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INTRODUCTION 

C.S. Wong at Texas A&M University developed a program on a Texas Instruments 990/4 
minicomputer, which computes the following parameters from the GPS satellite 
almanac: the satellite rise and fall times, the satellite azimuth and elevation, 
and the geometric dilution of precision (Reference 1). This program was modified 
by M. Magrogan for execution on a Digital Equipment Corporation PDP-11/34 minicomputer 
to analyze FAA test results (Reference 2). Additional changes and refinements to 
these routines allowed computation of the dilution of precision parameters on a 
Hewlett Packard (HP) 1000 minicomputer not only for the case of four satellites, 
but also for three satellites plus altitude aiding (Reference 3). The derivation 
of the GPS dilution of precision parameters assume that the standard deviations of 
the pseudorange measurement errors are equal and independent. R.J. Esposito at 
the FAA Technical Center has recently discussed the user error behavior for the 
more general case when the measurement errors are independent but not necessarily 
equal (Reference 4). 

This report documents the programs which compute and plot the GPS user errors from 
pseudorange errors (biases and standard deviations which are independent but not 
necessarily equal) on the HP 1000 for different satellite/configurations with and 
without an altimeter input. 

DISCUSSION 

The main program EB~f and its associated routines described in this report stem 
from the program HDf- and routines contained in reference 3. In order to be 
executed, the programs require inputs which are requested with explaining comments. 
The algorithms and equations used in these programs are given in references 4 
through 9. 

Table 1 displays the input time parameters. Special attention must be given to 
the fact that different units (day and second) and different origins are used. 

The Keplerian parameters, which are included in the almanac message and used 
to compute satellite trajectories" are listed in table 2. Note that parameters 
9 through 14 are computed in the program EB~~, with f- as the earth's universal 
gravitional constant. 

USER MANUAL 

Appendix A contains the transfer files for programs EB~~. PLCOR, PLSIG, PLAEL, and 
PLSFI. Appendix B gives the flowcharts on programs EBtq (pages B-1 through 
B-10), FILE (page B-11), PLCOR/PLSIG (pages B-12 and B-13), PLAEL (pages B-14 
through B-16), PLSFI (pages B-17 through B-19), and subroutines EB06 (pages B-20 
through B-23), PSUBl/PLSUB (pages B-24 and B-25), INPUT (page B-26). 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 gives examples of the program outputs. 

Program EBf~ (Pages C-1 through C-10) 

This program computes and prints out the position of three or four satellites in 
earth-centered earth-fixed (ECEF) coordinates and in azimuth and elevation relative 
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to the user, the user-satellite direction cosine matrix including time (G-matrix), 
the covariance matrix of the user error (sigma matrix), the square root of the 
diagonal elements of the sigma matrix (standard deviations), the multiple standard 
deviations in two, three, and four dimensions, the correlation coefficients 
(related to the off diagonal elements of the sigma matrix), and the user bias 
errors. The multiple dimensional user standard deviations are proportional to 
the dilution of precision parameters when the standard deviation of the pseudorange 
measurement errors are equal and independent. 

All input data and relevant information are printed out. The data output for 
every point in time, for which computations are made, consists of one page. Since 
the program is frequently run just to generate plot files, the data printout is 
often not needed and may be suppressed by setting the sense switch number 1 
(ISSW(I)) to the "ON" position. In this configuration, only one page with the 
input data is printed. The start sequence and parts of the input data of the 
program EB;~ are the same as for the program HDf~, and portions of the later user 
manual are repeated here for completeness. 

The user position must be entered in geographical coordinates (latitude (LAT) and 
longitude (LON)) and altitude (ALT) in feet. If the location is the FAA Technical 
Genter, 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 start (TSTART) and stop (TFIN) 
times, the time increment (TDEL), the time of collection (TC) of the almanac, and 
the date of use (DTU) (see table 1). 

The choice must be then be made whether the computations should be made with four 
satellites or three satellites. When the navigation mode utilizes three satellites 
plus altitude aiding, the altimeter is modeled as the fourth space vehicle 
located in the center of the earth. The elements in the fourth row of the G-matrix 
are given by 0, 0, -1, 0. If an altimeter input is not available, the program 
assumes that the receiver clock bias is extrapolated and the fourth row of the 
G-matrix is given by 0, U, 0, 1. 

The next decision concerns the input of the almanac for the satellites: 

(1) If the almanac is on a magnetic tape, it must be stated so and the entire 
almanac file is read from the tape. Then, the PRN numbers of the satellites are 
requested, and tne program checks whether the data is on the tape. 

(2) The other choice is either to provide the program with the names of the 
data files containing an almanac for each space vehicle, or to enter the data 
by the keyboard. 

If the psuedorange variance matrix V is identical to the unit matrix, the 
values are provided by the program, otherwise, the diagonal elements must be 
entered via the keyboard. Since each pseudorange variance may have unique value, 
it must be associated with the proper satellite PRN number. The time tagged 
fSuedorange bias errors are then read from the appropriate file and stored 
~n a array (see program FILE). Finally, the names of the three plot files 
are entered, and the program prints the relevant data and generates the data 
files for the plot programs. 
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PROGRAM FILE (Page C-11) 

This program was developed to generate files with time tagged psuedorange bias 
errors (URE) for the program E~j. The program FILE requests the 
number of files to be produced, the number of records for each file, the file 
name, and the data to be stored. Finally, it generates a URE file in the correct 
format to be compatible with the URE input in EB~~· 

~_!?.gram ___ ~l:-.~.!~/_!LCOR (Pages C-12 through C-19) 

Each program plots data stored in the sigma-matrix files which are described under 
the section entitled Data Files. Each program makes five subplots on one figure. 

