVFRN(J)) GO TO 30 '

20 -CONTINUE -
- Y GO TO 10

———-~ C-GET ECENTRICITY OF- SATELLITE OREIT FROM ALMANAC -DATA—-
- 30 IAR(1)=ALMAC(3,1I)
® - IAR(2)=ALMAC(2sI) - ———
IAR(3)=0

‘ IAR€ 4> =0 —mne
) C ECENTRICITY IS SCALED BY A FACTOR OF 2%%-21.

- —E=AJFET (JVAL) X4, 768371 6E~7-

C GET TIME OF AFFLICARILITY OF THE ALMANAC FARAMETERS. .

3 —JAR (1) =ALHAC(4y Ir——-— - —
IAR(2)=0 |

FAR (3r=0

D IAR(4)=0 :
——— -~ --TOA(SECOMNLS) - IS SCALED-BY--A-FACTOR OF- 2X%X12+-- e
TOA=AJFLT(JVALIX40956,0 '

g —C- GET SATELLITE OREIT INCLINATION FROM ALMANAG DATA. - oo
IAR(1)=ALHMAC(651) |
- AR CZ) =ALMAC( Sy Ir— e - —
5 IAR(3)=0
~ IAR(4)=0 — —— -

IFC(IAR(2) .LT. 0) IAR(3)=-1
y 0 o IF(IAR(2) LLT. 0) TAR(4)=—1- e APPENOIX B2V

" NMT/QEMICTERI COY TG OCOANLPT ThWW A FAATAFR A Aaae oo~
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C FROM ALMANAC DATA.
CIAR(1)Y=ALMAC(ByI) — : —_—
IAR(2)=ALMAC(71)
-TAR{(3I=0
"IAR(4)=0
IF(CIARA) — LT+ 0)—IAR(3)==1— —
IF(IAR(2) LLT. O) IAR(4)=-1
————C—OMD{(SEMICIRCLES/SEC)- IS-5CALED BY A FACTOR - OF- 2%X~38-AND
C MULTIFLIED EBY FI TO YIELD RADIANS/SEC,
OHB=AJFLTLJIVAL JRRI X3, 46379788E-12
C GET HEALTH WORD FROM ALMANAC DATA.
c
G

A

H=ALMACLS » I —
GET THE SQUARE ROOT OF THE SEMI-MAJDR AXIS OF THE OREIT
_EROM--ALHANAC--DATA
IAR(1)=ALMAC(12,1)
AR =ALMAC 111
IAR(Z)=ALMAC(10,1)

T ARL4-)r=0

TIN5

C RA(METERS) IS SCALED BY A FACTOR OF 2x%X-11.
RA=AIFET VAL X4, 88281 285E-4
C GET THE RIGHT ASCENSION OF THE OREIT FROM ALMANAC DATA.
AR =a-HA L3-S+ 1
' IAR(2)=ALMAC(14,1)
———————-—————LARLq}—AE#AG&17*Tl—
IAR(4)=0
IFLIARLE LT 0> -TAR(4)==1
OMO(SEMICIRCLES) IS SCALED RY A FACTOR OF 2%%-23 AND
MU T IR T ED—RY—f I —FO-¥IEL - RAANG
OMO=AJFLT{JIVAL)XFI%1,1720929E-7
E— GET- THE-ARBUMENT -OF—FERIGEE-FROM--ALMANAC-TIATA.
IAR(i) ALMAC(18,1)
AR 2I=ALHAC (17T
IAR(S) ALMAC(16,1)
HARL4=0
IF(IAR(3) .LT. 0) IAR(4)=~-1
C—W(SEMICIRCCES - IS-—SCALED-BY-A-FACTOR-OF2%X=23 AN
MULTIPLIED RY FI TO YIELD RADIANS.
WeAJELTLIVALI ¥ RIX1 . 1520729 E~2
C GET MEAN ANOMALY AT TOA FROM ALMANAC DATA.
ITARLII=ALMAL (2413
IAR(2)=ALMAC(20,1I)
TARCII=ALMAC(L122.1)
IAR(4)=0
—IF(IARLE LT 0)>-TAR(4I)==1
MO(SEMICIRCLES) IS SCALED RY A FACTOR OF 2%%-23 AND
M LT IR L E R BY - I - TFB—¥TEL D-RADIANS~—
MO=AJFLT(JVAL)XFIX1,1920929E-7
WREFE—ALMANAC- DATA—TFO--DISK -FILE~S
WRITE(1,149) IN
WRITE4- 191502 —E»T0As DI » OMD
WRITE(1,150) RA,OMO»WsMO

ST Y Ty Wi of myllP SO, | 1 303
W I o

10 COMTINUE
STOR—— »
100 FORMAT(’ FROGRAM TO EXTRACT ALMAMAC DATA FROM ZSET.’)
—— e 1 10-FORMAT (L $ENTER—FILE SPEC FOR -OUTFUT»ALMANAC DATA -FILE=2)
120 FORMAT(’ ENTER COLLECTION DATE FOR ALMAMAC DATA(JULIAN DAY)=')
130 FORMATCE15+8 )
140 FORMAT(’ 7))
—— 149 FORMATC 2,122 —
150 FORMAT(’ “4E15.85’5’yEL5.8s’9/sE15.8+79/5E15.8)
END

0

b o

1y

APPEND X B-2
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Lo LTLE ZISET IS0 FRUM FURIRAN

S— . ~WSETTL: ZSET -BLOCK. READ oo . _

+GLOEL ZREA IIyLJnITL_vRH[lII;I!Tnn'ENE ITvDI HLT» TFREAD
_3 CALL FROM FORTEAN ——- CALL ZREADCISTADIWCHT.IBUEFC(1))

; WHERE ISTAD IS THE STARTING ADDRESS IN THE ZZET
i IWCNT I3 THE NUMEER DF_WORDS_TO. READ ____ _ -
; IEUFF(1) IS THE FIRST ELEMENT OF AN INTEGER¥1 DATA AREA
ZCSs = 164400
28 = L8132
ZADD = ZCS+4
ZnAT = ZCSt6
LOC = 144410
GS = LOC+2
FLAG = LOC+4
ZREADS MOV (RS) 4RO s BUMF ARGUMENT COUNT
My _E(RS)+ RO s STARTING _ADDRESS
MOV 2(RS)+sR1 s WORD COUNT
MOV (RE)2R2_3DATA_AREA FOINTER
; :
24 TSIE ZCs ; TRANSFER _COMFLETE
EFL 2%
= 4% MOV RO,ZADD ;WRITE ADDRESS
- MoV $#1,2SE ;READ4GO
_ 342 _TSTE ZCs ; IONE?
EFL 3%
MOy TLAT. (R2) 4 $GET DATA WORD
INC RO
INC KO .
DEC R1
ENE 4$__ jALL WORDS DONE?
RTS FC
.FAGE
LSETTL ZSET ONE WORD WRITE
$ CALL FROM FORTRAN —-—— CALL ZWRITE(IADD,IDAT)
i WHERE IADD IS 14-EIT INTEGER ZSET ADIRESS
; IDAT IS 14-BIT INTEGER DATA
y
ZWRITES MOV (RS)+sRO ; BUMF_ARGUMENT COUNT
4
1% TSTE ZCS s TRANSFER COMFLETE
EPL 1%
MOV B(RS)+, ZALD s WRITE_ADDRESS
MOV E(RS) s ZDAT SWRITE DATA
MOY $3,ZSE  iWRITE+GO
243 TSTE ZCS s IONE?
EFL 23
RTS FC
F'AGE | )
SETTL ZSET MO CARRY ADD
3 CALL FROM FORTRAN —-- CALL RADDCISUM, ITERM(I))
3 WHERE ISUM IS 14-EIT INTEGER SUM
; ITERM(I) IS A 16-KIT WORD TO EE SUMMED
’ L]
RADDS AL P4(RS),@2(RS) __ ADD _TERM TO SUM
RTS FC
FAGE
LSETTL ZSET DIGITAL TO ANALOG CONVERSIOHN
5 CALL_FROM FORTRAN =--- CALL DTA(I SCALE» IGLSL» IFLAG) L
} WHERE ISCALE IS THE SCALED CRO35 TRACK
i ISLSL-lSMTHE_SQALED‘GLIDEMCLDPEA ~

