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ABSTRACT

The programs were written to compute, on a Hewlett Packard minicomputer, the
dilution of precision parameters for the Global Positioning System (GPS) and to
plot these data versus Greenwich Mean Time (GMT). The programs evaluate the
influence of satellite geometry upon these parameters and subsequently upon

the accuracy of the GPS. The flowcharts of the programs, a printout of the
transfer files, program listings and examples of the program output are included
in this report.

This work was accomplished when the author, Erhard Buchberger, was on an exchange
program at the FAA Technical Center from the West German Aerospace Establishment.
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INTRODUCTION

BACKGROUND

The FAA Technical Center has made use of a GPS almanac program originally written

at the Texas A&M University for execution on a Texas Instrument 990/4 minicomputer
(Reference 1). This program computes satellite azimuth and elevation, satellite

rise and fall time and the geometric dilution of precision. M. Magrogan (Reference 2)
modified these routines to analyze FAA test results on a Digital Equipment Corporation
PDP-11/34 minicomputer.

SCOPE

This report documents further modifications and additions which permit the GPS
almanac program to run on a Hewlett Packard (HP) 1000 minicomputer with the main
task of computing the dilution of precision factors for the case of four space-
vehicles, and of three satellites plus altitude input.

DISCUSSION

The major changes made by the Technical Center include:

- An almanac unpacking subroutine developed by N. Watts for the HP.

- Revision of the computation of the GPS epoch time.

- A matrix inversion subroutine which detects singularities.

~ Computation of the dilution of precision factors for three satellites plus
altitude data.

- Use of double precision in all computations.

In addition, all main programs allow several different types of input data to be

used. In doing so, the programs ask for the data with an explaining comment.

The main programs also include Block Data, that is, parts in which the Common Blocks are
initially defined. This was not necessary with the PDP-11.

Table 1 displays the time parameters which are needed in some of the programs as
input parameters. Special attention must be given to the fact that different
units (day and second) and different origins are used.

The order of Keplerian parameters, which are included in the almanac and used to
compute the satellite trajectories, is listed in table 2. Note that parameters 9
through 14 are computed in the program HDOO, with x4 (used to calculate the mean
motion) as the earth's universal gravitational constant. The algorithms and
equations used in this program are given in references 5 through 9.

Three coordinate systems (reference 3) based on WGS~72 reference ellipsoid are
utilized.

1. An earth-centered-earth-fixed (ECEF) system.
2. The east-north-up (ENU) system.
3. Geographic latitude, longitude and altitude.



USER MANUAL

Appendix A contains the transfer files for the main programs HDOO, PLGH, EBGDIL,

and EBGH. Appendix B gives the flowcharts for these programs plus the subroutines
HDOl and EBOS5. Appendix C provides listings of these programs and all subroutines.
Each program is called on the HP computer with its name, and user prompting explicity
asks for the required inputs. Appendix D and E respectively give examples of the
data tiles and program output.

Program: HDOO (Pages C-1 through C-8)

This program computes and prints out the position of up to 4 satellites in ECEF
coordinates and in azimuth and elevation angle related to the user position and
HDOP and GDOP. It also generates a plot file with the figures of merit.

The following input data must be prepared: User position in geographical coordinates
(latitude (LAT), longitude, (LON), and altitude (ALT) in feet). If the location is
the FAA Technical Center, this information is already stored in the program. After
the program has received user position, the geographical coordinates are converted
into ECEF and printed out. The next data requested are the user times. The

routine needs the start (TSTART) and stop time (TFIN) of the time interval to be
evaluated, the time increment (TDEL) ~ (i.e., the difference between the points in
time, tor which the calculations are made), the time of collection (TC) of the
almanac, and the date of use (DTU)-(see also table 1).

Then, the choice must be made whether the cowputations should be made with 4
satellites or 3 satellites plus altitude information. When 3 satellites are
selected, the fourth satellite is simulated in the center of the earth.

Tne next decision concerns the input of the almanac for tne satellites:

(1) If the almanac is on a magnetic tape, it must be stated so and then the
entire almanac file is read from the tape. After this is successfully completed,
the input is requested of the PRN No. of the first space vehicle. The program
checks whether the satellite data is on tape. If not, the request is repeated,
otherwise, the next satellite is requested.

(2) The second choice is to provide the program with the names of data files
containing an almanac for each space vehicle, or the data can be typed in over the
keyboard.

After the steps are successfully completed, the routine computes the rest of the
almanac parameters, and priats all inputs out together with a title. The calculation
and the output of the results take place after a prompting of a user selected

name (less than 6 characters) ot a plot file for the GDUP.

Program: PLHG (Pages C-9 through C-11)

This program is a continuation of HDOO. It was created because the plot software

needs approximately 38,000 words ot memory space since both routines together
exceed the memory limits of the computer.

PLHG plots two data files generated by HDOO to compare HDOPs computed with three

and with four satellites. After the input of the first file name, the user

declares the logical unit of the plotting device and the ID of the device subroutine
to initialize the plotter. Examples for this would be:



a) LU = 20 ID
b) LU= 1 1D

nu

5 Device: Printer
1 Device: Monitor

Data is needed to enable the routine to draw a grid, select a time slot out of the
complete files, and start and stop time. To ensure that data is available in the
files tor this period, because the records are formatted, the file can be looked up
directly. Finally, the name of the second file must be entered, and the program
then generates a plot as described under program HDOO.

Program: EBGD1 (Pages C-12 through C-14)

This program also delivers as final results HDOP and GDOP, but it does not utilize
the satellite almanac as input data. The operator selects whether the H-matrix is
inserted directly or whether the azimuth and elevation angles of the satellites are
inputed. This routine then calculates the figures of merit, and also prints out
the intermediate steps of the matrix conversions. The program can be used to
evaluate the influence of special space vehicle geometries on the HDOP and GDOP.

Program: EBGH (Pages C-15 through C-~19)

The routine also computes the figures of merit from user and satellite positions.
It is possible to input the needed data over the keyboard, that is, to type

the user position in geographical coordinates, the number of satellites to be
used (three or four), and the satellite position in ECEF coordinates. Also, the
operator may read the data from a file by providing the file name. Depending on
the number of space vehicles stored in the file (NSAT), the program will print
out an error message (NSAT <3), will ask whether the system is altimeter aided
(NSAT = 3) or will just start computing (NSAT = 4). Due to restrictions in the
subroutines, the system in this stage has to be altimeter aided, i.e., a fourth
satellite is simulated in the earth center.

The H-matrix is computed in a different way from the other programs; the rotation
of the marix into the ENU system is a separate step. This was made to check
whether the programs deliver the same results. The program EBGH delivers a printout
similar to EBGDl. It prints all matrices, the figures of merit, and the satellite
positions.

Subroutine Description

EBO2: computes the rotation matrix, given on page C-20.

EBO3: converts user geographical coordinates into the ECEF system, given on page C-21.

EBO5: calls EB06 and EBO7 and computes satellite azimuth and elevation,given
on page C-22.

EBO6: computes satellite position in ECEF, given on page C-23.

EBO7: computes user to satellite distance, given on page C-24.

EBO9: multiplies two matrices, given on page C-25.

EB12: converts seconds into hours, minutes and seconds, given on page C-26.

EBl4: unpacks the almanac data (with assembly language subroutine DINTF),
given on pages C-27 through C-29.

MINVD: inverts the matrices from the "Scientific Subroutine" package from

DEC (Reference 4) given on pages C~32 through C-34.

DINTF. assembly language subroutine, unpacks the almanac data (with subroutine
EB12), given on page C-35.

ENU: computes rotation matrix, given on page C-36.

HTRAN: converts H-matrix into its transpose, given on page C-37.

MLHHT: multiples the transpose of H-matrix by H-matrix, given on page C-38.

INVHP: inverts the matrices, but does not check for singularities, given on pages
C-39 and C-40.



The previosuly tested subroutines ENU, HTRAN, MLHHT, and INVHP (from references 1

and 2) were used in one program to check the computations made by the other sub-
routines for a non-singluar matrix.
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Parameter Start of Count Unit

DTU - Date of use Beginning of Year Day

DTC - Date of collection

of Almanac Beginning of Year Day
T - GPS -~ Time Beginning of Day Second
TC - Collection Time Beginning of week (0000 hours

of Almanac Sunday) Second

The used time zone is Greenwich Mean Time (GMT)

TABLE 1. TIME PARAMETERS USED IN PROGRAMS



No.

in Almanac

10

11

12
13

14

Keplerian Parameter

Eccentricity of el-
lipsoid

Reference time for almanac
Orbit inclination
Drift rate of right ascension

Square root of semi-major
axis

Right ascension of the orbit
Argument of perigee

Mean anomaly

Semi-major axis

Cosine of orbit inclination
angle

Sine of orbit inclination
angle

Cosine of argument of perigee
Sine of argument of perigee

Mean motion

ORDER OF KEPLERIAN PARAMETERS

Name in Program and
(GPS) - Name)

E (e)

TOA (toa)
Di (i)

r
oMp ({2)
RA (fA)

oMo (L))
W ()

MO (Mo)
A

cos(i)
sin(i)

cos(c)

sin(C)

Va3



APPENDIX A

Transfer Files - These files are used to load programs which consist of several

subroutines.
TERGH T=00004 IS OH CROCGCTT USING 0000z PLES =000
VRYNLR FEL, #EBGH
goaz “ER, HERU
nons SER,. XEBIZ
a0 SER, XEBOZ
Goak ZEF, HHTEAN
oos SEA, HMLHHT
aua? SEA. HINVHF

TEEBGDRT T=004004 1= OH CROQQDD USIHG 000G PLEE P=0nad
agaol REL . HEBGD!

003 SER, REBO?

TR SEA, MMINYD

TPLHG T=00004 I3 ON CROQOCD USIHG Q0002 DLES m=gdgd
oQot RE, %PLHG

Qo002 RE, XDLTBL

0002 SEA, XGPS
THOOOG T=00004 I35 OM CROQOOZ USING 00002 FLES 2=0000
0601 REx, XHDOD

nooge SER., XEBOZ

Gaos SER, XEBOZ

RO E! SEA,. XEBOS

0005 SEn, XEBOG&

QO0s SEAR, HEBOT

naov SEA, XHDO1

Qoos SER, XEBO9

aQgaa SER, WMINYD

oot SEA, XEBIZ

a0 SEA. XEBIi4

aaiz ZER, XDINTF



APPENDIX B

Flowcharts ~ These flowcharts were drawn on a Tektronix - minicomputer with a
drafting software developed by a group of the Eglin AFB. Only new or significantly

modi fied routines are included here.
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APPENDIX C
PROGRAM LISTINGS
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* FILENRME : 3HDOU #

A e e o OB e s sk R o e Kok ok K e o ikoR
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IMPLICIT DOUBLE PRECISION <f-H,K~-Z:
INTEGER N
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T
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" FRECISIOHN

IN GHM

LATITIDE
LONGITULE
FIC3.1415,,.2 AHD
EADIAN TO DEGREE
FACTOR <130/PI:
LENGTH OF YWECTOR USER-EZMTEL,
SHTELLITE-POSITION 1IN ECEF
SSOUARE ROOT
CONSTANT OF THE EQRTH

T AND IN SECONDS

GF3 TIME

COLLECTION TIME,START OF
COUNT AT BEGIMHING OF EPOCH
TIME OF COLLECTION STHRTING
AT BEGINNING OF YEAR

TIME INMCREMENT

EHD TIME
DIFFERENCE BETWEEH

2¥P]
COMVERS TON

COLLEC-

COMFUTRT

CCONYER -

0F THE EXCENTRI-~
SHTELLITES

FOR INVERSIOM-SUBROY, -
DILUTION OF PRECI-

OF GRAYITATIOHAL

O R X X OE ¥ X E % % X



0119 C = TIONTIME AMD REFERENCETIME, =
0120 C = WRAPAROUNDS CONSIDERED *
0121 C * TUY -7 TIME OF USE *
122 C U <4 - USER POSITION IN ECEF-COORD, *
0123 C = "
Q124 O seobook ok otk o St ok o b o o o o oo o ofs e oo o o o o e ok o o koo o o ok ok o o ok e ok ok M b e Ok Ok b R e o A ok
128 C

w126 G

9127 IMPLICIT DOUBLE FPRECISIONCA-H.K-Z>

128 REAL R1,R2,T7T2,T1,TOUT

123 DIMEHSION ADC14,45, 104, INAMC 3 )

0130 COMMONATIMEATDEL , TFIHN

0131 COMMON/RZMAELY 4 ), AZM{4

0132 COMMONA/POSALAT,LON,ALT, R

0133 COMMONA/NARCATUY ,TCY , TKC,DTCC4 ), DTU, TS, T

0134 COMMON/CHSTAPI,RTD, OMF, PE,E2, OMF 2, SGC, ERATE P12

4135 COMMON/DBZ2A/AD1C 14

013¢ COMMONA/DTRZUCS ) ,D04,4)

nt3vy COMMON/SATA/5C 4

n138 COMMONAARLMARD2C14 , 240, 1010240

3133 COMMOGNAHDOPA/HDOR, INS, GDOF

014qQ ISAT=Q

G141 € i e e e e s e e e e
0142 C INFU

0143

O1dd O skobokokotokotmk ok INPUT THE LATITUDE, LOHGITUDE AND THE ALTITRLE #esckawsskons
0143 C LON WEST AND LAT SOUTH ARE DEHOTED BY A NESATIVE valLllE
0145 C

0147 WRITE (16,12

148 | FORMAT (/" INPUT USER POSITICONY

0149 17 "CATLANTIC CITY <=t OTHER FPOSITION ¢=237

0150 27 " AMSWER :_"O

4151 READ (15,98, I&T

0152 IFCIST. E@. 2> GOTG 10401

0133 L == rmmmr e e

0154 LAT=0,395D2

0155 LON=-0, 74502

4156 ALT=0,1D3

137 GOTO 1002

0138 L wemmm e e e e

133  10m CONTITNUE

a160 WRITE (16,2

0161 2 FORMAT (A" LUSER POSITION IN DEGREES (FORMAT :G1S5.30"

0162 1/ " LATITUDE PN

163 READ (16,97 LAT

0164 WRITE (16,3

ties 3 FORMART (" LONGITUDE TR

at&ee READ ¢16,97> LON

0167 WRITE (18,4)

0168 4 FORMART (" ALTITUDE IWN FEET :_"3

01673 READ (16,371 ALT

W70 1002 CONTIHUE

a7 C e e e e

a1v2 WRITE <6,50> LAT,LON,ALT

Q172 S50 FORMAT <" PROGEAM ®« H D @ ¢ v

0174 1/ nomEEmEmmEm o Ee e #

Mvs 287 " USER-POSITION n

Q178 3/ " LATITUDE :",G15.8," DEGREE"

grey 4/ » LONGITUDE:” , 15,8, DEGREE"

(1R fEg= 5. " ALTITUDE ;. gi8 . & " FRET")
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TR
4130
131
0132
1183
134
4135
{136
g137
u13g
133
0190
131
Gtag
0133
0134
1195
19¢é
S gtay
4198
0199
a200
0201
n2o0z
213
a4z 04
nz0s
0z o5
G207
02 a2
02 0w
(R
o211
=
213
az14
n2is
uz1é
o027
n213
nz13
gazu
B2

(1D

nzz2
Q223
fnz24
225
22s
0227
z2g
0223
0230
0231
z32
0233
1234
0235
0238
U237
0238

3 3 2

O Cy

ot

[ e

-4

73]
—

o]

n
[\

R

e

[l

)

1000

LAT=LAT/RTD
LON=LON/RTD
ALT=ALT/0.32809D1

wuckoktokkkk EBOZ2 COMPUTES E-MATRIN sdwhddckkdkos

CALL EBOZ

wokckorkkorkk EBO3Z TAKES LAT, LOH, aAHD ALT; #kesdmiokscks

IT RETURNS X,¥,2 I U-VECTOR

CAakL EBOZ

WRITE (6,51 (UCI),I=1,3
FORMAT ¢/" ECEF-COGORDINATES TR, K, YN, 4K, e
i W e e e CL3GIS. S

Ucdor=g0,

wackktnkkkxt READ USER TIME o kot ok

WRITE ¢16,70

FORMAT (" USER TIME (FORM&T : G15.3)"
1 " STARTTIME <T),ENDTIME ¢TFIN) TIME INCREMEMT ¢ TLEL "
20 " AND ALMANAC COLLECTION TIME ¢TC) IN SECONDS,

B " START OF COUNT : T,TFIH.TDEL --3 EVERY DaY AT C&0;00"
47/ " T3 --3 BEGINNING 0OF EPQCH?
5. " OTITART=_")

READ (16,97) T

WRITE <16,8)

FORMAT <" TFIN =_")

READ (16,97 TFIHN

WRITE ¢16,9)

FORMAT ¢" TDEL =_%>

READ (16,97) TDEL

WRITE <16,32)

FORMAT (" TC =_")

READ ¢16,37)> TC

WRITE <18,10)

FORMAT (* D&TE OF USE IN DAYS FROM JaNUARY,FIRST :_

READ (16,97) DTU

WRITE ¢16,31) |

FORMAT ¢ " 2 OR 4 SATELLITES FOR HDOF-COMPUTATION :_"3

READ (16,98) INS

CALL EB12¢T,T1)

CALL EBI2¢TFIN,T2>

WRITE ¢6,52)> T,T1,TFIN, T2, TDEL.DTL
FORMAT (/" USERTIHMES :*
1 " BTART <(TSTARTY)»: *,G15.8," SEC,
2/ " END C<TFIH) P ", G1S.8," SEC. = 4,
3 " INCR. <TDEL> : *,G1S,

SEC™
4. " DATE (DTU> oL LTS, DAYE" )

3

SoHOURE"
O HOURESY

S

C

it i

0 00 €0
-
mm
(A0
| OO %

soteokoorkkokk READ ALMAHACS stk

WRITE (16,129

FORMAT ¢ " ALMANAC-DATA FROM THPE (=1) % ")
READ (16,98 ISTI

CONTINUE

ISAT=ISAT+1

IFCISTY EQ. 12 GOTO 1009




0239 WRITE <16,13) ISAT : i
0240 13 FORMAT <¢/" QUN ALMANAC =1 OR DATA FROM FILE =2 FOR 3% HNO,",I12,"72"

0241 1/ " ANSWER i_">
0242 READ (16,98)> IST
0243 IFCIST.EQ.1) GOTO 1005
0244  —~-mmmmcmmecm————
0245 WRITE (16,14)
: 0246 14 FORMAT ¢/" FILENAME :_"»
i 0247 READ¢ 16,92 INAM
3 n243 OPEN (2,FILE=INAM,FORM= "FORMATTED
¢ 02435 READ ¢(2,96)> DTCCISAT), IDCISAT
; 0250 READ ¢2,91> (ADCI,ISAT)Y, I=1,4>
: 0251 READ <(2,91) ¢ADCI,I18aT), 1=5,3"
o 0252 CLOSEC2)
i 0253 WRITE ¢16,15) IDCISAT)Y
i 6254 15 FORMAT ¢ " SATELLITE ID = #,12)
L 0255 GOTO 1010
;o 0256 L ==meme——————————
i 0257 1005 CONTINUE
; 0258 WRITE <16,16)> ISAT
; 0259 18 FORMAT ¢ " #####8#% ALMANAC-DATA FOR SATELLITE v, 12, "#H4#4444"
, 0260 1 “ FORMAT :D12.4"
0261 2./ “ DATE OF COLLECTION P
0262 READ (16,99) DTCCISAT)
0263 WRITE (16,17
0264 17 FORMAT <" EXCENTRICITY L
0265 READ (16,99) ADC1,ISAT)
0266 WRITE ¢16,18)
0267 18 FORMAT (" REFERENCE TINME P
0268 READ (16,99) ADC2,1SAT)
0269 WRITE <(186,19)
@270 19 FORMAT (" ORBIT INCLINATION {103 S
0271 READ (16,99) AD(3,18AT>
0272 WRITE (16,20
0273 20 FORMAT <" DRIFT RATE OF <103 )
0274 READ (16,99) AD(4, ISAT)
0275 WRITE <16,21)
0276 21 FORMAT (" SGARE ROOT OF GREAT HALF-AKXIS L
0277 READ <(16,99) AD(S5,ISAT)
0278 WRITE (16,22
0279 22 FORMAT (" RIGHT ASCENSION GF ORBIT LM
1280 READ (16,99) ab(6,ISAT)
0281 WRITE (16,23)
o282 23 FORMAT (" ARGUMENT OF PERIGEE Py
0283 READ ¢16,99)> ADC?, ISAT)Y
0284 WRITE (16,24)
0285 24 FORMAT <" MEAN ANOMALY TR
0286 READ ¢16,99)> AD<(8,ISATY
0287 WRITE ¢16,25)
3 0288 25 FORMAT ¢" SATELLITE 1ID t M
. 0289 READ ¢16,98)> IDCISAT)
. 0290 GOTO 1010
0291 € =—meme—————
0292 1009 CONTINUE
; 0293 IFCISAT.NE. 1) GOTO 1014
- 0294 CALL EBt4
0295 DO 107 It1=1,4
0296 1011 CONTINUE
0297 WRITE (16,26 I
a238 26 FORMAT ¢ " ID OF SATELLITE «¢",I2,"35 3 _")
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0299

1300

0301

030z

4303

1304 27
n3as '
0306

0307 148
03a8 1012
0309
g210
0311
U3tz 107
U313
0314 1010
0315

316

0317

O

0313

n3za

03z

03z2 C ...

0323 C

READ (16,981 ID(T1)

DO 108 I2=1,24 ‘

IFCIDCIN ). HE, IDICI2) . AND. I2,.T. 243 GOTO 103
IFCIDCIN )L EQ.IDICIZ)) GOTO 612 '
WRITE <15,27) IDCII)

FORMAT ¢ " =====> SATELLITE ALMAHAL OF SAT.<%,12,")> WOT ON¥
{" TAPE 1! <=====")

GOTO 1011

CONT INUE

CONTINUE

DO 107 I3=1,8

ADCI3, I1)=AD2C I3, 12>

IDCTIY »=1D1C12)

CONTINUE

CONTINUE

RD( 9, ISAT >=RDCS, ISAT )x#Z
ADC1 O, ISAT »=COS ADC3,ISAT >
ADC1 Y, ISAT >=8INCADCZ, 13AaT )
ADC 12, 1SAT »=CO8{AD( 7, I5aT»)
ADC 13, ISAT =SINCADC?,ISAT 3
ADC 14, ISAT »=3GCACADCS, ISAT a0, [5ATH 3
IFCISAT. LTINS )Y GOTO 1000

0324 O kksckdonksork DUTPUT ALMANAC #swkkdobwdny

0325 C

0325 A1=3NGL(DTCC 1 2

03zv AZ2=SNGLLTC)H

0328 WRITE (6,33 A1, RZ2,CI0NT), I=1,423

0323 53 FORMRT ¢/" USED ALMANRCE DTC= ",F5.0 To= CLFFLO
033U 1'./ u s o vt e o i s e s o e o

0331 2/ "SAT, ID ¢ YL I3,13K, 13,1596, 13,198,113

u3a3z WRITE <(&,54) ((ADCT, J2,d=1,47,I=1,143

03332 54 FORMAT (4{10X,D12.4, )

0334 C ..o 0 L e e e e e e
033s ¢ CALCULATIONS AND DUTFUT

0336 ©

0337 C wwckaeckackkskr WRITE TITLE ssdkdopsdob ek

0333 C

0333 WRITE (&,61)

43449 &1 FORMAT ¢/4" DOUTPUT OF CDHFUTHTIUNb "

[}341 “_.- B e e o e ot o o o e o e e e o v o2 i

U342 247 N Y L T T P L T P e T LT T T P R
0343 27 " 1 THE PRIHTOUT IZ ARRANGED A% FOLLOWING EXAMFLE b
1344 37 B ] e e e pw
345 4./ "} TIME pu
0340 57 " POSITION OF SATELLITES IN ECEF~-COORDIHATES (XK,¥.Zo1"
0347 6/ " TAND ELEVATION AND AZIMUTH (2-4 LINES: e
G348 i R T - b
0349 ] " 1 HDOF AND GDOFP pa
Q350 3/ B ] e e e o e e pn
0351 A’ " ALt YALUES ARE IH METER b
uss2 B R L e e Y T LT N L T TR
U333 WRITE <io,d9)

03%4 29
0355
Q358
0357
0383

FORMAT (" HAME QF PLOTFILE _">»
READ (16,92) IHAN
UPENCE,FILE=INAM, FORM= "FORMATTED "
WRITE (2;9”) INANM

WRITE <2,38» IN3
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https://I3,i9~<.I3
https://t~E.ID1<I2>.AND.I2.LT.24

n359
0360
036561
01362 DTU=CDTU-1, 1, 56405

0363 TCY=CDTCC1 0=, 20, 2&40S+LMODITE, O, S8405 0
0364 1004 CONTINUE

0365 CALL EBtZ «T,TOUT

03és WRITE (&, 7C3

0367 WRITE <6&,62) TOUT

U3& =¥ FORMAT ¢ " TIME : *,F7.4." HIUR:D "G

DO 102 I=1,IHS

DO 141 d=t,14

ADIC day=abd d, I

10t CONT IHUE

P}

wmree e e BEGINNING OF COMPUTATIOH=LOOP o m oo o mnim e v m e

[ ]

e
L.

fme (=]
Gy Gl G G G G G G G G ! Ol G ] ) G el it

e on B}
o W DO
i
[:X3

L8 L - 0 O SR

o i

{ Loktaoreewxx COMPUTHRTION OF POSITION, DISTANCE TO UZER ssatssdbwts
0 C SHD REIMUTH AHD ELEYATION OF SATELLITES I

{ C

1I=1I
CAaLL EBOSCIID
na CONTINUE

o e R e B en i o S e
B0 -

chLL HDOI

WRITE <6,710)

WRITE <(6.63) HDOFR, GDOF
w3 FORMAT (G13.8,.3X,G15.82

fonl R anl}
GO0 00 03 €O (O 00 = o o o] ) s s T

-
L

=
LEN N RPN BN

RYRTGAEE
N s ST { I N PO (R S O xRN B 4
Tt

0 =SNGL{ HDOF )
3E3 A2=3NGLK GDOP 5

TOUT=SHGLLY TH>~ 25600,
WRITE C2,30) TQUT, A1,A
KRITE 26,702

0332 T=T+TDEL

LR e X ]

0393 IF ¢T.LE.TFINM> GOTG 1004

U294 £ e e e ENRD OF COMPUTH T T =L QP ~ oo i e e i e
0335 0

0396 C #etacerscrdx WRITE ENMD-CRITERIS TO FLATFILE #wwdddaid

337 ©

0233 TOUT=0,
0333 Al=0,
a4 00 AzZ=0.
401 WRITE 02,30 TAUT, Al , A2
0402 CLOSE (2

0403 STOF

)]

o404

0405 0 sekswikkdekoks FORMATS sk kbwoksk

0408 C

4oy 7 FORMAT {1 oo im0
408 7 FORMAT ¢ " - =~ =~ = = = = = = = )
0409 9 FORMAT (1RX,3F12.6

0d41 1
HE R
Q412
0413
0414
413
416
0317
0413

I

FORMAT (4D13.8>
FOGRMAT (3A2)
FORMAT < I4)
FURMAT <4E12.4:
FORMAT <Ad>)
FORMAT <(G15.8,1I3)
FORMATC(GIS . 22
FORMATC 12D
FOURMATIDI2 .40

O

'\I-J ]

W g

oL I
DE AN E W - -

okt wkrcnr COMPUTATION OF IHYERTED G-MATRIK.HDOF AHD GUOP stk



a1
0420

END
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&PLHG

agoi
00602
6003
Q004
ngas
0006
Qgo7
o008
0009
N01 0
o111
ao12
90132
0014
oa1s
Q018
0017
Qo1
no19
ng20
Dozt
0022
nuz22
0o2d
n02s
e0z2s
vo27
0a28
Qu2e
ag3aQ
0031
an3z
QU332
0034
0og3s
Qo3
Q037
0033
0039
ao40
D041
0042
0043
0044
0045
004e
NE ¥
ogag43
ng49
0aso
QoS
0052
aas3
0054
2055
00356
npsv
o0usg

T=00004 IS5 ON CROOOIT USING 20018 BLEKS FE=0000

FTH4X,L,Y
$FILES C€1,10

OO0 0O000 00

L

O

Dt B £

(44

[xx

Lo I o o]

PROGRAM PLHG

e e e e e e R e e e e e e s e s e e e s e o e e ke b ot e i e b b b ek o e ok s ek e ok R R ol R e b R kb

N
*
*
*
E 3
B
*®
*
*®
®
+

K3

*

FILENAME LEPLHG
FROGRAM PLOTS DATA FILES GENMERATED EBY THE PROGRAM "HDGG™
TO COMPRRE THE HDOFP 'S COMPUTED FOR A SITUATION WITH FOUR
SATELLITES (PLAOTFILE 1> RHD WITH THREE SATELLITES <PLOT-
FILE 25,

L T e - e e e e e e e e e e am

USED SUBRQUTINES : DLTBL,GFS <PLOTLIBRARY)

e o o s e b s e e e e s e s e s e i e e e e e s s e s o e e o o e o e e o e e ool b e R e ke ok ol Sk ke b ke

DIMEHSION IGCB(1325, INAMICZ Y, INAM2L3)
LOGICAL LOG

#ctkdokdkkk RERD HMAME OF FILE.LCOGICAL UNIT AND ID OF #ks#kk®
DEVMICE SUE

LOG=. TRUE.
WRITE (16,1)

FORMAT ¢" MAME OF PLOTFILE 1 :_">

READ < 16,92) INAMI

OPEN ¢2,FILE=INAM1,FORM= "FORMATTED ">

READ ¢2,92) INAM!

READ (2,93) INS

WRITE (16,3)

FORMAT ¢ " LOGICAL UNIT <LU> AND ID OF DEVICE-SUBROUTI
17 WLy =_")

READ (16,93)> LU

WRITE <16,4)

FORMAT ¢ »  ID =_">

READ ¢16,93)> ID

#otckscondnnk INITIALIZE PLOTTER AND DRuM GRID sktkadsdts

WRITE (16,5

FORMAT ¢ " START-AHWHD ENOTIME IHN HOURS.,®
17 "TSTART "2

READ (16,94) TSTART

WRITE (16,6

FORMAT ¢ " TEHD s "o

READ 16,940 TEND

CAaLL PLOTR < IGCR,ID,).LUD

CALL SETAR ¢ IGCB)

CALL FRAME < IGCE)

CALL YIEWP (IGCB,3G.,90,,20,.60,0

CALL WINDW (IGCEB,TSTART,TEHD,0.,20.)
CALL FXD ¢IGCB,2)

CAaLL LGRID ¢IGCE,-0.,25,5,,0.,0,,1t.,1.,1.0

kkckdocndkkdkk DATA INPUT FROM FILES AND PLOT #ckdckdokb ik

CALL LINE (IGCR, 02

1000 CONTINUE

i
|

® X X X F X ¥ X ¥ ¥

B X 3 3

o ok

HE"



Goss RERD (2,95) TOUT,HDOP,GDOF

aoe IFCLOG > CALL MOWE CIGCE, TOUT., HDOE >
Goei LOG=,FALSE,

0ne2 IFCTOUT,.LT.Q. 01, AND HDOP LT, 0. 01 ) GOTO 1001
00563 CALL DRAWCIGCE, TOUT , HDOP »

Qoed GOTOD {0040

Q063 1001 CONTINUE

QUEE CLOSEC2)D

GQET e mm e o o e e e

0023 WRITE <16,2>

ness 2 FORMAT ¢ " MAME OF PLOTFILE 2 :_"2>
0070 READ <16,32) INAMZ

07 OPEN CR,FILE=INAMZ,FORM= "FORMATTELD "
guve READ (3,923 IHAMZ

navs READ < 3,93) INHSZ

074 CALL LINECIGCE, 1)

0a7s LOG=.TRUE .,

0076 1002 CONTINUE

Qavy RERD (3.95) TOUT,HDOP,GDGP

Qava IFCLOG Y CALL MOVE (IGCB,TOUT,HDOP »
aavs LOG=,FALSE.

nasa IFCTOUT.LT. G, 01 ,AND  HDOR.LT. 0.0 ) GOTO YOU3
Qagi CallL DRAW JIGCE,TOUT,HDOR)

oasz GOTO t100Gx

0033 1003 CONTINUE

gosd CLOSE (3

ones o

QUBE  C skkwmdordorks PLACE TITLES AND OTHER INFORMATION #tcksoktkbkbs
poa37? .

nQEs CALL VIEWP < IGCR,tQ,. 000, ,10.,,30.,
033 CALL WINDW CIGCB,10,,7100,,10.,90, 3
Quan CALL MOVE <IGCB,SS.,80.:

002t CALL CPLOT <IGCB,-11,,0,,0)

o9z CALL LAREL < IGCE?