PLCOR plots the user error parameter versus Greenwich mean time (GMT): the four single 
dimensional standard deviations, the six correlation coefficients in two subplots, 
and the four user bias errors. 

PLSIG plots the user error parameters versus GMT in a slightly different form: 
the upper triangular elements of the sigma matrix in three subplots, the single 
dimensional user standard deviations, and the user bias errors. 

Both programs need the same input data: the name of the plot file, the logical 
unit of the output device, and the ID of the device-subroutine (Monitor: 1, 1; 
Printer/Plotter: 20,5). In order to scale the time axis and to select a time slot 
from the data file, the user enters the start and stop times and, as a way of 
distinguishing several plots, the date. The last entry may have any six alphanumeric 
characters. The plot is then generated and displayed on the selected output 
device. 

~rog~~~_PL~~ (Pages C-20 through C-22) 

The program PLAEL requires the following input information: the logical unit of 
the output device, the ID of the device subroutine, the start and stop times, the 
name of the file containing the satellite azimuth and elevation angles relative 
to the user, and the number of satellites whose data are stored in the file. The 
program generates a figure with subplots of the satellite elevation and azimuth 
angles versus GMT. A dotted line is drawn at an elevation angle of 10 degrees 
above the horizon. 

This program is designed to plot the two dimensional user standard deviations 
versus GMT for up to five data files and in the same figure. However, any file 
may be plotted which contains a record of the y-value, a time in hours and minutes 
as the x-value. The only thing which should be changed are the titles of the 
axes. 

PL5FI requires the same type of input information as the other plot routines: 
the logical unit, ID, start and stop times, and names of the files. The program 
generates plots with a legend for each curve since each data file is plotted in a 
different line style. 
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Subrou~ine Description 

EBf2: 
EB,.3: 

EB~5: 

EB(/6; 
EB/J7: 
EBp8. 

EBg9B: 
MrNVD: 

EBll: 
EB12: 
EB14: 

DINTF: 

PLSUB: 

PSUBl; 
INPUT: 

computes the rotation matrix, given on page C-25. 
converts user geographical coordinates into the ECEF system, given on page 
26. 
calls EB-6 and EB~7 and computes satellite azimuth and elevation given, on 
page C-27. 
computes satellite position in ECEF, given on page C-28. 
computes user to satellite distance, given on page C-29. 
computes the G-matrix and its transpose, and calls EB~9B and MINVD, given 
on pages C-30 through C-32. 
multiplies two matrices, given on page C-33. 
inverts the matrices from the "Scientific Subroutine" package from DEC 
(Reference 6), given on pages C-34 through C-36. 
multiplies a matrix and a vector, given on page C-37. 
converts seconds into hours, minutes and seconds, given on page C-38. 
unpacks the almanac data (with assembly language subroutine DINTF), given 
on pages C-39 through C-41. 
assembly language subroutine, unpacks the almanac data (with subrouinte 
EB14), given on page C-42. 
plots user sigma matrix elements, single dimensional standard deviations, 
correlation coefficients, and bias errors, given on page C-43. 
plots user multi dimensional standard deviations, given on page C-44. 
reads data files in plot programs, given on page C-45. 

Data Files 

Five types of data files are utilized, two as input for EB-;, and three witn data 
points for the plot programs. The files are: 

1. Almanac Files: Each contains the date of collection of the almanac, 
the satellite PRN number (first record), and, in the next two linea, the 
eight almanac parameters in the order described in table 2. 

2. URE Files; These files are generated by the program FILE for each satellite, 
and include the number of records and the paeudorange bias errors aa a function of 
time per record. 

3. 
PLSIG. 

Sigma Files: These are the files for the programs PLCOR and 
The order of the record values stored in a data block is the 

following: 
a. time in hours and minutes, 
b. upper triangular sigma matrix (10 values), 
c. square root of the diagonal elements of the sigma matrix (4 values), 
d. correlation coefficients (6 values), 
e. user bias errors (4 values). 

This data block is then repeated for each time increment. 

4. HDOP Files: Each record contains the time versus the two dimensional 
standard deviation in meters for the plot program PL5FI. The standard deviation 
and time are set equal to zero in the last record. 
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5. Angle Files: These are generated for the plot program PLAEL, and include 
the time in hours and minutes and the satellite records per data block, Each 
record contains the program internal satellite number and the elevation and 
azimuth for this satellite. 
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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 of Beginning of week 
Almanac (0000 hours Sunday) Second 

The used time zone is Greenwich Mean Time (GMT) 

Table l; TIME PARAMETERS USED IN PROGRAMS 
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No. in Almanac 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Kepler~an Parameter 

Eccentricity of el
lipsoid 

Reference time for almanac 

Orbit inclination 

Drift rate of right ascension 

Square root of semi-major 
ax~s 

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 

Table 2: ORDER OF KEPLERIAN PARAMETERS 
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Name in Program and 
(GPS) - Name) 

E (e) 

TOA (toa) 

Di (i) 

OMD <A) 
RA ({A) 

OMO (./l.
0

) 

w (w) 

MO (Mo) 

A 

cos(i) 

sin(i) 

cos( w) 

sin(w ) 

fi.<JA3 I 
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APPENDIX A 

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

': u (i; 

' ... : J_; ··' 

''.1 .\··.· 

·:'.f.· 

1;: f L . ;,; E E: 0 0 
: ::::~ II . ~.; E E: (I :? 