5 IFLAG IS THE TO/FROM FLAG AND WAYFOINT WARNING APPENDIX B-3



— AUV 1#AalKD)eUS T iMOVE GLIDE SLOFE TO DTA o
MOV RB&(RS) s FLAG s MOVE TO/FROM AMD WARNING TO DTA
- _RTS - __EC e .
PAGE

SRTIL_ZSET HALT ENARLE BIT TEST

e e e e e e i . i A

3 CALL FROM FORTRAN --- CALL HENEBIT(ISW)

Y i WHERE_ISW .IS THE STATUS_OF _THE_HALT SWITICH
;
— _ HENBIT_MOVU_____ P2(RS)sRO ____ _ _$MOVE ISW .I0D_RO.__ __ _
J EIT . #10000,ZCS s TEST FOR HALT SWITCH SET
e __BEQ__.___1% — _ B e .
MOV $10000,ZCS $ENAEBLE HALT
. MOV #1s@2(RS)_ $SET _1SW
. RTS FC
3. HALT_SWITCH NOT_SET .
» 1% MOV $0,E2(RS) sRESET ISW
- RTS ____FC_ . L
+FAGE
y LSEYTL_ZSET DISABLE HALT .
; CALL FROM FORTRAN —--- CALL DISHLT N
e DISHLT MOV __ #0,7ZCS  DISARLE HALT
> RTS FC -
+EFAGE -
SETTL ZSET TO-FROM WAYFOINT SWITCHES REAI
Y ;_CALL_FROM_FORTRAN —== [ALL_ TFREAD(IWFT)
o 3 WHERE IWFT IS A 16-EIT WORD CONTAINING THE FROM WAYFOINT
; _IN_THE _MOST_SIGNIFICANT EYTIE aMD THE T0 WAYFDINT
) ; IN THE LEAST SIGNIFICANT EYTE.
. TFREAD: MOV PE12454:52(RS) $MOVE TO-FROM SWITCHES TO IWFT -
) RIS FEC R
+ENI
) _ _
) -
) — —
y o
B T m—— — o———— - —_ ————
APPENDIX B=4 - R
.
. B i ~
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BLOCK DATA
IMPLICIT REAL#4(A-2)
INTEGER MNAL

COMMON/NAC/NAC, TUY, TCY, TKC, DTS, DTW, TC, T, FOTU

DATA
DATA
DATA
DATA
END

PI1/3.14159265EQ/,,RTIV/S7 . 29577 %3R0/,,F12/46. 2582135

OMF /., 936647220E0/AE/ 6. 272138EL/NAC/O/
E2/6.694217772E-2/,OMF2/ . 99330562 ZE0/
SGC/1.994649%E7/,ERATE/7.292115147E~5/

APPENDIX C-1

COMMON /CNZT/FPI1,RTD, OMF, AE, EZ, OMF2, SGC, ERATE, PIZ/DRZ/AD( 14, 2)

2EQ/



P

ONDLE UF TO 2 SAT. IN THE INFUT DATA
A A=HI K=Y e
: L(¥)rTERﬁUT\3)rNALrNUﬁrDNL

LAGICaAL MO W NEXDAY P FIX
COMMON/ LE U/EL(8YyDIRCYUCISY s DIR(IIPE(Z3) s IT(B»3)
DOURLE BRECIEZEION. UQ&);L:TLLJN#HLTLR__
COMMOMN/TIME/TRELy TFINy TSRIF/NUM/NUM/VIS/SINGL yONEPFIX
COMMONSATZM/ZEL VM (2) 2 AZHIE D ’,FLQG,‘/.I.FLG LIFLACy IFATH
COMMON/FOS/ LAT LUN;QLTvR/NAC/NAC:TUY;TCY;TNC;DTC;DTU TC»TH»FDLTU

e COMMON/CNSTAE Iy RTID s OME s AESE2 s OMF 2 SQCERATE RIZ/DE2/7ANC 1422, ISHS

\ 1¢(243)
e _COMMOM/DTX/USD(B824) s REAR(B) s RM(BYsDELR(22,H(4,4),3VIS(8Y
COMMON/SAT/54)y0AC(14)
e COMMONA/THRATHR .
ODIMENSION IWDNT(”4)rID(°4)

e e D e e et e e mm mm s e = e 2 < s e < 2218 et 0 Pt . 20 2 8t et et e et e et ne

C INITIALIZE OQUTFUT DEVICES 1,34 AND 6

e e WRITEC(S»200) - IS e
URITE(S!?OO) -

—_— e MRITELS 2250 _
CalLL HuSIGN(l’!‘l!IRDJ )
WRITELS2260Q) .
CALL. ASSIGN(2sy-1)

‘_/ _WRITEC(S Z74Q) —

REAL(S,7S0) (IDONT(I)»I=1,24)

C -—
C INITIALIZE VARIARLES
C

SINGL=.FALSE,

NUM=1 — .

TC=0., '

- ISENT=0 -
c
_______ C_. . READ THE _DATE 0OFE COLLFCYIQON F2R THE aLYMANAC REING USED A% THE

C NTH DAY 0OF THE YEAR
c

c 10 WRITE(Ss600,ERR=10)
—— e _READS,SQC,ERR=1Q)DTC

REWIND 1
READ(L.300) I'TC
WRITE(2,3500) 0TC

———— T . .
C READ AND SCALE ALMAMIC DATA FROM DISK AND ESTAELISH THE
—  C__NUMBER DF_SAT. USED_IN THIS ALMANAC.
C .
20 READC1 419 END=20.ERR=20)_ IDCISCNTH1) -
REATI(1, 620 ,EXND=30,ERR=20) (AD(IsNUM),I=1,8)
. . ISCNT=ISCHT+1 _
00 21 I=1,24 )
e IFCIDONT(I) JEQ._ISCNL)_GO_TI0 20 - S

21 CONTINUE
S ~»—-'—-—..IE £ LCIIJ (8 y HUM) . EQ.A_O,. O.J_GD--J-G_Z.O- ——
ISNUM(NUM)=ISCNT

. NUMSNUM¥1. I .
GO TO 20 .
e . _Z0_NUM=NUM-1.. e I S
31 WRITE(S,570,ERR=31)NUM '
e - READ- (54 520y ERR=TLINUM ——— - — —

WRITE(6r610)
~ - DO 40 - J=1,NUH . ———-
ELV(1)=ANC1, )

ELVL2I=ATD 5 ) e e . RS
LD 40 I=3,8 APPEND X C-2
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ELV(D)=AL(5, )

- - MWRITE(S 6320 (ELU{II»I=1yB)
ADCGy D) =aAD0(5, JIXKK2
ADCIQ, J)=CDRI(AN(3, 12)

ADC11, J)=CSINCAL(3y 1))
JADCI22 43 =C05 (ADN( T )

ADC13yJr=SINCAD(7+J))

S0 _4D0(14: 1)=S5CL (A0S, JIKAD(R L)

opo

70 WRITE(S-030:ERR=7Q)

INFUT THZ LAT,LONs» AND ALT, OF THE DEESIRE D FOaITTON.