0023 WRITE (LU,7>

aeed4 7 FORMAT ("GRAPH OF HDOP W&, TIME")
auas Call MOVE <IGCB,S55.,10,

G03s CALL CPLOT ¢ IGCER,-8.,,0.,02

auav CAaLL LRBEL < IGCE)

00ag WRITE (LY, 33

olas = FORMAT ("GMT-TIME IN HOQURS")

0100 ChalLlL MOVE <IGCE,t.,50.)

0101 CALL LABEL « IGCE?>

fioz2 WRITE (LU,392

0103 =2 FORMAT < "HDOPR® 2

n Qg CALL LINE <IGCB, 0>

4105 CALL MOVE {1GCB,30.,70,:>

0108 ChALL DRAWI ¢ IGCE,15.,0,

a1 Q7 call MOYEI < IGCB,2.,0.2

0fasg CAall CPLOTY ¢IGCB,0.,~0,25,G

0103 Call LABEL < JGCE, >

alta WRITE (LW, 10)

RIS 10 FORMAT ("4 SAT."

at1e CALL LINE <IGCR.,1>

0113 CALL MOVE (IGCE,65.,,70,

0114 CALL DRAWI <(IGCE,15.,0., 1

Q115 CALL MOYET < IGCB,Z2.,0.,)

0116 CAaLL CPLAOT < IGCER,0Q.,-0,25%,0>

G1iv CALL LABREL < IGCR?

a1 WRITE <LU, 11



a1
a1za
oi1zi
Q1zz
123
0124
0125
0126
a1z2v
Q128
0129
03130

i FORMAT ("3 SAT.")
CaLL PLOTR CIGCE,ID, 0>
i
C o#cktokackkt® FORMRARTS #akokoktdkdor ¢
C
%2 FORMAT (3A2>
93 FORMAT <I2>
94 FORMAT {(F2.6&>
95 FORMAT (tx,3Ftz.€2

CAat.L. PLOTR < IGCE,ID, 0>
STOP
END



LEBGDT T=00004 15 ON CRUOGOTT USING 00013 BLES R=0000

QG FTN4®,L,Y

QOOZ O ootk ook ook R ok ok ok ok ok kol ok
NaQ3 C % FILENAME ; %EBGD1 *
QOGO O ko e e o o o o ke Moo bR o ofe o e o o ke ot o

agos BLOCK DATA

0oQas IMPLICIT DOUBLE PRECISIOH <A-H,Q-221

aqoaoe? COMMONAMATA/HTC(S, 92, H 4,42, HTH. 4,4

a0 END

a9 PROGRAM EBGDI

Qo1 o s e e e st o e i e s s B SR e o o s s o o o 0 ok o o o ok o e o ok o ok ke ke e ok o ek bk i ke ok ok R sk Ok R ok
ot C % ROUTINE TO CALCULATE GDOP WITH IHSERTED H-MaTRIXZ OF WITH *
DO1E C % AZIMUTH- AND ELEVATIOHANGLE. *
013 [ *
D01 5 o = = = e e e e e e e e e e e e e e e e e an e e e e e e g
DT I W USED SUBROUTINES : EROZ *
gty O o= MINYD *
Q17 C ok = = = = = - - - - - - e I R A
Ntz C % MICHAEL J., MAGROGAHM CO-0P ACT-100D FEBRUaARY 19334 #
(LR 1= T SR ERHARD BUCHBERGER ACT~100B APRIL 1982 *
DO Q1D ot ok ok ok oo ok e s e e e e ot o o e s b o o o o o o e o o ok oo o e o o e o o e o ok o ok o ok ok ok sk R Rk R Rk ok b ek
goz1

Qazz IMPLICIT DOUBLE PRECISION <A-H,O0-Z3

Qo233 DIMENSION AZC4),EL 4, HPRODC S, 45, L4, M4

ag2d COMMONA/MATA/HTC4,40,Hi4,4), HTH 4,4

a02s H=9¢

0026 RTD=57.,2937733

L o e e e e
onzg G INPUT

aeze

0030 C ssddorkocrs [HNPUT H-MATRIX OR QHGLES #sssckkhmchs

no3r  C

nn3z WRITE <86,17)

R A 17 FORMAT ¢ * FROGRAM *EBGDis*

00T { T

RIS WRITE ¢16,3>

npeie = FORMAT < * SELECT INPUT ¥

0az7 1/ " H-MATRIX=1 ANGLES=2"

nnzg 24 " ANSWER M

au3s READ (16,313 I3T

nadn IFCIST.EQ.2)> GOTO 1002

nag I e

podz DO 100 I=1,4

ang3 DO 100 J=1,4

044 WRITE 16,10 I,

HETE A 10 FORMAT < " ELEMENT <", 12,",", 12,75 "2

g READ (16,90) H{I, Jd>

Qog? 100 CONTINUE

o043 GOTO 1003

Q43 0 = -

goan 1002 CONTINUE

INTE R WRITE (6,15

oSz 15 FORMAT (/7" AZIMUTH ELEVATION" D

033 DO 103 I=1,4

0054y WRITE <16,13> 1

gus5s 13 FORMAT ¢ " ARZIMUTHC(",12,"> Pt

KR paYat READ C16,30) AZ(TID

easy WRITE (15,140 1

0053 14 FORMAT « " ELEVATIONC",I2,">» "o

C-12


https://ELEV.:.1T

noss READ ¢1h,30) ELCID

goen WRITE (6,16 AZc I, ELST 2

00B1 1E FORMAT (2ZD12.4>

0062 RZCIDI=AZ2CTHSRTD

063 ELCTII=ELCTII’RTD

1054 HO T, 1)=C0SCELS ID 2« CUSCATCT 40

NA&es HOL,22»=C08 EL. I »»%3TNH(A2C T ¥

RT3 H(T,33=3INCELC(T D)

00e? HiI,40=1,

npees 14073 CONTINUE

063 D e e m e o

2070 1003 CONTIHUE

a7 WRITE (6,4>

gove 4 FORMAT (/7" H-MATEIX" )

Ra73 WRITE (6,52 (CHCI,Jd3,d=1,33,1I=1,49>

40?74 5 FORMAT (4D1s& .23

enPs oL, ... e e e e e e e e e
00?6 o COMPUTRTONS

goyy C

Q373 C #edcedkkuorsne COMPUTE THE TRAWSPOSE OF THE H MATRIK sxewsetsdws
ag7e o

aosg po 101 I=1,4d

0081 DO 101 Jd=1,4

ngzz HTCI , dd=H(J, I

opaz 101 CONTINUE

0ns4 WRITE <(é,6)

ae3s @& FORMAT ¢ /" H-TRAHSPUSE-MATRIX "3

0nge WRITE 6,30 C{HATCI, o, d=1,4>,1=1,4"

0a2? ¢

Q088 C wwwekdkkkskk CALL EE09 TO MULTIPLY THE H AND H TRANSFUSE ###dtkttsw
0039 MATRI®

gag9c o

0091 CALL EBO%

0032 WRITE <&,V

0g3a3 7 FORMAT ¢ /" HT#H-MATRIX v

0094 WRITE ¢6,59) ({HTH{I, Jd),d=1,45,I=1,9

agss

0036 C sdckdoekscdoksk CALL MINYD TO COMPUTE THE IHWERSE 0OF THE H AND ##dssssesds
gy . H TRANSFOSE PRODUICT MATRIX
g3 C

ga=as DO 102 I=1,4

gi1o00 Do 102 Jd=1,4

a1 o HPREODC I, J)=HTHCI, J)

4102 oz CONTIHUE

0103 CAaLl MINWVD <HPROD,HW,DET,L.MX

0104 IFCDET . LT.1,0D~-52 GOGTO 1400

4105 WRITE (6,8

0106 = FORMAT (/" INVERTED HT#*H-MATRIX "3

o107 WRITE (6,5 {CHPRODCI,Jdr . J=1,90,1=1,4)

0163 C

0109 € #wwsnkkkrx THE TRACE OF THE MATRIX I3 THE SUM OF [T4 #tvset sty
n11o C ELEMENTS

a1 0

gtz TRACEZ=HPRQODJ 1, 1 D+HPRODC 2, 20

ari HDOPY=DSQRTC TRALEZE )

3

atr14 TRACEZ=TRACEZ+HPROD{ 3, I y+HFRODC S, 4 )
011s GOOPVY=DSRRTCTRACEZ)
Q1 1a GOTO 1001
VR g

a1 1000 CONTIHUE



a9 WRITE <1e,1)> DET

0120 1 FORMAT « * DETERMINAHT OF MATRIX : *,.DIi5.3)

o121 WRITE (6,125

g1z2z WRITE (16,125

Q123 12 FORMAT € ™ & sevkdosio ok ook ofob oo b ok b e bk b b oo o ok b ok ok h b bk
124 1 " #HT*H-MATRIX 13 SIMGULAR (DETERMINAMT=0, >+
0125 2 B ko dkokok o ok ROk ok R ok kb ok R R R R kR ek doR doR ok kR k0 Y )
0126 S5TOrR1

127 0 e e o e e e e

orz2z jady CONTINUE

0129 HDOP=SNGL{HDOPY >

0130 GDOP=3HGLGDORPY )

131 WRITE C18,11)> HODOP,GDAP

132 WRITE ©&,11)5 HDOP, GDOP

0133 11 FORMAT ( " HDOP = " ,F18,8," GDOP = ",F135.8)

0134 C

135 U wdtkdrkkdkdkt FORMATS #bbdgkbdkd 4

at36 C

Q137 20 FORMAT <D16.8)

0133 91 FORMAT (12>

0139 STOP

G140 END




LERGH  T=00004 IS OH CROCOTY USING 00024 BLES E=0000

000F  FTH4x,L,Y

aQQz 12 sodor shodeof ok ok ok kolok HOR RoloR 0k

Gue3 O o# FILEMAME : “EBGH #*

GU0d 0 stk eohofoskok o oo ok bbbk o o ok sk ook

noas BLOCK DATA

coas DOUBLE FRECISIOH EHRUP,®F,YP.IF.H,HT,HPRGD, HOOPY, GDOFY

ouav DOUBLE PRECISION PI,RTD,OMF.AE,EZ,OMF2, U, LAT,LONH, ALT

opas DOUBLE PRECISIOHN ‘5,?b,_‘,TRHIE_Jf ¥, &, MORM

euos DOURBRLE PRECISION ZGC,ERATE.

antn COMMONA/COORDZENUPL 3, 3),.H,:F,;P Hid,4)3,HTCd .43, HFRODC 4,4 »,
oeti TLSATC4 3, K804 ), Y504 ), 2803 >, HDOPY, GDOFY

0otz COMMONACHETAPT L RTD, OMF , AE . E2, 2MF2, 5GC, ERATE

uo1z COMMONZDTH A UC 4

0014 COMMOHA/APOSALAT, LOH, ALT . XY

Gais END

Quis PROGRAM EBGH

Qo017 O stk ddoobooode oo ok o ok o i e s e ok o HH o o e o Ok e Rk s e s e kb kb R e e R e O ek
0013 C ROUTINE TO CALCULATE HDOF,RPOHOP nHD GEOF WITH FREOGMPTED #
go19  C % USER- AND SATELLITE-FUSITIONS. *
Qo200 oo INFPUT I35 PUSZIBLE QYER THE KESBOARD OR FROM & DATRAFILE. *
Q021 oo #
QU22 0 % = = e e e e m = e e emam e e e e e e e m e e e e e e g
Hg23  C o« THE ORIGINAL PROGRAM WARS MabDE &Y MICHREL J4. MAGFIGEH, O0-0F, *
0024 C *« ACT 100B, AL30 THE SUBROUTIHES PEHLY, "HTRAN", "MLHHT", " IHVYHP" , %
Go23 C % +
aQ2s  C o« FURTHER USED SUBROUTINES : EBUZ,EEIZ +
0o27 C % ' #
goze I e T T I TR 2
Q239 C = THE COMMON-BLOCKS ARE DEFIHNED TO FIT THE PROQGRAM “"HDOO®, *
Q030 L% #*
0o31 I o e o ok o oo s ot e o b o e ok ok o o o ek o ko o o i e s ok e ko o o ok e o b Rk R R e
ao3z C

N33 DIMEHSION IBUF<&3 ), IDCBC 144 ), HRAMES 22, ISATY(4 )

o034 COMMON ZCOQRDAS ENUFC3, 30, 8P ,YF,EF HC4,4) ,HTC S, 4, HFREODC 4, 4
guzs +LSATCH),¥S¢(4)2,¥Y504),2504 ), HDORPY, GDUOPY

U02E COMMONACNSTAPI . RTD,OMF,RE . E2, OMF2

Q37 COMMON/DTX /U4

N3z COMMOMNAPOSALAT ,LOKWH, ALT

(A DUUBLE FRECISIOQON EHUPR,XFP,%P,Z2F,H,HT,HFRQD, HDOPY , GDOFY , FDOFY
cag DOUWBLE PRECISION FI,RTD,OMF,AE . EZ,OMFZ,U,.LAT.,LON, ALT

G041 DGUBLE FRECISION X5,Y5,2%, TRACEZ . &, Y, 2, NORM,. TIME, BUFC1S
nggs EQUIVALENCE < IBUF.TIME?>, (IBUFCS Y. BUF >, (IBUF{ES Y, TZATY )

Qo433 REAL LATY,LONI

god44 C

0043 T swektohetokokdiok DEFINITION OF COMNSTANTS bbb dbor

aag4s

o047 RTD=37.2957793DU

aud4s3 RE=6,378135D6

00493 E&=6.694317778D~

ogsa OMFZ=0,993305683D0

4as51 ¢

DUS5& G sckvheenk THIS PRGGRAM NEEDS AIRPLAHE PUJITIGNi%P,TP,ZP¥ SRR TR R
posd C AND FOUR SATELLITE PRSITIOHS CXS(1-42,%5¢1-42,2301~-422 A% IHFUTS
aes4

055 WRITE K1e6,102

NS 1o FORMAT ¢ " COCQRDINATES IWPUT FREOM FILE i=13 % st

aosv READ (16,92 IST

0isS3 IFCIST.ER. 1Y GOTO 1000

C-15



00e3
et
RS
JUes
QO&T
Q&
noEs
noPn
oy
nura
auv3
ca7d
oovs
Gave
noyy
Qavs
aavse
oaea
past
agas2
nna3
0034
25
aaae
aaay
Qo2a
goeg
nosg
g3t
gugs
auas
uaad
0025
DO
ao9y
0a3s
aa93
4100
a1 a9
aioz
a1 ¢z
0104
0105
0108
o1av
a1 as
a1 a9
4110
4111
0112
0113
0114
aris
a11é&
ay
0113

Cr e

L T T R I A | [ I T A}

INPUT OVER KEYEOBFD

ktkskkokokkkk USER PUOSITIUON ##esedgtdsd

WRITE <1e, 12

1 FORMAT ¢

1
N
“ ¢

i

IH FEET "

INPUT USER POSITION IH GEOGR.

LATITUDE "2

READ <16,%1) LATI
WRITE (16,25

2 FORMAT «

"

LONGITUDE: "3

READ <16,31 > LONI
WRITE ©16,3)

z FORMAT <

ALTITUDE :_"=%

READ <1s,91) ALTH
LAT=DERLECLATI D/RTD
LON=DRLECLUNI D/RTD
ALT=DBLECALTI >/0,32309D1

DO e Bwy ]

Call EBO3
RP=LI¢ 12
TP=UCS )
ZP=UC3>
WRITE <A,
4 FORMAT <

1
200
3/
4.
[
i

WRITE {16
15 FORMAT <

YOLATHE,LONY,ALTY  8F, YR, ZF

COOREINATES

#dckwckkkkkk COMPUTE ECEF-COORDIHATESZ WITH SUBK,

FROGRAM «EBGH#+ VERSION A"

IISER-CUORDINATES "
LAT =",G1S.8," LON =",G15
KP =", G15.8," YF =",G15

i
0 8 K
=

[T
-2

D kckdokdokkdokk SATELLITE-POSITION kot sk gk g

S 150

HOW MANY SATELLITES 7 _")

READ 15,325 NSAT

1ST2=1

WRITE (16,5

S FORMAT ¢

o FORMAT «

i

H

........

CRLTITUDE

EEND ®eswtdbpk

INFUT SATELLITE~-POSITION IN ECEF.")
DO 101 I=1,HSAT
WRITE (16,621

A0, 12,0 =_"a

READ (16,303 X301
WRITE <18,7> 1

v FORMAT ¢

L1

T i - “ P
YRCY, T2, = v
)

RERD (16,90) ¥YS(I:
WRITE (16,83 1

g FORMAT ¢

|0 ) » o - oy
25,12, = »

READ (16,30 ZS(ID

WRITE ¢&,9) I,RS8(13,%8015,85

x&.

FORMAT <
,D16.,.383)
CONTINUE
GOTCG 1001

—
=
-

-

[ I w I o e

i

SAT.HO ¥, 12" KS

LI T O [ T T S T BRI R S S R A

INFUT FROM FILE

Cc-16

ALT =", G15.8

2P =, GIS, 8D

=", Di16.8," I =

. e ,



0113 C RECRUSE OF RESTRICTION IN THE SUEBROUTIMES THE SYSTEM HAS TO EBE
Q120 C©  ALTIMETER AIDED.

utel ¢

0122 1000 CONMTINUE

6123 WRITE (15,11

124 14 FORMAT ¢ " FILEMAME ">

0129 READ (16,73) NAME

126 CAll OFPEN (IDCE, IERR,NAME, 0,0

a1z7 IFCIERR,LT ., D) STOPH

1122 WRITE <6,12) HAME

6123 12 FORMAT < " FROGRAM +EBGH=x YERSTIOHW B¢
0130 1/ Wt beh bbb kg

a131 2.7 " FILENAME : ", 3Rz,

0132 NUM=1

0133 NHSAT=4

0134 UWRITE <(186,16>

0135 e FORMAT ( " SYSTEM RALTIMETER WIDED <=1y 7 o _ ")
0136 READ ¢16,92) IST2

0t37 106G2 CONTINUE

0138 CALL REaADF ¢ IDCB,IERR,IEBUIF, 0ed,LEH, HUMND
at3s IFCIERR.LT. .03 STOFZ

1440 KP=BUF(1)

atgi YP=BUF{2)

142 ZFP=BUFC(3)

143 I=0

t1d4 DG 102 K=1,49

0145 IFCISRTY(K Y ER. O GOTO 102

G146 I=1+1

U147 ISATYS I >=15RATY (K

01483 KECI »=BUF(K+3)

gta9 YS(I)=BUF(K+7)

1159 28C 1 I=BUF(K+11)

0151 oz CONTINUE

a5z IFCI-3> 1004,1005,1006

(153 £ ~—-mmmm e e

4154 1004 WRITE <16,220

0155 o2 FORMAT ¢ " #hkckokbtkkobRindd sgrt kg bk bhbtrg!
4155 1 "Oo+0ONLY TWO SATELLITE:R IM FILE#"
157 24 LR R R R U R R R R R R U R U TR
0158 STOF3

0153 D o e o e e i e e e

01éed 1005 HNSAT=3
01561 1008 CONTINUE

0162 CALL EB12(TIME, TOUT

Ute3 WRITE ©6,13)> NUM,TIME,TOUT.XP,¥P,ZF

0164 13 FORMAT ¢ " RECORD-NO, : ",I3,

U165 1/ " TIME yo ', D148, SEC, == ",F2.4.7 HOURS GmMTY
G166 e " USERPOSITION ---3» ",3D0E&,.3,

01&a7 3 " SATELLITE-POSITIONS " ~

o168 4/, 10K, "KE" , 14K, "YS" , 14K, "Z8" )

0163 WRITE (6,14 CCISATYCI), KSCT 2, Y8 T 2, 25C 10, I=1 ,HEAT

ozae 14 FORMAT (I3,3D16.82

U i T 1 L
mvz . COMPUTARTIONS

av: C
0179 O waockskerddcksrr CALL ENU TO FILL ENUP MATEIX ®edtkdkdres

01?s G
017& 1001 CONTIHUE
(VR CALL ENU

aivs G



-

G173 C ssescrkswttnwds FILL COLUMN 4 OF H FATRIY WITH 175, ssdesceess
LR RSV
a1ad DO 40 I=1,4

(LR 3= HCT . 40=1,D0

o183 40 CONTINUE

0184 IFCNSAT EQ. 40 GOTO 1003
1133 IFCISTZ.NE.1 2 GOTO 1003

s

0186 HC4, 1 =0,
01S7 Hid4,25=0,
0t e Hid,30==1,

a1aa Hid, 4 0=10,
0y 003 CONTINUE
0191 DO S0 I=1,N3aT
192
4193

e

o

wakkkkdoetk SATELLITE POSITION VWECTORE MINUS AIRPLANE #a44trassws

0194 ¢ POSITION YWECTOR

M35

0{3& HK=XE5({ I »-KF

g197 Y=¥YSCI)-YpP

0133 2=25C 1 »-2F

at99 o

Q200 C koot MAGNITUDE OF THE YECTOR BETHMEEN THE SATELLITE ##tsedsmk
gz01 C ARD THE RAIRPLANE

g202 C

0z0z HORM=DSRRTC Rtk 2+ Y w2442

0204 C

0205 C seddordorkssx UNIT YECTOR FEOM THE VECTOR BETWEEM THE #tdwdsttdtw
(206 C SATELLITE AHD THE ATEFLANE

L)

0207
0305 K= MR
02 0% Y= ANORM
D210 Z=Z/HNORM
D1

L I

az12 tokdkkokackrk CONVERT FROM ECEF COORDIMHATES TO ENU COOF~ stdesdtoe sk
0212 DINATES USING ENMUFP~-MATRIX AMD FILL UP H-MATRIX
G214 ¢

gz1s HE 1,1 3=ENUPC 1, 1 Dk B+EMUPC T, 20w +EMNUIFY T, 30%2
02ie HC D, Z3=ENUFC 2, 13X +ENUPC S, 2o+ Y+ENUF(2, 33%2
217 HY I, 32=ENUFC3, 1 D +ERNUPC 2, 20+ Y +ENLUFCE, 3 a2
nzis S0 COHTINUE

219 WRITE (&,17)

g2 FORMAT ¢ /% H-MATRI®">

221 WRITE <¢&6,94) CoH(YL,J2,d=t,43,I=i,4

=

g2z

0223 C #eseedcrokds C0HLL HTRAN TO COMPUTE THE TEANSPOSE OF teswse bt
nzad . THE H-MATRIX

]

: CALL HTRAN
nz2z2v WRITE (6,180

p2ze 18 FORMAT (" H-TRAHSFOSE~-MATRI®" )

bez3 WRITE (&,94) CCHTOL,d0,d=1,40,1=1,4)

o P N
[N\
! (N
s

C
0231 C wekdordockdrw CALL MLHHT TG MULTIPLY THE H AND H seskcksstas
C

a TRANSPOSE MATRIK
a CALL MLHHT
a WRITE <6.192

FORMAT <" HT+#H-MATRIX” 2
WRITE <6,94> (CHPRODCI, d), J=1,43,I=1,43

=
O = PO B Dl P
Ny

o~
[CN N LR VR SO O GV
G G G G ) Gl

oo

C
C #skokskmaoks CTALL IHNWHF TO COMFUTE THE IHYERSE OF THE H AHD #sdkspset«

c-18



0233 [ HTRAMSPOZE FRODINT MATRIK

249 .

0edi CALL INVHP

0242 WRITE 6,200

w243 24 FORMAT (A" INYERTED H*«HT-tATRIA® 2

0244 WRITE <6,94) C(HFRODCT, do,Jd=1,4),1=1,4)

0243 C

024 C exexcetknwst THE TRACE OF THE MATEIE IS THE SUM GF ITS #serskstwrs
ne4y o DIAGONAHL ELEMEMTS

0z43 C

0z49 TRACEZ=HPRODC 1, 1 »+HPROD &, 22

2SS0 HDOPY=DSQRT{ TRACESZ >

0251 POOPY=DERQRTC TRHCEZ+HPRODC 2, 30

pas52 TRACEZ=TRACEZ+HPRGD: 2, 3 +HFRODC 4, 42
0253 GDOPY=DSQRETCTRACEZ >

0254 HDOP=3NGL Y HDOPY >

0255 PDOP=SHGLLFPDOPY )

0256 GDOP=SNGL< GDUOPY )

257 IFCNSAT.EG.Z AND, IST2.HE. 1) GDORP=1.E2C
0253 WRITE ¢&.,21)5 KHDOP,FDOF,GDOF

uzsa WRITE <1s,21 ) HDOF,PDOFR, GDOP

gze0 2t FORMAT ¢ * HDOF = *,F10,5,% PDOP = »,F10.5," GDOGF = ", F10.5,77
g2e HUM=HUM+ |

u2éz IFCIST.EQ. 1) GOTO 1062

0263 .

0zZéds D okkchkckokkkkk FORMATS etk s

0ze6sS C

0266 30 FORMAT (D1&6.30

0zev7 N FORMAT (F15,3)

u26g 22 FORMAT <125

0269 93 FORMAT (3A27

0z70 94 FORMAT <4D1n . &0

0zv1 STOP

uzvz END



EBOZ  T=00004 [S ON CROOGIT USING 00012 BLEES R=0000

Qg FTH4X,L,Y

gaoz S 5 K e e o N ok o o o T s o R o R R R SRR S e o R R R R R R R kR
Qo3 i FILEHNAME : %EBOZ #*
G004 N #
eQos * FROGRAM COMPUTES THE E-MATRIX #
oQus R PP PRI TR ER R PR R TR P EPE P ER I EE R EEE L E L T
agov
Qo0gQa SUBRUOUTINE EBO2

Qoos IMPLICIT DOUBLE PRECISIDON YRA-H,K-Z3
gaia COMMONAELEVAEC 3, 32

10119 COMMONS/POSALAT, LON, ALT . R

012 £ —mm e e e

ngra SH=DSIHCLOH?

0a1d CH=DCO3C LQOH >

ael s ST=DSINCLAT)

aote CT=DCOsSy LT

agiv EC1,1i=~5H

gl a EC1,25=CN

aots ECt,3=0,0

T 0 T O

0020 EC2,15=~CH¥ST
0021 EC&,2)=~5H*ST
aoze EC2,3)=CT
0023 ECZ, 1 )=CH*CT
0024 EC3, 2 =3H*CT
D025 EC3,30=5T

N02e RETURH
0027 END

c-20



LEBOZ T=00004 IS OW CROOOQIT USTIHG Q00i2 BLEES KH=0040

00o1 FTHaX,L,Y

uagz R R R R L R PR A L E L RS N E RS EEE SR SRR
one3 * FILENAME LEROZ

Qo004
Qoas
000s
ooav
Qaas
HRURER"
0ot a SUBROUTINE EBOQZ

nett IMPLICIT DOUEBLE PEECISIONHLR-Z

gatz COMMONACNBRTAPI,RTD,0OMF,AE.E2,OMFZ, SGC,ERATE
ant 3 COMMON/DTRATUY 40

nag14 COMMONA/POSZLAT, LON, ALT, XY

TR R L e e e -

note SLAT=DSIHC(LAT 2

agot? KY=AE/DSARTC1 ,EO0~E2*#SLAT+3LAT

gors TUCII=C RY*OMF2+RL T »45LAT

TR = KY=( XY +ALT )« DCOSCLAT )Y

ngza TUC 1 x=XY*DCOSCLIND?

0021 TUC 2 =Xy *DETHCLON

nazz RETURH

0023 END

4+
o &
* COMPUTES THE USER-POSITION IH ZCEF-COORDINARTES =
* (TU-YECTOR=U~-VECTUOUR <IN MAINFROGRAM: 2 *
* W+
Y #

R R E R AL T R EE RS R R B R SRIRNER T i I R B R e

I o T e T v Y o T S O

Cc-21



LERUS

QG0
aaa2
1303
0004
Quos
O0Q&
agey
000z
guas
nat o
Qutt
anta
talz
0014
agis
R
ety
nats
aate
Q0
Qa2
aoz2z
0gz23
0024
auzs
Qnze
apz7
aoze
paza
IRERCRY
g3l
au3z
N3z
oe3d
0a3s
GO2E
Qu3v
Qu3z
(LN pege]

T=00004 IS OHN CROCQOTT USING 00012 BLELS B=

FTHYX, L, Y

..l

DI asc R R

[ B

aguoo

b 0 IR S SRR I R SRR Y R R R U R SR U Y TR T S o v A R ) I G N R S i D S S S T T
* FILEHANME : LEBOS +
K
* COMPUTES ELEVATION AMD AZ2IMUTH OF SATELLITES aWl Id +
* SUB, “"EBOEY THE POSITIOW AND I# SUE. "EBQAT" THE GISTHMOIE +
* USER-SATELLITE. *
+ +
B R LR R R R R U B R R B SRR R R R R A R R o U O R R TR A e o

SUBROUTIHE EBOS (1>

IMPLICIT DOUBLE PRECISION (a-H, K-Z3

DIMENSION Y(4,3>

COMMONS/ELEYAECF, 30

COMMON/SATAS0 4 )

COMMONAARZMAELYC 45, AZMC 4 5

COMMONACNSTAFI,RTD,OMF,RE ,EZ2, OMF &, 560, ERATE

COMMONADTXAUcd 5, D04, 40, RBRARCY »

calLl EROe

CRLL EEGFL I

DO 100 II=4,3

YeI,I1o=0.D0

DO 300 ITII=1,3
YCI,IXd=C I, TI+SCITYD%ECYI,ITI

100 CONTINUE

C

C skt COMPUTATION OF ELEWRTION AND
C SATELLITES aHD OUTPUT
[

¥¢1,3=¥{1,35-RE
SY=DSARTCNWC T, oY I, 12+, 20%% (], 20
ELYCT I=DATANECYCT, 33,8 y»RTD

RZMC T Oo=DATAN2CY T, 12, ¥CT, 23R TD
IFCAZMCTI D LT 0.3 AZMCID=AZMCT 1+360. 10
WRITE 6,1 ¢S0d), d=1,32,ELVCY », AZMK
FORMAT (52X, 12,43

RETURH

END

C-22
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..........

LERGE  T=00004 15 OH CROOOVT USING DOOGIS BLES F=0000

001 FTH4X, L,V

goaz [ T R Y Y T R Y R S SR R TR S Y SRR TR R R Y M R S PR TR T P S TR LY T T T SR R TR R 8
oees o FILEHAME “EB G +
noo4 C o= +
QuysS C « COMPUTES THE ACTUAL POSITION OF THE ZATELLITE t
00Q& C % [N ECEF-COURDINRTES { S5-YECTOR = X,4%.& 2 *
ana? [N 3 B3
goas [ R T P R TR R R R R T N R R R R TR E
agas .

aQto SUBROUTIHE EBOE&

0011 IMPLICIT DQGUBLE PRECISION (&-20

aotr INTEGER I

a1z COMMON/NAC/TUY ,TCY , TKC,DTCCS 2, TR, TS, T

0otd CONM&N#CHST#PI,RTD,UMF,QE;Eg,UHFL,'GC ERRTE,FIZ
0g1 s COMMONASATAX, Y, Z.MK

s COMMONADEZAECC , TOE, INOT, HRATE , SRl , OMED, OME, MHOT , B, S DM,
agi1y « =% INQ, COME, SOME,

QOIS 0 ~mrmmmm e e e

0ata A=TC~-TOE

o0 TUY=DTU+T

002t IFCA.GT . -0,202406¢ , AND A LT, 202406 » TEC=A

goa2z IFCA.LT.-0.302406 5 TKC=R+0.604808

o027 IFCA.GT.0,2024D8 3 TKU=A~0.604530¢

0024 TK=TUY~-TCY+TKC

Q025 OGA=0OMEQ+( NRATE~-ERATE ) TK~ERRTE#TOE

0026 MK=MNQT+C*TK

Qo227 & IFCMK.GE.~-PIZH50 TO 7

0023 MK=MK+FI2

Qo3 0 TO 6

ao3q 7 OIFCMK . LE PIZOGD TO 3

a3t MKk=MK-FI2

0p3e 30 TO 7

o033 2 EK=MK+ECCHDSINIMEK

0034 DO 100 I=1,4

Hn_q COSE=DCOSY EK >

0036 SINE=DSIHNIEK >

0037 TK=1,-ECC+CQOSE

0032 Jjaa EK=EK-CEK-MK~ECC*SIHNE D/ TH

nn3s COSE=CCOSE-ECCHATK
oa4u SINE=DSURT{! . ~ECC#ECC IS INEASTHE
Godi EK=COSE«COME~-SINE«SQONME
nug2 MEK=SIHE«COME+CQOSE+SOME
0043 SINE=2, *MK*EK

N044 COSE=2, *EIC+EK -1,

aa45 RK=TK=*R

ag4a X=RK*EK

0047 Y =RIK*MK

G043 Z=Y¥Y#*SINC

049 EK=CINQ+*Y

0050 STHE=DSIH{QGA

0051 COSE=DCOSCOGAY

0052 Y=X*SINE+EK*CQSE

0053 X=X« QCOSE-EK*SINE

0054 RETURHN

a0ss END
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LEBOT  T=00004 IS O CROQOTT USIHG 00017 BLES R=0000

0001 FTH4X,L,Y

OO02 D o ook e e e o o o o o ol o o RO R A oK e RO R o o Sk o o o o o vk o o
G0o0% L o= FILEHAME : &EBGT ®
o004 O % *
a0 C o« COMFUTES DISTANCES TO SATTELLITE #
gaas oo« ®
ngay T o oo o 0 R e e o o SR o e R i o ke ok K e ok o ok R ek kR ek Ok ok e
naag

RV EE] SUBROUTINE EBOVCI

gotQ IMPLICIT DOUELE PRECISION cA~H,K-Z3
oo COMMOM/SAT /S 4 ) '

aetz COMMUONADTXAUCH 5, D04 ,4), B0 40

Q013 D vmmrrm e e e
o014 REIN=0,

anis DO 3100 Jd=1,3

ag1e D{I, do=5CJ-UCJdd

pury RCTID=DCT, Jo%DC T, Jr+ROT D
aoig faoo CONTINUE

ooy RCID=DSRRET(RITI 20

eo2d D{I,4>=1.0
wozt RETURN
agz22 END
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LEBU3

o001
Qo
oonz
0004
goes
000s
noov
aaagn
9009
agti o
aeid
gatz
nat3
o014
N1 e
0dis
gaivy
ag1s
agt19
noza
nnz21

noae

T=00u004 IS ON CRECOTT USIHG 00012 BLES F=00040

FTH4X,L,Y

10

[
[
C
oo
C
C
C
LR
jog

# MULTIPLICATES TWO MATRICES --3 H#G=# «

R N I I IR TR T 3 R I R SRR Y H R R R L R T SR B R A TR T T K R L I S S g S R A

FILENAME : %EBG3 #

s

+

EE R EE R AT L EEEREE AR SRS R R SRR R R R R R R RLE R R R R R

SUBROUTINE EBU?
IMPLICIT DOQUBLE FPRECISION (A-H. L-Z%
COMMOMN/MAT A GC4, 43, H(, 45,404, 4

DO 100G I=1.,4

DO 100 J=1,4

TEMP=0, (DO

DO 101 K=1,4
TEMP=TEMP+HC I ,K2*G(K, J)
CONTIHUE

ACT, Ja=TEMF

CONT INUE

RETURN

END
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REB1Z  T=00004 15 OH CROOOTT USIHG ooiD BLES R=0000

oo FTH4=,L,Y

U R T T R T T B P Y T T B Y LR TR R T N S T SN TR TR U R o B B 3 B B K o 2
aaez oo FILEMAME  &EEBTZ *
nood [ Y +
aaas * FEQUTINE TO CONYERT SECONMDS TO HOURSES MIM SEC. *
Quas # +
agov R R P R R R R R E R R AR I RN 2 g o R 1 e B R R R
aoas
oags SUBROUTINE EE12 “TMIHN, THE?

no1a IMPLICIT DOUBLE PRECISION (H-Z0
aoti REAL THR

aatz INTEGER#*4 HR,MIHN,SEC

G013 L e e e

0014 THR=(SHGLL THMIN /3600, 02+, Q0005

gats HRE=INTCTHR 7

Qute THR=( THR~HRE »+& &

0ot 7 MIN=INTC( THR »

0g1s THR={ THR-MIH y*&

nta SEC=INT( THR »

ooza THR=HE+LMIN®, 01 2+ {SEC*, D000+, 00005
o RETURH

iz END

£
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LEBI 4

oao
auaz
aoa3
noo4d
Gons
poas
onav
oage
0009
antio
UNIRI
noya
0ot13
autd
nors
nGate
agr v
ao1s
00132
gaza
0021
a2z
anz3
024
nn2s
NazZe
pnz?
poas
aoz9
QO30
a3
nou3z
0033
0034
anzas
QUzEs
oIy
onza
EROR
GG
041
nagz
G043
NET
Haqs
dage
nn4v
ongd3
049
nns0
uasy
o%52
0n0ss
AT
Q0SS
a05s
NSy
guss

T=00004 15 OH CROCQOTT USIHG DOOZ4 BLEE #=0000
FTH4,L,"

B R R R R R A R L I R R R R B B o T R S T A o L N R T S
* FILEWAME : %“EBi14

+ READE ALMANARC-DATA FROM DATA-TAFE, COMVERTS IT =
* INTO DOUBLE PRECISZICON wHD CREATES ARRAY WITH *
# DRTA FOR MATNRROGRAM. *
K K3

o

K 3 R R 3 T 3 I I T A O Y U RS TR TR L Y R T Y L T PR TIE CIR RL I T A M R 3 () Y I A R

3 O Co 0 2

SUBPROUTINE ER14

DOUBLE PRECISION AD.w,B,C.07TC
COMMON/ALMAADC 14, 240, 1D1C &g
COMMONANACAA,B,C,0TC

DIMENSION ITALMACCIZ, 230, ISVFRHCZY ), IDI24)
INTEGER ALMACCZ24, 240, TARC 2, IBUFCZ1 0, IDARYY 24
EQUIYALENCECIBUF 18, TALMAD >

REAL OMD, MO, MO

INTEGER H

DATA PI/3. 14153265/, ISYWFRNC Y, 7,46, 82,5,9, 12«0/

it

=t
o
—f
I
e

ISTAD IS5 THE S3TARTIHG ADDRESS OF ALMaHAC DATA AMD TWCOHT
OF WORDS IN THE ALMANAC DATA.