:::: [ ; 1 .· \ E B 0 •;; 
·:.:: ,_, ::ct:: OJ':. 
:,C:H \[f:O/ 
::::f:,.., ";FI:.:• o:::: 
·:: t ;:., ~-; f f: (I::;[: 

·:· ;- • . :; 1·1 I r~ "~, 
,.; , • ::EB 1 1 

·, t. H .< C 8 1 ;. 

0 0 0 1 R E L. .. ;;: P l C 0 R 
0 0 0 2 ::=; E A I \ p L ::: u E: 
0 0 D 3 ::;: E ~~ , '; F' ::; U 8 i 
0 0 04 i:::E, ~';!:·L TE:L. 
0005 SEA,\INPUT 
0 0 (1,:;. :::F{i, :;e;p::;; 

i11)(1! PEL .. ~.PLSIG 
0 u 0 ;: ·~: E A . ~;PL.:.:. U 8 
,-, (I (i .:. :·: C .· ;<.; L' L. f' E: L 
U (I 0 4 ::: E A .. X I t~ P U T 

u o 1) ·• ,:;:.r . :;r:·u~EL 

:) (! 0.,' ::;:· E . :-; ' • i__ T 8 L 

--------·- ·------

TPLSFT i"Ot1 (tU4 I:::; C1t~ Ck(•(l(lii USiilC •J:.•Ut:t2 t::LI-:.::: k:::(IO(I(t 

0 0 0 ·j R C . :-; F L 5 F I 
u (: il :~· F: E . ;.; [) L T 81.. 
u 0 (t:~ :::EA, ~:CPS 
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READ 
USER COORD 

APPENDIX B 

FLOWCHART 

fJLOCK DAT 

D!:fi'I:NXT:ION 
COMMON BLOCKS 

READ J:ST 

~-1 

ET USER COORD. 
TO ATL. CXTY 



CONVI!:RT 
OEQ. TO RAO. 

CALL,E882 

CALL EB8S 

ECEF
COORD. 

R~AD 
SER T:IMES 

READ I:NS 
NO. Ofl" SAT. 

READ I:STS 

d-L 

r:CsTs-t •> 
-j SYSTat AL TI:M. 
~~ED 



WRJ:T!: 
ALT::tMETER 

YES/N 

\I RITE 
USERT::tMES 

AND ::t 

B-3 



•I 
DATA ON TAP!: 

YES 

REARRANC8E 
DATA 

,.1 

NO 

R!:ST Of" 
ALMANAC 

B-4 

"' 
NO 

<%NS 

R!:AD DATA 
FROrt FILE 



I•t, 4 

READ DATA 
FROM FILE 

B-5 

UNITY 



S!:L!CT LATE:ST 
STARTTJ:ME OF UR 

s~ 
TSTART•T3 

SELECT EARLI:EST 
ENDTI:ME OF URE 

B-.G 

<TSTART 



SET 
TSTART•TS 

RI:TE 
I:NVI!RTED 

MATRI: 

\fRJ:TE 
NAMES OF 

PLOTFJ:L 

B-7 

>TFI:N 



WIUTE T:tME 
TO 1-"n.!:S 

LU-2.,LlJ-S8 

REARRANQE 
ALMANAC 



.TRUE. 

LJ:NEAR 
Te:RPOLATJ:O 

OF URE DATA 

CALL E811 

WRI:TE 
GROUND TRUTH 

AND DOP'S 

WFU:TE TJ:ME .. HDO 
ON FJ:LE LU..S 

B-9 



f:ROUND TRUTH 
ON P':ILI! LlJ-2 

~RJ:TE a . _ a . 
ON F:ILE LU-s 

B-10 

<Tfl"l:N 



ROGRAM fi'I:LI! 

READ Nt 
OF F:ILES 

READ 
OF RECORDS N 

WR:ITE N 
ON F:ILE 

WR:ITE DATA ON F:ILE 
'-'•1 ~ N2 

CLOSE LU•2 
I:•t.,Nt 

FORMATS 

B-11 



PROGRAM 
LCOR/PLSic; 

READ 
NAME OF ll':tL 

R~ 
L09ICAL UNIT AND 

ID OF DEVICE SU8R 

READ DATE 

I:NI:TIALIZE 
PLOTT!:R 

CALL PLSU8 

CALL 
PL.SU15/PSUD1 

DEFI:N!: VI~PORT 
AND WINDOW 

b-12 

~PLOTS 

--tSEE LISTI:Nf; 
FOR FURTHER 
~F~MATI:ON 



DRAW TI:TLE:S AND 
LABEL Y-AX:IS 

DEFINE VI:EWPORT 
AN WINDOW 

DRAW TrrLE:S AND 
LABEL X-AXI:S 

B-13 



PROGRAM PLA 

READ 
LOQXCAL UNXT AND 

I:D Of' DEVXCE SU15R 

READ N 
NUMBER OF SATS 

LOG•.TRU~. 

DRAW FRAME 

DEFXNE VIEWPORT 
AND WXNOOW 

B-14 



YES 

NO 

CONVERT T:IM 

READ RECORD 

.TRUE. 

.FALSE. 