L0 _WEST AMI LAT SOUTH ARE TENOIEDEY A NEGATIVE UALIE

NEXDAY=,FALEZ.,
FIX=.FALSE.,

® @ © 0«9

LAT=3%2.5
[ ON=-=74,5

J

ALT=70.0
READ(S SO0 ERR=70) JFLOW

IF(IFLOW.EQ.1)GD TO 90
S0 WRITE _(5,51D)

READN(SySCO0sZRR=90)LAT
READ(S » 500 ERR=80LON

READ(S,500,ERR=BO)ALT

LON=LOMN/RTD

___??___,IMiL_EHQQSE

L ECEF TARES £A7» LONs AND ALTS IT RETURNG Xs¥»Z IN U-VECTOR

c

CaLl ECEF .

WRITE(S,539)
U¢a3=0,

CALL LLA
0 100 I=31.3

100 DIRCUCI)=UCI)/R

PROGRAM .

" THERE ARE TWO OFTIONS WHICH CAM BE ENTERED
1 THIS GIVES THE RISE-3y RISE-4, FALL-4y AND FALL-3 TIMES
OVER & RANGE OF DAYS INFUT EY THE USER AT THE FRCMFTING

FOR IFATH

DF THE

%)

0NO0OnONOn

THIS GIVES THE ELV. AND AZM. OF THE SAT.
THE_U3ER., WHEN 4 OR _MORE SAT. ARE VIGZIRLE,
GIVEN ALDNG WITH THE CONSTELATION USED TO

N THE DAY ENTERED RY
s THE QOFTIMAL GDOF IS

CALCULATE THE GIOF.

¢ o o o O

REAL(S,»S00yERR=150)T
REALCS ,S00,ERR=150)TFIN

REAL(S»S00sERR=150)TDEL
READ(S 500, ERR=130)0TU

READ(S,520,ERR=150) IFATH

IFC(IFATH.EQ.2)WRITE(S»SS3)DTULOTC

IF(IFATH.GT.1) GO TO 120
110 WURITE(S:5%0)

READ(S»500,ERR=110)FDOTU
MRITE(S,7210)

115 READ(S,S00sERR=113)TSKIF
—_— e IF(TERIE  WLTL 1O TSKIF=1.,0.
120 IF(IFATH EQ. 2)UWRITE(6,580)

. e~ URIIE(&:550)0T
WRITE ($7S40ILAT/LON,ALT KU
COTU=(DTU-1,0)%36400,0

TCY=(OTC-1,0)X55400.0+AMOD( [CsB85400.,0)

L AFCIRATH.EQ.2)GO0 TO 140

FIX =.TR0L,

TAPPENDIX T-3
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GDOF=0.0 :
—_— - D0 141 .I=1,4 —_ - — ———
141 CONSTL(I)=0 ‘
- CALL ZSATSEL -
T=T+TDEL
i TFAT LWL T, 8442040360 7O 142 S I
IF (NEXDAYIGD TO 143
— e NEXDAY=.TRUE. . —_ — .
: LTU=0OTU+E6400.,0
———e .. 143 1101410 I=1,NUM ____ - -
. WRITE(2y770) THR,ID(I)»EL(I) »AZMCD)

23410 CONMTINUE
IF (TJLE.TFINYGO TO 140
142 WRITE(H,720,ERR=1422_ - _
READ{SyS20yERR=142)1C
e JE (IC- NE...0)GE0_TO70 - =
150 CaLL CLOSE(2)
SIOE
S00 FORMAT(GE15.8)
— e B0 EORMAT (L INEUT 3 ALMANAC_DATA _LATHLDOHN.AL T OF USERZ)
S20 FORMAT(IS) ’
S30 FORHAT(. T TFINAL. DELTA Ts DT, IFATHZ)Y
: 540 FORMAT(2(1IH »4(3X,0615.,82/)3
- S50 FORMAT (/212X A LAT 2 17X "LON  » 17Xy “ALT 7 » 15Xy "RANGE TIME=',G15.!
' 555 FORMAT(10Xs "DATE OF USE’»FE.1&Xy’ ALMANAC DATE »F3.1)
e S&0_FORMATLS CIIMES 243Xy ELEVATIOMAAZIMUTH Y
570 FORMAT(//s&6Xs THERE AREZ “»I2y7 SATS IN THE DATA FILE. /8%,
— X ENTER THE HNJHMBER DE . ZATES . ID0 BE USENZ)
£80 FORMAT(’ ENTERM: LOCAL FDSITION-1, OTHER FOSITION-27)
990 FORMAT(/ TERMIHATION DATE?’)
T 400 FORMAT(///s&Xs’ LDATE OF COLLECTIONY?
510 FORMAT(2X 2 "ECC e12Xs 2 TDRAZ 512X s L INOT L 212X s "NRATE 7 2 12Xy 'SRAZ 5134y
X/OMED 213X, 'OME" 212Xy “MNQOT 7))
£19 FEORHAT(IZ)
$20 FORMAT(2(4E18.8,/))
430 FORHAT(IH »8614,7)
640 FORHMAT(1IH »G16.7)
200 FORMAT(/+7)
710 FORMAT(’ TEKIP? DEFAULT= TDEL’)
— 720 FOROAT(AX "CONTIMUER 1 -YES 0-NO')
730 FORMAT(/4ENTER FILE SFPEC FOR INPUT,ALMANAC ITATA FILE=")
740 FORMAT(Z DO _YOU WANT TO EXCLUDE A SATELLITE IN THE ALMANAC DATA F
1LE? (SY NUMBERS(1+29...:24),DEFAULT=ND SATELLITE EXCLUDED) ‘)
790 FORMAT(241I3)
760 FORMAT( $ENTER FFILE SFEC FOR CUTFUTFLOT DATA FILE=')
220 _EQRMAT(ES Ay 1 X413, 1XsFE. 21 XsF 42D
END

a1l

APPENDIX C-L4
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FUNCTION ACZOS(X)
COMMON/CNST/PILRTLD

IF(X.EQL.0.O)GO TO 1S

CACUS=ATAN(SPRT (1.7 (X#X)=1.))

IF(X.LT.O0.)ACOE=PI-AC0OES
ACOS=ACOS*RTD

RETURN

ACOS=%0, 0

RETURN

END

" APPENDIX C-5



SUBROUTINE RANGE(I)
DOUBLE PRECIZION U((4)
COMMON/SAT/S(4) /DTX/10,D(E,4)-R{S)»RM(2) , DELR(2) 2 H(4,4)

R(1)=0,
o S Jd=1,23
(I D=U(H-50D)

5 R(I)=D(I,Jy#D{I, D+R(I)
R(IN=SQRT(R(I))
D(I,4)=1.0
D(I,4)=R(I)
R(IN=R(I1)+L1(4)
DELRCI)=0(I,4)#(RM(I)~R(I))
RETURN
END

o000

———

!
Bcad

APPENDIX C-6
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TRAN

ATELLITES

OF 7 CALCULATES THE GDOF OF GIVEN FOUR

SUBROLDTINE ZGDOP

COMMON/DTX/U, D02, 4) , REAR(2) » RM(E) . DELR(2)»H(4,4),RVIS(E)
COMMON/HT/HT(4,4),P(4,4),N/THR/THR, GOIOP

DOUBLE FPRECISION U(4)

N=4

SPOZE H IN HT
oo S 1=1,4

DO s J=1,4
HTC(I, D=H(d, 1)

MULTIPLY H*HT=F LINVERT F MATRIX

CALL MATMUL

CALL MATI

GDOF=F (1, 1)+F (2, 2)+F(Z,3)+P (4, 4)
IF(GDOP.GE.0.O)GD TO 7
WRITE(A,10)HT-P(1,1)F(2:,2)F(Z,2).P(4,4)
GDOP=-GDOF

GLOP=2QRT (GDOF )