[ N ]

DATA ISTADAYF2700E., IWCHT 31407, LUas8s

(2]

CALL EXEC TO READ IH ALMANAC DATH.

D

p—y
o)
e

CARLL EXECCT,LUZ,IBUF, TWCHT 2
CALL ABREG(IERR, HWED)
IFCHWRD JHE., 282 20 TO 100
DO 40 Jd=1,24
DO S0 I=1,12
[2=2%1
I1=12-1
ITMP=TALMACCT, Jd2
ALMACY I, Jo=1aANDd ITHR, Z7F7E >
ALMACC TZ, Jo=ISHFTCITHR, -3 0
S CONTINUE
41 CONTIRUE
WRITE(t1e,120
READC 16,4« 0DTC

GET SATELLITE IDCPRN NUMBER)» FROM ALMANAC DATA.

I

DO 10 J=1,24
pa 20 I=1,:24
1DC T y=AaLlMACCT, 1D
. TERT TO SEE IF zATELLITE I3 IH FRH HUMEBER ORDER.
IFCIDC T EQR. OGO To 20
IFCIDCT > EQ, ISVPRHNCJ? GO TO 30
& CONTIHUE
GOOTO 10
o GET ECENTRICITY OF SATELLITE QRBRIT FROM ALMAMAC DATH.

Fa IAR: 2 o= TORCISHFTCALMACY 2, 12,230 ALMACCS,. T30

c-27
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LRI
agsn
D
nosz
Qos3
afs4
QO&s
ass
Qusvy
Qasg
0053
Qaru
novi
QovVa
aavs
NI
oays
aove
nyv
onve
ngya
o2
Gugt
nposz
nng3
0034
au3s
IRVECT
aogvy
0033
aoas
0030
0091
onaz
0093
o0ad
onas
Gase
aaay
goaa
o039
ayan
0101
agtaz
0103
0104
4103
0106
107
at o3
a1 a9
a1t
0111
R R
011732
giid
Q11s
011e
011y
a3

[e]

Das I ]

Do I

K]

A T

0 ]

i

AR A o B

b

[ ]

1

Eancl B

Bt

[y

}

)

L I ]

[ ]

]

1DARYC =10

IARC 1 =1

IDIC =101
ECENTRICITY IS5 SCHLE

E=DINTF TAR d#d, 74

D BY A FaCTOoR OF @ww-21,

H3IVIEE-T

GET TIME OF APPLICARILITY OF THE ALMAHAC PARAMETERS.

TARC 2 y=ALMACC4, 1O
IARC Y D=1

TOR(SECONDS » IS 30ab
THA=DINTF IAR >%4 10

GET SATELLITE GREIT
TARCZ =TGR I SHFTY
Takcy a=0
IFCIARCZ Y LT, 42

LICSEMICIRCLES)Y I3 S
BY 13 AMD MULTIFLIE

DI=r DINTFLIAR J#

GET DRIFT RATE QF L0
FROM ALMANALD DATA.

IARC 1 )=0
IARY 2 a=10R: IEHFTY
IFCIRRL2Y LT, 102

amMp (SEMICIRCLESCYSEL
MULTIPLIED BY PI TO

GET HEALTH WOGrRD FROM
H=ALMACC?, 1)

GET THE SQUARRE ROGT
FEOM ALMANART DATA,

IARC Y H=ALMACd 1 0, T
IAR( 2 )=10RCISHFTE

RECMETERS s IS SCaLED

RA=DINTFCIAR %4 .3

ED EY A FACTOR OF Zseid,
q96, [

INCLINATION FEOoM almMAMal DAaTA.
GLMACCS T3, 80, BLHRCCE . T 32

THRE ] et

CALED BY A FACTOR OF Z##«—-149 INCEEMEHNTED

D BY FI T YIELD RADIRHS,

CBUTIAEEE-B 0401 0,3, Q) 0#F ]

NEITUDE OF aSCENDING NODE OF THE

ALMACCY , T, &0, AL MaC{&, 122
IaRC Y b=

2 15 SCALED BY A FRACTOR OF 2#%-.

YIELD RADIAMEASZEC,

ALMANAT DaTa.

-
)

aRelyY

2 Ak

OF THE SEMI-MAJOR AKIS OF THE OREBIT

2
ALMACCTY Ty, 30, ALMALC Y2, T 3

BY A FACTOR OF Z#w+-11 .,

22812564

GET THE RIGHT RICEMEION OF THE OREEBIT FROM ALMANAT DATA.

TARC 2=T0RL{ TSHFTC
TARC 1 y=aLMAC: 13,1
TFCTANDGS BLMALT 13,

HLMRCCTE , T, 20, L MACCIS . T2
)

T3,2008 » HE . 0 IakRc T »=10F TaRa 1 v,

c-26
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ti1s O OMOCSEMICIRCLES SIS SCALED BY & FalTorR OF Z4+-23 gHD
1120 © MULTIPLIED BY PI TO YIELD RaDIANs,

o1z C

U122 OMO=DINTFS IAR Y*PI+1, 1920322%E~7

123 C

124 C GET THE QRGUMENT OF FERIGEE FROM alPrbAC DATA.

125 C

0126 IARC 1 )=ALMACC1s, 12
0127 TIARCZD=10RCISHFTCRLMACK 17, T2, 80, ALMACK1E . T 20
ara2s IFCIANDCTIARCT ), Z00B Y HE, 00 IaR: 1 0=T0RCIARC Y >, 1774008 &

gize «©

G130 C WISEMICIRCLES)Y IS SCALED BY A FACTOR OF Z#x+-23 AND
0131 C MULTIPLIED BY PI TO YIELD RADIANS,

132

at33 W=DINTF{IRRY*PI%1 , 1920929E~7

0134 C
0135 € GET MEANH ANOMALY AT TO0a FROM ALMAMALC LATA.
0136 C

013v TARCT d=ALMACC 19, IO
013% IFCIANDCTARC T D, 2008  HE, 02 IARCT d=T0RCIARCY >, 1774008
0135 TARC 2 H=T0RCISHFTCALMACC 20, T2, 80, ALMACCZ2Y , 15D

140 i

0141 C MOCSEMICIRCLESY I5 SCALED BY B FAaCTOR OF 2#%-23 AND
14z [ MUILTIPLIED 8Y PI TG YIELD RabIabz.

0143 C

2144 MO=DINTFC IAR »*FPI#%1, 192035
145 BDC1, J>=DELECE)

a14e ahd 2, dr=DBLE{ TOA?

147 ADC3, J1=DBLECDI »

14 ADC 4, JI)=DBLE<OMD >

0145 Ab¢S, J»=DRLECRAD

¥

E-7

Uts0 RDCB, J)=DBLECOMO 2
01351 ROV, JdO=DRLECK >

0132 ADC &, Jdo=DBLECHMD D

0133 14 CONTINUE

154 RETURN

Mos 12 FORMATC " ENTER COLLECTION DATE FOR ALMANALC DATRCHTH DRY "D
0156 END

€c-29




&HD M T=000a04 15 ON CROQOTT USIHG 00019 BLED BE=Q000

0001 FTH4X,L,Y ‘ A

aQQ2 (NIRRT RO R SURR L E BUR R R S R SUE R R R T O R R S R R R R R
gaes ¢ =* FILENAME : &HI:(O1

no0e Lo *
D00S  C = COMPUTES THE G-MATRIK, INVERTES AHD TRANSPOHES =+
DOOE T o« IT aND COMPUTES THE HDOP aRD GDOR, *
0007 C + FORMULAS FROM : MILLIKENSZOLLER #
0003 Co# "NAYSTAR OPERATIOGH® *
0003 O &
gato [ L L R R R R R L R L E R L E L L Y R R Rt T R R o S B R R R R R
aatt o

Qa1 2 SUBRAQUTINE HDO1

0013 IMPLICIT DOUEBLE PRECISIDH (wm-H,K-M, 02D

014 DIMENSTION ILC4),IMC4D

ag1s COMMONAPOSALAT ., LON,ALT

ol COMMONADTHAUL4D,D0 4,4

ooty COMMOHACNITAPI,RTD

nata COMMOHABLGAG 4,40, N PO FOR MATRIAIHYERZION
Qo132 COMMOHA/MATA/AC4,45,ATC4, 43, ART 4,4

Qozo COMMOHAHDOFAHDUOF , INS, GDOF

ooz N=+¢

nozz N

Qu2i C okttt COMPUTETION OF A 0 =00 ssedbekdd

0az24 o

0023 AT=DSIHCLON

0028 Rz2=DCASCLAND

anzv HX=DSINCLAT)

agze A4=DCOSCLAT )

0az9 IFCINS.ER.4) GOTO 1000

QU034 DO Y0z I=1,4

Qo231 DO, Io=UCT

Qo3 102 CONTIHUE

0N33  1ad0 CONTINUE

o34 DO 146G I=t.,4

QO35S AS=1  ADSGARTIDCT 1 0«DCT 104D T, 20%00 T, 204+00T,30%00 T, 350
002s AT, 1 o=0-D0 T 1 0G1 D0, 20472 1+@S

unsa?y AC T, 20=0-D0 I, 1 +«A3«AZ-~-DCT, 20%03%A1+D0 T, 30484 D[S
onza AL T, 30=0D0 T, 1 0%Ad«A2+D0 T, 2 04 fd QT +00 T, 206AZ )4AS
qu3s Al 0=t

oo40c 100 CONTINUE

0041 C i

0042 £ swxtkdoeetdk MATRIK-TRAHIPOHATION #tobt s bt

643

4044 Do 10t I=1,4

aods DO Tut Jd=1,4

adga RTCT, Jo=Rcd, 12

0oy 1ot CONTINUE

Q043 C

0043 C #thbkwkktkrx PMULTIPLICATION OF MATRIZES (AT*RM»=AAT wddthd wbwt
noso  C

0051 CAlLlL EBOY

agsz C

0053 O edceskckctkckk ITNVERZTON OF ART AND COMPUTATION OF HDOP #sd bkt okt
0054 0

eSS DG 103 I=1,4

N0%e DO 13 Jd=1,49

aosv GoI,Jo=RATCI, Jd2

oS8 103 CONTINUE
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0053
Qa6 0
Nast
Q062
Q0&3
0pes
0063
0NEB
Quéevy
0063
00&9
ao70
aavi

1001

CALL MINYD(G,N,DET,IL,IM
IFCDET.EQ.0.0D0)> GUTO 1u0dd
HDOP=DSQART(GC T, 1 2+G( 2,22

GDOP=DSORTCECY , 1 5+4G( 2,2 2+5( 2. 3

RETURN

CONTINUE

WRITE ¢6.,10

WRITE <i6,12

FORMAT € " sokokoidon Rk oors 0ok ko
1/ " ¢MATRIX STHGULAR#*
27 R EE R EERERE L T
RETHURH

END
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EMINYD T=00002 15 ON CRCQOIY USIHG 00024 BLES R=0040

aod FTH4E, L, Y
goaz
aoa?
a0od
aogs
ooos
agovr
oceas
aoos
coto
oot
aoiz
LR B
aal4
anis
IR )
aoiy
ants
notg
Quza
eazt
aazz
po23
GozZdg
wo2s
na2é
Qo227
noz2a
uoza
GOaa
o331
o3z
Hnsa :
o034 SUBROUTINE MINVDCA.H,D,L, M)

Qn3s IMPLICIT DOQUEBLE FRECISIOH (A-H,O-T, W~
(03s IMPLICIT REaL#4 Cil2

no3v DIMENSION RCT O, Loty MOT 2

0033
A
aodn
Qg D=1, 000

andgz Nk =-HN

4043 DO 30 K=1,H

0044 HiC=HK+H

0045 Lok =k

nade MK =K

na47 Kk =NK+K

043 BIGA=ACKK?»

047 DO 20 Jd=k,HN

nasa IZ2=NsCd-1

aasy DO 20 I=K,N

Quse Td=12+1

u0si 10 IFCDABSCBIGADM-DRBSCAC I 2y 15, 20,20
cosd 15 BIGA=RCTIJD

aQss Lok d=]

Guss MK 2= d

gosv 20 CONTIHUE

QoS8 o

]

KRR )

SUBROUTINE MINHYD HE-YERZION

e

PURFOSE
IMVERT A MRATRIAS

(N

Lo

USAGE
CALL MINYDCA, N, D, L.MD

L]

DERCRIPTIOGN OF PARAMETERS
A - INPUT MaTRIY, DESTROYED 1M COMFUTATIONW ARD REFPLACED B
RESULTAKT INWERSE.
N - ORDER OF PMATRIY &
D - RESULTANT DETERMIHANT
L - WORK YECTOR OF LENGTH H
M ~ WORK WELCTOR OF LEHNGTH H

LIRS I oy B a

Il

K]

REMARKS
MATRIX A PLIET BE A GEHERAL MATRIY

SUBROUTIHMES AHD FUNCTIOH SUBFROCEAMTZ REGUIRED
HONE

METHOD
THE STANDARD GRUSSHE - JORDAN METHOD IS USED., THE DETERMIMANT
I9 ALSO CRLCULATEDR . ¢ DETEREMTRANT OF ZEFD THOYOATES TH&Y
THE MATRIK IS SINGULAR,

ER A O I T v B AR O B

I B i o]

L]

SEARCH FOR LARGEST ELEMEHT

T
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nesSs
goe0
0061
Qo6
G063
Has5a
Qoes
QQss
Qaev
00&s
0069
Y (ral{]
aovi
gove
Qov3a
0074
goa7s
oove
0077
novs
0073
NV EAT]
ooe
003z
0083
0084
0083
003e
Qu8’v
D021
0033
a3
0031
o9
1093
0024
0a9s
0096
0Qavy
0092
o3
0100
ara
g1az2
9103
0104
R N
a1 06
g1 Qv
0108
0109
gi1a
0111
o112
a113
ay 14
0115
0116
g1 v
0115

D 2 A |

3 2

T

Lar B B o]

LA ]

by

2

[N
f

[5Y]
o

)
(V)]

41

[% 43> M
| L

[»33
n

7o

e

INTERCHANGE ROWS

d=LCKD

IFCJ-K> 35,35,25
KI=kK-N

DO 30 I=1,H
KI=KI+H
HOLD=-ACKID
JI=KI-K+d

ACKTI 2=AadJdI 2
ACJII Y =HOLD

INTERCHANGE COLUMNS

IT=M KD

IFCI-K) 45,45, 38
JP=N+(I-1)

DO 40 J=1,H
JK=NK+J

JI=JP+d
HOLD=~Aa¢ JK

A JK I=AC JI D
ACJI Y =HOLD

DIVIDE COLUMH BY MINUS

CONTAINED IN EBIGA?

IF(CBIGA)Y 42,46 ,.48
D=0, 0D0

RETURH

Do 55 I=1,H

IFCI-K) S0,55,5U
IK=NK+1
ACTKD=AC IK >#“(~BIGAR
CONTINUE

REDUCE MATRIX

DD 65 I=1,H
IK=NK+I
HOLD=ACIK
Id=I-H

po 6% Jd=1,H
IJd=TJ+N
IFCI-KD> 80,63,8
IFCJ-KD) &62,65,62
Kd=ITJd~TI+K

AC T Jr=HOLD*ACKJ »+AC T Jd 2
CONTINUE :

DIVIDE ROW BY PIVOT

K J=K-~N
DO 7S J=1,N
KJ=KJ+N

IF¢ J-K> 70,75,70
ACK S 2=ACKJI/BIGA
CONTINUE

FRODUCT OF FPIVOTS

FIYOT

C-33
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TR T

at2a D=D+BIGH

atri

a2z o FEFLACE FIVOT BY RECIFROCAIL

3 N

0124 AL KK =1, 0D OASEBIGA
0123 30 CANTINUE

0126

Q1zy C FINAL ROW AND COLUMH THTERCHAMGE
Q125 C

4129 K=H

Q130 100 K=(K-1)

0131 IFCKDY 150,150,105
0132 105 I=L{KD

0133 IFCI-K> 120,120,108
134 1S Jde=NedK-12

1335 JR=HN*{ I~12

0138 DO 110 J=1,N

0137 V1NN E

0133 HOLD=R< Jk

0135 JI=dR+ |

01440 RCJK 1==—n4 J1)

141 110 ACJI D =HULD

014z 120 J=MCKD

0143 IFC =KD 100,100,125
044 125 KlI=k-N

0145 Do 130 I={,H

N1 4e KI=KI+N

0147 HOLD=ACKT »

0143 JI=KI-K+J

0149 RUKT 2=—AC Jd1)
0150 120 ACJI > =HOLD
a5 GO T 104

0152 190 RETURH
0153 END



LDINTF T=00004 I35 OWH CROOQOIZ USING 00002 BLES B=0000

Quot ASMB,L

onoz HANM DIHTF
5003 ENT DINTF
0Go4 EXT LFLTD
0005 DIMTF HOF

000& Is2 DINTF
o007 LDA DINTF, I
goas STA IBF
VRG] IS2 DINTF
agi o DLD IBF,I
a0t AND B3FV
oot a JSB FLTD
o1z JMF DINTF, I
netd4  IEF BSS 1

e01s BEYY  0CT 37V

guate END
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THIS SUBRQUTIHE FILLS

MICHREL J. MAGROGARNW L

SUBROUTINE ENU
S SUEBROUTIHE I3 PRASSED @A

+LSAT(4 3, K8(4),¥YSC4)H,2504

C  THI
c

T  CAL
C FIL

DOUBLE FRECISION ENUF, XP,
DOUBLE PRECISION WP, TANP
DaTA ESQU/0, GOE694321778D
CULATE THE TERMS HEEDED
WP=D3ARTCXP+x2+YPk+2 )
TANPHI=ZPAUWP
COSLAM=XP /WP
SINLAM=YP /WP
TANPHI=TANPHIA{ Y ,DU-ESQU

UOZ3 BLES R=0000

X LR IR AR R P EE R SR R RS E R AR EE R R RS R RSN EE SR

KK
THE EHUF MATRIX, "
-0F ACT-1000  FEEBRUARRY 1931 *

LR 3 R T R R R R B AR R 3 R TR R T i 3 R PIE APEE OR B S JE RE E o  K R R E H RE  E

IRCRAFT POSITIAGNCKP,YPLEF Y FROM THE MAIH

PROGRAMCGDOP > AND RETURHNWS THE FILLED EMUP NHTRIn,
COMMON <COORD/ ENUPC 3,30,

AF,TP,ZP L HC4, 40, HT(4,4 ), HFRODO4 , 4,
2, HDOPY, GDOFY
YRL,ZPLHLHT, HPROD , 3, Y5 L HDORY , GDORY
HI,LDBLHN STHLAM, LUSPHI.E 4rH1 Bzl
A
T FILL EHUP MATRIMN.

P

‘:‘

COSPHI=Y . DUADEERTCOY . DO+TAMPHI®x2 )

SINPHI=COSPHI+TANFHI

L ENUF MATREIX,

EMUPC T, 1 )=~STNLANM
ENUFPCE, 2=C0SLANM
ENUPCY,33=0.D0
ENUPCZ, 1 d=~S INPHI®*CUSLAIM
ENUPCZ, 2 )=-S1INPHI*SINLAM
ENUPC 2, 3 2=C03PHI
EMUPC3, 1 2=C0SPHI*COSLAN
ENMUPCE, 2 0=C0SPHI*SITHLAM
ENURPL T, 3 3=31IHNPHI

RETURH

END
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LHTRAN T=00003 IS ON CROOQOCZ USING 00007 BLKS R=0000

0001
0002
goe3
0004
0005
0008
noeov
0aas
0009
00610
0ot
0012
0otz
0nt14
Qots
goie
0017
pot8
ag19
0020
0021

0022

FTH4,L,Y
o s o e b o s ot ok ok ok oo ke o st b obe e ot OF o s e e ok ok sk o oot o b o et o o ok ok e o ok ok OB R R kR ko

THIS SUBROUTINE COMPUTES THE TRANSPOSE OF THE H MATRIX.

I w  an T B o O

*®
+
*
MICHAEL J., MAGROGAN CO-0OF RACT~100D FEBRUARY 1331 *
*®
*

~

" 3k o ok o e e o ke o e s S otk o S o o e ok e ok e e ik e o ok s o e s ek sk ok e s e e ok ok sl ok b o e oo ok kb ok ke

SUBROUTINE HTRAN
THIS SUBROUTINE IS PRSSED THE H MATRIX FROM THE MAIN PROGRAMCGDOP X
AND RETURNS THE TRANSPOSE OF THE H MATRIX(HT S,

COMMON ACOQRD/ ENUPC3,3)5,KF,%FP, 2P, H 4,45, HTC(4,4), HPRODC 4,45,

+LSAT(4 ), X84 >, ¥Y5¢(43,25(4 ), HDUPY, GDOFY

DOUBLE PRECISION ENUP,XF,¥F,ZP,H,.HT,HPROD, xS, ¥YS, 25, HDOPY, GDOFY
L COMPUTE THE TRAHSPOSE OF THE H MATRIX.

DO 10 I=1,4

DO 20 J=1,4
HTCI, Ja=sHOJd, I

20 CONTINUE
1 CONTINUE

RETLRN

END

o0
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EMLHHT T=00003 I3 ON CROOOCZ USING 00024 BLICE R=0000

Loot FTH4,L,Y

ngagz E R R R R R R R R R R T TR S Y T R O A TR I ) TR R T S TS T GRS IR S R A R OE B o R I SR IR TR e T TY G Y P R
0a0e3
Quog
aQos
3005

[l

-~

L)

THIZ SUBROUTINE MULTILLIES THE H AHD H TREANSFOIE MaTeIlDER

agovy { *
auas b gt L A K R R R R B R I TR R o R L T Y T R T BRI Y I R i R S T B R e O R SR TR Y T R T R R T T
20009 SUBROUTIHE MLHHT

agta THI3 ZUBROUTIME 15 PASSED THE H AND H TRANSFOSE MATRICES FROM THE
not1 NAIN FROGRAM (GDOP: AMD RETURME THE FRODUCT MATRIN {HPRODD

otz COMMON/COORD/EHURCE, 30, 8P, %P, 2P, HC 4, 40, HTL 4,43, HPRODC 4, 40,

NUR +LEAT 40, KE(45,Y3040,25¢4 ), HDOFY, GDOFPY

0014 DOUBLE FRECISION ENUPRP,XP,YP,ZF,.H,HT,HFROD,X5,%Y5, 2%, HDAFY , GDORY
uois MULTIPLY THE H &ND HT M&aTRICES

1a1e DO 11t I=1,4

gaiy DO 10 Jd=) .4

wora HFRGDO T, Jo=0, D

aay= DO 10 Kst,4

D0E0 HERODE T, JO=HPRODCL, J0+HTO L K DeHOE, 0

g0z 10 CONT INUE

a2z RETURN

np23 END

(.
+
*
MICHAEL J. MAGROGAN Co-0F ACT-100D FEE 1389 #
+
*

oo 0

J

L

r

i

Cc-38



LIHYH

ago
aagz
qao3
oaod
Q005
ouae
nnay
aoas
Qo9
gat o
a1
a2
413
0014
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noia
nat13
na2a
0a21
noz2z
ne23
ne24
0029
D026
0nzv
aouza
nnzs
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0031
0032
00323
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0044
0045
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T=00003 IS ON CROQOODE USIHG 00024 RLEGE F=0000

FTH4,L.Y

C*******#*****************#*************$**$*$$*$*$$**$*$W$$*m$$m$$$
C o
C THIS SUBROUTINE WAZS WRITTEH &Y CHE S, WONG IT I% TH HIE *®
C FRFER "R GFS ALMANACY, HE CHLLES THIS SUBROUTIHE “MaTI?. &
(I *
I #
o MICHAEL J., MAGROGAN  CO-0F ACT-1000 FEBRUARY 1921 *
% A
155 e ke st e e o s o e e ot e b R s o ok M e e e s e R o o o o R e s R Ok R S ke R e R A Rk

SUBROUTINE INVHP

C CINVHPE® IHVYERTS THE H PRODUCT MATRIX AND SUBSTITUTES THE
C RESULTS BACK INTO THE H PROGLDUCT MATRIX.
c
T THIS SUBROUTIME IS PASSED THE H PRAODULCT MATRIXCHPROD » FROM THE
T MAIR PROGRAMOGDOP ) AHD RETURNS THE MATRIX INVYERSE OF THE H
C  FRAODUCT MATRIXIHPROD ),
COMMON “COORD/EHUPCE, 30, 5P, YFP, 2P, . H 4,40, HT 4,40, HFRODY 4, 43,
+LSATC4 ), KS(4 D), Y50 40,2804 ), HDOFY, GDOFRY , DET
DOUBLE FPRECISION ENUFR,XP.YF,ZF,H.HT,HPROD, X5, %5, 25 HDOPY, GDORY
DOUBLE PRECISION PIVQT,OHE,ZERG,T,.DET
DIMEHSION INDE=CY, 20, IPYOT 4, FIVOTIS)
DATA QNE~T . DO, ZERG/Q, DO
DET=1.D0
C CLEAR [PYOT YECTOR,

DO 10 I=1,4
IFPVOTCTI =0
10 COMTINUE
C FOLLOWING 12 STATEMEMTS SEARCH FOR PIVRT ELEMEHT.
DO 20 I=1,4
T=ZERUO
DO 30 J=1,4
IFCIPYOTC U1y 31,30, 31
31 DO 40 K=1,4
IFCIFYOTOKR 2-12 41, 40,91
41 IF(DABSC T )»-DABSCHFRODO J, K200 42,40,40
42 IRGW=J
ICOL=K
T=HPRODC J, K2
40 CONTINUE
30 CONTINUE
IPVGTCICOL o=IPYOTCICOL »+1
C FOLLOWING 15 STATEMENTS PUT PIVOT ELEMEHT 0ON DIAGOMNAL .
IFSIRQUW-TCOL Y 43,511,453
43 DET=-DET
po S50 L=1,4
T=HPROD IROW, LD
HPRODC ITRGW, L »=HPRODC TCOL L 2
HPRODC ICOL, L =T
INDERC T, 1 )=1IRON
IHDEXC I, 2=1C0L
PIVOTC I D)=HPRODCICOL, TiZ0OL D
DET=DET*PIVOTCI 2
THE FOLLOWIHG & STATEMENTS DIWIDE PIVOT ROW
BY PIVOT ELEMENT,
HPRODC ICOL, ICOL »=0NE
Do &0 L=1.4
B0 HPRODC IC0L, L y=HPRODC ICOL , L DSPIVOTCL )

PUNA
-

[N

c-3¢



Ga5% € FOLLWOINMG 10 STATEMENTS TO REDUCE HOH-FIVOT ROWE.

00s0 DO 20 LI=1,4

GQaet IFCLI-ICOLY 21,20,2i0

0os2 21 T=HPRODSLI, ICOL 2

Qe HPRODCLT, ICQL »=ZERUT

e Do 70 L=t1,4

Go&as v HPRODCLI,LY=HFRODC LI, L y-HPRQDC ICOL , L »T
TN 20 CONTINUE

QUE? C  FOLLOWING 11 STATEMENTS TO INMTERCHAMGE COLUMNE,
aoe2 DG 80 I=1,4

003 L=g4~1+1

ap7o IFCINDEXCL 1 y=INDERCL , 22081 ,30.,81
Qo7 =21 JROW=TNDEXCL, 12

aoavz JOL=INDEXCL ,2)

0ovz DO30OK=1,4

novd T=HPRODC K, dRQW >

novs HPRODC K, JROW 3=HPRODY K, JUIL 3
oave HPRODCK, JCOL =T

qavy F0 CONTINUE

nove 30 CONTIHUE

no73a %1 RETURH

oasa END
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APPENDIX D
EXAMPLES OF DATA FILES

Almanac Flles

ASHY T=00004 I3 ON CROOOCE USIHG 00002 BLES R=0004
o 5,,ﬂﬂﬂnﬂﬂ =
Qe 0.23204854 00 ~-02 (., 343 R GoiT 1241580+ 01 R RCR

21 G
o0z 0, 515364 10D+ 04 i, Sed93a3%d4n+00 2N T ERaRD G .o
g

S5 D7 T=00004 13 O CEROD0CE USIHG 00002 BLES P=o00dd
0o BY L G00000 3

oGz 0, 195067440~ u2 .3
aoas CLE1S3E4 3400+ 0d o
naod

Vv e nb+ e SoPTAViiEane
SHEQ4VIE D+ 0 O, 2049433 0+ 01

v f=00004 I3 OH CROGOQOE USIdG adanz

8 4]

HE

aooni SE.LQ00a00 &

aQaz ,=¢LUDOU24D*QQ {2

gQo3 1, 513364540+ 04 4.5
0o 0gd

'? "WHD+H# 1T 0ES 214D+ 0 -1,
AZGTRERL+ 00 =~ 4 FREE443D+ 00 0, AE

A B SR TG Y Pt

LB E DD 0

AI5Y T=Quoud I

VAt

DR CEDUOD: USIHGE wiounz DLkELD s=ynan
naai SF.DﬂﬂUOQ B

aQoz joveae2b-us UL A3
Doz .yqsnn,ub+u4 -0.18
[AERN

SRR -GS

ANFF0+ 00 -1,

I’l

URE File

dssy T=an004 [5 OH CROOG00E UEING 0002s DLES F=0000

Qo it

ooz YOS 0E+0E tOoE+
ooz ,TUPSE+ G JAZ30E+ O
aa0d CHIT00E+D2 ,;ﬁuutruu
VR U L I128E+02 -~ SA00E+ 00
nuas JA1SUE+02 - &TOUE+ GO
aoav L TIPSE+ O - B4 UNE+ Q0
nnos LG OaE+ D - VS AEF O
anas LA DESE+Q2 0 -, 3000E400
oot CTrsaE+ 0z LS AQE+ Q0
nati S aTSE+ DS “::?HUtfP’
oL T 3O0ES 0y ook ad
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APPENDIX E
] Wﬂdﬂr! +tbln1r VERTION A EXAMPLES OF PROGRAM OUTPUT

USER~COORDINATES @

LAT = 39,540000 LW = —=74.300000 ALT = jo0, qoang
“P = 1317011.8 YP = -4748390.,4 SPEo= 403 o
SAT.HO ¢+ 1 H¥3 = - 22T 040000+08 Y3 = - 131500000+ 0R
AT MO ¢ 2 WE = -, 284300000+07 Y5 =~ 217400000+ 03
SAT . HD ¢ 3 MY = L3Vt 0aoa+ 0y ¥Ys o= »‘V ?4uwnuu+u
SAT . HO 0 4 =5 = —~ L JOFI0O0000+08 ¥YS = SO0 0D+ay
H-MATRIX
~,'“zﬁﬂ?ﬂ4D+00 -, 22I02801D+00 L2243V 1I0+ 00 Sleadoonl+ o
A1 4E5437D+00 —~ B3I 21008D~-01 L IOVESSTAD+ 00 I G00QaQ0n+ 01
.445&14150+UG L SBVS NI+ 00 eV 44n,;D+UH OO0 ooab+ 0t
=~ BZ31IFIN0+0Q LT E352380+00Q CHETLAE R+ O LA O0000000+ 01
H=-TRANSFOASE-MATRI X
-, FAZ5UF24D+00 -, 414854370+ 00 LEAAEB1Z1ED+ 00 -, 32312731000
=, 22302801 D+00 -, 82121006001 LEETYEIZ0+ 00 TP 23TE3A30+ 00
224330710+ 00 L SAVERS?eD+00 L, rdVd4 0520+ 00 CAEFRIEIIDF 0N
100000000+ , 100003000+ 01 CTuoooaaaD+gd LT OO0 0D+0i
HT+#H-MATRIx
33472760+ 01 CHI3E00FID+00 -, SV -, 182438700+
S50+ 00 LA 24E3EPD+O0 LB3A CAEZE1ZEZD+ 00
=, 872249367 D+ 00 LB3ETIQUBD+0U e8I TE40D+ 0 234721400+
-, 182498700+ 01 LRZZENV 28B4 0N L2IAFTN4 00+ LARO0agoen+ 0t
IHVERTED H*#HT-MATRIX
, 265029430+ 01 -, 133833120+ -, 3547 . D+ﬂl
-, 193833120+ 01 253345030+ 01 150 - : JEE N
-, 364723820+ 19117074 rd4e J'?ﬂ6ﬁ+u1
N T W IR BCY VR B -, 2259 yesezh
HRDOP = 2.43875 PDOP
HRuuwHﬂ *EBuH# WERSION A
USER-CQOEDINATES
LAT = 3%.500000 LOW = ~74.500000 ALT = 100, 0d0de
wPoo= 1217016 YP o= —-47438990,4 ZF o= 4035321 .2
ZAT L HD i @8 = —-,183300000+03 Y2 =~ {9i50000D+02 25 = 2igeouoni+ny
SAT MO, 2 H® ~, 228430000+ 07 Y3 = 2174000 0D+0z 25 = JEF200000+ 08
SETGHO 3 CATIIOQ0OD+ 0V YS o= = 722400000+ 07 25 = :236"ﬂ0ﬂ0+v2
H-MATRIX
-, FAZTOVRAD+ 00 -, 233028010 +00 224330710+ 00 L PL0000000+ 0
414354370+ 00 -, 62Y2100&60-01 LAAVeRTTRD+00 Q0000000+
. 34585 1«1\D+00 LSOV 0IZZD+ 00 A TAGHSEh+ 00 LHOQooRuah+ g
LOauaanaQai+Q0 LQQQaeooQol+00 —- 1000 G0000+ 01 COOQGeaORbrno
A-TRANSPOZE-~MATRI®
- 93*;0”“4D+nu ~- . 41485 43?u+0u L A4S5 1T 215000 LO0QDOOCOl+ 00
: X HE1 AN AET | ,BEvVeGuRZb+ a0 Logeonooalraa
?[Ir4“VEN+OU AT NSIDean -y a0 angoh+ 0l
LA CONOno0+ 0t Stoanannnh-nd CODOOO0ooDron