MOVE TO OLD POXN1 
SELECT LXNESTYLE~ 
DRAW TO NEW POINT 

B-15 



SELECT LINESTYLE 

DRAW LI:NE AT 
ta DEG. ELEVATXON 

DRAW TITLES AND 
LASELS FOR X-AXIS 

B-16 

•I 

REWIND LU•2 

EFI:NE VI:EWPORT 
AND WINDOW 



ROGRAH PL6 

READ 
LOQICAL UNIT 

RfAD 
IMITS OF X-AXIS 

NITIALJ:ZE 
PLOTTER 

RAW FRAI'1E 

DEFJ:NE VIEUPOR 
AND U NDOU 

READ N 
OF F:tLES 



PRAW TO 
NEW POI:NT 

NO 

OPEN FILE 
LU•2 

SELECT LINESTYLE 

R~D DATA 
FROM FI:LE 

CONVERT T:tME 

B-18 

.TRUE. 



DE~E VIEWPORT 
AND WJ:NDOW 

DRAW LEGEND 
FOR FILE 

DRAW TJ:TLES 

B-19 

I•t.,N 



DEFJ:N:IT:ION 
COMMON ISLOCKS 

:IN•4 
J:FLAG•.FALSE. 

SJ:N AND COS Of' 
lJSER POS:ITJ:ON 

J:N~ J: COLUMN 1-~ 
OF Q-MATRD< 

I:• I, I:NS 

YES 

-s 
!:T L:tN!: 4 
OF MATRJ:X 

SET ELEMENT 
3 ... 4 OF LI:NE 4 

I:NS-NO. OF SAT. 



-e. 

RANSPONATI:ON 
OF MATIUX 

I:NVERSJ:ON Of" A 
•> SI:QotA MATRI:X 

WRJ:TE 
SJ:SMA 

B-21 



HDOP#PDOP.,9DOP 

SQUARE ROOTS 
DIAGONAL ELEMENTS 

REARRANGE UPPER 
RIANSULAR MATRIX 

WRI:TE SI:GMA 
ON FI:LE 

CORRELATION 
COEFFICIENTS 

n-22 



\IRJ:TE 
MATRIX 

SJ:NGULA 

WRrrE DUHHJ:E 
IN Fl:LE 

•9. 

\IRJ:TE 
CORREL. 
COI!:Ff' 

\IRJ:TE 
CORR. COEFF. 

ON FILE 

6-23 

fl8. 



SU8ROUTJ:Nf PSU81/PLSU8 
CXSC8,V1#V2,Wt,W2#91,N, 

TSTART,TENO#NSTART) 

LOS•. TRUE 

CALL :INPUT 
CTXME#Xt,X2,XS,X4#X~LA9) 

.TRUE. 
CEO~) 

.FALSE. 

SUMS OF DXAQONAL 
ELEMENTS OF SXSMA 

.TRUE. 
(FXRST POJ:NT) 

HOVE TO LAST POJ:NT 
DRAW TO NEW POXNT 

B-24 

rTHD sTEP 

-1 ONLY J:N 
PSU8t 

L-



S~ LI:N!:STYLE 
ND CHARACT!:RSI:ZE 

LOfiJ•.TRU!:. 
:I• I., N 

RETURN 

B-25 



IFLAQ•.TRUE. 

RETURN 

LAQ•.FALSE. 

READ T:IME 
FROM FJ:LE 

B-26 

NO 

CONV!:RT 
TJ:ME 



1'\r I L.l'tLI 11\ \, r f'\VUt\Mn L I ..J I I n:u 

' I U 0 1 F T r·4 4 .•< , L _, \' 

u002 c ~************************ 
:.! 0 OJ C ·t: FILEt~ANE : ·~-EBOO 

u 0 04 c :1-.. ,., >t::t: ************ :t::t: *****'i< :t: 
:10 O~'i BLOCK DATR 
,_,oor:. I\'1PLICIT DOUI::LE H~ECISIOtl ·:A--H,~~-2> 

800~ INTEGER N 
•.1 U o:::: LC.tC I C~~L I FU4G 
I_! 0 0 ·.~ c 0 N t'l 0 t··! ... : c t~ ::; T ,..' p I I j:{ ~! 0 ·' 0 1'1 F .' ,~:l c ! E~ ;;: ·' 0 i'1 F :? ' :::;; G c ,I E R ~~ T E .I F' I~~ 
:.t 0 t :·i COi'tNON.··'T I i'1E . ..-T[)EL,. TF I t·4 
0011 COMMON/AZM/ELV(4),AZM(4) 
<.I 0 i ;;: COt·1i'10t·i,-··'P OS /L ,:~ T .. L.Ot·j, ALT .. F· 
• • o 1 ::: c o N i'1 o H ..... t·4 A c .. · r i.J '·(' .. T c '/ .. T I< c .. c r c < 4 > . o T u .. r c , T 
110 i -i C0f'11'10t4/D82/A[l! < 1 ··l ) 
0015 COMi'10N/DTX/U(4),Dc4,4),RBAR(4) 
r1(t 1 ':· C01'1i'10t~/:3AT/S< 4:. 
0017 COI'1MON/UREI0RE1(4),[>X(4) 
(I 0 1 :::: c 0 1'1 i'1 0 ~·j ... ·' G; [) 0 p .... l~ (! 0 p • p 0 0 p ' H 0 l:i F' ' I tJ ~~; ' I F L H G I '•/ < 4 • 4 ) • I ::: T 3 ' A F' ' ~l [: 
1.1ll1 .• I::OI'11'10i~.·'f.LE\I/[( 3 I :5 ·;. 
u u2 1.1 cortr10N.·'BLG.···c;o:: 4, 4 :> .• H 
'' 0:~· i C:OI'11'10~l/ALI'1/i-1D,:2( 14 .. 24). I !'• i '· d:4 1 