FORMAT (- H MATRIX I&“,/.4(1X,4G13.4,/)./>7 TRACE VALUE’,/,iGI4.6))

RETURN
END

A}

APPEND X C-7
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SUBROUTINE LLA

DOUBLE PRECISION S(4),LAT,LONALT-RYW-SZ,RT-T1-T2,R2,CT1

IMFLICIT REAL#4(A-H,J-2)
COMMON/FOS/LAT . LON.ALT-R/DTX/S
COMMON/CNST/FIRTD, OMF > AE, EZ, UMF 2, SGC, ERATE
W=S(2)#S(2)+3(1)#2(1)

S3=3(32)#3(3)

R2=SZ+W

R=DZCORT(R2)

W=DSBRT (W)

LON=DATANZ(S(2),32(1))=*RTD

AEZ=EZ#*AE

LAT=S(Z) /7 (OMF23+1))

T1=1,EQ0+OMF2*LAT*LAT

T2=0S0RT(T1)

Ti1=Ti#T2
LAT=LAT+T1/(W#T1-AE2)# ( (AE2#LAT) /T2=~U#LAT+Z(3))
LAT=DATAN(LAT)#*RTD

IF(R.GT.&.LSELGD TO 20
ALT=R-AE/DISORT(EZ#S3/ (OMF2#R2)+1.E0Q)
RETURN

Ti=DATANZ(S(3) W)

DD 6-..' I I’L

CTi=DCQ3(T1)
T2=DATAN2(DSIN(T1),0MF2%#CT1)-T1
SC=AE#IMFZ#AE/ (1. EO-E2#CTI#CTL)

W=DSIN(T2)

ALT=DSCRT(RZ~S3#WH#W)-DSQRT (S3) #DCOS(T2)
W=ALT#W/R ‘
Ti=T1-DATANZ (W, DOSQRT (1. <W#W))

RETURN

END

’ -

APPENDIX C-8
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SUBROUTINE ECEF

IMPLICIT REAL#4(A-Z)

DOUBLE FRECISION TU(4),LAT,LOMN,ALT» XT»SLAT
COMMON/CNET/F1,RTD. OMF > AE, EZ, OMFZ, 3060, ERATE

POHMON/DTX/TU/PDS/LAT,LDNrALT,XY

SLAT=DSIN(LAT)
XY=AE/DSORT (1. EO0-EZ2#SLAT#ZLAT)
TU(S)=(XY*OMF2+ALT) #SLAT
XY=(XY+ALT)#*DCOS(LAT)
TUCL))=XY#DZ0z (LION)
TI(2)=XY#*DZIN(LON)

RETURN

END

APPENDIX C-9
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SURROUTINE MATMUL

COMMON/DTX /10, (2, 4) » REBAR(Z) , RM(2) , DELR(2),5(4,4) , RVIS(2)
COMMON/HT/H(4,4),A(4,4)

DOUBLE FRECISION U(4)

Do 10 1=1,4

no 10 Jd=1,4

TEMP=0Q, OEQ

DO S K=1,4
TEMP=TEMF+H(I,K)#G(K,d)
A(I,J)=TEMF

RETURN

END

APPENDIX C-10



SIS

m

v S o T con T o S

. ——

SIS

C “MATIZ INVERTZ AN A MATRIX AND ZUBSTITUTEZ THE
C REZSULTS BACK INTO THE A MATRIX.
c
SUBRQUTINE MATI
COMMON/HT/HT(4,4),A4(4,4),N
DIMENSION INDEX(4,2),IPVOT(4),PIVOT(4)
DATA ONE/1.0/,ZERG/0Q.0Q/
c
[ET=1.0
C CLEAR IFVOT VECTOR
oo 10 I1=1,4
IPVOT(I)=0
10 CONTINUE
c )
[0 135 I=1,N
C FOLLOWING 12 STATEMENTS FOR SEARCH FOR FPIVOT ELEMENT
T=ZERC
no ¢ J=1,N
IFCIPVOT (D) -1)13,9,13
13 Do 22 K=1,N
IF(IPVOT(E)-1)43,23,31

43 -IF(ARS(T)-ABRS(A(I,K)))IEZ 23
83 IROW=.]

ICoL=K

T=A(d,K)

23 CONTINUE
? CONTINUE
IFVOT(ICOL)=IFVAT(ICOL)+1
C FOLLOWING 15 STATEMENTS FUT PIVOT ELEMENT ON DIAGDONAL
. IF(IROW-ICOL) 73,107,732
73 DET=-DET
Do 12 L=1,N
T=A(IROW,L)
AC(IROW,L)=A(ICOL.L)
12 ACICOL.L)=T
10 INDEX(I,1)=IROW
INDEX(I,2)=ICDOL -
PIVOT(I)=A(ICOL, ICOL)
DET=DET#PIVOT(I)
C FOLLOWING & STATEMENTS TO DIVIDE PIVOT ROW BY
C PIVOT ELEMENT . :
ACICOL, ICOL)=0NE
DO 205 L=1,N
205 A(ICOL,L)=A(ICOL,L)/PIVOT(I)
C FOLLOWING 10 STATEMENTS TQ REDUCE NON-PIVOT ROWS
DO 135 LI=1.N
IF(LI-ICOL)Z21,135,21
21 T=A(LI,ICOL)
A(LI, ICOL)=ZERQ
Do 2% L=1,N
89 ACLILL)=A(LIL)-ACICOL,L)*T

APPENDIX C-11
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135 CONTINLE
C FOLLOWING 11 STATEMENTS TO INTERCHANGE COLUMNS
0o 3 I=1,N
L=N-I+1
IF(INDEX (L, 1)-INDEX(L,2)21%,2,1%
19 JROW=INDEX (L, 1)
JCOL=INDEX (L,2)
nG 4% K=1,N
T=A (K, JRIOW)
A(K, JROW)=A (K, JCOL)
A(K, JoaL) =T '

S49 CONTINLUE
2 CONTINUE '
=1 RETURN

ENL
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SUBROUTINE ZATGEM

IMPLICIT REAL®#4(A-Z)

INTEGER I,NALC

DOUELE FRECISION TH,EK, OGA.RE

COMMON/FIOS /T, EK, UGA, RE/NAC/NAC, TUY, TCY, TKC, OTC, OTU, TC, T
COMMON/CNET/FILRTD, OMF, AE, EZ, OMFZ, 360, ERATE. FIZ

COMMON/SAT/ XY 2. MELECC, TOE, INDTs NRATE, SRAD, OMEQ, OME, MNOT, R SINI,
#3IND, COME, SOME, C '

biid bt b

Bl

TKC=TC~TOE
TK=TUY-TCY+TFLC
OGA=0OMED+ (NRATE-ERATE ) #THK-ERATE#TOE

Lmu

MK=MNOT+C#TE
& IF(MK.GE.-FIZ)GO TO 7
' MK=MK+FI1Z
GO TO &
‘:3 7 IF(MK.LE.PIZ)GO TO &
MK=MK-P12
‘GO TCQ 7

g EK=MK+ECC®ZIN(MK)
oo 10 I=1,4
COZE=DCOS(EERD
SINE=DSINC(EK)
TK=1,-ECC*CII5E

10 EK=EK-(EK~-MK-ECC#SINE)/TK
COSE=(COZE-ECC) /TE
SINE=SRRT (1.-ECC#ECC)#SINE/TK
EK=COSE#COME-S INE*SOME
MK=SINE#COME+COZE#SOME
SINE=Z. #MK*EK
COSE=2. #EM#EK~-1. :
RK=TK#R ’
X=RRK#EK
Y=RK3#MkK
Z=Y#SINQ .
EK=CINO#Y —
SINE=DZINCDGA) '
COSE=DCUOS (OGA)
Y=X#SINE+EK*#COSE
X=X#COSE-EK#SINE
RETURN
END