HT#H-MATRIX



iR 05440+ 0
FEAIE250+00

-, 3275 ‘v[""UU

PO E49t D+ 0

SH+ 02

AN HiHT'NQTRI
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2
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L 4BE1SHESL+ T
LA 0ED4Z4TD+00
LIOEITRITL400
LZEZEOECD 00

 TTIRTIEI0+ 02
A2 TEIED 03
L ITES28900+ 01
IE4RBTIID+02

o T
“id L O

12,95

E-2

(UG EEER IvEN
ZTZEUTe0 O

SdEyEgev a0
CRUOU O aal+ o1

2 -

FVRERp S I
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Vh”hW N

FILEMAME

FECORD-HO,
TIME

VERSTON ©

; '3 SEC
USERPOSITION  ---3 S131edis
SATELLITE~-POSITIONS

o [
B L Z7AF4018D+0V - 2431368350
E SFH4e0549D+0V - 12003477VD
g 14541 7460+08 -, 34 234250
H-MATRIX
= A43MEREL4D+ 00 -, IRFOF 00+ 00
- BESOS400D+00 L 4339221 30+00
Sedd FRel+00 CSOEVEENS0L+ 00
,DQUQQQUOD+HH LOQOOQOaouR+00
H-TRANSPOSE-MATRIN
= 433663640+ 00 ~ 333024 000+00
-, 323033000+ 00 L 4933EIIB0+00
CETZISZESD+ 00 L Bd43200370+00
Tooeononh+M Sdeponnodl+n

HT*H MATRI X
4=1ng:D+UU

Ja4UD+U0
ARIAISTILHNQ

DR Bt I (W]

)
WG

.l'l
-— (__r| o=

4?P+00

GLHE

IHVEETED H#HT-MATRIX

C

ISEID+01

- B4 TIRSHH00

. == CA0&Y HOURS
4D+ 07 -~ dFEERREe L+ 0T
+02
+0&
+Q7
BT ZEs0+ 00
LG I2U0ITD+GR
COGETTVARGZDA 00
—-,IHL‘H(‘HHIII_J-#H] f

41Z3a+00
A1 900+ 000
Yasnuz2bh+0Q -
GRGouoD+ o

-4FD+nﬂ -
5430+ 00

GMT
E RIS RIR I

,1UUUUHHUD+U1

.66u5¢143U+UU

204330320+

CE NS IRIN KRS

G DA 0

w,341l71v=b+00 L 23159976D+ 01 . :quigbrun w.??4g?30 D+0G
 3ESE22510-01 L 1593344120+ 00 LA000GauiD+01 -, F20073480+ 0G0
23T0IT629D+00 ~.”4”F“0“f+u0 -, FEQDVAASD+ 00 A RE2IFEI D 0
F 1.36465 FDOF = 2.20451 GDOF = 2.431582
RECORD~HO,
TINE : L 24186450+ 0S ZEC, == £,4244 HOURS GMT
UWSERPOSITION == LA3IIFTESILFAV —  4TE5ETIEOL+07 40272173
SATELLITE-POSITIOHNS
wE YS 25
6 —.27577762D+0y -, 25038335D+02 LStV E1e1 60+ 07
9 - .,99341777D+07V ~ . 123830684D+08 210243850+ 08
a 147743620+ 03 ~, 225764020+ 07 2BV ES4ID 08
H~ MQTRI‘
-, 44157237D+00 ~,404346320+00 , 300998120+ 00 SA000000al+0)
—,Fuug15oin+00 LATTEA913D+ 010 LASQATSSTID+ 00 L1eQ0Q0000+ QY
L S9703133D+ 00 5543448530+ 00 CEAVITUEESD+00 LU0+ 0t
L Onnoou0QD+00 L, 000000000+ Q0  ~ 1 0Dd0OOQUD+ 01 goooooani+an

H~TRANSPUSE-MATRI X

A418V237D+00
L4043 46¢MD+00
yB00948

20400

-, 530210610+ 00C
477609130+00
L BSOTISVID+ Q0
,lmUUﬂuuuL+u1

E-3

LQQuoooaab+0a
Lggooooanb+nn

:

-, 100a0aaoal+at

Goooooaal+ 0y

w07

B’ " R
o e 35


https://38~;�.90

HT#H-MATRIX
EIATBTE2D+00 L 227IISEAD+00 -, BIIFEITIDHO0 -, 434TSEI50¥ 00
L 22721568D+ 00 LEII4TEIGD+ 00 L3044 064D+00D CBZBIOVA00A 0D
-, 391863110400 |, 30844064D+00 . 240075340+ 0 203114050+ 01
- 4F4TSE1SD+00 L A22107400+00 L Z0F11405D+01 300000000+ 01
IHVERTED H#HT-MATRIK
CAREZRE4ZD+0) -, 845124000+ 00 CREGTHOO0D 00
_.3451ﬂ4000+n0 L 22T2037I0+ 01 = F1EIBILI0F 00
 AREIOTTED - LA 7242872D+00 -7 OVETIZY D00
,354-jUHUD+00 S P1B983EID+00 -, TOTRVIZT D+UU A 0155470+ 0
HDOF = . 94305 PDOP = 2.139¥2 GDhOF = £.,41081
RECORD-HO, 3
TIME ! L 2423550+05 SEC, == £, 4445 HOURS GHY
USERPUOSITION —=~3> CI3146343D+07 -, 4VS952320+07 40237
SATELLITE-POSITIONS
w5 ) g
& - 27734586D+07 -, 28521373930+ 08 FYTRITIMLH07
9 JAPZ2EBRIB2D+07 - 127055240+ 03 Zaaevasel+08
& L 1S109384D+08 -, R0452TF60+07 TIEPREERD+03
H=-MATRIX

4425397 0D+ 00
VB4V E4R230+00
.b14193300+00 .

H-TRANSPOSE-MATRIX
—. 342837500+ 00
=, 4206 04570+00

PRI FI133D+00

LA NnoR+00

~, 4206 04570+00
L 4632147 140+00

S50303350+00

-, 594734230+ 00

4632147140+ 00
LBSF104330+00

B121 923

LOABTTI00SD+OD0

I TELEED+00
LBEV1 04190+ 00
SETPH009D+00

IlnuunuuD+01

a4+ 0an

SS02033Sb+00

-1UOUUUUUU+U1
.$UUUUUUUD+n1

.UUUQUUUUD+UU

FO0QQuaQale+ 01

L1 a0000000+01 Jiooougoobl+ 01 L A0aoaoooh+ 019 geocoponb+0n
HT#H-MATRIX
324647730400 V24772730400 ~, 3I3ILETSSDH0O0 -, 425438530+ 00
L 2dTTPEV3Z0+ 00 L 634247 230+00 L223VEIRVh+ 00 L S9zE45920+ 00
~ ., 393RVISDL+ 00 2323781870+ 00 222110500+ LR EERSED+ 1
- . 425438530+ 00 .8592845920+00 CEMTRESEED+ 0 200000000+ 01
ITHVERTED H¥HT~-MATRIX
148255250+ 01 -, 843472730+ 00 gea2isiab-01 , 335950490+ 00
~'Pl 4 P2V abyaQ 225021 300+01 CTEIA441D+00 ~,67392352D+00
22236300~ 01 163034410+ 00 SRR COD+ 0 -~ 695634350+ 00
335950430 +00 -~ ,67392932D+00 -~ . 695834320+ 400 LRB1PV9S0Dy 00
HOOP = 1.93353 PDOF = 2.1768v GLOF = 2, 39177
RECORD-HO, 4
TIME H L 244363D+05 3EC, == £.,4717 HOURS GMT
USERPOSITION ~-=-2 A311E6284D+07 L ATS383210+07 LA0296683
SHTELLITE~-POSITIONS
wE Y3 2%
£ ",:T?I~u1vD+OF ~, 2883139340+ 03 T A1 492430+ 07
9 L PR2137540+07 -, 131071520+ 02 LRUESGZFIID 08
3 AS47V42650+03 -, 2B2471740+07 2T EGDH R

H~MATRIX

E-4

|fl

l’"!

23D+ 07

OV



-, 443654370+ 00
-,600483559D+00
,B2EVATVHID+00
L000a0000D+00

H—TRQNSPUSE~HATR1A

—,4436345?D+00
437?0261D+00
L TRI2Z022304+00

bt

.1uun0u000+01

HT*H MATRIX

S2VvV432D+00
EFS250+00
G3386D+00
412735D+00

L
E4
397

':

-‘\ '.PJ P\-'

- 4372026 1D+ 00

A4 27L+ 00
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	SCOPE 
	This report documents further modifications and additions which permit the GPS almanac program to run on a Hewlett Packard (HP) 1000 minicomputer with the main task of computing the dilution of prec1s1on factors for the case of four space­vehicles, and of three satellites plus altitude input. 
	DISCUSSION 
	The major changes made by the Technical Center include; -An almanac unpacking subroutine developed by N. Watts for the HP. -Revision of the computation of the GPS epoch time. -A matrix inversion subroutine which detects singularities. -Computation of the dilution of precision factors for three satellites plus altitude data. -Use of double precision in all computations. 
	In addition, all main programs allow several different types of input data to be used. In doing so, the programs ask for the data with an explaining comment. The main programs also include Block Data, that is, parts in which the Common Blocks are initially defined. This was not necessary with the PDP-11. 
	Table 1 displays the time parameters which are needed in some of the programs as input parameters. Special attention must be given to the fact that different units (day and second) and different origins are used. 
	The order of Keplerian parameters, which are included in the almanac and used to compute the satellite trajectories, is listed in table 2. Note that parameters 9 through 14 are computed in the program HDOO, with~ (used to calculate the mean motion) as the earth's universal gravitational constant. The algorithms and equations used in this program are given in references 5 through 9. 
	Three coordinate systems (reference 3) based on WGS-72 reference ellipsoid are II t i) j Zt>d . 
	1. 
	1. 
	1. 
	An earth-centered-earth-fixed (ECEF) system. 

	2. 
	2. 
	The east-north-up (ENU) system. 

	3. 
	3. 
	Geographic latitude, longitude and altitude. 
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	USER MANUAL 
	Appendix A contains the transfer files for the main programs HDOO, PLGH, EHGDl, and EBGH. Appendix B gives the flowcharts for these programs plus the subroutines HDOl and EHOS. Appendix C provides listings of tnese programs and all subroutines. Each program is called on the H~ computer with its name, and user prompting explicity asks for the required inputs. Appendix D and E respectively give examples of the data tiles and program output. 
	Program: HDOO (Pages C-1 through C-8) 
	This program computes and prints out the pos1t1on of up to 4 satellites in ECEF coordinates and in azimuth and elevation angle related to the user position and HDOP and GDOP. It also generates a plot file with the figures of merit. 
	The following input data must be prepared: User position in geographical coordinates (latitude (LAT), longitude, (LON), and altitude (ALT) in feet). If the location is the FAA Technical Center, this information is already stored in the program. After the program has received user position, the geographical coordinates are converted into ECEF and printed out. The next data requested are the user times. The routine needs the start (TSTART) and stop time (TFIN) of the time interval to be evaluated, the time in
	Then, the choice must be made whether the computations should be made with 4 satellites or 3 satellites plus altitude information. When 3 satellites are selected, the fourth satellite is simulated in tne center of the earth. 
	Tne next decision concerns the input of the almanac for tne satellites: 
	(1) 
	(1) 
	(1) 
	If the almanac is on a magnetic tape, it must be stated so and then the entire almanac file is read from the tape. After this is successfully completed, the input is requested of the PRN No. of the first space vehicle. The program checks whether the satellite data is on tape. If not, the request is repeated, otherwise, the next satellite is requested. 

	(2) 
	(2) 
	The second choice is to provide the program with the names of data files containing an almanac for each space vehicle, or the data can be typed in over the keyboard. 


	After the steps are successfully completed, the routine computes the rest of the almanac parameters, and prints all inputs out together with a title. The calculation <1nJ the output of the results take place after a prompting of a user selected name (less than o characters) of a plot file for the GOOP. 
	Program: PLHG (Pages C-9 through C-11) 
	This program is a continuation of HDOO. It was created because the plot software needs approximately 38,000 words of memory space since both routines together exceed the memory limits of the computer. 
	PLHG plots two data files generated by HDOO to compare HOOPs computed witn three and with four satellites. After the input of the first file name, the user declares the logical unit of tne plotting device and the ID of tne device subroutine to initialize tne plotter. Examples for this would be: 
	2 
	a) 
	a) 
	a) 
	LU "' 20 ID = 5 Device: Printer 

	b) 
	b) 
	LU .. 1 ID = 1 Device: Monitor 


	Data is needt>d to enable the routine to draw a grid, select a time slot out of the completE> files, and start and stop time. To ensure that data is available in the fi lt>s for this period, because the records are formatted, the file can be looked up directly. Finally, the name of the second file must be entered, and tht> program then generates a plot as described under program HDOO. 
	Program: EBGDl (Pages C-12 through C-14) 
	This program also delivers as final results HDOP and GDOP, but it does not utilize 
	the satellite almanac as input data. The operator selects whether the H-matrix is inserted directly or whether the azimuth and elevation angles of the satellites are inputed. This routine then calculates the figures of merit, and also prints out the intermediate steps of the matrix conversions. The program can be used to 
	evaluate the influence of special space vehicle geometries on the HDOP and GDOP. 
	Program: EBGH (Pages C-15 through C-19) 
	The routine also comput~s the figures of merit from user and satellite positions. It is possible to input the needed data over the keyboard; that is, to type the user position in geographical coordinates, the number of satellites to be used (three or four), and the satellite position in ECEF coordinates. Also, the operator may read the data from a file by providing the file name. Depending on the number of space vehicles stored in the file (NSAT), the program will print out an error message (NSAT <3), will 
	The H-matrix is computed in a different way from the other programs~ the rotation of the marix into the ENU system is a separate step. This was made to check whether the programs deliver the same results. The program EBGH delivers a printout similar to EBGDl. It prints all matrices, the figures of merit, and the satellite positions. 
	Subroutine Description 
	EB02: computes the rotation matrix, given on page C-20. EB03: converts user geographical coordinates into the ECEF system, given on page C-21. EBOS: calls EB06 and EB07 and computes satellite azimuth and elevation,given 
	on page C-22. 
	EB06: computes satellite position in ECEF, given on page C-23. EB07: computes user to satellite distance, given on page C-24. EB09: multiplies two matrices, given on page C-25. EB12: converts seconds into hours, minutes and seconds, given on page C-26. EB14: unpacks the almanac data (with assembly language subroutine DINTF), 
	given on pages C-27 through C-29. MINVD: inverts the matrices from the "Scientific Subroutine" package from DEC (Reference 4) given on pages C-32 through C-34. DINTF. assembly language subroutine, unpacks the almanac data (with subroutine 
	EB12), given on page C-35. ENU: computes rotation matrix, given on page C-36. HTRAN: converts H-matrix into its transpose, given on page C-37. MLHHT; multiples the transpose of H-matrix by H-matrix, given on page C-38. INVHP: inverts the matrices, but does not check for singularities, given on pages 
	C-39 and C-40. 
	3 
	The previ osuly tested subroutines ENU, HTRAN, MLHilT, and INVHP (from references 1 and 2) were used in one program to check the computations made by the other sub­routines for a non-singluar matrix. 
	4 
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	Parameter DTU -Date of use DTC -Date of collection of Almanac T -GPS -Time TC -Collection Time of Almanac 
	Parameter DTU -Date of use DTC -Date of collection of Almanac T -GPS -Time TC -Collection Time of Almanac 
	Parameter DTU -Date of use DTC -Date of collection of Almanac T -GPS -Time TC -Collection Time of Almanac 
	Start of Count Beginning of Year Beginning of Year Beginning of Day Beginning of week Sunday) 
	(0000 hours 
	Unit Day Day Second Second 

	The used time 
	The used time 
	zone 
	is Greenwich Mean Time 
	(GMT) 

	TABLE 
	TABLE 
	1. 
	TIME 
	PARAMETERS 
	USED 
	IN PROGRAMS 


	6 
	No. in Almanac Keplerian Parameter Name in Program and (GPS) -Name) 
	l 
	Eccentricity of el­E (e) lipsoid 
	2 
	Reference time for almanac TOA (toa) 3 
	Orbit inclination Di (i) 
	• 
	4 Drift rate of right ascension OKD (~ 5 Square root of semi-major RA ({A) 
	axis 6 Right ascension of the orbit OMO (..f\) 7 Argument of perigee w(l.u) 8 Mean anomaly MO (Mo) 9 Semi-major axis A 
	10 Cosine of orbit inclination cos(i) angle 11 Sine of orbit inclination sin(i) angle 12 Cosine of argument of perigee COS (W) 13 Sine of argument of perigee sin(U)) 14 Mean motion v}1-/A""jl 
	TABLE 2. ORDER OF KEPLERIAN PARAMETERS 
	' 
	'· 
	7 
	APPENDIX A 
	Transfer Files -These files are used to load programs which consist of several subroutines. 
	0 0 01 
	0002 0003 
	0 0 0 4 
	0005 
	0006 
	0007 
	-. E: ,._.,·t-.'.· 1·
	Tt
	-

	0 0 0 l 
	0002 0003 
	TPLHG 
	0 (I 0 1 0002 
	0 0 03 
	THDOO 
	0001 0002 0003 0004 0 0 O'.::i 
	(1(1(16 
	0007 0008 0009 
	0 (I 1 0 0 0 i i 
	0012 
	r;::EL .. %E8GH SEA, %ENU %~812 :::; Ef-1 , ~~ E 8 0 3 
	SFA, 

	SEA, %HTRAN SEA, %MLHHT SEA. %INVHP 
	----·· ·---·-------~-------
	-

	T,., ~--~,-_,l., u· 4 I ·.=..·. L-, t·1 l-.·. c.· ,-.• l-,L-, ,-.•. ·..·.:... ,._,...:_·, -lr·.i ~-~ ,-, .-,,-, ,. · -·•· · · · ·• -· .. --• 
	1 I . --1 -.. '· ·' .' ·"' I : l.. t·: :·:: F -::: 1.,11) u u 
	I;(EL. ;';EBGD I SEA, %EB09 
	SEA, %MINVD 
	T=00004 IS ON CR00002 USING 00002 8LKS R=OOu8 
	t.: E I ~'~ p L H G REI ~WLTBL 
	I :.·;GPS 
	SEA 

	T=00004 IS ON CR00002 USING 00002 ELKS ~=OOOG 
	REA .. :~HD 0 0 SEA, ::~EB 02 :3EA, ;-;EB 03 SEA .. %E805 :3EA .. :~EB06 :3EA, r~EB 07 SEA, ~~HD 0 f SEA .. %EB09 SEA .. :I.MINVD SEA, ~~EB f 2 SEA .. %EB14 
	f~EA ,\ ~~D I NTF 
	A-1 
	APPENDIX B 
	Flowcharts -These flowcharts were drawn on a Tektronix -minicomputer with a drafting software dPveloped by a group of the Eglin AFB. Only new or significantly modified routines are included here. 
	FLOWCHART HDOO 
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	COMPUTr_;.) REST o~·l 
	COMPUTr_;.) REST o~·l 
	AU'4ANAg 

	l r.... ~ 
	<rr··· ·: -

	N~/,-·-----------
	-

	B-3 
	B-3 

	ou{pUt~
	ou{pUt~
	ou{pUt~
	ALN:\NAC 

	WRITE TITLL: 


	! --c-·-._J 
	! --c-·-._J 
	nPE~I\.J o nT~:..,-, ~-~ 
	..t.;.L..J;:·Al.l.-.L... -~.:.....~:~ t,-~~-,j 
	WRITE·-i·6~~ 
	PLOTFILE TIME .. t·tDOP GDOP 
	, 
	__

	~--·'• 
	B-4 
	..---·-j
	Wf~ITE EN.D-CRITEr~:rt~ Tn PLOTF:r~ ...r:
	... . . -I .......
	-

	rc:noAtJ.1~fl
	rc:noAtJ.1~fl
	1-· 
	GlfrD 
	GlfrD 
	FAA WJH Technical Cente //ll///ll///ll///ll//1/l//l//l/ll///ll/1//l/l//11/ r
	B-5 
	00092664 
	FLOWCHART PLHG 
	®----
	-

	-·-t 
	.TRUE. CtST RECORD) 
	.FALSE. 
	__, _______, 
	B-6 
	B-7 
	B-8 
	FLOWCHART EBGDl 
	!'·"T~;l2
	I 

	.. --.... ---
	---·---
	,J
	-

	B-9 
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	B-10 
	FLOWCHART EBGH 
	;;r.·f:,.A:·;~-.:~·...~,:-:-:~) 
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	-··=r-·--"-' -----1-..-... --·--· 
	HRI.TE. ~ 
	POSITION ·.---:-:---: :·· <8 -~ ·:-.:-·-"-, 
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	~~
	(& 
	B-11 
	,______ 
	B-12 
	,t 
	-....... ···--·--... 1 
	--~-----'···~··-··--··"-r
	fscr t I ( -~ .. :1~ )j 
	..4 
	t-----···1' ... ·-·-...... 
	·1-·--~--~---·-~···· -· 
	·-Q
	WRITE 
	PROI)UCT


	-·® 
	-·® 
	-

	B-13 

	~~~DoP] 
	~~~DoP] 
	..~-
	-

	1
	.---w-R_i.1D 
	HDOP, PiXlP 
	1 

	GDOP --' 
	IST~~t 
	.fA\
	>--------::v:y 
	B-14 
	FLOWCHART HDOl 
	=3 
	l 
	c-:•-·1. p·:.:; ::·~·l""··•;i\fFFE-J
	&.;.. .l.~ I .t , -L
	-

	$Al[L L. :;>4 
	~e-----~---r -··-*-···-
	~e-----~---r -··-*-···-
	-

	.. 
	B-15 
	FLOWCHART EBOS 
	\,!F~ITE 
	SAT. -F'OS. 
	1 

	AZM .. E~•.J 
	RETURN 
	B-16 
	APPENDIX C PROGRAM LISTINGS 
	0001 FHI4~·{ I L I y 
	(I (102 
	c ************************* 
	0003 c * F I LEHAME : :t,HO 0 0 (I (I 04 
	c ************************* 
	0 0 O~i BLOCK [)ATA 0006 IMPLICIT OOUBLE PRECISION (A-H,K-Z) 0007 INTEGER H 0008 coM1'1 o H / c N s T / P I , R T DI o 1'1 F , A E , E;;,: . o 1·1 F 2 .. ~::.c. c .. E P 1:n E . e I 2 0009 COMMON/TIME/TDEL,TFIN (I 01 0 COMMOH/AZM/ELVl4),~ZM(4) I) 0 1 1 COMMOHIPOS/LAT,LON,ALT,R 0012 C 0 M M 0 N / ti A C / T U 'I' .• T C 'i , T ~! C , () T C <4 > . :-•T U ,. T1: .' T 0013 COMMON/DB2/AD1(14) 0014 COMMON/DTX/U(4),0(4,4),R8AR(4 0015 CO~tl'10tVSAT/8( 4) 0016 COMMOHIHDOP/HDOP,INS,GDOP 0017 COMMOHIELEV/EC3,3> 001:3
	I 0024 DATA E216.694317778D-3/,0MF2/.993305683DO/ (1(125 DATA SGC/1 .99649907/,ERATE/7.2921151470-5/
	~ 
	0026 EHO 0027 $FILES <1,1) a 0028 PROGRAM HDOO 
	002') (: ·~>I< >I< >l<>l<:fc*********'"' *** ;;.:;t::;; :t<>l< >I<>I<;J<:f::i::t: ;j. ,f: :j·: ·~::+;;f·'fc :+::+::!< ***'t' :1<;1<;.j<;y.;.k;.j< :J<:i< .t:;J-: -f; ;j-: ·f; ;~.; :t· :t;:+;:f. :f; .+; ..j<;f:
	1 

	(1030 C * ROUTINE COMPUTES FOR A PROMPTED TIME (DAY AND TIME INTERVALL :t: ' 003i C *DURING THIS DAY> ~ND A PROMPTEC USER POSITION l'HE PUSiflON OF :t: 1 0032 C * 4 GPS SATELLITES,THE AZIMUTH AND ELEVATION ANGLES, THE DISTANCE:t:
	\ 
	,

	,I 
	0033 C * TO lHE USER AND THE HOOP AND GDOF. :t: 0034 C * THE SATELLITE POSITIONS ARE CGMPliTED FROM THE ALMAN~C DATA 8Y ~ 0035 C * A MODIFIED PROGRAM OF THE TEXAS A&M-UNIVERSITY. * 
	0036 C * A PLOTFILE WITH A TIME TAGGED HOOP IS CREATED. * 0037 
	c "' * 
	0038 c * --------------------------------~ :t<
	0039 

	c * 
	0040 USED SUBROUTINES: EB02 ;f:
	c * 
	1)041 EB03 :t:
	c * 
	0042 EB05 :+;
	c * 
	0043 EB06 :of<
	c * 
	....
	,

	0044 EBD7 0045 HD 0 t
	c * 

	c * 
	'" 

	0046 EB09 :+:
	c * 
	0047 l'tiHVD
	c * 
	0048 EB12
	c * 
	(1(149 EB14 0 (1 !:·(I l> ItHF 0051 1_. ... 
	c * 
	c * 

	0052 c * ------_.. -· ----------·-· ...----·--·--··-------... -·+; 
	0 (I ~i3 
	c * 
	0054 C * USED EARTH-REFERENCE-ELLIPSOID 0055 
	c * 
	0056 IMPORTANT VARIABLES AND CONSTANTS :
	c * 
	0057 INTEGER : IST,IST1,IST2 -->CONTROL-PARAMETERS
	c * 
	0058 I,II,J,I1,I2,l3 --> INDEX FOR DO-LOOPS
	c * 
	C-1 
	0059 (: N SIZE OF MATRIX (USED IN
	·-·· ·-., 

	·'
	* 
	0060 c !f< INVERSION SUBROUTINE) 0061 c :+. IN:3 ··; tWt·lBER OF SATELLITE:::. FOR 0 (16~~ c ;f< HDOP COMPUTATION 0063 c ISAT --> INDEX OF SATELLITES
	* 
	0064 J[> ( 4) --> PRN NO. OF USED SATELLITES
	c 
	c 
	* 

	0065 c :i·: l[li <24> -·· ·-· F~:t·~ t·~O, OF ALL ~:.~iTEL.L I TE::; 0066 c.. I NA~1 ( 3) ' NAME OF PLOTFILE
	* 
	OOE.? c :+:
	* 
	0068 c REAL A1 .. A2, T1, T2, TOUT ONLY FOR OUTPUT,ALL REAL-* 
	,-. * 
	0069 V~RIABLES ARE NOT INVOLVED *
	·-· 

	* 
	00?0 (. :f< Ttl AtN ::;:ICtHFICAtH COr'iFUTR:, +: 0071 c .t·
	* 
	0(172 r· DOUBLE PRECISION :
	* 
	00?3 c ~4[) ( 1 4 .. 4 ) --> ALM~NAC FOR 4 SATELLITES *
	* 
	0074 r·~ID 1 ( 1 4 ) > ALM~NAC JUST USED *
	-· 

	* 
	00?5 c AD2 (14,;;::4) --~ ALMANAC FOR 24 SATELLITES *
	* 
	00?6 c ALT > ALTITUDE *
	* 
	0077 c AE ; RADIUS OF EARTH *
	* 
	0(178 c t~Z~1 0: 4 :> --> AZIMUTH ANGLE OF SATELLITf *
	* 
	0079 c A( 4, 4 ) , AT( 4, 4 ) .. --> MATRIX, INVERTED MATRIX AN0 *
	* 
	f' AAT(4,4) MULTIPLICATION MATRIX. *
	oo.::o 

	* 
	(I 0 :;:: i r·A CONTAINS THE DIRECTION-*
	-· 

	* 
	:f;
	0082 c COSINES IN ENU COORDINATES * 
	0 (18:3 c [l(4,4) --> DISTANCES FROM USER TO 4 +
	* 
	00:34 c SATELLITES IN ECEF COORD. +
	* 
	.... -·· ··..
	00:35 c DTC< 4) DATE OF COLLECTION IN DAYS *
	·' 

	* 
	0086 c FROM BEGINNING OF THE YEAR *
	* 
	0087 c DTU > DATE OF USE IN DAYS (CONVER-*
	* 
	0088 c TED INTO SECONDS) FROM *
	* 
	(I (I:?·? c BEG I tm I HG OF THE YEAR ~<
	* 
	(I (1'3 0 c E (3 .. 3:> --> MATRIH CONTAINING SINES AND *
	* 
	0 0 ·;:;q c COSINES OF USER POSITION *
	* 
	0092 c E2 --> SQUARE-ROOT OF THE EXCENTRI-•
	* 
	·f:
	[10'313 c CJTY OF THE EARTH ELLIPSOID * 00'?4 EL ··I ( 4) --> ELEVATIONANGLE OF S~TELLITES*
	c· 

	* 
	0095 c :.f. ERATE --> EARTH ROTATION RATE * 0096 c Ci <4,4) ' MATRIX FOR IHVERSION-SUBROU.*
	* 
	0097 c :t: G[IOP --> GEOMETRIC DILUTION OF PRECI-* 0098 SION *
	('
	.. 