'· iJ ~: ) [lATA P I / 3 . 1 4 1 59 2 6 5 [> 0/ .. R T C> / ~~. 7 . ~~ 9 5 7'7 ·;~'50 0 / , P I 2 /6 , 2 8 3 1 :?. 53 D 0 ,_... 
, 1 u ~: _;: D A r A o N F . · . ·:) ·) t:. 6 <1 ? 2 2 o o o / , H r:: . · i:. . 3 ? :3 1 3 ~i D r.:. / 
u020 DATA E2/6.694317778D-3/,0MF21.993305683DO/ 
!.I (I 2 :::: : [:!AT A s G e,. 1 ' '? ·:, 6 4 9 9 [) -;;· / I E R ~l H. .. :" ' 2 •) 2 1 i :3 I 4 7 [) - 5/ 
(1 1)2t:· ENO 
0027 ~~ILES (3,3) 
0028 PROGRAM EBOO 

002~ c t*~**********************~:t:kt•~**~******************************** 
003u C * ROUTINE COMPUTES FO~ A GIVEN DAY AND 3 OR 4 GIVEN SATELLITES * 
0031 C * FROM THE ALMANAC-DATA THE POSITION OF THE SATELLITES,THE * 
ll032 C ~ DISTANCES TO THE USER,THE DILUTION-OF-PRECISION-PARAMETERS AND * 
:• !I 33 i.<II TH THE F' ::;EIJD •)-RAHI~E -E Rf<OP::; ( URE) THE GROUt·W- TRUTH. * 
•i034 THE SRTEL:...ITE-Po:;::ITIOt~S A~·E C01'1F'UTED 8\' A !'fOOIFIEi) Pf<:OGPM1 OF :t: 

G035 THE TEXAS A&M-UNIVERSITY. :t: 

1.,03t· C +• F'LC!TFILES i.·illH ~~ 'J lMETAGC;EC• H[iOF' Ot·i LU=3 t~IITH THE ::::IGi'l~l - * 
0037 C * MRTRIX,SQUARi?-ROGT OF DIAGONAL ELEMENTS AND THE GROUND-TRUTH * 
:.' U 3:3 C: * C! r·J Ll.l=? A~C ld I TH THE ELEV:C~ T I ;Jt·1 At-.fD ~-12' I 1'1U TH OH L 1_1:::3 0 ARE CREATED* 

039 c t * 
U041) C * 
UU41 t~: :t 

u !).~.;_;: 1 ... : * 
1.1 04·:: c ;j: 

I.J (t 4 4 
l.J 04':'. 
0 04f.. 
1) (I.:J ~" 

(I (I 4 :::; 

c 
... 
I 

1 .. 

' ... 

:t 

:t: 

+ 
't' 

* u 0 4.1 c :t: 

'·'(I r.:; Ci :+: 

i .. : f.t5 1 I~ •t 

(I (I<~ 2 1.. :t: 

l.lt'J'"; \ 1 .. : .·I-

ll (1 '5 ·+ ! . * 

USED SU8ROUT1NES: EB o,:.: 
EBCU 
EB 0!:; 
EB06 
EBO? 
FB (I::_:: 
E8 (!':'IE: 
tl I tl \,1 C< 

EBII 
E81.2 
EE: 14 
D I i'ITF 

oo~s (. ~ .. - - - - -
1:1 I) 5 (., 
!:! !)~; / 

Ill)~:;::~ 

c 
-I ... 

f 

.,. U:::;E(> E~lRTH·-F:Fr:ERLt~CE-·ELL l F'' .. ! .. i I C• 
:t 

C-1 

-- ... ·- -* 
* 
:+: 

* 
* 
* 
* 
* 
* 
* 
·t: 

* 
* 
* 
* .. .. ·- ... - .... .. ··- ... ·- ·- * 

* 



,-, (159 c !.,• 

u 06 fi c 
\) 06 1 c 
u 06? c 
n 063 1_. 

(I 064 c 
(1 065 c 
CI066 I -
0 06 ..,. 1.:: ' 
(I 0<:.::: 

'·· 
1) (I <:::. ·;< 

.. 
1 .. 

0 07 (I -L 
\I 0/ 1 c 
0 0?2 c 
0 0 

_, ~ ... 1-
' .. -~· 

0 074 (: 
,·, 1)75 I -'•' .. 

0 O?t:. i_. 

I) 0?7 ·-. i_ 

0 0 ~· :~ I 
... 
-· 

(I 0?9 c: 
I) u;:;: o r· 
i) o::.:: 1 I 

(I 082 ,-. 
\.· 

0083 c 
0 (I :3 4 c 
0 1):35 c: 
1) 0::36 c 
!) 0:37 c 
0 o:::::: c 
0 o:::·:j c 
(I o·::; (I c 
(I 09 1 I -
1) 0'92 c 
0 093 c 
0 094 ( 

0 o·:js c 
0 0'96 c 
0 09? c 
0 09\::: c: 
(I 09'3 

... 
I. 