L

bl B

hil bt

3
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SUBROUTINE SATSEL
INPLICIT REALX4(A-HsL-2)
JHTEGER-PERIUT (&) + RACYHUMyCONSTL(R)
COMMONZELEV/EL(E) sDIRCUCE) vDIR(I) ZECH¢R)
DOUEBLE FRECISION UWCA) L LATALONSALTHIR. - .-
CORBON/FLAG/ZIFLEWIFLAG JFPATH/ZRUK/NUZTHEZ/TRRy TGROP
—CONMON/AZM/ELV(E) sAZMCB) /SAT/5C(A) v DACEA) . ——— —_—
CORNMUN/POS/LAT sLONSALT s R/ZNAC/NACYTUY S TCY s TEEA DTG DTUSTETHFDTU
COMMONZCNST/PIVRTDsONF s AESEZS O 23 SGUVERATE/DEZ/ADCI A4 E) L ISHUR (22
CORMON/DTYZUAD(ESA) sRBARCE) s RMCE) yDELRCE) s H(434) s RVIS(E)

2

JECIFLAG.LT.4)GO TO 149
JECIFLAG.ER.A)GO TO . 148

—MORE _THAN _4_SAT_VISELE.. SELECT -OFTIMAL--GDOR

CLEAR. .FERMUT_VECTOR

- DO._140_1=13sNUNK

i FPERMUT (1) =6

) ——— 340 CONTINUE
c

L _SELECT_HIGHEST. SAT

c

PERNMNUT (1) =1 .
J=1
DO 1412 1=24NUM
JFCELC)) .LT.6.0)G0O TO 1412
LECRE S |
JECEL(PERMUT (1)) GE. ELC(1))GO TQ 14313
FERMUT (Y)Y =PERKMUT (1)
PERMUT (1) =]
~ IECELC(PERMUT (L)) LLT, 0.0) U=~
GO TO A2

1418 FERMUTLLI) =]

1412 CONTINUE
C

JECIFLAG.ER.J) GO TO 1414
HRITE (D1 640 NUMs I IFLAG FERMUT

c .
C__SELEGI_RESI _GDOPR
C .
— 1434 DO_142_J=1,A N
142 KO3 s D =RCPERMUT (L) 3 J)
CGDOP=1.6E10 -
CONSTL (1) =PERMUT (1)
__IL=lFLAG=2
DGO 1479 I=24 1L
— YYF=YA48 -
JIL=JFLAG-1 ' ,
e DO 142G Y = TIFNIIL ———
J11F=))+1 ‘ .
S DO 1427 111=111FE.1FLAG ' -
DO 1428 J=§.4
B2y D =DCPERMUTCI) v )
HCHs Q) =DPERMUTCIT) 3 J)
e 1426 KAV =DCPERMUTCIYII) 83). ... _APPENDIX C-14
GCell SeEnoR




e C e
® c
IVEDOPLELTGLOFR)Y .GO.TO 1427

CHRITE CAy 7S PERKUT (1) W PERMUT Q)) hPERHMUT (1)) WPERKUTCITID) ZTGROP

4

Gnap=1cpop

e CONSTL (2) =FERMUT (1) .-
CONSTL (3)=FERMUT(11)
e = CORSTL (A =FERKUT(111)

1427 CONTINUE

- § ARG CONT IHUE
1429 CONTINUE
LY. S

G0 TO 3495

C_-
C OHLY 4 &AT VICIFLEt
C -

SELECT THE 4 AND FIND THEIR GDOP

148 Ji=0

I=313NUM.
©)G0 TO 1483

e e DO-TAED
JFCEL () WLT. €,
d=JJ+3

Do 444 J=35,4

4484 H(JIJy 1) =DCled)
FERMUT ()1} =)
1485 -CONTINRUE

- c

e C - FIKRD HIGHREST SAT- - MAKE. GUTRUT-UN)FORM
Cc
CONSTL (1) =PERHUT-($.)

. DO 1466 I=2:4
JF(EL (GONSTL (1)) L GE. EL (PERMUT (1)) 60-TO-
CONSTL (1) =CONSTL (1)

CONSTL (1) =PERMUT (1)

1487

GO TO 314868 .

_————~~——1487 CONSTL (1) =FERMUT- (1)
1488 CONTINUE
- JFCIFLAG.EQ. ) GO TO . 1488

HEITE (5,670 NWH 3y IFLAG s FERMUT
e _fAB& -CALL SGDOP

GDOP:=TGDOP
e 50 TOL.1A95_

——

149 JF(IFLAG.ER.€) GO TO 1496
J=1

O 1493 I=1.NUM
e JFCEL (D) L LT 0. 0)60 .TO - 1491

FERMUT (Q) =]
I {20 T S

1491 CONTINUE

-ao—

FIRD HIGHEST SAT

OO0

CONETL (1) =PERKMUT (1)

L

~=JFCIJFLGLG JEQ. -.1)G0..T0-.1495..—
DO 150G 1=23)FLAG ‘

JECEL CCONSTL (1)) .. GE. ELC(FERMUT(1)))&0 -TO
CONSTL (1) =CONSTL (1)

va

1501

CONSTL (1)=PERRKRUT (1) - -
GG TO 350 ‘
CONSTL (1) =FERWMUT (1)

———— 1501
150
1495

CONT T HUE
Call HOURS

WERITE (L v SEG)THRy (CELCIYyAZM(1) )2 I=1 4 NUN)
JECIFLAG-4)1A497,1499:1498
1497 HRITE (63 &505)

1307 LBRYTTECAGAREN (OONWNCTYE €T Y.

Yt o YE Y 4,

(lfNUI(CONGIL(I))51=111FLAG)

APPENDIX C-15
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JA99 HRITE (&1 650) (ISNUKCCONSTLCI)) 4 1= 3 IFLAG) vGDOP

e G A9 WNRITE (4 &50) (CUNSTL(L) s I=1 0 IFLAG) v GROF e
1494 FEETURN

——eee e - DES FARMAT (/02X F 72,4080 7(F6. 211X F&.243X)) -
850G FURKAT (2XsA4()I2:2)X)1F8.2)

e e B3G5 FORMAT (2X3 4 (134 2X)) o

660 FORMATC’ ERROR: IFLAG NE J IN LOOP JA1371/17 NUMy Jy JFLAG? /1313
. ¥3/3% VISIELE SATS/:8I3)

670 FORMATC(’ ERROR: IFLAG NE JJ IN LOOP §4857)
o 7506. EORMAT.(2X3 ZSAT_FERMUTATIONS 2X4 4131 2X)1ELL2)
END
=
d
4
3

APPENDIX C-16
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SURROUTINE VISELE

IMPLICIT REAL*4(A-H,kK-2)

COMMON/ELEV/ZEL (2), DIRCUCZ) L DIR(2)HLE(S,3) > Y(E, )
INTEGER NAC, NUM, K, N, ONE

LOGICAL SINGL,FIX

COMMON/VIS/SINGL, ONE, FIX/NLUM/NUM/SAT/Z(4),DA14)
DOUEBLE PRECISION LAT.LON,ALT.R.J(4)

- COMMON/AZM/ELV(Z) » AZM(Z) /FLAG/ IFLGs IFLAG, IFATH
- COMMON/FOS/LAT, LON, ALT» R/NAC/NAC, TUY,, TCY, TEC, OTC, DTU, TS, T FLIT

-COMMON/CNST/FI,RTD, OMF, AE,EZ, OMF2, SGL, ERATE/DEZ/ALI(14, &)

COMMON/DTX/U, D002, 4).RBAR(2) ,RM(3),DELR(2),H(4,4) ,RVIS (&)

THE LOGICAL VARIABLE SINGL fNDICATES THE NUMBER 0OF SAT POSITIONS
TO BE CALCULATED: FALSE=ALL 3ATS. TRUE=1 5AT = THE SAT
NUMEER GIVEN RBRY THE VARIAELE CONE

10

11

12

13

14

IFLG=IFLADG

K=1

N=NLIM

IFLAG=0
TUY=DTU+AMCD( T, 826400.0)

IF(FIX .ANO. T .GE. 25400,0)TLY=TUY+846400.0
IFC.NOT. SINGL)GO TO 10

K=0NE

N=0ONE

DO 14 I=K:N

Do 11 J=1,14

DA =AD(I, 1) :
CALL SATGEN .
CALL RANGE(I) :
EL(I)=0.