	* 
	0099 c HDOP --> HORIZONT~L DILUTION OF *
	* 
	01 00 c PRECISION *
	* 
	01 01 c LAT --) LATITUDE *
	* 
	01 02 c LON --/ LONGITUDE :+:
	* 
	01 03 -· PI,PI2 ·--> PI<3.1415 .•. ) At~D ;2:i·PI *
	r·

	* 
	01 04 c RT[> --> RADIAN TO DEGREE CONVERSION *
	* 
	01 05 c FACTOR ( t:30/PI :; *
	* 
	01 06 c RBAR --> LENGTH OF VECTOR USER-S~TEL.*
	* 
	01 07 c s ( 4) --> S~TELLITE-POSITION lN ECEF *
	* 
	01 08 c SGC --> SQUARE ROOT OF GRAVITATIONAL*
	* 
	01 09 c CONSTANT OF THE EARTH *
	* 
	01 1 (I c ALL TIMES IN GMT AND IN SECONDS * 01 1 1 c T --> GPS TIME *
	:II 

	* 
	01 c TC --> COLLECTION TIME,STAPT OF *
	p 

	* 
	1 .... 
	01 

	c COUNT AT BEGINNING OF EPOCH * 
	·-· 
	* 

	(I 1 1 4 c TCY --> TIME OF COLLECTION STARllNG :+:
	* 
	01 15 c AT BEGINNING OF YEAR *
	* 
	,~ 
	*

	01 1 6 .... TDEL --> TIME INCREMENT * 
	I) 1 1 7 c TFH~ --> END TIME *
	* 
	0 I 1 8 c TKC --> DIFFERENCE BETWEEN COLLEC-*
	* 
	C-2 
	0119 
	0121 
	0122 
	0123 0124 
	0125 (1126 012? 0128 
	t) 129 
	1~.n 0132 0133 0134 0135 0136 013? 0138 0139 
	o

	0141 
	0142 0143 0144 0145 0146 0 1 4? 0148 0149 
	0151 0152 0153 
	0154 0155 0156 015? 
	0158 
	0159 
	0161 0162 0163 0164 01 65 0166 0 1 6 7 0168 0169 
	01 ?1 01?2 0173 01?4 
	01?5 
	0 17t:. 01?? 0178 
	C * TIONTIME AND REFERENCETIME, * 
	C * WRAPAROUNDS CONSIDERED * 
	C * TUY ·--·> TIME OF USE * 
	C * U (4) ·-> USER POSITION IN ECEF-COORD.* c * * c ********************************~~******************************** 
	c 
	c IMPLICIT DOUBLE PRECISION(A-H,k-2) REAL A1,A2,T2,T1,TOUT 
	[>H1Et~SIOt~ AD< 14,4), ID<4> .. HlAM<3) 
	COMMON/TIMEITDEL,TFIN COMMON/AZM/ELV<4),AZM<4) COMMON/POS/LAT,LON,ALT,R COMMON/NAC/TUY,TCY,TKC,DTC(4),DTU,TC,T COMMON/CNST/PI,RTD,OMF,AE,E2,0MF2,SGC,ERATE,PI2 COMMON/DB2/AD1<14) COMMON/DTX/UC4),0(4,4) COMMON/SAT/8(4) COMMON/ALM/AD2C14,24),I01(24) COMMON/HDOP/HDOP,INS,GDOP ISAT=O 
	(: I I I l f I I I I I I I I I I I I ' I I I I t I I I I I I \ I I I t I I I J I I I I I l I I I I I I I I I I I I I 
	C I t4PUT c C ********** INPUT THE LATITUDE,LONGlTUDE AND THE ALTITUDE C LON WEST AND LAT SOUTH ARE DENOTED BY A NEGATIVE c 
	WRITE ( 1t:. I 1 ) FORMAT (//" INPUT USER POSITION" 1/ II ATLAtHIC cirl <=1! OTHEF.: P0:3ITIOt~ (=2.)" 
	II ANS~IER 
	2/ 

	READ ( 16,98) IST IF(IST.EQ.2) GOTO 
	c ---------------------
	-

	LAT=0.395D2 
	LON=-0.?45D2 
	ALT=O.tD3 
	GOTO 1002 
	c 
	1001 2 
	3 
	4 
	1002 
	c 
	50 
	: u) 1001 
	CONTINUE liiRITE <16,2) 
	FORMAT (/" USER POSITION IN DEGREES <FORMAT :G15.8)" 
	1/ II LATITUDE ") READ (16,97) LAT WRITE (16,3) II LONG I TUDE )
	FORI1AT ( 

	ii 
	READ (16,97) LON l~R I TE ( 1 6 I 4) 
	11
	<

	It~ FEET :__ ") READ <16,9'?) ALT CONTINUE 
	FORMAT ALTITUDE 

	WRITE (6,50> LAT,LON,ALT 
	FORMAT<" PROGRAM * H D 0 0 *"

	" ---------------------n
	" ---------------------n
	1/ 
	1/ 
	1/ 

	" 
	" 
	USER-POSITION 
	: 
	II 

	3/ 
	3/ 
	II 
	LATITU[>E 
	: ",G15.8. H 

	TR
	" 
	LONGITUDE:",G15.8, 
	~ 

	5~···' 
	5~···' 
	II 
	ALTITUE>E 
	:" .. 
	G15.:3 
	II 


	C-3 
	DEGREE" DEGREE" FEET") 
	I I • I I I f 1 o 1 1 
	********** VALUE 
	LAT=LAT/RTD LON=LONIRTD ALT=ALT/0.3280901 
	********** E802 COMPUTES E-MATRIX ********** 
	CALL EB02 
	********** EB03 TAKES LAT, LON, AND ALT; ********** IT RETURNS X,Y,Z IN U-VECTOR 
	CALL EB03 J 51 ) ( Ll( I ) I I= 1 .• 3 ) (/II ECEF-COORD I HATES : "' 7:=-: ·' H::<:II 14::<. J II'( II .• 14::.:' II 2" 
	WRITE ( 6 
	FORMAT 

	1,/ II--·---------------·--" .. 3G i 5' ~-) U(4)=0. 
	J 

	********** READ USER TIME ********** 
	WRITE <16,7) FORMAT (/" USER TIME <FORMAT : G15.8)" 
	11
	1,/ STARTTIME (T),ENDTH1E (TFit~) TII'IE INCF~EI'1EtH (TDEL)" 2/ II AND ALMAt~AC COLLECT I ON TI I'IE ( TC) I~~ SECot~[)$' II 
	0179 0180 
	Ot81 0182 0183 
	01:34 0185 
	0186 0187 
	0188 01:39 
	0190 (11 '3 1 
	0i 93 0194 
	0195 01 '36 
	0197 
	0 j '38 01':#'3 (12 0 0 
	020 1 0202 0203 02 04 0205 0206 0207 02 Of3 0209 021 0 02 1 1 0212 
	021.3 
	(1214 
	0215 
	0216 0217 0218 0219 0220 
	0221 02:22 0223 0224 
	0225 
	0226 0227 0228 022'3 0230 
	0231 
	0232 
	0233 
	0234 0235 
	c C 
	c 
	c C C c 
	c C 
	c 
	7 
	8 
	., 
	'7 .-.. 
	'-'.::.. 
	1 0 
	31 
	c 
	"".-,
	::_lc,.. 
	c 
	C 
	c 
	12 
	31 "START OF COUNT 
	41 
	11 

	5/ TSTART=_")
	II 
	READ <16,97) T lJR I TE ( 1 6 I 8) FORMAT(" TFIN = ")
	READ <16,97) TFIN WRITE (16,9:> (II H>EL =_") READ <16,97) TDEL l~R I TE <16, 32 ) FORMAT<" TC = ")
	FORNAT 

	READ ( 16,97) TC WRITE <16,10) 
	T,TFIN,TDEL -->EVERY DRY AT 00:00" TC --) BEGINNING OF EPOCH" 
	FORMAT(" DATE OF USE It~ DA'l::; FPOr1 .JAt~UAR'i,FIRST :_"> 
	READ <16,97) 
	l\IRITE <16,31) 
	II 3 
	FORMAT ( 

	READ <16, 98) 
	DTU 
	DTU 
	DTU 

	OR 
	OR 
	4 
	SATELLITES 
	FOR 
	HOOP-COMPUTATION 
	1 f 
	If \ ••· 

	INS 
	INS 


	CALL EB12(T,Tt > 
	CALL EBt2CTFIN,T2) 
	WRITE <6,52) T,T1,TFIN,T2,TDEL,DTU 
	FORMAT(//" USERTINES :" 1..... STAF.:T ( TSTAF-:T):
	II 
	21 II EN[> ( TF It~) 3 / I N (: r<: • ( TDEL )
	II 
	4/ [>ATE ( DTU)
	II 
	") G 1 5. 8 I II SEC. = "J F!:i. 2 I II HOUF-:~: II IIi G 1 '5' 8 ·' SEC' = II F5. 2' II HOI..IPS II
	II J 
	il ' G 1 5 ' 8 J :;Ec
	II II 
	(i 15' 8 I II Dt:W~: II ) 
	.. ' 

	********** READ ALMANACS ********~* 
	WRITE <16,12) FORMAT ( "ALMANAC-DATA FROM TAPE (=1)? ") READ (16,98) IST1 
	0236 
	0236 
	0236 
	1000 
	CONTINUE 

	0237 
	0237 
	ISAT=ISAT+1 

	0238 
	0238 
	IF<IST1.EQ.1) 
	GOTO 
	1009 

	TR
	c-4 


	0239 WRITE <16,13> ISAT 
	13 FORMAT <I" OWN ALMANAC =1 OR DATA FROM FILE =2 FOR SV t~O. II ) I 2 I II'? II: 0241 1/ "ANSWER 1 "> 0242 READ <16198) IST 0243 IF( I ST I EQ' 1 ) GOTO 1 0 05 0244 
	c ----------------
	-

	I 1 4 ) 0246 14 FORMAT C/" FILENAME : "> 
	ldR I TE ( 1 6 

	'~. ~ 
	r,: 0247 READC16,92) INAM 
	: 'L
	l 024:3 OPEN <2~FILE=INAM~FORM='FORMATTED')
	' 
	' 
	0249 READ <2~96) DTC<ISAT)~ID<ISAT) READ ( 2 J 91 ) (AD< I I I SAT) I I= 1 I 4 ) 0251 READ ( 21 91 ) (A[)( L I SAT) J I =5 I 8) 
	0252 CLOSEC2) 
	( L 

	,, 
	0253 WRITE <16115> ID<ISAT> 
	~. 

	11 11
	(1254 15 FORMAT< SATELLITE ID = ,!2) GOTO 1010 0256 
	c ----------------
	-

	0257 1005 CONTINUE 0258 ltiRITE (16116) ISAT 0259 16 FORMAT ( #IIIII# ALMANAC-[>ATA FOR SATELLITE II I I 2 .• lJ #1#1#1# II
	II 
	1/ FORMAT :012.4"
	II 
	0261 211 " DATE OF COLLECT I ot~ : )
	II 
	0262 READ (16,99) DTC<ISAT) l~R I TE ( 1 6 I 1 7 ) 0264 17 FORMAT<" EXCENTRICITY ") 
	0263 

	READ (16,99) AD< 11ISAT> 0266 ldR I TE ( 1 6 I 1 8 ) 
	11
	0267 18 FORMAT<" REFERENCE TIME : ) AD<2~ISAT> 0269 WRITE ( 1 6 I 1 9 ) 
	0268 READ C16,99) 

	IJ
	19 FORMAT<" ORBIT INCLINATION (10) : ) 0271 READ <16,99> AD<3,ISAT> 0272 WRITE <16,20) 0273 20 FORMAT<" DRIFT RATE OF <IO> 0274 READ C16,99) ADC4,ISAT> 
	: u ) 

	WRITE ( 1 6 I 21 ) 
	fJ ••
	0276 21 FORMAT<" SQARE ROOT OF GREAT HALF-AXIS : .J 0277 READ (16,99) AD<5,ISAT) 0278 WRITE <16, 22 ) 0279 22 FORMAT ( RIGHT ASCENSION OF ORBIT : u ) 
	11 

	READ <16,99) ADC6,ISAT) 0281 WRITE ( 16 I 23 ) 0282 23 FORMAT<" ARGUMENT OF PERIGEE : " ) 0283 READ <16199) AD<7,ISAT> 0284 WRITE ( 1 6 I 24 ) 
	:_II) 0286 READ <16,99) AD<S,ISAT> 0287 WRITE <16, 25 ) 
	24 FORMAT(" MEAN ANOMALY 

	: If )
	0288 25 FORMAT C" SATELLITE ID 0289 READ ( 16, 99) I D< I SAT) GOTO 1010 ';. 0291 
	c -----------
	-

	0292 1009 CONTINUE 0293 IFCISAT.NE.t > GOTO 1010 0294 CALL EB14 
	DO 1 07 I 1 =1 I 4 0296 1011 CONTINUE 0297 WRITE ( 1 6 I 26 ) I I 0298 26 FORt1AT ( "ID OF SATELLITE <",!2,") ") 
	029·~ READ <16, 98) I D< I 1 ) 0300 DO 108 12=1,24 0301 IF<ID<I1 >.) GOTO 108 0302 IF<ID<I1>.EQ.IDt<I2» GOTO ·1012 0303 WRITE <16, 27 ) I D< I 1 ) 0304 27 FORMAT<"=====> SATELLITE ALMAt-4f~C OF SAT.<";I2,") r·WT Or·l" 03 05 1" TAPE ! ! <====="> 0306 GOTO 1011 0307 1 08 GOtH I HUE 03 08 1012 CONTINUE 0309 DO 1 07 I 3= 1I 8 0310 AD< I3, I 1 )=AD2< !31 12) 0311 ![>(I 1 >=IDt< 12) 0312 i 0? COtHINUE 0313 
	t~E.ID1<I2>.AND.I2.LT.24

	c -------------------
	-

	0314 1010 CONTINUE 0315 AD(9,ISAT>=AD(5,ISAT)**2 031 6 AD<10,ISAT>=COS<AD<3 ISAT>) 0317 AD<1t,ISAT)=SIN<ADC3,ISAT)) 031:3 ADC12,ISAT>=COS(AD<7~ISAT>> 0319 AD<tJ,ISAT>=SIN<AD<?,ISAT>> (t AD< 1 ISAT)=SGCI<AD<5~ISAT>*ADC9,1SAT)) 0321 IF<ISAT.LT.INS> GOTO 1000 0322 c 
	1 
	032 
	14 

	I I J I I I I I I I I I I I It I I I I I I I I I I I I I I ZIt I I I I I I It I It It I I: I I I I I I I' I I I o I I I 1ft I 
	0323 c 
	0324 C ********** OUTPUT ALMANAC *********~ 0325 c 0326 A1=SNGL<DTC( 1 )) 0327 A2=SNGL< TC ) 0328 l.,IR I TE ( 6 I 53) A 1 I A2 I ( I D( I ) ·' I= 1 .• 4) 
	II
	0329 53 FORMAT C/" USED ALMANACS DTC= I F5. 0.. II 1C:= " .. F?.O .. II
	0330 1/ _ .......... ------·-·--·-IJ 
	0331 2/ II SAT. J(l: ",I3,t·3:=-:,I3,1':0:'~ .. ) 0332 l~R I TE ( 6 I 54) ((AD( I, J) I ,J= 1 . 4 ) . I= 1 .• 14) 0333 54 FORMAT ( 4< 1ox I Dt 2. 4 J ) ) 0334 c ....... ' .. ' ............ ' ...... ' ... ' ........ ' ' ... ' ... . 0335 C CALCULATIONS AND OUTPUT 0336 c 0337 C ********** WRITE TITLE ******~*** 0338 c 0339 WRITE (6,61) 
	I3,i9~<.I3

	11
	0340 61 FORMAT (//" OUTPUT OF COMPUTATIONS 0341 1/ 
	II ----------------------II 
	•") ,• ,.
	0342 ,,. ' ::::::::::==========::::::::::::::================ II
	II 
	0343 " ! THE PRINTOUT IS ARRANGED AS FOLLOWING EXAMPLE : !" 0344 
	" ! ----------------!" 
	0345 4/ II ! TIME !" 0346 5/ " !POSITION OF SATELLITES IN ECEF-COORDINATES <X~Y.Z>!" 0347 6/ " !ANO ELEVATION AND AZIMUTH <3-4 LINES> !" 0348 7,1 II !--------
	-

	'II 
	j"
	0349 8/ II ,' HOOP AND GDOP _
	" _________________ 
	I n
	0350 '3/ 0351 A/ I ALL VALUES ARF I H NETER 0352 (1]5] (,IR I TE ( t 6 I J9 ) 
	11 
	I II 

	I=OR~tAT <II ~~~~1E OF PLOTF I LE : " l 
	READ <t6,92) lNAM 0356 OPENC2,FlLE=INAM,FORM= FORMATTED'> 035? WRITE (2,92) INAM 0358 l,lRITE <2,'38) INS 
	c-G 
	035·~ c 
	0360 C ----------BEGINNING OF COMPUTATION-LOOP -----------------·------; 
	0361 c 0362 DTU=< DTU-1 . >* 0. t:64D5 0363 TCY=( [lT(:( 1 )-1 . '>:t< 0. :364(i:':i+OI·10[)( TC I 0. :::64[)5) 
	0364 1004 CONTINUE TOUT) 0366 lAIR I TE <6 I 7 0) 0367 WRITE <6~62) TOUT 0368 62 FORt·l~lT ( II TINE : II Fl. 4' ,, jjCJi,iF:::: " >
	0365 CALL EB12 (T 
	1 

	I 
	0369 DO 1 02 I= 1 I HIS 0370 DO 101 ,J=1~14 
	0:371 AD!( ,J)=AD( ,J, I) 03?2 1 01 CONT It~UE 
	03?3 c 
	0374 C ********** COMPUTATION OF POSITION DISTANCE TO USER **·'~~~*~~* 0375 C RND AZIMUTH AND ELEVATION OF SATELLITE( I) 0376 c 0377 II=! 0378 CALL EB 05( I I ) 037'? 1 02 COtH I t~UE 0380 r· 
	0382 c 0383 CALL H(l 01 0384 hiRITE (6,71.> 0385 WRITE (6,63) HDOP,GDOP 0386 63 FORMAT <G15.8,5X,G15.8) tnt=:? A 1 =St~GU HDOP ) 038:3 A2=SNGU GDOP) 03:::9 TOUT=SNGL(J)/3600. 
	0390 WRITE (2,90) TOUT,~1,A2 039 j l\IR I TE ( 6 I 7 0) 0392 T=T+TDEL 0393 IF (J.LE.TFIN) GOTO 1004 0394 r <-------------------END OF COMPUTAl'ION-LOOP----------------< ·0395 c 0396 C +:t:*·''****** t.JRITE Et·~D-CF:ITEF~I~~ TC FLOTFlLE +'*'*':;;::t:t::t::f·.;. 
	-

	0397' c 
	03'3:3 TOUT= 0. 0399 A1=0. 04 00 A2=0. 04 01 WRITE (2 90) TOUT,A1,A2 04 02 CLOSE ( 2 ) 
	1 

	04 03 STOP 
	04 04 c 0405 C ********** FORMATS ~********* 04 06 c 
	040? ?0 FORMAT ( II ·····-·-·-··-·------·---·-·-·· ··-·-·-") 
	II -----· -· --·-·--
	04 08 71 FORt1AT ( 
	-

	il ) 
	·~o FORNAT (1X,3F12.6) 041 0 '31 FORMAT <4D1:3.8) 0411 ·:12 FORNAT (3A2) 0412 93 FOR~1AT ( I 4) 041.3 94 FORMAT <4E12.4) 0414 '35 FORI'1AT <A4) 0415 ':i6 FORMAT <G15.8,I3) 041E. 9? FOR~tAT(G15.8) 
	o4o9 

	041? 98 FORMAT( I 2) 041 8 99 FORMAT<() 12. 4) 
	C-7 
	041~ END 
	0420 
	~PLHG T=00004 IS ON CR0001i USING 00018 BLKS R=OOOO 
	FTt~4~< I L I y 
	0001 

	1) 0003 PROGRAM PLHG 0004 
	0002 $FILES (1 
	1 

	c **********************************************************~*** 
	0005 C * F I LENt~ ME : :~,PLHG * 0006 c * 0007 c * PROGRAM PLOTS DATA FILES GH4ERATED 8'.,.. THE PROGRM1 II HO (I (I II 0008 C * TO COMPARE THE HOOP'S COMPUTED FOR A SITUATION WITH FOUR * 
	:t: 

	0009 C * SATELLITES <PLOTFILE 1) AND WITH THREE SATELLITES (PLOT-* 0010 C * FILE 2). * 
	00 1 1 
	c * * 
	0012 c * ------------------------------>t< 
	0013 C * USED SUBROUTINES : DLTBL,GPS CPLOTLIBRARY> * 0014 
	c * * 
	0015 
	c ************************************************************** 
	0016 c 0017 DIMENSION IGCB< 192)1INAM1(3)1INAM2(3) 0018 LOGICAL LOG (1019 c 0020 C ********** READ NAME OF FILE,LOGICAL UNIT AND ID OF ********** 0021 c DEVICE SUB 0022 c 0023 LOG=oTRUEo 0024 l!IR I TE ( 1 6 I 1 ) 
	11 11
	( 

	0025 FORt1AT t~M1E OF PLOTF I LE I :__ ) 0026 READ < 16192> INAM1 0027 OPEN <2~FILE=INAM1~FORM='FORMATTE0') 0028 READ <2~92) INAMI 0029 READ ( 2 I 33 ) INS 0030 l~RITE <1613) 
	0

	11
	0031 3 FORMAT < LOGICAL UNIT (LU) AND ID OF DEVICE-SUBROUTINE" 0032 1/ LU =_··)
	II 
	0033 READ (16,93) LU 0034 WRITE <16,4) 0035 4 FORt-tAT ( II I D = 
	II ) 
	0036 READ <16193) ID 0037 c 0038 C ********** INITIALIZE PLOTTER AND DRAW GRID ********** 
	0039 c 0040 l!IRITE <1615) -AI~D ENDT HlE I H HOURS
	0041 5 FORI1AT ( START 

	0 II 
	II 

	0042 1/ II TSTART : ") 0043 READ (16194) TSTART 0044 WRITE ( 1 6 I 6) 0045 aS FORMAT ( II TEHO : 
	II ) 
	0046 READ <16,94) TEND 0047 CALL PLOTR (JGCB 1 ID~1.LU) 0048 CALL SETAR <IGCB> 0049 CALL FRAME ( IGCB) (1(150 CALL VIEWP ( IGCB,30 ... 90o .o20 ..o60o > l~ I NOW ( I GCB I TSTART I TEtW I (I 2 (I 0 )
	0051 CALL 

	0 I 
	<IGCB~2> 0053 CALL LGRID c: IGCB, -(1 0 25,5 0 I (I '0 0 1 0 '1. I 1 0)
	0052 CALL FXD 

	0 I 
	0(154 c 
	0055 C ********** DATA INPUT FROM FILES AND PLOT ********** 0056 c <IGCB~O> 
	0057 CALL LINE 

	0058 1000 CONTINUE 
	C-:;1 
	005'j READ (2,95) TOUT,HDOP,GDOP 
	0060 IF<LOG> CALL MOVE CIGCB,TOUT.HDOP) 
	0061 LOG=.FALSE. 
	0062 IF< TOUT. LT. 0. 01 . At~[.'. HDOP. LT. 0. 01 ) CiOTO 1 0 0 1 
	0063 CALL DRAW<IGCB,TOUT,HDOP) 
	00t:04 GOTO 1000 
	0065 1001 CONTINUE 
	0066 CLOSE<2) 
	0067 c ---------------------
	-

	0068 1.\IR I TE ( 1 6 I 2) 
	0 (lf.,'j 2 FORt·1AT ( " ~.JAI'1E OF PLOTF I L.E 2 : " > 
	0070 READ <16192) INAM2 
	0071 OPEN <3,FILE=INAM2,FORM='FORMATTED') 
	0072 READ <3,92) INAM2 
	0073 READ <3,93) INS2 
	0074 CALL LINE<IGCB,1) 
	0075 LOG=.TRLIE. 
	0076 1 002 CONTINUE 
	0077 READ (3,95) TOUT,HDOP~GDOP 
	0078 IF<LOG) CALL MOVE <IGCB,TOUT,HDOP) 
	007':1 LOG=.FALSE. 
	0 08 (I IF< TOUT. LT. 0. 01 • AND. HOOP. LT. 0. 01 ) GOTO 1 0 03 
	0081 CALL DRAW (JGC8,TOUT~HDOP) 
	0082 GOTO 100:i 
	0083 1003 CONTINUE 
	0084 CLOSE <3) 
	0085 c 
	0086 C ********** PLACE TITLES AND OTHER INFORMATION *********** 
	0087 c 
	0088 CALL vI EWP ( I GCB I 1 0. ·' 1 0 0. ! 1 0. ·' 9 0. ) 
	0 (1:39 CALL l\1 It~Dl\1 ( I GCB I 10. I 1 0 0. ·' 1 (I' ·' 9 0. ) 
	0090 CALL MOVE <IGC8,55.,80.) 
	I 0. ·' 0) 
	0091 CALL CPLOT ( IGCB .. -11. 

	0(192 CALL LABEL CIGC8) 
	00'33 liiR I TE (LUI 7) 
	0094 FORMAT ("GRAPH OF HDOP VS. TIME") 
	(I 0'35 CALL ~10VE ( IGCB, 55. I 10.) 
	0096 CALL CPLOT ( IGCB .. -8. I 0.' I)) 
	0097 CALL LABEL CIGCB) 
	0 0'38 1.\IRITE ( LU, 8) 
	0099 FORMAT ( II GtH ·-TH1E It~ HOU~:S It ) 
	01 0 (I CALL MOVE ( I GC8 I 1 . I 50. ) 
	0 1 0 1 CALL LABEL (!GC8) 
	0102 1.\IRITE (LU,·:n 
	01 03 FORNAT <"HDOP") 
	0104 CALL LINE <IGCB,O> 
	01 05 CALL MOVE <IGC8,30.,70.) 
	01 06 CALL DRAI.H ( I GCB I 15. I 0. ) 
	I) 1 07 CALL MOVE I ( I GCB' 2. I 0. ) 0 1 08 CALL CPLOT < IGCB, 0., -0. ~:5 .. 0) 0 1 (1'3 CALL LABEL ( I GCB, ) 0 'I 1 0 (,lfUTE <LU1 10) 0111 1(t FORMAT ("4 SAT.") 01 1 2 CALL LINE ( I GCB I 1 ) 01 1 3 CALL MOVE (IGCB,65.,70.) 01 1 4 CALL DRAI.d! ( IGCB, 15., 0.) 0 I 15 CALL 1'10VEI <IGCB, 2., 0.) 01 1 6 CALL CPLOT (JGCB,0.,-0.25,0) 01 t 7 CALL LABEL (JGCB) 01 1 8 l1IRITE ( LU, 11) 
	c-1u 
	011 ·~ 
	011 ·~ 
	011 ·~ 
	1 1 
	FORMAT 
	( 11 3 SAT.") 

	012 0 
	012 0 
	CALL 
	PLOTR 
	< IGCB,ID,O) 

	TR
	c 

	TR
	c 
	********** 
	FORMRTS 
	********** 

	TR
	c 

	TR
	':12 
	FORNAT 
	(3A2:> 

	TR
	93 
	FORMAT 
	<12) 

	TR
	94 
	FORMAT 
	<F8. 6 > 

	TR
	95 
	FORNAT 
	C1X,3F12.6) 

	TR
	CALL 
	PLOTR 
	<IGCB,ID,O) 

	TR
	STOP 

	TR
	HW 


	&EBGD1 T=00004 IS ON CR00011 USING 00018 BLKS R=OOOO 
	0 (I 0 1 FTN4X,L,Y (I 0 02 
	c ************************* 
	0003 c * FILENAME : 'EBGD1 0 (I 04 
	c ************************* 
	(1005 BLOCK DATA 0006 IMPLICIT DOUBLE PRECISION <A-H,0-2) 0007 COMMON/MAT/HT<4,4),HC4,4),HTH<4,4) 
	(II) (If: EtW 
	OOO'::i PROGRAM EBGD1 c ***************************************************************** 
	0 01 1 C * ROUTINE TO CALCULATE GDOP WITH INSERTED H-MATRIX OR WITH * 
	0012 C * AZIMUTH-AND ELEVATIONANGLE. * c * * 
	0013 

	0014 c * -------------------------------* 0015 C * USED SUBROUTINES : E809 
	* 
	0016 C * MINVD 
	* 
	0017 c * ---------------------------* 0018 C * MICHAEL J. MAGROGAN CO-OP ACT-100D FEBRUARY 1981 * oot·::. C * ERHARD BUCHBERGER ACT-1008 APRIL 1982 * 
	C***************************************************************~**
	,-.
	0021 
	-· 
	0022 IMPLICIT DOUBLE PRECISION <A-H,O-Z> 0023 DIMENSION AZ<4),EL<4),HPR0D(4,4),L(4),M(4) 0024 COMMON/MATIHT<4,4),H(4,4),HTH(4,4) 0025 N=4 0026 RTD=57.2957795 0027 c ..................................................... . 0028 c It~ PUT 0029 
	C ********** INPUT H-MATRIX OR ANGLES ********** 0 0.31 c 0032 1,\IR I TE ( 6 I 17) 01)33 17 FORMAT < " PROGRAM *EBGD1*~ 
	•• ,· ••• ./, ... ""' ....•• ·'• l'o ••• "'· .......••••• Ji )
	0034 1/ 0035 1.\IRITE <16,9) 003t:. 9 FORMAT ( II SELECT H~PUT : II 0037 1/ H-MATRIX=t ANGLES=2"
	II 0038 2/ II ANSWER : ") 0039 READ (16~91) IST 
	IF<IST.EQ.2) GOTO 1002 0041 c ----------------
	-

	0042 DO 100 1=1,4 0043 DO 1 0 0 J= 1 I 4 0044 ldR I TE ( 16 I 1 0 ) I I ,J 
	11
	0045 1 0 FORI'tAT ( II ELEMENT ( II I I 2 .• II I ' I 2 .• II ) : .. ) 0046 READ <16,90) H<I .. J) 0047 100 CONTINUE 0048 GOTO 100::; c -----------------
	(I 04'3 
	-

	1002 CONTINUE 0051 WRITE <6,15) 0 052 15 FORMAT (//" AZIMUTH I Ot·4" ) 0053 DO 103 I=1,4 ~dRITE (16,13) I II I I2, II) : ll) 0056 READ <16 .. '30) AZ< I) () 05? ldR I TE ( 1 6, 1 4 ) I 
	ELEV.:.1T 
	0054 
	0(155 13 FORt1AT ( " AZIMUTH( 

	11
	005~3 14 FORI1AT < " ELEv'AT I Clt~< •• I 2, " ) : " .• 
	0059 REA[> ( 16, 9 0) EU I ) 
	0060 WRITE (6, 16) AZ< I ),EL< I) 
	0061 16 FORMAT <2D12.4) 
	0062 AZ< I )=AZ< I )..... RTD 
	0063 EL< I >=EL< I )/RTD 
	H( I I 1 )=COS( EU I ) >*COS( AZ< I ) ) 0065 H< I I 2 )=COS( EU I ) ):f<~; It~( AZ< I ) ) 
	0064 

	0066 H< I I 3 >=SIN( EU I ) ) 
	0067 Ht; I, 4 )= 1 . 
	0068 103 CONTINUE 
	0069 c -----------------
	-

	0070 1003 CONTINUE 
	l~RITE <6 .. 4:> 
	0071 

	0072 4 FORMAT (//II H-MATid XII ) 
	0073 l~RITE <6 .. 5) ((H(LJ) 1 ...1=1,.4) .• I=i,4) 
	0074 5 FORMAT ( 4D 16. :3) 
	0075 
	c '' .. ' .. ' '' '.'' '' '' ''.' ''.' '' '' '' '' .. '' '' ''.''' ''.' '''''' '' ''.'' '' .. ' 
	0076 c COMPUlATOHS 
	0077 c 0078 C ********** COMPUTE THE TRANSPOSE OF THE H MATRIX ~********* 0079 c 
	0080 DO 1 01 I= 1 , 4 
	0081 [>0 101 J=114 
	0082 HT< I I ..I >=H< ,J' I ) 
	(I 083 1 0 1 CONTINUE 
	0084 l,IRITE (6,6) 
	1)(1:35 6 FORI'1AT ( /" H-TRAt·lSPOSE-I'lATRI~< "'i 
	0086 t,tr<ITE <6 .. 5) ((HT< L J)l ..1=1 ,4) .. 1=1 .4> 
	01):?.7 c 
	0088 C ********** CALL E809 TO MULTIPLY THE H AND H TRANSPOSE *********~ 
	0089 c 
	0090 c 
	0091 CALL EB09 
	0092 l~RITE <6, 7) 
	11
	0093 7 FORMAT (/ HT*H-MATRIX «) 0094 WI<: I TE ( 61 5) ( ( HTH( I I J) I ..t= 1 ·' 4) .. I:: 1 .. 4) 0095 c 0096 C ********** CALL MINVD TO COMPUTE THE INVERSE OF THE H AND ********** 0097 C H TRANSPOSE PRODUCT MATRIX 00'38 c 0099 DO 1 02 I= I I 4 01 0 (I DO 1 02 J= 1 I 4 I J )=HTH( I .. ,J) 0102 102 CONTI t~UE L,M) 0104 IF< C>ET. LT. 1. OD-5) GOTO 1000 (I 1 05 l~RITE (618) 0106 8 FORMAT (/II INVERTED HT:f<H-MATR I~< II ) 01 07 WRITE ( 6 I 5) ( ( HPROD( I I J) ...J= 1 .• 4 ) ·' 1=1I 4) 01 0:3 c 0 1 0 •;1 C 
	01 01 HPROD< I 
	0103 CALL MINVD <HPROD,N,DET 
	1 

	0111 c 
	I) I 12 TRACF.Z=HPROC>( 1.' 1 )+HPROD( 2. I 2) 0113 HDOPV=DSQRT<TRACEZ> 0114 TRACEZ=TRACEZ+HPRODC3,3)+HPR00(4,4) 0115 GDOPV=DSQRT<TRACEZ> 0116 GOTO 1001 
	0117 c ----------------------
	-

	0118 1000 CONTINUE 
	Ot1'3 IAIRITE ( 16 .. 1) DET 012 0 FORMAT ( DETERMINANT OF MATRIX " .. 016.:3) 01 21 WRITE ( 6 ~ 12) I.~R I TE ( 1 6 I 1 2 ) 0123 FORr1AT < " i'************'+'***********************'i<**** :• 
	11 
	0122 

	0124 1/ II :+:HT*H-r1ATRIH Is SH4GULAR <DETEF.~MIHAtH=O. ):+: " 0125 2.·J' II t:i<:i<:f<:f<;.j<>fl:f<:f<:f<:f<:f<:f::f<:f::f<:f<:f<:i<:f<:f<:f<:f::+::f<:i<:f<:f<:f:;.j<:f<:f::f::f<:f<:f<:f<:t::f<:t::f<:f< II) 
	0126 STOP! 
	0127 c ----------------------
	-

	0128 1001 COtH It~ LIE 
	0129 HOOP=SNGL<HDOP'./) 
	0130 GDOP=St~Gl. ( GDOPV) 
	01 31 btRITE < 16,11 > HDOP,GDOP 
	0 1 ];;:~ WRITE (6, 11) HDOP,GDOP 
	0133 '11 FORMAT ( HDOP = II J F 15'::: I GDOP -· J F 1 5' ;::: )II II II 
	0134 c 
	:f<:f<:t::f<;.fc:f<:t<>f<:t<:t<
	c ********** FORt·1ATS 
	0135 

	Ot36 c 
	0137 90 FORt·1AT (016.8) 
	0 1 3::: 91 FORMAT <I 2) 
	0139 STOP 
	0140 END 
	C-14 
	T=00004 IS ON CR00011 USING 00024 BLKS R=OOOO 
	0 0 01 FTt~4;y~ I L I'( 
	0002 
	c ************************ 0003 C * FILENAME l ~EBGH * 0004 
	c ************************ 
	0005 BLOCK DATA 0006 DOUBLE PRECISION ENUP 1XP,YP,ZP,H,HT,HPROD,HDOPV,GDOPV 0007 DOUBLE PRECISION PI,RTD,OMF,AE,E2,0MF2,U,LAT,LON,ALT 0008 DOUBLE PRECISION XS,YS,ZS,TRACEZ,X,Y,Z,NORM (1(1(19 DOUBLE PRECISION SGC,ERATE,XY 0 (It 0 COMMONICOORDIENUP<3,3),XP,YP,ZP,H<4,4),HT(4,4),HPROD(4,4), 0 01 1 1LSAT(4),XS(4),YS(4),ZS<4>,HDOPVIGDOPV 0012 COMMONICNST/PI,RTD,OMF,AE,E2,0MF2,SGC,ERATE 0013 COMMONIDTX/UC:4) 0014 COMMONIPOS/LAT,LON 1ALT,XY 0015 END 0016 PROGRAM EBGH 0017 
	******************************~'********************************* 0018 C * ROUTINE TO CALCULATE HDOP,PDOP AND GDOP WITH PROMPTED * 0019 C * USER-AND SATELLITE-POSITIONS. * 0020 C * INPUT IS POSSlBLE OVER THE KEYBOARD OR FROM A DATAFILE. * 
	c 

	0021 c * 
	0022 c * ------------------------------* 0023 C * THE ORIGINAL PROGRAM WAS MADE BY MICHAEL J. MAGROGAN,CO-OP,* 0024 c * ACT 1 OOB .. ALSO THE SU8ROUTH4E::; "Et-H.f"' "HTRAN") "MLHHT" ·'II HlVHP" '* 0025 c * 0026 c * FURTHER USED SUBROUTINES : E803,E812 :f. 0027 c * :+: 0028 c * --------------------* 002'3 c * THE COMMON-BLOCKS ARE DEFINED TO FIT THE PROGRAM "HDOO". 0030 c :+: :+: 0 031 c ****************************************************'+::t::t::1: :t::·l<:f::i·::t:;f: :·j::f: 0032 c 0033 DIMENSION IBUF<
	:t: 

	-· 
	0047 RTD=57.2957795DO (I (14 ::~ AE=6.378135D6 0049 E2=6.694317778D-3 0050 OMF2=0.993305683DO 0051 c POSITION(XP,YP,ZP~ ********** 0053 C AND FOUR SATELLITE POSITIONS CXS(1-4),YS( 1-4),28(1-4)) AS INPUTS 0054 c 0055 l\IR I TE ( 1 6 I 1(I ) 0(156 10 FOR~1AT < " t: ooRD I t~ATES I t~PUT Ft;.:Or·t FILE <=1 > ·-::· " 005? REA[> ( 1 6 I 92) I ST 0 (15:3 IF( z~;T .EI).1) C:iOTO 1(1(1(1 
	0052 C ********** THIS PROGRAM NEEDS AIRPLANE 

	C-15 
	0059 c ............................. '''' .. '. '. ' .. '' ''.' '. ''.' .. '.''.' .. ' .. ' 
	0060 1INPUT OVER KEYBOARD
	-. 