0 1 0 0 c 
(I 1 0 1 '··· 
(! 1 0:2 c 
0 1 03 c 
0 1 04 c 
0 1 05 c 
0 1 Of.:. ,~ 

(I 1 (1? I~ 

(I 1 08 c 
lt 1 (19 ! 

.. 

(I 1 I (I c: 
I" I j i i c 
tl 1 I .... c .::.. 

II t 1 ~~· c 
IJ 1 1 ·i '· 
u j 1 

.,.. 
.) t. 

(I 1 I 1':;. (' 

0 1 1 I -,. 

iJ I 1 , .... (') c 

:t: 

:t: 
:t: 

:t< 

:+: 

:t. 

* 
* 
* 
* 
* 
* 
* 
* 
;t: 

:-j< 

:t. 

.f; 

* 
* 
* 
* 
:-f: 

* 
:t: 

:+: 

:t: 

* 
:t: 

:t: 

:t. 

* 
:t: 

* 
* 
'"" 
* 
:t: 

:t: 

* 
* 
* 
* 

* 
:+: 

* 
* 
* 
* 
* 
* 
* 
.j< 

* 
:+: 

... 
:of< 

* 
.j·: 

* 

IMPORTANT VARIABLES AND CONSTANTS : * 
INTEGER : IST,ISTi,IST2,IST3 -->CONTROL-PARAMETERS :+: 

LOGICAL 

I, I I, ._t, I I , I 2, I 3 --·- > I t·WD=: FOR DO-LOOPS >t< 

ICOUNT --> COUNTER FOR OUTPUT * 
N --> SIZE OF MATRIX <USED IN :t: 

ISAT 
ID (4) 

ID1 (;,24) 

P~AM ( 3) 
I~~ U 1'1 
I FLAG 

INVERSION-SUBROUTINE> * 
--> NUMBER OF SATELLITES FOR * 

HOOP COMPUTATION * 
··-> INDEX OF SATELLITES * 
--> PRN-NO. OF USED SATELLITES * 
--> PRN-NO. OF ALL SATELLITES * 
--> NAME OF INPUT- AND PLOTFILE * 
--) NUMBER OF POINTS IN URE-FILE:t: 
--> INDICATES SUCCESS OF MATRIX-* 

I t·i\•'ERS I ON * 
* REAL A1,A2,TI,T2,TOUT, -->ONLY FOR OUTPUT,THESE REAL-* 

TMAX,TMIN VARIABLES ARE NOT INVOLVED * 
IN ANY SIGNIFICANT COMPUTAT.:t: 

ARR (15,4) -->TIME OF DATA-POINT * 
URE < 15,4) > URE-VALUE AT POINT OF TIME * 

DOUBLE PRECISION ; .f: 

'• 
! 

,_1,·1 

AD ( i 4, 4 :> 

AO 1 < 1 4 > 
AD2 >::14 .. 24) 
f~L T 
AE 
~)Zt-1 < 4) 
AP,A8 

A< 4 .. 4 ) , AT ( 4 .• 4 > , 
AAT<4 .. 4) 

OTt> 4) 

DTU 

E (3,,3) 

E.-.. 
0::: 

EL··I' (4) 

ER~lTE 

G <4 .• 4:> 
G(;OP 

HOOP 

LA'T 
LON 
PI .. PI2 
F'DOP 

--> ALMANAC FOR 4 SATELLITES * 
--> ALMANAC JUST USED * 
--> ALMANAC FOR 24 SATELLITES * 
--> ALTITUDE * 
--> RADIUS OF EARTH * 
·--> AZIMUTHANGLE OF SATELLITE * 
--> VARIANCE OF SATELLITES URE- * 

AND CLOCK-BIAS (3 SAT. ,WITH->~< 
OUT ALTIMETER-AIDING) * 

--> MATRIX,INVERTED MATRIX AND * 
MULTIPLICATED MATRIX. * 
A CONTAINS THE DIRECTION- * 
COSINES IN ENU-COORDINATES * 

--> DISTANCES FROM USER TO 4 * 
SATELLITES IN ECEF-COORD. * 

--> DATE OF COLLECTION IN DAYS * 
FROM BEGINNING OF THE YEAR * 

> DATE OF USE IN DAYS <CONVER-* 
TED INTO SECONDS) FROM * 
BEGINNING OF THE YEAR * 

--> USER-ERRORS DUE TO SPACE- * 
SEGMENT OF GPS * 

--> MATRIX CONTAINING SINES AND * 
COSINES OF USER POSITION * 

--> SQUARE-ROOT OF THE EXCENTRI-* 
CITY OF THE EARTH-ELLIPSOID * 

--> ELEVATIONANGLE OF SATELLITES>~< 

--> EARTH-ROTATION-RATE * 
--> MATRIX FOR INVERSION-SUBROU,:t: 
--> GEOMETRIC DILUTION OF PRECI-:t: 

S10N 
····· > H()R I ZOtHAL ()I LUT I Ot~ OF 

PRECISION 
--> LATITLI[>E 
-···> LOt~GITUDE 
OM .. .,_,\ pI ( 3 I 1 41 5 f , , ) At~D 2:+:P I 
--> POSITION,DILUTION OF 

C-2 

* 
* 
* 
* 
* 
* 
* 



(I i i 9 c ;f; 

0120 c: :t: 

01~~1 c :+: 

0122 c "" 
Oi23 C :t: 

0124 c * 
0125 c :t: 

Oi2E. C :t: 