DO 12 J={,3&

OD(I, ND=-D(I,.1)/(REAR(I)=Ui(4))
EL(I)=EL(I)+DIRCU(I) *D(I,J)
EL(I)=ACOS(EL(I))
EL(I)=%0,.-EL(I)
IF(EL(I).GE.0,0) IFLAG=IFLAG+1

AdAFCIPATH.NE.2)GD TO 14

Do 132 II1=1,3 : :
Y(I,II)=0.0 : .
DO 13 III=1,.2

Y(I,II)=Y(I,II)+S(III)*E(II, III) .

Y(IJS)—Y(I'“?)_AE

SY=SQRT(Y(I,1)#Y(I,1)+Y(I,2)%Y(I,2))
ELV(I)=ATANZ(Y(I,3),5Y)*RTD

"AZM(I)=ATAN2(Y(I,1),Y(I,2))*RTD

IF(AZM(I) . LT.0. ) AZM(I)=AZM(I)+360.0 _

CONTINUE o .
IF (SINGL) IFLAG=IFLG ’

RETURN

END

APPENDIX C-17



[

c
C

ROUTINE TO CONVERT ZECONDS TO HOURS MIN SEC
SUBRDUTINE HOURS
COMMON/THR/THR/NAC/NAC, TUY, TCY, TKC, DTC, DTU, TC, TMIN, FOTU
INTEGER#4 HR,MIN, 3SEC

THR=(TMIN/Z400, Q)+, 00005
HR=INT(THR)

THR=(THR-HR ) #40 ‘
MIN=INT(THR)

THR=(THR-MIN) #&0

SEC=INT(THR)

THR=HR+ (MIN#, 01 )+ (SEC*, 0001 )+, 00005
RETLURN

END

APPENDIX C-18




f

c ROUTINE FOR USE IN DETERMINING AZIMUTH

c
SUBRROUTINE ENCOZE
] COMMON/ELEV/EL(E), DIRCILH(R) > DIR(I)HE(S, 3)H»DT(E, 3)
IMPLICIT REAL#4(A-H,K-Z)
DOUBLE FRECISION LAT,LON,ALT,R
COMMON/POS/LATLON,ALTR

SN=DSIN(LON)
CN=DCOS(LON)
ST=DSIN(LAT)
CT=DCOS(LAT)
E(1,1)=-SN
) | E(1,2)=CN
E(1,3)=0.0
E(2,1)=—CN#3T
E(2,2)=—SN#5T
E(2,3)=CT
E(3»1)=CN#CT
E(3,2)=SN#CT
E(3,3)=ST
RETURN
END

APPENDIX C-19
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e e e ——t e s e e o it s = memreran - & @ mmia e r————— e s s et b o s -

———— L

et e CORMMON/RUNM/NIUM/FLAG/IFLGs IFLAGVIPATH. o ————

- . - ——— — et o — -

ROUTINE TO DETERMINE UP TIME AND DOWN TIME QF 4 SAT

- . SUBROUYINE VISTIM . - - - e

DOUBLE FRECISION LATHLORSALT R UC4)

COMMON/RAC/HACs TUY S TCY s TRCADTC  DTULNTE THFDTU

—ee X THREESFOQURSDECT(2) /TIME/TDELWTFINS TSR .

L COMMORZELEV/ELCR) s DIRCUCR) sDIR(R) yEC(HR )2 DT (84 3) . L
COMMON /L INR/ZTIT2C(2)ZWTENMP (23 8) s RISEsTH(Z2) s THOW S 16N$1PNTP$ -

(ONMUN/DTX/UsD(8»4)|RBAR(8)’Rr(é)sDElR(b)sH(4|4)sRVIS(!)
L COMMOR VIS /S INGL A ORE/POS/LATSLUHVALT R

LOGICAL CIGH(Q\U)’pICE\YNOQJItGL‘THREE‘FUHR

INTEGER ONESOCURC2)Y. - . — -
REAL TIH(GWR)
CEGQUINVALENCE (TIMOIs1)3DATEI s (TIM(243) 3T (TIM(Sy 1) sT2)

c

ST *4

—. THE LOGICAL VARJIAELES ARE USED IN. THE FOLLONIHG MANNERD ____

SIGN - AN INDICATOR OF THE SIGN OF THE SAT ELEVATION
o= FALSE=REGATIVEs TRUE=FOSITIVE

RISE - AN IRDICATOR OF WRAT CORLITION THE JNTERFOLATIOR
e SUBROUTINE SHOULD EE LOMING FOR.__

= FALSE=A FALLING CONDITIONY A POSITIVE TGO N[GATI\
e == JRANS1ITIQN e

- TEUE=A RISING CONDITIOMy A NEGATIVE TO PU’][IVE
—— - TRANSITION- -

THO - AN INDlCATGR THAT THO RISE OR FALL COMDITIONMS UF

JINTEREST HAPFENED I THE. SAME ONE HOUR . INTERVAL __
SINGL - AN IID](ATOH TO TRE VISELE SURRCOGUTIHNE AS TG THE
NUMBER OF_SAT FOSITIORS NEEPED _TJO_EE CALGULATED __

= TRUE=0ORE SAT FOUSITIONs THE SAT FOSITION WARTED
S _GIVEN BY._TRE VALUE _OF _THE _VARIABLE _ONE

- FALSE=ALL THE &SAT FOSITIONS
THREE - AN INDICATOR THAT & RISE. OF JYMPORTANCE QCOURED. .

FROM A CONDITION OF ONE UF - THROHN ARAY FIRST
TIME VALUE FOUND.

FOQUR - &N INDICATOR THAT A RISE OF (UNCERN QCCURED FROK

A _CONRDITIOWR QF. Z2ERQ UR_w_THTUH~ANA\ FIRST_THC
TIME VALUES FOUND ™

DOoOpPORDODRDODONODODOONO %t7r7ﬂ

TSKIP=TSKIFXTDEL

IFELG=¢
DATE=(LTU/E6400,0) 41,0
HRITEC(6: 1) DATESFDTU

RRITE(&32)LATLON
HRITE (44 3)

HRITE (&3 A)
SINGL=LFALSE.

30 THREE=.FALSE.

———reeee—— . FOUR= ,FALSE ._ !

R1SE=.TRUE.