	-· 
	0061 c 
	0062 C ********** USER POSITION ********** 
	0063 c 
	0064 l,IRITE ( 16, t) 
	11
	0065 FORMAT ( INPUT USER POSITION IN GEOGR. COORDINATES cALTITUDE 0066 1 HI FEET )II 0067 2 ....· II LATITUDE : ") 0068 READ ( 16 .. '31) U!T1 0069 liiR I TE ( 1 6 I 2) 00?0 FORHAT ( II LONG I TUDE: )
	II 
	00?1 READ ( 16, 91 ) Lm~ 1 00'?2 WRITE ( 16, 3) 
	7
	0073 F0Rt·1AT ( AL T I TU[)E : II )
	II
	·-· 
	0074 READ (16,91) fKTt 0075 LAT=DBLE<LAT1 )/RTD 0076 LON=DBLECLON1 )/RTD 0077 ALT=DBLE<ALT1 )/0.32809D1 0078 c. 0079 C ********** COMPUTE ECEF-COORDINATES WITH SUBR. E803 ********** 
	-.
	(I 08 0 1
	-· 
	0081 CALL EB03 
	0 (1::32 ~<P=U( 1 ) 
	00:33 '"I'P=U< 2) 
	00f!4 ZP=U(J) 
	00:35 WRITE (6,4) LAT1,LON1,ALT1,XP,YP,ZP 
	11
	oo:.?.t. 4 FORI'1AT ( PROGRAI't :f<EBGHw '·/ER::~ION A" 
	l, ,•, .·, •'• •• t. of, ,•, :. "· ••• '• 11
	II • ••• 

	008? 1.···' 
	00:38 2.···',..·· " u~::ER-COORD I HATF~:; · " 
	11
	0089 Lt~T =",G15.8 .. " L.Ot·4 = ,G15.8 .. " ALT ::",(;15.8,II 
	-· ) 
	~-

	,•
	4 

	0090 ,. II ~< p = I G 1 5 • 8 I '•' p ::::: II ·' Ci 1 5 • ;:: J " zp =;; ' I~ i '5 . ::3 :)II II 
	0091 c 
	0092 C ********** SATELLITE-POSITION ********** 
	0093 c 
	00'34 t"R I TE ( 1 6 I 1 5 ) 
	11
	00'35 15 FORMAT ( HOW MAHY SATELLITES? : ") 
	0096 
	0097 IST2=1 
	0 I) '38 lAIR I TE ( 1 6 I 5) 
	0099 5 FORHAT ( " IHPUT SATELLITE-POSITION IH ECEF. ) 
	11 

	01 (1(1 DO 101 I=1,t~SAT 
	01 0 1 l~RITE <16 .. 6 >I 
	01 0'2 (;. FORt·1AT (II ::<S(",I2 .. ") = ") 
	0103 READ (16,90) XS(I) 
	(I 1 04 I.!IR I TE ( 1 b I 7 ) I 
	11
	01 0!::; 7 FORMAT (II 'r'!;(",I:~, ) =H) 0106 READ <16,'30) YS(l) 0107 l1IRITE (16 .. 8> I (1108 8 FORt1AT ( ZS< "I I 2 ' II ) = II
	II ) 
	01 09 READ ( 16,'30> ZS< I) 01 1 u lliR I TE ( 6 I 9 :) I I ~\S( I ) . '(S( I ) ·' 28( I ) 
	01 1 i •j (I 1 1 2 1,D16.8) (11 1 3 1 0 1 COtH I tWE I) 1 1 4 C:iOTO 1001 (11 1 5 1:: I I I f J I I I I I C I I I I f I I I I I I I I I I I I ~ I I I I I f I I I ; I I I I I I I I I I I I I I I • 1 I 1 1 I ; 1 l 1 1 1 1 1 01 16 c (I 1 1 7 c INPUT FROM FILE 0118 c 
	C-16 
	01 1 9 01 2 0 0121 0122 0123 0124 0125 0126 0127 0128 012'3 
	013 0 
	0131 
	0132 
	0133 0134 0135 0136 0137 0138 0139 0140 0141 0142 0143 0144 0145 0146 0147 0148 0149 0150 01 51 0152 
	0153 
	0154 0155 01 56 0157 0158 0159 0160 0161 0162 0163 0164 0165 0166 016? 0168 0169 0170 
	01 71 
	0172 0173 01 74 0175 017E. 0177 0178 
	C BECAUSE OF RESTRICTION IN THE SUBROUTINES THE SYSTEM HAS TO BE r ALTIMETER AIDED. c COHTH~UE 
	1000 

	WRITE ( 1 6 I 11 ) 
	11 FORt·HH ( II FILEHAI'iE : II) READ <16,93) NAME CALL OPEN <IDC8,IERR,NAME,0,0) IF<IERR.LT.O) STOP! WRITE (6, 12) NAME 
	11
	12 FORMAT < PROGRAM *EBGH:tc VERSION eu 
	II •'• ·'• •'• ~. ,.. "· ~. '· "" "· .·. "' •'• •'• "· II 
	1/ 

	2// II FILENAME : II·' 3A2 .. /) NUM=l NSAT=4 l\IR I TE <1 6 I 1 6 ) 
	i 6 FORt1AT ( :::,'i'STEM AL Tlt1ETER AIDE() ( =1) ? : il)
	II 
	READ <16,92) IST2 
	1 0 02 CONT H~UE t IDCB,IERR,IBUF,068,LEN,NUM> IF<IERR.LT.O> STOP2 ~<P=BUF< 1 ) YP=BUF< 2 > ZP=BUF(3) I=O DO 1 02 ~~= 1 , 4 IF< ISATVtK).EQ.O) GOTO 102 I=I+1 ISATV<I>=ISATV(K) XS( I )=BUF< K+3) YS< I >=BUF< K+ 7) ZS< I >=BUF< K+ 11 ) 
	CALL READF 

	1 02 CONTINUE IF<I-3) 1004,1005,1006 
	c ---------------------
	-

	1004 WRITE (16,22> 22 FORMAT ( II ~****************************" 1,.·' " +ONL V TlJO SATELLITE::::: I~~ FILE* u II >t :t::f;,Y.:f;>l<:tc:t::f<:f<:f<*:t<:-f<:f: :i<:f: :f::f: :f::f' >f<>f< >f<:t.:f::f::f<:t: II ) 
	STOP3 c ----------------------
	-

	1005 NSAT=3 
	1006 CONTINUE CALL EB12<TIME,TOUT) WRITE (6,13) NUM,TIME,TOUT,XP,YP,ZP 
	13 FORt1AT ( RECORD-NO' : l I 3 ·'
	II II 
	1/ TII'1E : ",[>14.6 .. " SEC. ::::::) ",F8.4." HOURS Gif'iT"
	II 
	2/ USERPOSITION ---> ",3016.8,
	II 
	3/ II SATELLITE-PO::HTIOt~::; :" 4/' 1 ox, "XS" .. 14X .. "'¥'8" I 14X .. "ZS") 
	ltiRITE (6, 14) <"( IS~HV( I ),~<S< I ) .. '(S( I ) .. ZS< I)), I=1,t-4SAT> 14 FORMAT CI3,3D16.8) 
	1
	c: 

	I f f 1 1 f I I I f f I I t I I I I I I I I I I f I I I I I I I I I I I I I I I I f I I I I I I I I I I I I I I I I < l I I I I I I I 
	C COMPUTATIONS c C ** ******* :t: CALL Et~U TO Fl.LL EI'-IUP t··ATR I~< **** ** ** ** 
	1

	-.
	-· 
	1

	1 0 0 1 COtHitWE CALL ENU 
	-. 
	l

	• 
	.

	C-17 
	0179 C **********• FILL COLUMN 4 OF H MATRIX WITH 1 'S. ********** 0180 r·
	-· 
	0181 [)0 4 0 I= 1I 4 0182 H< I .. 4 ): 1 . D 0 0183 40 CONTINUE 0184 !F(NSAT.EQ.4) GOTO 1003 018~5 IF<IST2.NE.1'> GOTCI 1003 0186 H<4,1)=0. 0187 H(4 2)=0. 018:3 H(4,3)=-1. 0189 H(4,4)=0. 0190 1003 CONTINUE 0191 DO 50 I=1,NSAT 0192 c 0193 C ********** SATELLITE POSITION VECTOR MINUS AIRPLANE *~·**~***** 0194 C POSITION VECTOR 0195 c ~<=~<S( I )-~<P 0197 'r'='v'S( I )-'('P 01 '38 Z=ZS( I )-ZP 0199 c 0200 r ********** MAGNITUDE OF THE VECTOR BETWEEN THE SATELLITE ********** 0201 C AND THE AIRPLANE 0202 c 0203 
	1 
	0196 
	0215 H( I 
	0216 H(I 
	1 
	1 
	1 
	1 
	-

	C-lU 
	023'3 
	023'3 
	023'3 
	c 

	TR
	c 

	0241 
	0241 

	0242 
	0242 

	0243 
	0243 
	20 

	0244 
	0244 

	TR
	c 

	0246 
	0246 
	C 

	0247 
	0247 
	C 

	0249 
	0249 

	0251 
	0251 

	0252 
	0252 

	0253 
	0253 

	0254 
	0254 

	0256 
	0256 

	0257 
	0257 

	0258 
	0258 

	025'3 
	025'3 

	TR
	21 

	0261 
	0261 

	0262 
	0262 

	0263 
	0263 
	c 

	0264 
	0264 
	C 

	TR
	c 

	0266 
	0266 
	90 

	0267 
	0267 
	'31 

	0268 
	0268 
	92 

	0269 
	0269 
	93 

	TR
	94 

	0271 
	0271 

	0272 
	0272 


	HTRANSPOSE PRODUCT MATRIX 
	t~VHP ltiR I TE <6, 2 0) FOR~1AT ( ,..-'" ItNERTED H*HT -t·iATR L<" ) t~R I TE ( 6) 94) < ( HPFWD< L ·-') .. ,J= 1 I 4) .. I= i J 4 ) 
	CALL I 

	********** THE TRACE OF THE MATRIX IS THE SUM OF ITS *********** DIAGONAL ELEMENTS 
	TRACEZ=HPROO< 1 .. I )+HPROO< 2 .. 2) HDOPV=DSQRT<TRACEZ) PDOPV=DSQRT<TRACEZ+HPROD(3,3)) TRACEZ=TRACEZ+HPR00(3,3)+HPR0D(4,.4) GDOPV=DSQRT(TRACEZ> HDOP=SNGL<HOOPV> P[lOP=SNGU POOPV) GDOP=SNGL< GDOPV > IF( NSAT. EQ. 3, AND. I :3T2. HE. 1 ) GDOP= i . E2 0 WRITE (6,21) HDOP,PDOP,GDOP WRITE ( 16,21 _) HDOP,PDOP,GDOP 
	F 0 R t1 AT ( II H D 0 p :: II I F 1 0 • 5 ' II p [! 0 p ::!: II ·' F 1 (I • 5 .. II G[) 0 p -ii ' F 1 (I ' 5 I .. ·• ,.··' > 
	NUM=NUM+1 IF< I:3T. EQ. 1) GOTO 1 002 
	********** 
	FORMAT 
	FOR~1AT 
	FORMAT 
	FORMAT 
	FORMAT 
	STOP 
	EtW 
	FORMATS ********** 
	(D16.8) 
	<F15.8) ( 12> (JA2) (4016.:3) 
	~EB02 T=00004 IS ON CROOOii USING 00012 BLkS R=OOOO 
	0(I Q1 FTN4~~ I L I 'y' 
	0002 
	******************************~******************* 0003 C * FILENAME : &EB02 * 
	c 

	0004 
	c * 
	0005 PROGRAM COMPUTES THE E-MATRIX
	c * 
	0006 
	c ************************************************** 
	0007' c 0008 SUBROUTINE EB02 0009 IMPLICIT DOUBLE PRECISION <A-H,k-2) (l(lj(l COMMONIELEVIE<J,J) 0 01 I COMMON/POS/LAT,LON,ALT,R 0012 c -----------------
	-

	0013 SN=DSIN<LON) 0014 CN=DCOS(LON) 0015 ST=DSIN<LAT> 0016 CT=DCOS(LRT) 0 0 1 7' E ( 1 I f ) =-st·~ 0018 E<L2>=04 0019 E<1,3)=0.0 0020 E< 2, 1 )=-CN*ST 0021 E(2,2)=-SN*ST 0022 E<2,3)=CT 0 023 E< 3, 1 )=Ct~*CT 0024 EC3,2)=SN*CT 0025 E<J,J)=ST 0026 RETURN 0027' END 
	0013 SN=DSIN<LON) 0014 CN=DCOS(LON) 0015 ST=DSIN<LAT> 0016 CT=DCOS(LRT) 0 0 1 7' E ( 1 I f ) =-st·~ 0018 E<L2>=04 0019 E<1,3)=0.0 0020 E< 2, 1 )=-CN*ST 0021 E(2,2)=-SN*ST 0022 E<2,3)=CT 0 023 E< 3, 1 )=Ct~*CT 0024 EC3,2)=SN*CT 0025 E<J,J)=ST 0026 RETURN 0027' END 
	LEB03 T=00004 IS ON CR00011 USING 00012 BLKS P=OOOO 

	0001 FTN4;<,L,'r' 
	0002 c *******************************~****************** 0003 C * FILENAME : &EB03 * 0004 c * * 0005 C * COMPUTES THE USER-POSITION IN ECEF-COORDINATES * 
	0006 C * <TU-VECTOR=U-VECTOR (IN MAINPROGRAM) ) * 000? c * 0008 c ************************************************** 
	0009 r0010 SUBROUTINE E803 0011 INPL.ICIT DOUE:LE pr;;:ECISIOtl< A--2 > 0012 COMMOH/CNST/PI,RTD,OMF,AE,E2,0MF2,SGC,ERATE 0013 COMMON/DTX/TU(4) 0014 COMMON/POS/LAT,LON,ALT,XY 
	-

	0015 c -----------------
	-

	0016 SLAT=DSIU<Ulf) 0017 XY=AE/DSQRT<t .EO-E2•SLAT*SLRT) 0018 TUC3>=CXY•ONF2+ALT)•SLAT 0019 XY=CXY+ALT>•DCOS<LAT) 0020 TU< 1 >=Wr'•DCOS(; LON) 0021 TUC2)=XY•DSINCLON) 0022 RETURN 0023 END 
	:i.E 8 0 5 T=00 0 04 I S Ot~ C R 0 0 0 i i U S It~ G 0 0 (I i 2 E· Li :: S Po: 0 0 0 l' 
	I LI y 0002 
	0 0 01 FTN4;--.: 

	*********************************~*****~********************** 0003 C * FILENAME : &EB05 * 
	c 

	0004 
	c * 
	0005 c :t: COMPUTES ELEVATION AND AZIMUTH OF SATELLITES AND IN * ooo.::. c * suB . "EBot. " T H £ Po s I T I o t·~ At~ D I H ::3 u B . " EB o 7 •· THE D I ::n;:~ i·-~ c. E '+' 0007 c * USER-SATELLITE. :t: 
	:t:
	ooo::: 
	c * 
	0009 
	c ************************************************************** 
	001 0 c 0 0 11 SUBROUTINE EB05 (I) 0012 IMPLICIT DOUBLE PRECISION CA-H,K-2) 0013 DIMEHSION 'r'( 4 13) 0014 COMMON/ELEV/EC313) 00i5 COMMON/SAT/8(4) 0016 COMMON/A2M/ELVl4),A2M(4) 0017 COMMON/CNST/PI,RTD,OMF,AE,E2,0MF2,SGC,ERATE 001::~ COMMONIDTX/U(4).0(4,4),R8AR(4) 0019 
	r --------------------
	-

	0020 CALL EB06 
	0021 CALL EB07(l) 
	0022 DO ·1 0 0 I I::: 1 , 3 
	0023 '((I, II )=O.DO 
	0024 DO 1 0 0 I I I= 1 .. 3 
	0025 '('( I I I I )=\'( I·' I I >+S( I I I ):t:E( I I I I I I ) 
	0026 100 CONTINUE 
	0027 c 
	0028 C ********** COMPUTATION OF ELEVATION AND AZIMUTH OF ********** 
	0029 r SATELLITES AND OUTPUT 
	0030 c 
	0031 'f( I I 3 )='('( I .. 3 )-AE 
	0032 S't=DSQRT( '('(I·' 1 '>:t:Y( I I 1 )+\'( I·' 2 ):+:''('( I' 2)) 0033 ELV(l)=DATAN2(Y( I,3),SY)*RTD 0034 AZM< I )=DATAN2< 't'< I, 1 ) , vc I, 2) )*~no 0035 IF< A 2M( I ) . LT. 0. ) Aa1< I )=A2~1< I >+36 0. 0 0036 ltiRITE <6,1) (S(J) .••.I=1,3) .. ELV(!),I~Zt·1(J) 0037 FORMAT (5(2X,D12.4)) 0038 RETURt~ 
	0 0 :;;:·;.. EN[> 
	~E806 T=00004 IS ON CROOOii USING 00018 BLKS P=OOOO 
	0001 FTti4 >C: L I \' 0002 
	:t:
	000.3 FILENAME : &E806
	c * (: "" * 
	0004 

	0005 C * COMPUTES THE ACTUAL POSITION OF THE SATELLITE * 0006 C * IN ECEF-COORDINATES < S-VECTOR = X,Y,Z ) * 0007 c * :f: 
	0008 
	********************************~~**************** 
	c 

	0009 (: 
	(I 0 1 0 ~?UBROUT I t4E EB (IE. 
	0 011 IMPLICIT DOUBLE PRECISION <A-Z) 0012 INTEGER I 0013 COMMON/NAC/TUY,TCY,TKC,OTC(4).DTU,TC,T 
	0014 COMMON/CNST/PI,RTO,OMF,AE,E2,0MF2,SGC,ERATE,PI2 
	0015 COMMON/SAT/X,Y,Z,MK 
	0016 COMMON/082/ECC,TOE,INOT,NRATE,SRAD,OMEO,OME,MNOT,R.CINO, 
	0017 :t:SINO,COME,SOME,C 
	0018 c -------------------------
	-

	0019 A=TC-TOE 0020 TUY=DTU+T 0021 IF<A.GT.-0.3024D6.AND.A.LT.302406) TKC=A 0022 IF<A.LT.-0.302406) TKC=A+0.6048D6 0023 IF<A.GT.0.302406) TKC=A-0.604806 0024 TK=TUY-TCY+TKC 0025 OGA=OMEO+CNRATE-ERATEl*TK-ERATE:t:TOE 0026 MK=MNOT+C:t:TK 0027 6 IF<MK.GE.-PI2)G0 TO 7 0028 MK=MK+PI2 0029 GO TO 6 0030 7 IFCMK.LE.Pl2)G0 TO 8 0031 MK=MK-PI2 0032 GO TO 7 0033 8 EK=MK+ECC*DSIN<MK> 0034 DO 100 1==1,4 0035 COSE=DCOS•: EK) 0036 S I NE=[>S H~< EV > 0037 Tl<=f .-ECC:t:COSE 0038 i 1)(1 EK=EK-<EK-MK-ECC*SINE)ITK 0039 COSE=<
	0043 S I t~E=2. *~1K*E~: 
	0044 C:OSE=2. *EI<:t:EK-1 . 0045 RK=TK*R 0046 X=RK>t<EK 
	0047 Y=RK*MK 0048 Z='t>~<SINO 
	0049 EK=CINO:i<'t 
	0 05 (I S I NE=DS It~( OGA) 
	0051 COSE=DCOS<OGA) 
	0052 Y=X>t<SINE+EK>t<COSE 
	0053 X=X*COSE-EK>f<SINE 
	RETURt~ 
	0054 

	0(155 END 
	~,EB 07 T=00004 IS ON CROOOti USING 000i2 BLkS R=OOOO 
	00 01 FTN4~<,L,Y 
	0002 
	c ************************************************** 
	0003 C * FILENAME : &EB07 * 
	0004 c :+; 
	* 
	0005 COMPUTES DISTANCES TO SATTELLITE 
	c * 

	* 
	0006 c :f: :~ 0007 
	c ************************************************** 
	000t1 c 
	0009 SUBROUTINE [807(1) 
	0 01 0 IMPLICIT DOUBLE PRECISION <A-H,K-Z) 
	0 0 1 1 COI'tl'tON/SAT/S(4) 
	0012 COMI'tON/DTX/U(4),D(4,4>,R<4> 
	0013 
	c ----------------------
	-

	0014 R<I:>=O. 
	0015 DO 1 0 0 J= 1 , 3 
	0016 D( I I J )=8( J )-U( J) 
	0017 R< I):(>( I, ,J)*D< I, ,J)+R( I) 
	1)(11:3 1 0 0 COtH I WJE 
	0019 R( I )=DS~~RH R( I)) 
	0020 D( I .• 4 )= 1 . 0 
	RETIJ~:N 
	0021 

	0022 END 
	LEB09 T=00004 IS ON CROOOii USING 00012 8LkS P=OOOO 
	0001 FTt~4:'\,L,Y 
	o o o 2 r· ** , ,, * * ** * * ***** * ,..., ***=+= **** * * * **** * +. =+= ..,., =+= =·l' :-)-: ·1. =+= * * '"' =~ ·+= =+= =+= =+= =+= =+= =+= 
	:+:
	(1(1(13 C * FILENAME : &EB09 
	0004 
	c * 
	1)(1(15 C * MULTIPLICATES TWO MATRICES --> H*G=A 
	* 
	:t:
	0006 
	c * 
	000? 
	c *************************************************** 
	0008 c 0009 SUBROUT It~E EB 0'3 0010 IMPLICIT DOUBLE PRECISION CA-H,L-Z> 0 0 1 1 COMMONIMAT/G(4,4),H(4,4),A(4,4) 0012 
	c ------------------
	-

	0013 DO 100 I=1 .. 4 
	0014 00 1 0 (I J= 1.• 4 
	0015 TEMP= 0. (l(l 0 
	0016 DO 101 K=1 ,4 
	0017 TEMP=TEMP+H(l,k):+:G(K,J) 
	(1(11::: 101 CONTI HUE 
	0019 A( I I J )=TH1P 0020 100 CONTHWE 0021 RETURt~ 0022 END 
	C-25 
	~EBi2 T=00004 IS ON CROOOli USING 00012 8LKS R=OOOO 
	Tt~ 4;:<: L ' 'y'
	0 0 0 1 F

	I 
	000] c :+: 0004 c * :+: 0005 C * ROUTINE TO CONVERT SECONDS TO HOURS MIN SEC. * 
	OOOE. c :+: 
	:t: 
	0007 
	r *************************************************** 
	0008 c 00 09 SUBROUTINE EB12 (TMIN,THR) 0010 IMPLICIT DOUBLE PRECISION (A-Z) 001 1 REAL THR 0012 INTEGER:+:4 HR,MIN,SEC 0013 
	c ---------------------
	-

	0014 THR=<SNGLCTMIN)/3600.0)+,00005 0015 HR= I tH< THR) 0016 THR=< THR·-HR ):t<6 0 0017 1'1 H~= HH< THR) 
	001:3 THR=( THR-I't Hi ):t<6 (I 0019 SEC= I tH< THR) 0 (1;2 0 THR:=Hj;(+-·~ t1 I tH:' 01 H( SEC:+:. 0 0 01 ··+. I) I) (I 0'5 o~; 1 RETURt··l 0 0~~2 END 
	o

	0 0 0 1 
	0 0 0 1 
	0 0 0 1 
	F TtH , L 
	'( 

	0002 0003 
	0002 0003 
	c C 
	************************************************** * FILENAME : &EB14 * 

	0004 0005 
	0004 0005 
	C C 
	* READS ALMANAC-DATA FROM DATA-TAPE,CONVERTS IT * INTO DOUBLE PRECISION AND CREATES ARRAY WITH 
	* * 

	0006 
	0006 
	C * 
	DATA 
	FOR 
	MAINPROGRAM. 
	* 

	0007 
	0007 
	c 
	*' 

	0008 
	0008 
	c 
	************************************************** 

	0009 
	0009 
	c 

	0010 
	0010 
	SUBROUTINE 
	EB14 

	0011 
	0011 
	DOUBLE 
	PRECISION 
	AD,A,B,C,DTC 

	0012 
	0012 
	COMMON/ALM/AD< 14,24>,ID1(24) 

	0013 
	0013 
	COMMON/NAC/A,B,C,DTC 

	0014 
	0014 
	DIMENSION 
	IALMAC(12,24),ISVPRNC24),I0(24) 

	0 0 15 
	0 0 15 
	ItH E G E R 
	A L M ~ C ( 2 4 , 2 4 ":1 , 
	I A R ( :: ) .. 
	I E: U F ( 3 1 0 ) , I D A W;' <2 4 > 

	001 6 
	001 6 
	E~W I VALENCE( I BUH 16 ".1, 
	I Alt'tAC) 

	0017 
	0017 
	REAL 
	OMD,OMO,MO 

	0018 
	0018 
	INTEGER 
	H 

	0019 
	0019 
	DATA 
	PI/3.14159265/,ISVPRN/4,7,6,8,5,9,18*0/ 

	0020 
	0020 
	c 

	0021 
	0021 
	C 
	ISTAD 
	IS 
	THE 
	STARTING 
	ADDRESS 
	OF 
	ALMANAC 
	DATA 
	AND 
	IWCNT 
	IS 
	THE 
	NUMBER 

	0022 
	0022 
	C 
	OF 
	WORDS 
	IN 
	THE 
	ALMANAC 
	DATA. 

	0023 
	0023 
	c 

	0024 
	0024 
	DATA 
	ISTAD/1727008/, IWCNT/310/,LUS/8/ 

	0025 
	0025 
	c 

	0026 
	0026 
	C 
	CALL 
	EXEC 
	TO 
	READ 
	IN 
	ALMANAC 
	DATA. 

	0027 
	0027 
	c 

	0028 
	0028 
	100 
	CALL 
	EXEC(1,LU9,18UF,IWCNT) 

	0029 
	0029 
	CALL 
	ABREG<IERR,NWRD> 

	0 0 3 0 
	0 0 3 0 
	I F ( tH,I R D 
	, t~ E . 
	2 8 8 :0 
	G0 
	T0 
	1 0 0 

	0031 
	0031 
	DO 
	40 
	,J=1 .. 24 

	0032 
	0032 
	DO 
	50 
	1=:1,12 

	0033 
	0033 
	I2=2*I 

	0034 
	0034 
	!1=12-1 

	0035 
	0035 
	IlNP:::If~LI'1flC( L 
	.J) 

	0036 
	0036 
	ALMAC(I1,J)=IAND(ITMP,3778) 

	0 OT? 
	0 OT? 
	ALMAC(I2,J)=ISHFT<ITMP,-8) 

	(1(138 
	(1(138 
	50 
	COtHINUE 

	1)(139 
	1)(139 
	40 
	COtHit·WE 

	0040 
	0040 
	WRITE< 16,120> 

	0041 
	0041 
	READ<16,*)DTC 

	0042 
	0042 
	c 

	0043 
	0043 
	C 
	GET 
	SATELLITE 
	ID<PRN 
	NUMBER) 
	FROM 
	ALMANAC 
	DATA. 

	0044 
	0044 
	c 

	0045 
	0045 
	DO 
	1 0 
	J= 1 , 24 

	0046 
	0046 
	[>(1201=1,24 

	0047 
	0047 
	I [l( I )=ALI'IAC( 1 I I ) 

	0048 
	0048 
	c 

	0049 
	0049 
	C 
	TEST 
	TO 
	SEE 
	IF 
	SATEl.L.ITE 
	IS 
	IN 
	PRN 
	NUMBER 
	ORDER. 

	0050 
	0050 
	c: 

	1.1051 
	1.1051 
	IF< 1[)( J ) , Et1. 
	0 )GO 
	TO 
	2 0 

	it 0 ~;;7~ 
	it 0 ~;;7~ 
	IF( I 0( I ) , EQ, 
	I SVPRt~( 
	J) )GO 
	TO 
	3 0 

	(I (l';i"3 
	(I (l';i"3 
	2 u 
	COtH I tWE 

	(I (1~)4 
	(I (1~)4 
	GO 
	TO 
	10 

	0 05~i 
	0 05~i 
	c 

	0056 
	0056 
	C 
	GFT 
	ECENTRICITY 
	OF 
	SATELLITE 
	ORBIT 
	FROM 
	ALMANAC 
	DATA. 

	005? 
	005? 
	r·-· 

	0058 
	0058 
	3 0 
	I A R <2 ) = I 0 R ( I ~; H F T< f~ L~fA C ( 2 .. 
	I ) , :3 ) . AU•1 A C ( 3 .. 
	I ) ) 


	0059 IDARY<J)=ID 
	0060 IAR< 1 >=O 
	0061 ID1 ( J >=Hl( I> 
	0062 c 
	0063 C ECEHTRICITY IS SC~LED BY A FACTOR OF 2**-21. 
	0064 c 
	0065 E=DINTF(IAR>*4.7683716E-7 
	0066 c 0067 C GET TIME OF APPLICABILITY OF THE ALMANAC PARAMETERS. 
	0068 c 
	0069 IAR<2>=ALMAC(4,I) 
	0070 IAR< 1 >=O 
	0071 c 
	0072 C TOA<SECONDSl IS SCALED BY A FACTOR OF 2**12. 
	0073 c 
	00?4 TOA=DINTF<IAR>*4096.0 
	00?5 c 
	0076 C GET SATELLITE GRBIT INCLINATION FROM ALMANAC DATA. 
	0077 1.:: 
	0078 IAR(2J=IOR<ISHFT(ALMAC(5, 1),8l,ALMAC(6,J)) 
	0 0?'?1 I ?-lf''( t )== 0 
	0080 IF(IAf;.:(2l .LT. 0) U~f;:(t):::--1 
	0081 (" 
	0082 C Dl(SEMICIRCLES> IS SCALED BY A FACTOR OF 2**-19 INCREMENTED 
	(t083 C 8'l 1/3 At·l[:• 1'1ULTIPLIED BY PI TO 'dEU) RADIAt·H:;, 
	0084 c 
	0085 D I =( ( DIN T F ( I A R .' * i , ·j 0? 3 4 ;3 ,;:. E-6 >+ ( 1 . 0,.·' 3 . (I ) ) *P I 
	,~
	0086 
	-· 
	0087 C GET DRIFT RATE OF LONGITUDE OF ASCENDING NODE OF THE ORBIT 0088 C FROM ALMANAC DATA. 
	-.
	008'3 L·' 
	0 0'3 0 IAR(1)=0 
	0091 1 AR( 2 >=I OR( I SHFT< ALI'1AC( 7, I ) .. ::::) , AUinC( 8, I ) ) 
	0092 IF< I AR( 2 > ,LT. 0) I AR( 1 ):::-1 
	0093 c 
	0094 (: OMD CSEMICIRCLES/SEC) IS SCALED BY A FACTOR OF 2**-38 AND 
	0095 c MULTIPLIED BY PI TO YIELD RADIANS/SEC. 
	(1096 c 
	0 0 9 7 0 ~1D =DItH F < I A R ) :t-P I *3 . 6 3 7 ·::;. 7::: 8 E ·-1 2 
	009:3 c 0099 C GET HEALTH WORD FROM ALMANAC DATA. 0100 c 0101 H=ALMAC(9,1) 
	0102 r· 
	0103 C GET THE SQUARE ROOT OF THE SEMI-MAJOR AXIS OF THE ORBIT 0104 C FROM ALMANAC DATA. 0105 c 0106 IAR< 1 )=ALI'fAU 10, I> 01 0 7 I A R <2 ) =I 0 R<I S H F T <A L M {\ C ( i 1 .. I :) , 8 ) .. A U1 A C < 1 2 , I ) ) 01 0:3 c 01 (19 c RACMETERS) IS SCALED BY A FACTOR OF 2+:*-11. 0 1 1 0 c 01 1 1 RA=DINTF<IAR>*4.8828125E-4 01 1 2 c 0113 C GET THE RIGHT ~SCENSION OF THE ORBIT FROM ALMANAC DATA. 0114 ,01 1 5 I A r~ <2 ) ::: I 0 R .; I :3 H F H 1:'i L N A C ( 1 4 , I ) . C: l , H I. !·1 Af>. ·1 '5 . I ) ) 01 1
	-

	1 .• : 
	0119 C OMO<SEMICIRCLES)IS SCALED BY A FACTOR OF 2**-23 AND 
	C MULTIPLIED BY PI TO YIELD RADIANS. 0121 c 0122 OMO=DINTF(JAR):+<PI*1. 1920929E-7 0123 c 0124 C GET THE ~RGUMENT OF PERIGEE FROM ALMANAC DATA. 
	c 
	0126 I AR( 1 )=ALMAC( 16, I > 0127 IAR(2)=IOR< ISHFT<ALMAC< 1? .. I >.. :::>,AU1AC< t::: .. I)) 
	01 2:3 IF< I ~~ t~ D< I A r;: ( 1 ) , 2 0 (I 8 ) , N E , 0 )I Af': <i ) =I 0 F.: ( I A R <1 ) .. 1 7 7 4 0 0 E: > 0129 c 
	C W(SEMICIRCLES) IS SCALED BY A FACTOR OF 2**-23 AND 0131 C MULTIPLIED BY PI TO YIELD RADIANS. 0132 c 0133 lJ=DitHF.; IAR):t<PI:+:1. 1920929E·-7 0134 c 
	C GET MEAN ANOMALY AT TOA FROM ALMANAC DATA. 0136 c 0 t 37 I AR< 1 )=AUhK( 1 9 I 1 ) 01 3:.:: IF< I At~[)( I AR< 1 ) I 2 (I 08). HE. 0 )I AF.:( 1 )=I OR< I AR( 1 ) I i 774 0 OE: ) Ot:J·::-IAR<2>=IOR( ISHFT<ALMAC<:?O .. I >.. 8>1AUtAC(21, I)) 
	c 0141 C MO(SEMICIRCLES> IS SCALED BY A FACTOR OF 2**-23 AND 0142 C MULTIPL.IED BY PI TO YIELD RADIANS. 0143 c 0144 l'tO=DitHF< IAR>*F'I:+<1. 1'320929E-? 
	AD( 1 I ,J >=DBLE( E) 0146 AD<2,J>=DBLE<TOA) 0147 AN 3 I ..I )=[)BLE( [)I ) 0148 AD<4,J>=DBLE<OMD) 0149 A[l( 5 I ..I >=DBLE( RA) 
	J)=DBLE<OM0) 0151 AD( 7 .. ._I >=DBLE( IAI) 0152 AD( 8 I ..I ):[lBLE< MO) 01 53 1 0 COtHINUE 0154 RETURN 
	AD(6 
	1 