Ui27 C. •-~< 

(I 128 c •f< 

1) 1 2'? c: ..... 
013 0 c •i< 

111 31 c :t: 

0132 c :t: 

U133 C •+• 
01 34 ,- :+: 

0135 c: * 
ot-36 c * 
0137 c * 
01 :·~8 c .. ~ 
0139 c: :j< 

014(1 (: +< 

(I i 4 i c :t: 

0143 '-
0144 c 

PRECISION * 
RTD --> RADIAN TO DEGREE CONVERSION * 

FACTOR <180/Pl) :+: 

RBAR --> LENGTH OF VECTOR USER-SATEL.* 
S (4) --> SATELLITE-POSITION IN ECEF * 
SGC --> SQUARE ROOT OF GRAVITATIONAL* 

CONSTANT OF THE EARTH * 
ALL TIMES IN GMT AND IN SECONDS * 

T --> GPS-TIME * 
TC --> COLLECTION TIME,START OF * 

COUNT AT BEGINNING OF EPOCH * 
TCY --> TIME OF COLLECTIONS STARTING* 

AT BEGINNING OF YEAR * 
TDEL --> TIMEINCREMENT * 
TFIN --> ENDTIME * 
TKC --> DIFFERENCE BETWEEN COLLEC- * 

TIONTIME AND REFERENCETIME, * 
WRAPAROUNDS CONSIDERED * 

TUY --> TIME OF USE * 
U (4) --;USER POSITION IN ECEF-COORD,:t: 
URE1C4) -->PSEUDO-RANGE-ERRORS * 
V<4,4) --> KOVARIANCE-MATRIX * 

0145 IMPLICIT DOUBLE PRECISJON<A-H,K-Z) 
0146 REAL A1,A2,0RE< 15,4),ARR<15,4>,T2,T1,TMAX 1 TMIN 1 TOUT,TEXT(2) 
0147 LOGICAL IFLAG 
01 4t! [l I !'lENS I ON AD( 14 I 4). I[>( 4)' I t~At-1( 3) I I t~AI'11 ( 3) I I NAI'12( 3) 
0149 COMMON/TIME/TDEL,TFIN 
0150 COMMON/AZM/ELV(4),A2M(4) 
0151 COMMON/POS/LAT,LON,ALT,R 
0152 COMMON/NAC/TUY,TCY,TKC,DTC(4),DTU,TC,T 
0153 COMMON/CNST/PI,RTD,OMF,AE,E2,0MF2,SGC 1 ERATE,PI2 
0154 COMNON/D82/AD1(14) 
0155 COMNON/DTX/U(4),0(4,4) 
0156 COMNON/SAT/8(4) 
015? COMMON/URE/URE1(4),DX(4) 
0158 COMMON/ALM/A02(14,24),1DI~24) 

0159 
01 ,::;, (I 

COMMON/GDOP/GDOP,PDOP,HOOP,INS,IFLAG,V<4,4),1ST3,AP,AB 
()ATA TEXT/ '/E~3 ·· .. ··t~O'/ 

(I j 6 1 
0162 C I ! 
0163 c!! 
0164 
0165 
0166 

ISAT=O 
A8:::0.0 
AP==O.O 
TC=O. 
I COUtH= 0 

016? (: I I I I I I I I I I I I ~ I ' I I I I I I I I I I I I I 1 I I I I I I I I I o I I I I I I I I • I I I I I I I I I I I I I I I I I f I I 

(111:.!3 c 
0169 c 
0170 c 

It~ PUT 

0171 C *******~** INPUT THE LATITUDE.LONGITUDE AND THE ALTITUDE ********** 
0172 C LON 1.\IEST At4D LAT SOUTH ARE DErWTED 8\' A t~EGATI'./E VALUE 

u 1 7 4 (II F: I "I E ( I t:o I j ) 

0 t ?5 FORI·I~IT ( .·· .. ,. I r-IP LIT USEP P1JS IT I Or~" 
ft 1 ? f:. 1 / II A T l A t~ T I c (: I T . .,. ·~ ::. 1 ) 0 T H E R p 0 s I T I 0 H ( = 2 ) II 

:. ··' II f) N s hiE R : II '> 
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Ui79 IF<IST.E!,i.~:> GOTU 1001 

ntso ( -------------·---------
8181 LAT=0.3944955502 
0182 LON=-0.7456677702 
0!83 ALT=0.4626D2 
0184 GOTO 1002 
0185 r ----------------------
01:3E. 1001 COtHINUE 
0 1 8 7 i .•. l R I T E ( 1 6 , 2 ) 
018:3 ::. FORt1AT C.111 USER POSITIOh It~ DEGREES (F0R~1AT :G15.8)" 
:) 1 :::: '9 1 ... ·' II L AT I T u D E : II ) 

01 ·~ 0 
01 .:~ 1 

1) 192 
11193 
0194 
1) 1 9':5 
I) 1 ·~6 
0197 
(I 1 9:::: 
1.1199 

READ ( 1 6 I 97) LAT 
l~IRITE ( 16,3) 

3 FOF:'t1~~T ( " LNiC; I TUC>E 
READ ( 16,97) LON 
l~RITE (16,4) 

4 FORt•1fH ( il ALTITUDE 
READ ( 16,97) ALT 

1 tt 02 CONTI HUE 
c .... ·-· - ·- -· ·-- ·- - ·--- -- -· ·- - ·-- ·-

It~ FEET 

WRITE ~6,50) LAT,LON,ALT 

li' ) 

ii ) 