— e THO= FALSE.
c -
— C—CLEAR.-TIH HMATRIX_.
C ORLY CLEAR VARIABLES THAT WILL EE TESTED LATER
—C

-— PR— [P, — e e e o

DO 90 I=Rs5
TIMCYIy2)=0,0 _ I APPENNIY =20




UCUR () =1
- JENTR=S8 - .
< JEC(E-IFLG) 15441054100
“ —— 100 _CALL. VISBLE. __
CALL INSERTY
° —JFLR-1FLAG)I49+1104210 —
105 TIMCE ) =1000006, 0
Ti=1006000,60. -

° G0 TO 1865
— 310 . TIMC(I+22)=1000600,0 -
T1=1000000, ¢
L ~—GU.T0_186 -
c
, C - THERE.ARE. 3_.SATS _UP
) c , '
—_— e 120 A=TH4TDE o —
JECT .GT.864660.)60 TO 236
. LCALL -VISBLE. . __ _

JE(3-IFLAGYI460,1304190
—_——130. CALL - JNSERT

° GO TO 126
Cc—
C RISE-4
e - Cc -
’ 140 IFCIPNTR .EQ. 2)IFNTR=0
- IPNTR=1PNTR+1 _ . - _
S (:aLL INSERTY _ .
, —————=--=R1SE=, TRUE. - ) .
_ caLb JINTERP _
© - TINMCOCURCE)Y $2)=TH(Y) _ -

146 TWO=,.FALSE.

e T=TH+ISKEIP —
O YE(T .GT. &64600,.0)60 To 236
CAaLL VISELE- - - ...
IECIFLAG .GE. 4)GO TO 155
L GALL - INSERT - — . —_— ' .
~ JECIFLAG .LT. 3)TWO=,TRUE. :

— 147 I=T-TDEL- ——

® GCaLL VISELE
—_—— - JFCA-IFLAG) 148+, 1481147
148 1FCIFNTR .EG. 2)IFNTR=0 -
® e )ENTR=)PNTR+1— — _
CALL )INSERT
_1FCIFLAG «GT.. 4) THREE=,TRUE. : c—-
® JECIFLAG .G1. 5)FOUR=.TRUE,
: e~ RISE=.FALSE smncee e
IFCIPNTR .EQ. 2)IPNTR=0
® L )IPNTRz=)IPNTR+1-.. - - —
GO TO 161
£ e e e S
° 189 TIM(L3) 100060060, 0
e e TG0 A 2D L GOGORD LG
Y123 Q0ou0e, o
S JUR £ T T 475 £ & 1 +F (U, — U
ECY L 8Y. $6400,0)60 TO 230 '
e AV L VYSBLE - o
® WCINLAS 2T AGO TO 160
D e 1 RS LCALL S EURERE — - -
G T D
O ARESIINMIE ) 1 AG00D0, Qe e
O TIM(1a ) =1600600, 6" e A e it
G Ti=10000606, 6 Cme e e APPENDIX €21 e e e - -

® GALL VISKLF ,



c
e e e 346G JECIFLAG LT, 2)THO=.TRUE. - — e
L IFCIPRIR JEQ. 2)1PNTR=0G
e JENTREJPNTRY L.

A4 -—
o RISE=.FALSE,
O GALL INSERT o . e
161 CALL INTERP
° TIMCOCURCD) +4) =TH(1) i
QCUR ) = QCUR(2) +1
e CJYIFCUNUT . THO)IGO TO 180 —_—
c
b C__FALL-3 HAS QCCURED IN_THE SAGME HOUR_INTERVAL AS FALL-4 L
c
TIMCOCURCL) s 5) =TH(2)
o To=DECT (@)
GO _T0. 205
° c
¢ LOOK.FOR_FALL-2 OR.RISE_4 _
c

— 1806 IT=T+IDEIL
® JECT .GT. &6400.0)G0 TO 230
— 385 _CALL_ _VISELE
- JE(2-1FLAG) 14011304190

m/ . C
C FALL-3
C
s 190 JFCIPNTR .EQ. 2)IPNTR=0
JPNTR=1ENTRAS
> RISE=.FALSE.
o _CALL _INSERT -
CALL JINYERP
o TIMCOCURCE) s 5)=TH(1) . .

12=DECT (1)
—ee 2 OG__THO= L, FALSE .,
T1=T2-T1%

® 1EATL LT €©.0)Tim=T1
JECTE .GT. 34&00,0)00 TOQ 204
° TIMCOCURCI) L 2)=0. @
TIMCOCUR (1) +5) =0, @
GO_TO...2:07
° 206 GCURCI)=0CURCE)+1
207 )ECIFLG . LT.. 2)60.T0._ 225
¢0 TO 212
C
. C RISE-3
C
° 216 1FCIFLAG LT, 2160 TO 225 ' ,
212 _f=T+IDEL .
JIECT .G6GT. &&646060,6)6G0 TO 230
° CALL_VISBLE. .

JE(2-1FLAG) 2262113224
—_— 211 _CGHLL INSERT
<0 TO ¢i2

® 220 RISE=.TRUE. -
IFCIFNTR JEQ, 2)IFNTR=0 '
® ~ - JPNTR=1FNTR+1 : —

JECIFLAG .GT. 2)TWO=.TRUE.
- GALL INSERT__ :
C4LL JINTERP
L IIMCoCUR (L) s2)Y=THCL) —
T1=DECT (1)
e - LCIECGUNOT . TRUIGO TO 180 - - ——
Lo APPENDIX € 27




"_" AFCIFLG LCGE. A)TIM(OCURC(2) 14)=3G0000C,

S ©® © o @ o o

i e e e ————— e ——— e

——— L I R S I IR N A I e B N e e s
GG TOQ J46
— — e
224 CALL ]NCFRT
C —_ —
C LESS THAN & SATS VP
e e -
225 T=T+TDEL
-JE(T . .67, 86460.0)60-TO 236
GCALL VISELE
IFCAIFLAG ..EQ., ©)FOUR=.TRUE. -
JE(2-IFLAGY 227412281226
—— s 226 C&LLL INSERT — -
JECIFLAG JNE. ©0)FOUR=.FALSE.
- GO TO 225 : —-
227 THREE=.TRUE.
0 TO_ 206 -
228 FOUR=.FALSE. -
- CALL JMNSERT —_—
G0 TO 12 )

—

C NEW DAY
C.

230 JFLG=1FLAG

IECIFLG L CGE. 2)TIM(OCUR(1)+S)=3¢0QE00O,
Ne=f - . -
IFCOCURCE) JEQR., § .AND. OCUR(2) ,EQ. 1)GO TO 246
N=OCUR (i) .. -
IFCOCUR(2) .GT, OCURC1))IN=CGCUR(2)
JFA(N- .EQ. &IN=G .
JECTIN (NG E)Y JEQR. 6.0 JARD, TIM(N:2) . ER.O.6)N=N-{
— e 280 MRITECOSITINCE s 1) e TIM o2 TINCE s 2)TIMI VAW TIMCL45) -
, JFC(N .GT. 1)GQ TO 260
256 DTU=DTU+ELAOO, ©
JECARS (RATE-FDTW) .LT..5)YRETURN
- NATE=DATE+] . 61— - : -~
- I=6, :
_— GO - TO -3¢
[
———e-C.. LOGIC. FOR OUTFUT. FORHAT -
C .
— 2606 110 300 152N —_— — S
JECTINCY2) NE. 6.0 ,AND. TIM(]1:3) .NE. O)NR!TE(&;?)IIM()sz)s
e XTIMCT S TINCI AN TIM(I ) / ——

c
3 FATIBCI32)-- S NE— G0 ARD, - TIMC()33) - EQRe--O.OIWRITE (L8 TINCY 4 2) 0y -

¥TIMCIS)