	120 FORI·tAT( EtHER COLLECT I Ot~ DATE FO~: ALNANAC DATA< tHH Df~Y) >
	II II 
	0156 END 
	il.H[lOi T=0Ci(lfl4 IS Oti CRi.:OOl i USIHG I)I)OiC: C:Lf::.·::;: p::::;(l(IOO 
	FTtN~<,L,'( 
	0001 

	0002 c ************************************************** 
	0003 C * FILENAME : &HD01 * 
	0004 c * * 
	0005 C *COMPUTES THE G-MATRIX,INVERTES AND TRANSPONES 
	* 
	o o ot.:. C * IT AND COMPUTES THE HOOP AND GDOP. 
	* 
	0007 C * FORMULAS FROM : MILLIKEN/ZOLLER 
	* 
	000:3 C * "NAVSTAR OPERATIOt·~" 
	* 
	0009 
	c * 
	* 

	0 01 0 
	c ************************************************** 
	0011 c 
	0012 SUBROUTINE HD01 
	0013 IMPLICIT DOUBLE PRECISION (A-H,K-M,O-Z) 
	0014 DIMENSION IL(4),IM<4> 
	0015 COMMON/POS/LAT,LON,ALT 
	0016 COMMON/DTX/U(4),0(4,4) 
	0017 COMMON/CNST/PI,RTD 
	0018 COMMON/BLG/G(4,4),N FOR MATRI~INVERSION 
	0(119 COMMON/MAT/A(4,4),AT<4,4>,AAT(4,4) 
	0 02 0 COMMON/HDOP/HDOP,INS,GDOP 
	0 0;21 N=4 
	0022 c 
	(=G) t****~***t 
	0023 C ********** COMPUTATION OF A 

	0024 c 
	0025 A1=DSINCLON> 
	0026 A2=DCOS<LON> 
	0027 AJ=DSIN<LAT) 0028 A4=DCOS<LAT> 0029 IF<INS.EQ.4) GOTO 1000 
	0030 DO 102 I=1,4 0031 D<4,Il=U<I> 0032 102 CONTINUE 0033 1000 CONTINUE 0034 DO 100 !=1,4 0035 AS::: 1 . /DSQRT< [l( I I 1 ).f<[>( I I 1 )+0( J .. ;;:: ):+:[).; I·' 2 )+[J( I I 3 ):+:[:•( I·' 3.!) 0036 A< I I 1 )=( -D< I·' 1 ):+:A 1 +[l( I' 2 ):+:A2 ):~<A5 0037 A•: I/ 2 ):( -[)( I 1 ):-t<A3:f<A2-~[>( I·' 2 )H{3:+:A 1 +[)( I I 3 ):t:A4 )'f<A5J 0038 A( I ,3 :>=r.: [>(I, 1 ):+:A4:-r.A2·+-D( I, 2 ):t:~~.:.~:t:A1 +D( I, 3 )·f<A3 ):+:~l~i 0039 A( I .. 4 )= 1 . 
	0040 100 CONTINUE 
	0041 c 
	0042 C ********** MATRIX-TRANSPONATION ******~*** 
	0043 c 
	0044 DO 10t 1=1,4 0045 [lO i 01 J=1 .. 4 0046 AT( I I J )=A< J I I ) 0047' 101 C:OtH INUE 0048 c 
	0049 C ********** MULTIPLICATION OF MATRIZES (AT:t:A)=AAT ~*****~*** 
	(I 05 0 c 
	0051 CALL EBO~ 0052 c 0053 C~ ""'*'l':~t::t<:tc:t::t:>f< IHVER·;IOt·l OF Af~T f41·,1() C()I'IPLITAfiOt~ OF 11C•OP t:.i:+t+-:+·+<+++ 0054 c. 0055 DO 103 1=1 ,4 00~)6 [>0 103 ,_1:::1,4 
	005? G< I I ·-' )=AAl( I! ,.J) 
	0058 103 CONTINUE 
	CALL MINVD<G,N,DET,IL,IM) 
	IF<DET.EQ.O.ODO) GOTO 1001 HDOP=DSQRT< G< 1 , 1 )+G< 2, 2)) ! 1 )+G< 2 I 2 )+G( 3' 3 )+G( 4! 4)) 
	G[lOP=[lSQRT( G( 1 

	RETURt·~ 
	1 0 0 1 CONTINUE 
	WRITE <6 .. 1) 
	WRITE ( 1 6, 1 ) 
	FORMAT ( II ***************** II 
	1/ II t ~1ATR I~< s It~GULAf'::+: II 
	II II)
	;t.:f<:f<:4c:t<:f<*:f<:f<:f<:f<lf<;f::f;:f::-j<;f: 
	RETURt~ 
	END 
	~MINVD T=00003 IS ON CROOOit USING 00024 8LKS R=OOOO 
	FTH4~<~L,Y 0002 c 0003 c 
	0001 

	t I I I I I I I I I I I I I I I 1 I I I I 1 I 1 , 1 1 1 I 1 J I I ; I I I I I I I I I I ' I • ' I < 
	0004 c 0005 c SUBROUTINE r1It..f'·/[1 H P ·-'./ E: i-=: ~; I 0 t~ 0006 c 0007 r· PURP0;3E ooo::: c HIVERT A NATR I>~ 0009 c 0010 c U:;AGE c CALL MINVDtA~N,D,L,M) 0 (I L=.:: (: 
	001 ., 

	001.3 c DESCRIPTION OF PARAMETERS 0014 c A -INPUT MATRIX, DESTROYE~ IN COMPUTATION AND REPLACED BY 0015 c RESULTANT INVERSE. 0 01 E. c N -ORDER OF MATRIX A 0017 c D -RESULTANT DETERMINANT 0018 c L -WORK VECTOR OF LENGTH N 0019 c M -WORK VECTOR OF LENGTH N 0020 c 0021 c REI'1AR~~S 0022 c MATRIX A MUST BE A GENERAL MATRIX 0023 c 0024 c SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED U025 c NONE 1) 026 c 
	0027 I i'1ETHOD i\ 02~~ c THE STANDARD GAUSS-JO~DAN METHOD IS USED. THE bETERMINANf Li 0::2'9 t:. I S A L S 0 C A I. CUl. ~:1 T E C• . f~ D E T F P f'~ 'f t ;(1 f·l T 0 F ? EF: n I t I C· l ( tt T E ·:. l H(~ ·r U03U TH£ MATRIX IS SINGULAR. 0031 c 0032 c 0033 c 0034 SUBROUTINE MINVD(A,N,D,L,M) 0035 IMPLICIT DOUBLE PRECISION <A-H,O-T,V-2) 0036 IMPLICIT REAL*4 (U) 0037 DI1'1Et~SIOt~ A( 1 ) .. U 1 ) .. t1< 1 > 0038 c 0039 c: SEARCH FOR LARGEST ELEMENT 0040 c 0041 [>=1. 1)[>1) 0042 NK=-t~ 0043 DO 8 0 I<= 1 I t~
	0 041.:. 
	() 04 -~ 

	I) (I~ ('I I Z=IH•< ,J-1 ) 0 0 ~;I [)I) 20 I=K,N 0052 I ~1:::: I Z+ I ll 053 1 (I I H D A 8 s ( 8 I G A ) -(1 H8 s ( A< I ,_I ) ) ::. 1 5 I 2 0 .• 2 0 0054 15 BIGA=A<IJ) 0055 u~:)=I 
	0056 M<K)=J 0057 20 CONTINUE 0058 C: 
	C-32 
	0 05'3 
	0 05'3 
	0 05'3 
	c 
	I tHERCHAt-4GE 
	ROI.,IS 

	0 06 (I 
	0 06 (I 
	c 

	0061 
	0061 
	'"I=L( K) 

	0062 
	0062 
	IF(J-K) 
	35,35,25 

	0063 
	0063 
	25 
	KI=K-N 

	0064 
	0064 
	DO 
	30 
	1=1,N 

	0065 
	0065 
	KI=KI+N 

	0066 
	0066 
	HOLD=-A(KI> 

	0067 
	0067 
	JI=KI-K+J 

	0068 
	0068 
	A( KI )=A( JI) 

	0069 
	0069 
	30 
	A<JI) 
	=HOLD 

	0070 
	0070 
	(: 

	0071 
	0071 
	c 
	INTERCHANGE 
	COLUMNS 

	0072 
	0072 
	c 


	0084 CONTAINED IN 8IGA) 0085 
	011 7 c 011 8 c PRODUCT OF PIVOTS 
	C-33 
	011 9 (: 
	0120 D=D*BIGA 
	0122 1F: EF' L. A C E P I V 0 T 8 '( ~; E C I F' k 0 C,:j i..
	-. 

	-· 
	0123 c 0124 A( I< I<):: 1 , OD 0/E: I GA 0125 :30 COtHHWE 0126 c 
	,-.
	012? FINAL ROW AND COLUMN INTERCHANGE 
	0128 c 
	0129 K=t~ 
	0130 100K=<K-1) 
	0131 IF<K) 150,150,105 
	0132 105 I=L(K) 
	0133 IF<I-K) 120,120,108 
	01 34 1Ot: ~IQ=N>t<( K-1 ) 
	0135 .,IR=t~>t<(J-1) 
	0136 DO 110 J=1,N 
	0137 J K == ,.I G! + ,J 
	0138 HOU>=A< ~W) 
	0139 ,JI=~IR+.J 
	0140 A( JK )=-A< ,J I :> 
	(11 4 1 11 0 A(Jl) =HOLD 
	0142 12 0 J=N< K ) 
	014.3 !F(.J-·K) 100,101),1:=25 
	t~
	1
	.-, 

	Oi44 .;:. .••J KI=i<-N 
	0145 DO 130 I=t .. t~ 
	0146 KI=KI+N 
	0147 HOLD=A( t': I ) 
	0148 JI=KI-K+J 0149 A( KI )=-A( ~'I) 01 50 1 3 0 A< n ) =HOLL• 
	015i GO TO 100 0152 150 RETURN 
	0153 END 
	T~00004 IS ON CROOOi3 USING 00003 BLkS R=OOOO 
	'DINTF 

	0001 A~3M8, L 0002 t·~AM DitHF 1)003 ENT DINTF 0 (I 04 EXT .FLTD 0005 DitHF HOP OOOE. ISZ DINTF 000? LOA DitHF I I 1)0(18 STA IBF 0009 ISZ DitHF 0 01 0 DLD IBF,I 0 0 1 1 AND 8377 0012 .JSB .FLTD 
	001.3 JMP DitHF, I 0014 IE:F BSS 1 
	-,-":'
	.... 

	0015 E:377 ..j.t' ,. 0016 END 
	OCT 

	0 0 01 
	0002 0003 0004 001)5 
	0 0 06 
	0007 0008 0009 0010 0 0 1 I 0012 0013 0014 
	0015 0016 
	0017 
	0018 
	001'3 0020 0021 0022 0023 0024 0025 0026 0027 0028 0029 0030 0031 0032 
	0033 
	0034 0035 0036 
	T=00003 IS ON CR00002 USING 00023 BLKS R=OOOO 
	FTN4,M,'r' (:********************************************************************* 
	c c THIS SUBROUTINE FILLS THE ENUP MATRIX. c r· MICHAEL J. MAGROGAN CO·-OP ~CT-100D FE8RUAf<:'r' 1981 
	:t: 
	c ... 
	C***************************************************************'~***** 
	SUBROLITIHE ENU c THIS SUBROUTINE IS PASSED AIRCRAFT POSITION<XP,YP,ZP) FROM THE MAIN C PROGRAM<GDOP) AND RETURNS THE FILLED ENUP MATRIX. 
	COMMON /COORD/ ENUP(3,3),XP,YP,ZP,H(4,4),HT(4,4>,HPROD(4,4), 
	+LSAT(4),XSC4>,YSC4),ZS(4),HDOPV,GDOPV DOUBLE PRECISION ENUP,XP,YP,ZP,H,HT,HPROD,XS,YS,ZS,HDOPV,GDOPV DOUBLE PRECISION WP,TAHPHI,COSLAM,SINLAM,COSPHI,SINPHI,ESQU DATA ESQU/0. 0066943177800/ 
	c CALCULATE THE TERMS NEEDED TO FILL ENUP MATRI~. WP=DSQRT<XP**2+YP**2) TANPH I =ZP/ltiP t~LM1='r'P /WP TANPH I =TANPH I/( 1 • D O-E£;QU > COSPHI=f. DO/DSQRT< 1. DO+TAI'-WHI:t::-t<? > SINPHI=COSPHI*TANPHI 
	COSLAN=XP.·'l•.IP 
	S I 

	c FILL ENLIP NATRIX. ENUP< 1.. 1 )=-S I NLAt1 ENUP( 1,2>=COSLAM )= 0. D 0 ENUP< 2, 1 )=-S I NPH I *COSLAI··l ENUP<2,2>=-SINPHI*SINLAM ENUP( 2 .• 3 )=COSPH I )=COSPHI*COSL~M ENUP(3,2)=COSPHI*SINLAM ENUPC3,3)=SINPHI 
	ENUP< 1 , 3 
	EHUP(3,1 

	RETU~H~ 
	Et~[> 
	LHTRAN T=00003 IS ON CR00002 USING 00007 8LkS R=OOOO 
	0 0 01 FTN4,L,Y 
	0002 
	C******************************************************************** 
	0003 
	0003 
	0003 
	c 
	* 

	0004 
	0004 
	c 
	THIS 
	SUBROUTINE 
	COMPUTES 
	THE 
	TRANSPOSE 
	OF 
	THE 
	H MATRIX. 
	* 

	0005 
	0005 
	c 
	* 

	0006 
	0006 
	c 
	MICHAEL 
	J. MAGROGAN 
	CO-OP 
	ACT-IOOD 
	FEBRUARY 
	1981 
	* 

	0007 
	0007 
	c 
	* 


	0008 
	C******************************************************************** 
	0009 SUBROUT I t~E HTRAN 0010 C THIS SUBROUTINE IS PASSED THE H MATRIX FROM THE MAIN PROGRAMCGDOP> (I 0 1 1 C AND RETURNS THE TRANSPOSE OF THE H MATRIX<HTl. 0012 COMMON /COORD/ ENUPCJ,J),XP,YP,2P,H(4,4),HT(4,4),HPROD(4,4), 0013 +LSATC4),XSC4),YS(4),2S(4),HDOPV,GDOPV 0014 DOUBLE PRECISION ENUP,XP,YP,ZP,H,HT,HPROD,XS,YS,ZS,HDOPV,GDOPV 0015 C COMPUTE THE TRANSPOSE OF THE H MATRIX. 0016 DO 10 1=1,4 0017 DO 20 J=t,4 0018 HT< I, J >=H< ..r, I ) 0019 20 CONTINUE 0020 tO CONTINUE 0021 RETURN 0022 END 
	C-37 
	0 0 01 FTt-14 .• LI'(' 0002 
	c~***********************************~**~****************+~**~*~**~*** 
	0003 
	r * 
	0004 c 
	0 (I o.s c 0006 C MICHAEL J, MAGROGAN CO-OP ACT-1000 FEB 1981 * 0007 c \ :·f: 000:3 
	C********************************************************************* 0009 ~31JBROUT I HE ~1LHHT 0010 C THIS SUBROUTINE IS PASSED THE H AND H TRANSPOSE MATRICES FROM THE 0 01 1 C NAIN PROGRAM <GDOP) AND RETURNS THE PRODUCT MATRIX CHPROD) 0012 COMMONICOORD/Et~UP(3,3),XP,YP,ZP,H<4,4),HT<4,4),HPROD<4,4), 0013 +LSAT<4),X8(4),Y8(4),28(4),HDOPV,GDOPV 0014 DOUBLE PRECISION ENUP,XP,YP,ZP,H,HT,HPROD,XS,YS,ZS,HDOPV,GDOPV 0015 C MULTIPLY THE H AND HT MATRICES 0016 DO 1 0 I= 1 , 4 OOi? [)0 j 0 ,1= 1 ' 4 
	0 0 Hl HPROD( I , J );" 0 . [) n 0 0 j•j DO 10 K=1,4 0020 HPROD( I, ,J )::::HPRODC: 1 .· .. 1 )+HT< l . f: ).t:H< t::, ,J > 
	0021 1 (I COtH I NUE 0022 RETURN 
	0 0:23 EtW 
	&I H '·/ H P T=0 0 0 0 3 I :;: 0 H C R (: 0 0 (! 2 U:;:: i t·l G 0 0 0 2 4 1:~ L 1<. ::: F: :: 0 0 0 0 
	0 (I 0 1 FTt~4 .. L.. Y (:************************************************************~~*****
	0002 

	0003 
	0003 
	0003 
	c 

	0004 
	0004 
	c 
	THIS 
	SUBROUTINE 
	WAS 
	WRITTEN 
	BY 
	CHE 
	S. WONG 
	IT 
	IS 
	IN 
	:~IS 

	0005 
	0005 
	c 
	PAPER 
	" A 
	'-~ P :;; 
	.~ Lr11·1t~ Ac " .. 
	HE 
	c r1 L. L:=: 
	TH I ::: 
	:3 u B R o u T H4 E 
	;> :··h4 r r " . 

	0 (ll.h::. 
	0 (ll.h::. 
	c 
	.+: 

	(I 0 (I;:· 
	(I 0 (I;:· 
	c 
	:+: 

	ooo::: 
	ooo::: 
	(: 
	MICHAEL 
	J. 
	M~GROGAN 
	CO-OP 
	ACT-1000 
	FEBRUARY 
	1981 

	0009 
	0009 
	c 
	* 


	0010 C***************************************************************'~*** 
	0011 SUBROUTINE INVHP 
	MATRI~ AND SUBSTITUTES THE 
	0012 C 'INVHPR' INVERTS THE H PRODUCT 

	0013 C RESULTS BACk INTO THE H PRODUCT MATRIX. 
	0014 c 
	0015 C THIS SUBROUTINE IS PASSED THE H PRODUCT MATRIX(HPROD) FROM THE 
	0016 C MAIN PROGRAM<GDOP) AND RETURNS THE MATRIX INVERSE OF THE H 
	0017 C PRODUCT MATRIX<HPROD). 
	0018 COMMON /COORD/ENUP(J,3),XP,YP,2P,H(4,4),HT<4,4),HPROD(4,4), 
	0019 +LSAT(4),X8(4),Y8(4),2S<4),HDOPV,GDOPV,DET 
	0020 DOUBLE PRECISION ENUP,XP,YP,ZP,H,HT,HPROD,XS,YS,ZS.HDOPV,GDOPV 
	0021 DOUBLE PRECISION PIVOT,ONE,2E~O.T,DET 
	0022 DIMENSION INDE~(4,2),IPVOT(4),PlV0T(4) 
	0023 DATA ONE/1 .DO/,ZER0/0.00/ 
	0024 DET=1 .DO 
	0025 c CLEAR IPVOT VECTOR. 
	0026 DO 10 !=1,4 
	0027 IPVOT<I>=O 
	0028 1 0 COtH I t~UE 
	0029 c FOLLOWING 12 STATEMENTS SEARCH FOR PIVOT ELEMENT. 
	003(1 00 20 1=1,4 
	0031 T=ZERO 
	0032 DO 30 J=1 .. 4 
	0033 IF< I PVOT( ,J )-1 ) 31 , 3 0 .. 31 
	0034 31 DO 40 1<=1,4 
	0035 I F <I F' V 0 H I< ) ·-1 ) 4 1 , 4 0 , 9 1 
	0036 41 IF<DABS<T)-DABS(HPROD( J,K))) 42,40,40 
	0037 42 IROl\f:::,J 
	003:.~ ICOL.=I< 
	0039 T=HPROD<J,K) 
	0040 40 CONTINUE 
	0041 30 CONTINUE 
	0042 IPVOT<ICOL>=IPVOT<ICOL)+l 
	0043 c FOLLOWING 15 STATEMENTS PUT PIVOT ELEMENT ON DIAGONAL. 
	0044 IF( IROI.r.i-ICOL > 43,51,43 
	0045 43 DET=-OET 
	0046 DO 50 L=1,4 
	o o~l7 T=HPRO[)( IROl•.l, L) 
	004::: HPROD<IROW,L>=HPROD(ICOL,L) 
	004'3 50 HPROD<ICOL,L>=T 
	(1(150 :i 1 I NDE!-;( I I 1 ):-::I RO{,I 
	0051 ItmEX( I, 2 )=ICOL 
	(1052 PIVOT( I )=HPROD( IC.OL,. ICOL.) 
	0053 OET=C>ETot<PIVOT< I> 
	0054 c THE F 0 L. L 0 I.J It4 G 6 ::; TAT HIENT S D I V I [iF F' 1 '.,.' (! T f.:: CH,I 
	0055 c BY PIVOT ELEMENT. 
	0056 HPROD(ICOL, ICOLl=ONE 
	0057 DO 6(1 L=1,4 
	0058 60 HPROC>( I COL, L )=HPRO[:r( I COl. .. L )/PIVOT( I ) 
	0059 
	0059 
	0059 
	c 
	FOLLWOING 
	10 
	STATEMENTS 
	TO 
	REDUCE 
	NON-PIVOT 
	ROWS. 

	0060 
	0060 
	DO 
	20 
	LI=1~4 

	oo.:.1 
	oo.:.1 
	IF( L I-I COL.) 
	21 I 2 0' 2 i 

	(I 06;;-~ 
	(I 06;;-~ 
	2i 
	T=HPROD( LI I I COL) 

	0063 
	0063 
	HPROD(LI,ICOL)=ZERO 

	0064 0065 
	0064 0065 
	70 
	t)o 7 o L= 1 I 4 HPROD<LI,L)=HPROD(LI,L)-HPROD( ICOL,L)*T 

	0066 
	0066 
	20 
	CONTINUE 

	006~ 
	006~ 
	C 
	FOLLOWING 
	11 
	STATEMENTS 
	TO 
	INTERCHANGE 
	COLUMNS. 

	0068 
	0068 
	DO 
	80 
	1=1,4 

	0069 
	0069 
	L=4-I+1 

	0 07 0 
	0 07 0 
	IF< ItH>EX< L .• 1 >-I NDE~« L, 2 > >81 .. :3 0, 8 t 

	0 071 
	0 071 
	:3 1 
	~IROl•J= I NDE~<( L, 1 > 

	0072 
	0072 
	JCOL=INDEX(L,2) 

	0073 
	0073 
	D090K=1,4 

	0074 
	0074 
	T=HPROD<K,JROW> 

	0075 
	0075 
	HPROD<K,JROW)=HPROD<K,JCOL) 

	0076 
	0076 
	HPROD<K,JCOL)=T 

	0077 
	0077 
	90 
	CONTINUE 

	0078 
	0078 
	80 
	CONTINUE 

	0079 
	0079 
	91 
	RETURN 

	0080 
	0080 
	END 


	C-40 
	APPENDIX D EXAMPLES OF DATA FILES 
	Almanac Files 
	Almanac Files 
	OOOi 57,000000 ~ 
	u(I (t~~ Cl '23045540£>-02 ;) ' i 1 1 241 56[:·+ 0 'i ... u . ~.) i 9 -=4 ::~ 4 ~3 5 l.."' .. (: ~:: 
	(I (I (1.3 u.51536416D+04 -·-(l ' 2 (t 9 i 6 '?I 'l :3 [l + (I 'i ~~, , ,:. ·? ...:j. ·?.. ;.:-.:; ::?. ~~: i.) r (t (: 
	1_1 0 04 
	~657 T=00004 IS ON CR000C2 USING 00002 BL~S R=0000 
	0 0 01 5/. 0000(1(1 0 0 02: I) , 15 f.i I) 6 ;;' 4 4 [•-I) 2 (I, 331 776lll)[H-1)6 :·:. 1 1 0? i i :3t:.[•+ 1_1] (J ' ( . .;., ~? 4 'i ·: 5 ['t -(I;:; 
	I) (I (1'3 r:•, 51 5364'314[•+ (:4 .... n , ·1 5 5 04 ? 4 6 (J + o1 11 ' 2 0 4 9 4 3 ::: I) LI+ 0 1 i 1_1 7 4 ~3 -~ ;-~:, ~1 [.• + ,., 1 (I (1 04 
	A85? T=u!:Ot..t4 I:; Cti4 CRI.:r:tOOZ: l__i::;J.r-~C:i l.t(ll)(l',;· L:l.i<::. f·.::-:OOOtl 
	0 I) 0 1 5?' (1(1(1(1(1(1 0002 (r , 2 2 0 6 :3 (12 4 0-0? (I : 3 3 1 7 ;.:' 6 1.) (t D+ (1 ~~:. ,_, • 1 1 0 3 4 2 1 4 [) + (I ·1 0003 I).:; 1536484[l+ 04 0 ' 5 6 '5 2 8 ? ·::.1 ~) LI+ !) I) --n . 1 9 8 T3 4 4 3 o+ on 
	0 (I 04 
	OOOi (i (I 02 0 I :3 'I (1 7 1:. f·, 2 2 D ·-t) ;;:: 0 ' i i 03 ,:., 6 i i I) + 0 'i 0003 I)'::_:; 15366'? (I[>+ 04 ·-(! -i 5 4 .5 6 ·=· 4 ::: [) + (I , U. I "3524117?D+Oi -I) ' i i 4 I ;' (. ·:::. 2 [• + (I j (1 0 04 
	URE F i 1e 
	(ll)l)j i i 
	0002 .1050E+02 .1:00E+OI (1003 .1U75E+02 .1~3uE+OI 0 (I 04 .1 tOOE+02 .2GOOE~OO o~; , I 125E+02 -.5nOOE+00 0 0 (lr_:, . 1150E+02 -.6700Ei00 0007 . 1175E+02 -.8400E+00 (I 0 (I:::: . i200E+02 -. 1080E+OI (! 0'9 . 1225E+02 -.8000E+OO 0 0 t 1..1 .1250E+02 -.2cooE+OO (lj 1 • 1 :: 7 5 E + 0~: -, ~:::: 7 u (IE 1 (: 11 1 3 uI) E... 1) ~: -. ':' !__ I II (I f:-_ -+ (Ill 
	o o 
	u
	u
	0 0 1 ~: 

	D-1 
	APPENDIX E EXAMPLES OF PROGRAM OUTPUT 
	USER-COORDINATES LAT = 39.500000 LOt·~ = -74.500000 ~LT = 100.00000 
	"7
	13 
	1 

	::~p (I 1 t .6 YP = -4748990.4 ZP -4035321.8
	= 

	I 
	:.,: ·=·
	::;AT i·lO 1 ,··~·..· -, i :3 3 3 0 0 0 0 D + 0E: Y:'3 = --. 1'3 1 5 0 0 0 fi [) + 0 :~ Z ::: = .2 1 :3 6 1.! (! 0 0 D + 07 :::AT t·l i) 2 ,., ..... ---.28430ooo[:-+07 v:~'----.;~·1?4ooooEH-o::: z:::-.14931:toooo+o::::
	' 
	= 
	= 

	:._.: ·=· 
	' ::;AT t·iO 1 ~< ::; = .97i10000D+07 'r'S--.!23400000+07 ZS-.23660000D~es 
	::;;AT i·iO 4 ~-:; ::: --, 1 (17 3 (I 0 (I (I (' + I) f.: '(' S --··· , '_) 9 j 2 (I I) I) 0(:! + (I { Z::; · 2 3 ·:~ •:i 1.1 1) (II) (:• + :) ::_: 
	= 

	H--1'1ATf<: I~< ,2;;-~4330"?1[)+00 '1 00000000+01 -.414854370+00 -.631210060-01 , 9(1769576fH(t(l '1 00000000+01 
	-.932507840+00 -.283028010+00 

	.345513150+00 .567409320+00 '74 7441.}5~~0+ 0 I) . 1 OOOOOOOD+01 -.523137910+00 .712352380+00 ' 4 6 7 ::: 4 6 9 ·:~ (J + 0 (I , 1 00000000+01 
	H-TRANSPOSE-MATRIX 
	-.932507840+00 -.414854370+00 .345513150+00 -.523137910+00 
	-.283028010+00 -.631210060-01 .567409320+00 .712352380+00 .224330710+00 .907695760+00 .747440520+00 .467846990+00 . 100000000+01 .10000000D+01 , 1 OOOOOOOO+Oi . 10000000D+Oi 
	HT:t:H·-1'1ATR I~·: '143472760+01 .11350071D+OO -.572249670+00 -.152498700+01 .113500710+00 .913488370+00 .636590090+00 .933612680+00 
	-' 5?2;;::496"?0+ 00 .63659009D+I)(t . 1r.=.5·1?:::4(1[H01 .234{'31400+01 15:~49B70D+01 .933612680+00 .2347~!400+01 .400000000+01 
	--. 

	INVERTED H:t:HT-MATRIX 
	.365029490+01 -, 199833120+01 -.364728620+01 . 399:::41 1 3D+ 0 1 -.2254~:'9(.8[)+01 -.364?2:3620+01 .1511707·1D+01 .7.:t466003D+01 -.6113::306D·t01 
	-·, 1':1'983312D+01 .25934803L'+01 , 1511?(1/4(1+01 

	. 3 '3 '3 ::q I 1 3 [.• + 01 -, ~; 2 '5 4 2 9 6 8 D + 0 1 -, 6 1 1 3 ;; ~·; G6lH· 0 1 . 5 :3 8 ? 9 ::. '3 2 D-+ 0 1 HOOP = 2.49875 POOP = 3.70005 GDOP = 4.42474 
	PROGRAt·1 =+=EBGH:+< VER:3ICtt~ A 
	ti::;ER-COO~W I t~ATES LAT :::: 3'3.500000 LOt~= -74.500000 f~L T ~~ 100. UOOOCr ::<P = 1317011.6 '('P = -4?48'390, 4 ZP = 4035321.:3 ~::AT. t·W ~.:: s -·j :::33 0 0 0 0[:•+ o::: :l::: -·-i 9 i (I (I (I (I[)+ 08 Z::;; --~ i ::::t·. (j (I (I (I[)+ ,_, 
	= 
	r:
	,
	-
	,-, 

	·i ...
	~::;AT. t·W .::.. ::·::::: -2843 (j (I 0 OL·+ 0? ''f'S -~ i ?4 0 (I 0 (l[H-08 ~·=· i 493 0 0 (: (1[:: + :_;;::
	.:....·-· = "7 ., .-. 1.' ,-,:;:;AT. t·W ~< ~=; = 1 1 (II) 0 0[;-+ 07 '-(:::;; = -7::~34 0 (I 0 0(H 07 <-.,.;:. 23E.t. _, ·=··-· -· ' 
	= 
	.. 
	0 
	0 
	0 
	OD+ 
	Q"? 
	= 

	H-NATR I :a: -.932507840+00 -.283028010+00 .224330710+00 . 1 OOOOOOOD+O"i -.414854370+00 -.631210060-01 .907695760+00 . 1 OOOOOOOD+01 
	.345513150+00 .567409320+00 .747440520+00 . 1 OOOOOOOO+O·i .000000000+00 .OOOOOOOOU+OO -, 100000000+01 , OOOOOOOOD+OC: 
	H-TRANSPOSE-MATRIX -.932507840+00 -.414854370+00 .3455i3150+00 . OOOOOOOOD+OO -.283028010+00 -.631210060-01 .567409320+00 .000000000+00 
	.224330710+00 .907695760+00 .74744U520+00 -100000000+01 . 10000000D+01 , 10UOOOOOD+01 , 10oonnonD+01 . OOOOOOOOD•OO 
	H T :+: H··· 1'1 A T P 1;:.: 
	• 1 1 ~=· i o::i440 + o i .48f~;15'J25t:.0+(1(! ·-.32?50i i?D+(II) --,I OUi:349iCo+Oi 
	'4~::t:.1 5925[l+ (I (I .406042450+00 .30331817'0+00 .~21260300~00 --'3:~?501170+00 . 3 0 3 3 1 8 1?ll + 0 0 • 2 4 3 2 ·:,, ll'3 ~? [) + 0 1 . ·1 ::_l ? '71 4 6 7 0C· + U 1 -, j II (I 1::; 4 •;! 1[> + (I 1 , 2 2 j 2_ b (I i_; (I [:• + I) I) , 1;::: ? 9 .:) I~· ?' (I [) + (I j • 3 (I (I (I (I (I (I I) (• + (l 1 
	lNVERTED H*HT-MATRIX 
	.547131550+02 -.773875820+02 -.292816860+01 .258135060+02 -.773875820+02 .112175360~03 .378528900+01 -.364883190+02 -. 2'312:31 6860+ 01 . 378528'31)[H 01 . 1 0 (I 0 (I 0 0 (I[)+ 01 -, 1:3S3528 00+ 01 
	.25S135060+02 -.364883190+02 -.188352800+01 .128248940+02 HOOP= 12.91853 PDOF = 12.95718 GDOP = 13.44297 
	FILE~lA~1E: !2/23/ 
	r~:ECOP[)-HO. 
	TIME .2402950+05 SEC. ==> 6.4029 HOURS GMT USERPOSITION ---> .131241840+07 -.475389860+07 .4031017;0~07 
	SATELLITE-POSITIONS 
	t. .••-. 
	·~ 
	6 -.273840160+07 -.249196350+08 9 -.994605490+07 -.120054770+08 , 2 i ~~92 i ':lSD+ o:::: 8 .145417460+08 -.341334850+07 . :~~~(!(1(1:345(::+(18 
	H-MATR U<: -.439665640+00 -.381093600+00 .812362860+00 . 1 00000000+01 --.58~i08400D+OO .493933190+00 -.643200370+00 . 1 0000000(:•+01 
	.586413860+0(1 .557381900+00 .587745020+00 . 100000000+01 .000000000+00 .OOOOOOOOD+OO -.100000000+01 .000000000+00 
	H-TRANSPOSE-MATRIX -, 4.3966564[> -1-0 0 -. 585 OE:4 0 0[:•+ 0 0 .586413860+00 .000000000+00 -.383093600+00 .493933190+00 .557381900+00 .000000000+00 
	.812362860+00 .643200370+00 .58?745020+00 -. 100000000+01 , 100000000+01 , tOOOOOOOD+01 .100000000+01 .OOOOOOOOD+OO 
	HT:+:H-I'iATr;: I>=: .8?9510370+00 .206297150+00 -.388832460+00 -.438335790+00 . 2 06297., 50+ 0(I .70140529~+00 .334085430+00 .668221490+00 
	-, ~3 ::;:: t::3 3 ;,;:: 4 6 [H 0 0 .334085430+00 .241908430~01 .204330820+01 --. 4.3 83 35 7'30 ·H) (I , 6 6 ::? 2 ;,_:: 1 4 '}I.'+ 00 , 2 04 3 :;: 1J ::: .~·: [o + II 1 , 3 (: (I 0 I) fi (I 0(:o + 0 1 
	H~HT-MATRIX . 154 + 01 ····. 841 171 ::;:5[:·+ 0 0 . 3•:.5E.~ .;~5 I D··· 01 . ~~8::lf13t:.29D+ 011 
	INVERTED 
	38~;€.90