G S

JECTINCIZ2 ) JER. 6.0 JAND, TIM(1,3) .NE. O, 9)”“115(6!9)’1”(1\v’\
SRS S———— 1 § (] [Ty ) J—— - S —
C
e - 3O@ - CONT IRUE
GO TO 250
N .- . — . e e I
l FUPMAI(QX\'APIROX hlqE ANH FALL TIME‘ FRON’;F( Os TO’»lé 0)
4 FORMATC O 34Xy’ DATE s 72Xy "RIGE-27 38Xy "RIGE-A 4Oy oo i oo o
T7FALL-A“ v 8&Xs“FALL=-374v2)
e e @ FORMAT CIROVAX s FOR LAT) “2F8, 2472 - LONY 3 FE D) e e
FORMAT (1HOS 39Xy "VISIBLE AT @ DEGREE WH{RI2(ON’)
FORMAT (/s AX A Fa v AX W F B, O v X s FR 2N B v &XFEL Q) e S
’(IFNAI(!4X51(‘.Z’sé-Ysl8.=|t‘oXsF8.Lsé-XsF£ )

FURMATCIAX s F O ZvRAXGFB,2) - 4 oie mcem e
PPt ar i beY D8 2.4Y R DY APPEND'X C-2% PO
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000

RQUTINE TO INSERT THE NEW SAT DATA INTO THE WORK MATRIX

SURROUTINE INSERT .
COMMON/ELEV/EL(2), DIRCU(Z) . DIR(I)E(E,3),DT(&, 3)
COMMON/LINR/TITZ2(2)»TEMP(Z2,2),RIZE, TH(Z2), TWO, 3IGN, IPNTR,
#THREE /NLIM/NUM
COMMON/NACZ/NALL, TUY, TCY, TKC, DTC, DT, TCH T, FOTU

LOGICAL SIGN(2,8),RIZSE, TWl, THREE '

DO 100 I=1,NLUM
SIGN(IFNTR, I)=,FALSE.
IF(EL(I)Y .GE. O.Q)SIGN(IPNTR,I)=.TRLUE.
TEMP (IPNTR, I)=EL(I)
100 CONTINUE
TITZ2(IPNTR)=T
RETURN
END

APPENDIX C-24
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ROLUTINE TO LINERALY INTERFPOLATE THE RISE AND FALL TIMES OF ZATx

SUBROUTINE INTERF

COMMON/NUM/NUM/FLAG/Z IFLG, IFLAG, IFATH

COMMON/NAC/NALL, TUY, TCY, TEC, DTZ. DTU, TC, T, FDTU
COMMON/FOS/LAT.LION, ALT.R/TIME/TDEL, TFIN, TSKIF .
COMMON/ELEV/EL (2),DIRCINE) - DIR(Z)HE(S, &) DT(2,3)
COMMON/LINR/TI1TZ(2)» TEMF(Z,2) . RISE, TH(Z), TWC: SIGN, IFNTR,
#THREE, FOUR, DECT(2) /THR/THR/VIS/SINGL . ONE

COMMON/DTX /U, D02, 4) » REAR (2) »RM(2)» DELR (2) »H(4,4) ,RVIS (=)
LOGICAL SIGN(Z,2),RIZE, TWO, SINGL, SGN(E, =), THFEE FOUR
INTEGER ONE,SATNLIM(Z)

REAL WORK(4,3) . TIMEZ(2)

DOUBLE FRECISION LAT,LON,ALT.R,U(4)

IFLG=IFLAG
KOUNT=0
IF=1
IF(TIT2(2) .GT. TiTZ(1))IF=2
DO 100 I=1,NUM : o
IF((SIGN(1,I) .ANDO. SIGN(2,I)) .0R. (.NOT. SIGN(1,I) .AND. .NOT,
*#SIGN(Z,1)))G0 T 100
IF(RISE .AND. NOT. SIGN(IF,IM)GO TO 100
IF(.NOT. RISE .AND. SIGN(IF,I))GO TO 100
KOUNT=KOUNT+1
SATNUM(EQUNT ) =1
WORK (1, KQUNT)=TEMP (1, 1) \
WORK (2, KOUNT)=TEMP (2, 1) : ,
SGNCL, KOUNT)=SIGN(1, 1)
SGN (2, KQUNT)I=S5IGN(Z, 1)
SGN(Z, KOUNT)=. FALSE.
WORK (3, KOUNT)=T1T2(1) _ :
WORK (4, KOUNT)=T1TZ(2) _ , _ :
100 CONTINUE :
SINGL=, TRUE.
L=KOUNT+1
IF(L .GT.&)GD TO 200
Do 200 1=L,8
TIMES(I)=100000,0
SATNUM(I)=0
200 CONTINUE
300 DO &00 I=1,KQUNT
M=0
IF(.NOT. RISE)GD TO 320
IF(WORK(IFNTR>I) .LT. 0.2 .AND. WORK(IFNTR,I) .GE. 0.0)50 T 210
GO TO 250
210 TIMES(I)=WORK(IFNTR+2,1I)
GO TO 4600 :
220 IF(WORK(IENTR,I) .GT. =0.3 .AND. WORK(IPNTR,I) .LE., 0.0)50 TO 310

350 DO S00 K=1,3

~
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360

- 380

ONE=SATNIIM(T)

IF(M .NE. 1)G0 TO 340
M=0

IP=2

IF(WORK(4,I) .GT. WORK(3,1))IF=4

W1=WaRK (1, 1)

W2=WORK (2, 1)

IF(W1 .LT. 0.0)W1=-W1
IF(W2 .LT. 0.0)W2=-U2
FUDGE=30. 0.

IF(IFP .EQ. 4)FLUDSE=-FULGE

IF(W1 .GT. W2)T=WIRK (4, I)+FLDOGE
IF(W1 .LT. W2)T=WORK(3, I)-FUDGE

GO TO 330

T=(WORK (2, I)#WORK (3, 1) ~WORK (1, I)#WORK (4, 1))/ (WORK (2, I)~-WORK(1,1))

CALL VISBLE
L=1

IF(EL(SATNUM(I)) .GE. 0.0)3GN(3Z, I)=.TRUE.

IF((SGN(2,I) .AND. SGN(S,I)) .OR.

#SCGN(3, 1) ))L=2

LL=L+2 :
WORK (L, I)=EL(SATNUM(I))
WORK (L, I)=T

A=WORK(3, I)~WIRK(4,1)

IF(A .LT.0.0)A=-A

SGN(L, I)=SGN(3, I)

IF(.NOT. RISE)GO TO 400
IF((A .LE. 30.0 .0R. EL(ONE)

#0,0)G0 TO S75

400

GC TO 500
IF((A .LE. 320.0 .OR. EL(UNE)

*#0.0)GO0 TO S7%

S00

S50
400

6350
660

CONT INUE
M=M+1
IF(.NOT. RISE)GO TO S50

IF(A .GT. 30.0 .OR. EL(SATNUM(I))

GO TO 575

IF(A .GT. 20.0 .0OR. EL(SATNUM(I))

TIMES(I)=T
CONTINUE
SINGL=.FALSE.
N=0
N=N+1
=TIMES(1)
K=1
IF(KOUNT .EQ.1)GQ TO 800
DO 700 I=2,KOUNT
IF(T .LT. TIMES(I))GO TO 700
K=1
T=TIMES(I)
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COMT INLE
CECT(N)=T

- CALL HOUR=

1

TH(N)=THR

IF(.NOT. THREE)GDO TO 250
TIMES(K)=100000,0
THREE=.FALZE.

GO TG 4660

IF(.NOT. FOURHYGO TO 950
TIMES(K)=100000,0
FOUR=.FALZE.

GO TO &40

T=T1TZ(IFNTR)

IF(N ,E&. 2 ,OR. NOT. TWO)RETURN
TIMES(K)=100000,0

GO TOQ &S50

END -
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