	-.841 171850+00 .231599760+01 . 198944120+00 -.774273070+00 .365622510-0f .198944120+00 .100000uOD+01 -.720073480+00 .388036290+00 -.77427307D+OO -.720073480+00 , 105293610+01 
	HDOP ::: 1.96465 PDOF::: 2.20451 GDOF = 2.4.31t:.2 
	F.:EC:Or.{.O-t-40. : 2 TIME .2416450+05 SEC. ==> 6.4244 HOURS GMT USERPOSITION ---> .131376530+07 -.475679600+07 .402721820+07 SATELLITE-POSITIONS 
	YS zs 6 -.275777620+07 -.250885350+08 . ::::1 721 61 60+ 07 9 -.993417770+07 -. 123806840+08 . 21 084'3650+ 08 
	8 . 147?4962D+08 -.325764020+07 , 21 :::? (:541 [H 0:3 
	H-MATF<: I X -.441572370+00 -.404346320+00 . 8 (I 09481 2[>+ (t 0 • 1 OOOOOOOD+Oi -.590215610+00 .477609130+00 .650?95710+00 .10000000D+01 
	.597031830+00 .554844~90+00 . :i?9 3 ·:i.:. 6 5 D + 0 0 . 1 0000000[)+(11 .OOOOOOOOD+OO .000000000+00 -. 11)00000(1[)+01 • OOOOOOOOD-rOO 
	t4::~PO~;E -~1AT RI;.; -.441572370+00 -.59C21561U+OO .597031830+00 .000000000+00 -.404346320+00 .477609130+00 .554844590+00 .000000000+00 
	H-· TRA 

	.800948120+00 .650795710+00 .579396650+00 -. 100000000+01 . 100000000+01 . 10000000D+01 .100000000+01 .000000000+00 
	HT•+•H-i'iATR I~; .899787620+00 .227915680+00 -.391868110+00 -.434756150+00 .227915680+00 .699458950+00 .308440640+00 .628107400+00 
	·-,391868110+00 .308440640+00 .240075340+01 .203114050+01 -.43475615[)+00 , 6281 074 OC·+ 0 0 . 2 031 1 4 05D+ 01 . 3 0 0 0 0 0 0 I)Ci+ 01 
	INVERTED H*HT-MATRIX . 15228542~+01 -.845194000+00 .485307760-01 .3647~000D+u0 
	-.845194000+00 .22?203790+01 .178428720+00 -.718983630+00 .485307760-01 .178428720+00 .100000000+01 -.707371270+00 .364790000~00 -.?18983630+00 -.707371270+00 .101565470+01 
	HOOP ~ 1.94805 POOP = 2.18972 GDOP = 2.41051 
	F.:ECORD·-HO. : 3 TIME .2428550+05 SEC. ==> 6.4445 HOURS GMT USERPOSITION ---> .131468330+07 -.475952320+0? .402372640+07 SATELLITE-POSITIONS 
	XS YS 6 -.2?7345860+07 -.252137390+08 , 771'5373 0(H· 07 9 -.992689820+07 -.127055240+08 '2 (i:::·j7'33::;:[:.+ 08 
	8 . 151098840+08 -.304523860+0? , 216 ?266::W·t 0:3 
	H-t·1ATR I::< -.442897600+00 -.420604570+00 .791791330+00 '1 0000000[:.+01 .46314714~+00 .657104190+00 . 1 0 0 0 0 0 0 OD+ 0 1 
	-.594734230+00 

	.612193300+00 .550303350+00 .567790090+00 '1 0000000[•+01 .000000000+00 .OOOOOOOOD+OO -. 100000000+01 .000000000+00 
	H-TRANSPOSE-MATRIX -.442897600+00 -.594734230+00 .612193300+00 .000000000+00 -.420604570+00 .463147140+00 .550303350+00 .000000000+00 
	.791791330+00 .657104190+00 .567790090+00 -.100000000+01 .100000000+01 .100000000+01 .100000000+01 .000000000+00 
	HT:+:H-1'1ATF~ I X '924€.4773[>+00 .247727320+00 -.393887550+00 -.425438530+00 .247727320+00 .694247250+00 .283761670+0U .59~845920+0~ 
	-.393887550+00 .283761670+00 .238110500+01 .201668560+01 -.425438530+00 .592845920+00 .201668560+01 .300000000+01 
	INVERTED H*HT-MATRIX .14::::::35525[)+01 ·-.8434727'3[:.+00 .622236300-01 .335950490+00 
	-.843472790+00 .225021800+01 .163094410+00 -.673929520+00 .622236300-01 .163094410+00 .100000000+01 -.695634380+00 .335950490+00 -.673929520+00 -.695634380+00 .981779500+00 
	HOOP= 1.93359 POOP= 2.17687 GOOP = 2.39177 
	RECOR[)·-t·W. : 4 TII'1E .2443630+05 SEC. ==> 6.4717 HOURS GtH USERPOSITION ---> .131162540+07 -.475383210+07 . 4 02966f:5D+ 07 SATELLITE-POSITIONS 
	.....-.
	1.:> 
	6 -.279130190+07 -.253199940+08 , ?4149243C•+07 9 -.992197540+07 -.131071620+08 . 2 0654291 O·t 08 8 .154742650+08 -.282471740+07 '2 "i 444534[:.+ 08 
	-.443684570+00 -.437202610+00 . 7::::23(1293[:•+00 . i 0000000[:.+01 
	'665·:~~:: (!~~:::(:•+ (! (! . 1 00000000+01 55t.44(-~9:::D+ UO . 1 0 (I 0 0 0 (I 0[;•+ 0 1 .000000000+00 .000000000+00 -.1 00000000+01 . OOOOOOOOC•+OO 
	-.600485590+00 .442681870+00 
	.628757410+00 .543165410+00 , 

	H-TRANSPOSE-MATRIX .6287~7410+00 .000000000+00 -.437202610+00 .442681870+00 .543165410+00 .000000000+00 .782302930+00 .665920280+00 .556448980+00 -. 100000000+01 .100000000+01 .100000000+01 .100000000+01 .000000000+00 
	-.443684570+00 -.600485590+00 

	HT*H·-~1ATR I~< 
	.952774820+00 .269675250+00 -.397099860+00 -.415412750+00 
	. 269E-75250+00 .682142020+00 .255009780+00 ,548644660+00 -. 3970';J'386D+OO .255009780+00 .236508320+01 .2004672~0+01 -.415412750+00 .548644660+00 .200467220+01 .300000000+01 
	INVERTED H*HT-MATRIX . 145542060+01 -.849861950+00 .771200960-01 .305424000+00 
	-.849861950+00 .22516961D+01 .146013660+00 -.627044690+00 .771200960-01 .146013660+00 .100UOOOOD+01 -.684248380+00 .305424000+00 -.627044690+00 -.684248380+00 .947531810+00 
	HOOP = 1.92539 POOP = 2.16959 GDOP = 2.37795 
	RECOR[)-~lQ, : 5 TIME .2455790+05 SEC. ==> 6.4918 HOURS GMT 
	USERPOSITION ---> .131576790+07 -.475427950+07 .402950020+07 SATELLITE-POSITIONS 
	'r'S zs 
	6 -.281587380+07 -.254660480+08 .6::::9161400+07 9 -.992263910~07 -.134358430+08 . 2 U·t44894D-+ 0:3 8 .157552280+08 -.265596060+07 . 21 261 766D+ 0:3 
	H-t1ATRUI. 
	-.446038450+00 -.458323570+00 .768758230+00 .1 00000000+01 
	-.605688360+00 .427002310+00 .671424330+00 . 1 0 (I 0 0 0 (II) C•+ 0 1 .641102240+00 .538000900+00 .547305180+00 . 100000000+01 .000000000+00 .OOOOOOOOD+OO -.100000000+01 . (11)(1(1(1000[-'+00 
	I-I-TRANSPOSE-MATRIX -.446038450+00 -.605688360+00 .641102240+00 .OOOOOOOOD+OO -.458323570+00 .427002310+00 .538000900+00 .000000000+00 .768758230+00 .671424330+00 .547305180+00 --.1 (10000000+01 
	• 1 00000000+01 , 1 (l(li)I)(I(I(I[H01 .100000000+01 .000000000+00 
	HT*H-~1ATRIX 
	''37682077[>+00 .290713180+00 -.398691060+00 -.410624570+00 
	.2'30713180+00 .681836430+00 .228810410+00 .506679640+00 -'3986'31 060+ 00 .228810410+00 .234134280+01 . 198748770+01 -.410624570+00 .506679640+00 .198748770+01 .300000000+01 
	INVERTED H*HT-MATRIX .142990770+01 -.847645920+00 .883448200-01 .280351980+00 
	-.847645920+00 .221154350+01 .125872450+00 -.572926080+00 .883448200-01 .125872450+00 .100000000+01 -.671662730+00 .280351980+00 -.572926080+00 -.6716627~DfnO .91344~610+00 
	HOOP ~ 1.90826 POOP = 2.15440 GDOP = 2.35688 
	E-~ 
	PROC;~~Ar-i t:E81.~f.l 1 * 
	H-·~1f~TP I:": '100000000+01 '00000000[·+00 0 (I (1 0 0 (l 1) ui) + (! ~.~
	I 
	-.50000000D+OG .86602~00P+GO ' 0 (I u(: (: (: :~: !.i f)..,. (i (• -.500000000+00 -.86602500~+00 . 0 0 (I C: !..II.. (1 u[:• + (1 (1 '000000000+00 .000000000+00 .1 OOO.:":(:t)O[>+Oi 
	H-TRANSPOSE-MATRIX .100000000+01 -.500000000+00 -, 5 (i 0 0 0 C 0 OD+ 0 0 .000000000+00 .866025000+00 -. 8f.,:.02500D+OO .000000000+00 .000000000+00 .OOOOOOOOD+OO .100000000+01 .100000000+01 . 1 OOOOOOOD+01 
	HT:+:H-i··JATR I::·~ 
	.200000000+01 . 501)1)0000[:·+00 .500000000+0(! .500000000+00 . 1999'39'33D+ 01 .50000070D+OO .500000000+(1(1 . 500000?0[:•+00 ' 199999930+ 01 '1 00000000+01 . 1 (1(1(10000[:-+01 .100000000+01 
	INVERTED HT:t:H-MATRIX 
	.666666670+00 -.34694470D-17 .000000000+00 -,346944700-17 .66666698DiOU -.310833620-06 .OOOOOOOOD+OO ·-.310833620-00 .666666980+00 
	-.333333330+00 -.333333330+00 -.333333330+00 HDOP '" 1, 15470076 GOOP ::: 1, ?.3205090 F'ROGRf-ll•i :t:EBGO 1 * 
	H-~1ATFU~< 
	.10000000D+01 .000000000+00 .000000000+00 -.500000000+00 .866000000+00 '00000000[:•+00 -.500000000+00 -.866000000+00 .OOOOOOOOD+OO 
	.10000000D+G1 .000000000+00 .000000(100+00 
	H-TRANSPOSE-MATRIX 
	-.50000000~+00 -.50000000[:•+00 .000000000+00 .866000000+00 -• 8 E. 6 0 (I 0 0 u[:. + (II) . 000000000+00 .OOOOOOOOD-+00 .OOOOOOOOD+OO . 100000000+01 . 10000000D+Ol .10000000D+01 
	. 10000000D+01 

	:t: H--i·lA TF.: I;:.; .20000000D+01 ' 5 (I 0 0 0 0 (I 0L:• + 0I) .50000000D+OO .5(10000000+00 , 1999956 OD+ 0 i .50004400D+OO .500000000+00 '50 0 044 0(1(:·+ 0 0 . 1':ii9995E.OD+01 
	HT 

	. 20000000D+01 • 50000000[:·+00 • 50000000D+OO 
	********~********************************* *HTHi-1'1fHR I~·: IS S It~GULAF<: <DETER~tl NAHT= 0. ):t: 
	~*********~******************************* 
	PROGRAi'i =+=E8G[) i * 
	. i !)(i()(i(l(l(l[;t·t-i_ij . i COOOOOOO+Oi , j !) lj I) (.: 1.1 (I (I () + (1 1 '1 00000000+01 
	.000000000+00 .OOOOOOOOD+OO . i OOOOOOOD+Oi . 1OOOOOOOD+Ol 
	. 10000000D+01 '1 00000000+01 . 1 OOOOOOOD+01 .20000000[)+01 
	-.333333330+00 -.333333330+00 -.333333330+00 . 1 OOOOOOOD+u1 
	• 1 00(1(1(1(1(1[.'+01 '1 0000000[)+01 
	• 1 0 0 0 0 0 0 OC•+ 0 1 . 1 OOOOOOOC•+Ol 
	. 1 0000000Ct+01 ,(11)(1(1(1(1(1(1[)+00 . 00000000[:•+00 '1 0000000(:r+01 
	.20000000(;r+01 . 50 0 0 0 0 0 OC•+ 0 0 '50000000[)+1)(1 , ;2 0 0 0 I) I) (I (I[H (I 1 
	AZ II'1U TH ELEVA T I 0 I·~ 
	.00000+00 ,1 (I(I(I(H(I2 , 24 0 OD+ (!~:: ' 1 (:I) I)[)+ 1"12 ' ., ;;! 0 (![)+ o::: 
	, (II) l:i(tD+ 00 , 'j (I 0(I [H (: 2 
	~:I;:<: 
	H -t·1AT 

	.98480775D+OO .ooonooooo+oo -.492403680+00 -.852868640+00 -.492403970+00 .852868470+00 -.862464970-07 .OOOOOOOOD+OO 
	H-TRANSPOSE-MATRIX .984807750+00 -.492403680+00 . OOOOOOOOD+OO -.852868640+00 .173648190+00 .173648190+00 . 100000UOD+01 . 1 C:OUO(tOOL·+Ul 
	:+: H--i'1 A T P J ::·:: .20000000!)+0i . 5452~30?30+ 00 .54523073[)+00 , 2 0 0 0 0 0 0 OL•+ 01 
	H T 

	' 5 4 5 ;.:: 3 (14 4 [1 + 0 (I . 5 4 5 2 ~; 0 4 4 [• -~ 0 (t ~~'3t:.4:3;2[;+ (! j 
	'11736481 [:.+01 . 11 

	HT*H-MATRI~ , 7836'3263LH·00 , '3629:::448D-0 i . 9t.=,298448D-01 .7836927JD+OO . ·:~62':?186 (1~:;[)-01 
	tNVERTED 

	-.572910280+00 -.572910410+00 
	H() 0 P :::: 1 . 2 ~i 1 9 526 ':'; C 0 0 P = 
	' 1?3648 i 9[1+ (I (I , 1?3tAf: 1·j(H 0 0 . 1r~:t:-4:31 ·jD+ o o . 100000000+01 
	-.492403970+00 
	.852868470+00 
	.1?::~:f.:.4::::19D+OO 
	. 100000UOD+01 
	.54523044[>+(10 .54523044[>+00 .20000000D+01 . 1 i 7364:::~~[)+ 01 
	.962986050-01 .962986550-01 .783692770+00 
	-.572910520+00 1 , 9 6 4 6 04 .:. 2 
	.1(10000000+01 '1 00000000+01 . 1 0 0 0 0 0 0 OD+ 01 . 10000000D+01 
	-.862464970-07 .OOOOOOOOD+OO .1 OOOOOOOD·t01 . 10000000D+Ol 
	, 1 1 736481 D+ 0 i ' 1 1 7364820+ (I j ' 1 i 736482(>+1) 1 . 200000000+01 
	-.572910280+00 
	-.572910410+00 
	-.572910520+00 
	• 1f::i 0859290+ (I i 
	PROGPAM 
	USER-POSITION : LATITUDE : 39.500000 DEGREE LOt~GITLIDE: -74.500000 DEGREE ALTITUDE : 100.00000 FEET 
	ECEF-COORDINATES : X z ------------------1317011.6 
	-4748990.4 4035321.8 
	USEP.T I l'tES 
	USEP.T I l'tES 
	USEP.T I l'tES 
	: 

	~:TART 
	~:TART 
	( TSTART): 
	38700.000 
	:;Ec. 
	10.45 
	HOURS 

	E~IO 
	E~IO 
	<. 
	TF It~ .l 
	46:300.000 
	'3EC. 
	13.00 
	HOURS 

	!NCR. 
	!NCR. 
	( TDEL) 
	600.00000 
	'3EC 

	DATE 
	DATE 
	i 
	DTU) 
	57.000000 
	l',A.·lS 

	TR
	DTC= 
	57 
	TC= 
	20000. 


	C'
	·::AT. IO : 6 9 
	·-· 
	.23050-02 .15510-02 . .2207D-02 .8i08i)-(1;2 .33180+06 .331:30+06 .3318D+06 . 331 :3!)+ 06 . 11120+01 . t i 07D+01 .1i03D+01 . i i 04i)+!)i -.61950-08 -.64570-08 -. 6343[.'-0:3 -.65030-1)8 .5154[>+04 . 5154(l+ 04 .5154D+04 .5154[.'+04 .5694[,+00 -.1550['+01 .56530+1)0 -. 15460-+01 -. 20920+01 .20490+01 -. 1'3:33C+OO .1352['+01 .6951)[)+1)0 -. 11)74[l+01-.3566C•+OO -. 1142i>+01 .26560+08 .26560+08 . 265tf.[)+ (!:?, .26560+08 .4425D+t10 .44?20+00 . 45 O'::C>+ 0 0 .4503D+O(: . :3':'l680+ 0 0 . :3·~440+ 0 0 .89
	OUTPUT OF COMPUTATIONS 
	================================================== 
	THE PRINTOUT IS ARRANGED AS FOLLOWING EXAMPLE : 
	! ---------------
	-

	1 
	TH1E 
	'POSITION OF SATELLITES IN ECEF-COORDINATES (X,Y,Z)' 1 AND ELEVATION AND AZIMUTH CJ-4 LINES) 
	,_ -------
	-

	HOOP At-lD GDOP 
	'-~---------------
	-

	ALL VALUES ARE IN METER 
	=====~=:========================================== 
	TI~1E : I!) 4501 HOURS -.1:3330+0:3 -. 19150+08 2 t ::c,.:.c~+o7 I 2940+02 253 0+ 1).3 -.~8430+0~ -.21740+08 14'33['1+ 08 651 7D+02 26 1 Cl+ 03 
	971 10+0? -.?2340+07 21660+ 1):3 48390+02 31 .:: [·-+ 0~ -. I C:73D+ 1):3 -. 5·"1 1.2D+ 07 23340+ OE: .;:?:=:·~o+ 02 3~3 i)-+03 
	4.4~43006 
	2.4?84615 

	(t. 55 0 0 HOURS -. 1:3;240+ (1:~ -. 18890+08 .4.24·?<C•+07 . 15G:8D+ 02 .257iC>+03 -.272:3D+07 -.22810+08 . 13260+ 08 .63190+02 .24'330+03 
	TINE : 1

	. 1 1 040+ 08 -.60410+07 . 2341 (l+ (1:3 .44770+02 '35:3b()+ 02 -. 103'30+08 -.76760+07 .31730+02 .3208{)+1)3 
	2.3736091 4.514?265 
	2.3736091 4.514?265 
	TH1E . 11.0500 HOURS -. 18030+0::; -. 18530+ (18 .:.27·~0+07 18770+1)2 261 D+03 -. .268E.D+07 -.23760+08 1I 4:::r~+ o::: 601 20+02 23'3 C•+ 03 
	. 124 t LHI):3 -.4'01310+07 22'?1·~0+ OS 41260+02 40 I 0+02 -.10150+08 -.94190+07 2245[>+ 1)8 35300+02 31 7 C+ (1.3 
	2.26(105(15 4.7088703 
	E-e 
	TIME : II. 1500 -. 1767~+08 -.27060+07 
	. 13800+08 -.99940+07 
	2.1423699 
	TH1E: 11.2500 -. 17180+08 
	-.27740+07 
	. I 51 '3D+ 0:3 -. -~·?27-'D+ 07 
	2. 01139:?.3 
	T11'1E : 11 ..3501) -. 1654[>+ 08 -' 2:37·~(\+ 07 . 1t.57D+08 ·~·~440+ 07 
	-. 

	1 . :37 O·:i 01 :;: 
	TIME : II. 4501 -. 15750+0:3 
	-.3005()+07 
	, 1793D+ o::: -I (I 040+ 08 
	1.75677'30 
	TH1E : 11.5500 -. 1 4:33[)+ 1):3 -.31380+07 
	. 1'3240+ (1:3 -. I 0190+ 08 
	I .7786423 
	Tli'IE : 12.0500 
	-. 1376()+(18 
	-.32620+07 . 2 0490+ (t:3 -. 10410+08 
	2.1462068 
	TINE 1 2 , I 50 0 -. 1257D+08 -. 3.364[1+07 .2166D+08 -.10670+0:~ 
	J. 0898991 
	T H1E : t 2. 25 0 0 -, 1125D+08 -.3427D+07 
	.2273D+08 
	-, I o·~6D+ 08 
	4.8538946 
	TINE : 1:2.3500 -.98190+07 -.34390+07 
	.23700+08 -. 1127D+08 
	7.9541551 
	HOURS 
	-, 18090+08 -.24570+08 -.39140+07 -.11 120+08 
	5.0271648 
	HOURS 
	-.17590+08 -.25240+08 -. 2'3970+ 07 -. 12770+08 
	5.5042133 
	HOURS -. 17 040+ 08 -.25760+1)8 -.21830+07 -.14350+08 
	6. 1':125626 
	HOURS -. 16450+ 08 -.26110+08 -.14780+07 -. I 584[>+ 08 
	7.169:.23312 
	HOURS -. 15840+ 08 -.2631D+08 -. :3800D+ 06 -, 17220+08 
	8.5484359 
	HOURS -. 15230+08 -. 26 !4[>+ 08 -. 3:3-:.50+06 -. 184':l0+ 08 
	10.507829 
	HOIJRS 
	-.1463D+03 -.260:1D+08 -.25".390+04 -. 1'?63D+ 08 
	13.345598 
	HOURS 
	-. 14060+08 -.2592D+08 .28610+06 -.2063D+08 
	17.615520 
	HOURS 
	-.13530+08 -.25480+08 
	.48~?0+06 
	-.21490+08 
	24.494625 
	-~ 
	·-

	. :3261 D+ (I;" 
	.96201)+07 
	.2239D+08 
	.2174(>+08 
	. 1 0 180+ 08 , 7684[H 1)7 
	, 2162C+ 0:3 
	1

	.20860+0:3 
	, 1 2 02D+ o::: . 568:31)+ 07 
	.206~;,0+08 
	.19810+08 
	. 1377D+ (IS 
	. 364·3D+ 07 . 19601)+ 1)8 . 1:362(·+ !)8 
	. 1542()+ o::: 
	. 15820+ 07 . l 836C•+ 1):3 
	I 
	1?27D+ 0:3 
	. 1695(1+08 
	-.4972D+06 
	. 16'30::1)+ o::: ;)8 
	. 1580D+ 

	., 1835[1+ 1):3 -, 2573(1+ 07 
	.15470+1)8 .14200+0:3 
	.19610+0:~ 
	-.4628D+07 . 1384[>+ 08 . 12490+ 08 
	.20720+08 
	-.6649D+07 .12110+08 . 1 069[1+ o::: 
	-.6649D+07 .12110+08 . 1 069[1+ o::: 
	.21610+02 .56280+02 .37850+02 ..3851 0+ rJ2 

	.24390+02 . 51'350+ 02 
	I 
	.34560+ 02 
	.41240+02 
	.2712D+02 .47320+02 .31360+02 
	.4337D+02 
	. 2'381 0+02 .42530+02 .28270+02 .44780+02 
	.32450+02 
	. .37670+ 02 
	.25250+02 
	.45380+02 
	.35060+02 .32820+02 
	.22320+02 
	.45130+02 
	.37630+02 .28010+02 . 1'3460+ 02 .440?0+02 
	.40180+1)2 .23290+02 . 16650+1)2 .42260+02 
	.42690+02 . 18680+ 02 . 13900+02 . 3'382D+02 
	.26551)+03 
	.23201)+03 
	.44340+1);2 
	I 
	,J 1280+ 1j3' 
	.27000+03 
	.2261()+1)3 . 4S44[;+ 02 .3075(\+1)3 
	'2746C.·+ 03 '2215[t+ 1)3 
	I 
	5~4'3{)+ 02 
	.30140+03 
	. 2793C•+ 03 
	. 21 7·;D+ o.:::' 
	.56510+02 . 2946i)+l).3 
	'2843[)+ 03 . .21500+03 . 60SOCt+02 287.'3D+03 
	. 28'3130+03 
	'21 25[)+ 1).3 .6447D+02 
	. 2800C•+03 
	. 2"3460+ 03 .21040+1).3 .684:2D+0:2 
	. 27:27Ct+l)3 
	..3000[;•+1)3 .2085[;•+03 
	. 7236C•+ 02 
	. 265·~C•+ 03 
	. 3056C•+03 
	. ;: o6 ;·c+ o3 '7t:.27'(')+ 0;2 
	. ;>:597C,+ 03 
	E-~ 
	PROGRAi'i 
	PROGRAi'i 
	PROGRAi'i 

	U:3ER-POSITIOH : LATITUDE : 39,500000 LONGITUDE: -74.500000 
	U:3ER-POSITIOH : LATITUDE : 39,500000 LONGITUDE: -74.500000 
	DEGREE DEGREE 


	ALTITUDE : 100.00000 FEET 
	ECEF-COORDINATES : X ------------------1317011.6 
	U:3ERTII'1E~; : START (T:3TART): 38700.000 EiJD ( TF IN l 46800.000 IIKR. <TDEL) 600.00000 DATE <DTIJ) 57.000000 
	IY3ED AU1ANACS 
	SAT. Ill : 5 .23050-02 .3318D+06 . 11120+01 -. 61'350-08 .51540+04 .56940+00 -. 20':121>+01 .69500+00 .26560+08 .44250+00 .:39680+00 -.49770+00 -.86740+00 . 145'30-03 
	OUTPUT OF COMPUTATIONS 
	DTC= 
	\' z 
	-4748990.4 4 035321 . a 
	:3EC. 1 0. 45 HOUR:; '3EC. 13.00 HOURS :3EC DA'iS 
	~.,. 
	~ .. TC= 20000. 
	6 
	.15510-02 
	.331:30+06 . 11 070+01 -.6457D-08 .5154D+04 -.1550()+01 . 2 04'.:<0+_1) 1 
	-.I 0740+01 .26560+08 .44720+00 . :3944(1+ 0I) 
	-.4606()+1)0 I) 0 . 145'j[)-03 
	. :3876[l+ 

	I) 
	. 00000+00 . OOOOC•+OO .00000+00 . 0000[:.+00 . OOOOC•+OO . OOOOD+OO .OOOOD+OO .OOOOD+OO . 00000+00 .00000+00 .OOOOD+OO . OOOOC•+OO .00000+00 
	.OOOOD+OO 
	====================·==:========================== 
	THE PRINTOUT IS ARR~HGEO AS FOLLOWING E~AMPLE : 
	1 

	! ---------------
	-

	I 
	THIE: 'POSITION OF SATELLITES IN ECEF-COORDINATES <X.Y,Z)I IAtjL• CLE'•/AT I ON AIH) AZIMUTH <3-4 LI tJES i 
	1---------
	-

	HOLIP 14I<Ci GDOP
	1----·-------------
	-

	HLL VALUES ARE IN METER 
	================================================== 
	T II'1E : 11:1. 45 01 HOURS --.18330+08 -.I 91 50+ 08 -.28430+07 -.21740+08 -. I 0730+ 0:3 -.5912D+07 
	~63276~ 8.3858893 
	4. 

	""-..___ 
	TIME : 10. 5500 HOURS -.18240+08 -.1889D+08 -.~7280+07 -. 22:31 0+ 08 -. 103':10+08 -.7676D+C7 
	5.3833744 10.201813 
	THIE : 11. 05ull HOURS --1S03D+08 -. IS~3D+08 -' 26;360+0~ -. ~376(1+ (1$ -. 11) 1 5 [' + 0s -.9419D+ll:" 
	6.4~16688 13.~26424 
	. 2180::.[>+;)7 . 14'33(!+ 08 
	.2334D+08 
	. 424'30+ 07 
	. 13260+ 08 
	, 22'38(H (18 
	. .::,~790+07 
	. I I 48['+ 08 
	'~~4~[\+ (1~: 
	. 12940+02 . E. 51 ?D+ 02 
	. 158:3D+ 02 . 631'30+02 
	'.31730+02 
	. I877D+ 02 .60120+(12 
	.3~3CD+o:;: 
	9 . :31 OSD-02 .33180+06 . I 104[>+01 
	-.6503D-0:3 .51540+04 -. t 5460+01 . 1352D+ 01 -.11420+01 
	. 2656()+ 1):3 .45031)+!)0 
	. :::·3;;:·;tD+ 0 0 
	.21€.7[•+00 . '3762[)+ 0 0 . 145-n•-03 
	, 2'531 [H· 03 
	.:2E.12D+03 
	'323~[.:·+03 
	.25710+03 
	. 24'?t3C,+ 03 , 1+ 03 
	32 (1:3C

	. 26 I_;;[,+ 1)3 
	'23'?6[.!+ 1)3 
	. 31 ;"2[•+03 
	E-10 
	TINE : I I. 1500 -. 17>.:.70+08 -. .::7060+07 -. ·~·;.·~40+07 
	8. 1'~~7780 
	T Ii'1E : I I . 25 0 0 -.I 7180+0::: 
	-.27'740+07 
	-. '3927[l+ 07 
	11.009826 
	TINE : 11.3500 -. I 6540+ 0:3 -.2879D+07 -. ':1'344[1+07 
	13.818422 
	TINE : I 1. 4501 -. 1575[)+08 -.30050+07 -. 1 0 040+08 
	13.244735 
	TINE : I 1 . 5500 -. I 4:3JD+ 08 -.313:30+1)7 -, f 1_1 130+ 08 
	9.9871434 
	TINE : 12.0500 -. 13760+08 -. 32E.2D+07 -.f041D+0:3 
	TINE : -. 12570+ 1)8 -.3364D+07 
	12.1':.0n 

	-,11)670+1)8 
	TINE : 12.~500 
	-. -34270+07 -. 10960+08 
	1125[i+l.i8 

	TINE: 12.3500 -."'<8190+07 
	-. 343'3[)+1)7 
	-, : 127D+ (1:;: 
	3. E. ~S7639 
	TINE ; 12.4501 -. :3~8'3D+(J;:" -.33:360+07 -. 115:~(l+08 
	HOURS -. 1so·:iD+ us -.24570+08 -. 1 11 ;:o+ os 
	18.405995 
	HOURS -.I 7590+ 0:3 -.25240+08 
	-.12770+08 
	-.12770+08 
	26.657326 
	HOURS -. I 7040+ 08 
	-.25760+08 
	-. I 435D+ 08 
	34.879208 
	HOURS -. 16450+08 
	-.26110+08 
	-. 15840+ 08 
	33.416337 
	HOURS -. 1584[)+ 08 -.26'310+08 -. 1722D+08 
	24.453441 
	HOURS -.15230+08 -.26'340+08 -. 1849D+08 
	~~JRS 
	-.14630+08 -. 2€.2 1D+ 08 -. 1-:.63D+ 00:: 
	12.201738 
	HGU~S 
	-.. 4060+(t8 
	-.~5920+08 
	-.2063D+08 
	HO:_IF· -.. 3530+ 08 "548D+CI8 
	148l.'+ 08 
	7. 5-;.9(16:31 
	13050+08 
	48'3D+ 08 22180+08 
	.:3261D+07 
	. ·.:..62 OCI+ 07 .21740+08 
	. I 0 I :3D+ (18 . 76840+ 07 . 2086D+08._ 
	. 1 2 02[:>+ o:::: 
	, 5t;.88(;r+ 07 . 1'3810+08 
	. 13770+ 08 . 364'~0+ 07 . 1862[)+ 08 
	. 1542()+ 1):3 . 15:320+ 07 
	I 
	17270+ 0:3 
	. 1€.95[•+ o:;: -, 4972[r+ (:t;;, , 158 OC•+ 0~: 
	. 1835D+ OS 
	-.257.30+0?' 
	. 1420D+ o::: 
	. 1':l61 0+ (1:3 
	-,4628D+07 
	. I 24·~[)+ 08 
	.2072[>+08 
	-.6649[l+l)7 . I IJ69D+ 08 
	.21670+08 -.861:30+07 
	.88000+07 
	.21610+02 
	.56280+(12 
	.38510+02 
	. .24390+02 . ':.1 '350+ 02 .41240+02 
	.27120+1)2 
	.47320+02 
	.4337[)+02 
	. 2'381 0+ 02 
	.42530+02 .44780+02 
	.'32450+02 
	. '37€.70+02 
	.4538D+02 
	.35060+02 
	.32:320+02 
	.4':.13D+02 
	.37630+02 
	.2:?.010+1)2 
	.4407D+02 
	.40180+02 . 23290+ 02 .42260+02 
	. 426'30+ 02 . 1868D+ 02 .39820+02 
	.45180+02 . 141':l0+02 36880+02 
	E-11 
	. 2655[•+ 1)3 . 2320C•+ OJ . 3128!>+1)3 
	'27 0 lj[:t+ (1."3 
	.2261D+03 .30750+03 
	. 274;:,[l+ 03 . 2215D+0.3 .3014[i+l)3 
	. ..i793[)+ 03 , 21 (•;t[r+ 1)3 . 2'346[:•+ OJ 
	. 2843L,+ 03 '21:: (1[1+ 03 , 2873C~+03 
	'28'33[.1+ 0.'3 . 1+03 , 2:.:: O(ICr.;. 03 
	2125(

	.2946D+03 
	. 21 04(1+ 03 
	.2?270+03 
	. J(I(I(J('•+ 1)3 
	'21)~:5[:+03 
	1 

	. 265'3(:<+ 1).3 
	. J056C.>+ 03 
	.20670+03 
	.3114[1+03 . 2 04':0C•+ 03 . :;::542(j+ 03 
	----------------------4 Sf4 T . 3 SAT. 
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