!.1200 5U FORNAT ( II PROGRAM ;f< E E: IJ 0 :t: II 

u ;~I) 1 
02 o~: 
o;~~ 0.3 
(I~:: 1) 4 
O;? o:; 

1 ,..-' 11 -·---------------·-······--···---·~~ 

·'). .·· ,.• 
(,;..,. ( . 
::.:./ 
4/ 

5.···' 

II USER-POSITION : II 

II 

II 

UH I TUDE : II 'c, 1 5' ::;: ' II DEGREE II 

L..C!t~G I TUDE: II '1.~; 1 ";. :::' II [>EGREE II 

;1L TITUDE :II' 1~1·:.:;' ::: .. " FEET") 
0206 LAT=LAT/RlD 
0207 LON=LON/RTD 
0208 ALT=ALT/0.3280901 
02 I)') c 
0210 C *****~**** E802 COMPUTES E-MA1RIX ~****~**** 
0.2 j i c 
0:~: 1 2 
0213 c 

CALL E802 

0214 C ********** EB03 TAKES LAT, LON, AND ALT; ~********* 
0215 C IT RETURNS X,Y,Z IN U-VECTOR 

0217 CALL E803 
I.·.IR I TE ( 6, 51 > < U< I ) , I= 1 , 3) 
FOR~1AT ( '1 t::CEF -COORD I t~AT E :::; ~<- 11

1 G1tS,8,, 11 
\' = u,G16,8J" Z = 

0220 1 11 ,G16.8> 
0221 U(4)=0. 

0223 C :+.:t..+'******* F:EA[) U:3ER TIME :+::+::ft::t-:~+::+'** 

1)224 c 
022~5 

0~~26 
u2.:;: .. ? 

022'} 
(.1230 
0231 
0232 
1.)233 

(1235 
o;;~36 

l,IR I TE ( 1 6, 5) 
FORt1AT (/"USER TINE <For;;:i'1AT: G15.::<)" 

I/ 11 STARTTIME(TSTAPT),ENDTIMECTFIN>,TIME INCREMENTCTDEL)" 
2/ "~ND ALMANAC-COLLECTION-TIME (TC) IN SECONDS." 
3/ " START OF COUtH: T3TART .. TFitL TDEL-->E'v'ER',' ()AY AT OCt: 00" 
4..... II TC: ·-->BEGINNING OF EPOCH II 

II TSTART=_") 
F:EAD (16,9?) T 
lM<' I T E < 1 6 .• t::. > 
F 0 ~: i·1 AT ( " T F I N = II ) 

READ ( 16,9?> TFH~ 
l,I~:ITE ( 16,7) 
FOR~1AT ( " T)FL. = " ) 
R E AD ( 1 6 .• ·:1 ? 1 1 DE L 
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0240 :::: 
0241 
0242 

i.<.i R I T E < 1 t· I (_{ > 
FORI·iAT ( " TC 
READ ( 16~97) TC 
liiR I TE ( 1 t. I i 0 ) 

:: II ) 

024"3 i (! 

0244 
FORI·1AT ( II NHE OF USE I H [:q:::,-..·~::; FROt·1 . .JAtWAR\ll FIRST : II ) 

0245 
READ < 16 1 97) DTU 
l1IRITE ( 16~9> 

0246 '? 
r:t24 :" 
1.124:3 
O:? 4'3 

FORt1AT ( II i~UI'IE'ER OF SATELLITES < 3 OR 4) :::: " ) 
READ< 16 .. 9~i) It~S 
IF<INS.EQ.4) GOTO 1016 

U25 0 34 FORI·lAT < II C\lSTE~l ALTI1'1ETER AIDE[:. ( =1) : II) 

U251 READ ( 16198) ISTJ 
(1252 IF< E>T3. t~E. 1 J IST3=2 
0253 c ~ ! IF< I ST3. EO, 1 .) C:iOTO 1 016 
0254 c I ! I ST3=2 
0255 c I i (,IRITE ( 1 6 .. 35 :~ 

0256 (:!135 FORMAT ( " SATELLITE Ut;.:E- (AP) AND CLOCK-VARIANCE <AB)" 
0257 c I ! 1 / II AP ( S(~UARED) : " ) 
1125:3 c I i REA[> ( 1 6 I 9?) AP 
(I 2 5 ·.:. c: I ) l~ F: I T E < 1 6 . 3 6 ) 
u;:::t. o c 1 i 36 FOR~IA r < " AB < ~3GlLIAF:ED > :·-·II ) 

0261 ~:::I I READ ( 1 6. 9?) AB 
U262 C --------------
0263 1016 CONTINUE 
0264 CALL EB12(T,T1 
0265 C~LL EB12(TFIN,T2) 
0266 WRITE (6,52) T,T1,TFIN 1 T2,TDEL,DTU,INS 
!.1~·:6? s;,: FORI'IAT ( ,··'" u:.::ERT I NES : " 
o;;::68 1/ " START <TSTAF.:T): "1G1S.81 11 SEC.= " .. F!::i.2," HOURS" 
o;.::ot:-9 :.::: .. ··· II Et~D •:TFir~> ",G15.:31" :;Ec. = ",F5.2," HOURS" 
0270 3.···' " INCR. < TOEL) II I G15. 8, II SEC" 
0 ::::? 1 4 / ;; DATE ( D T u ) " I G 1 5 • 8 I II D A'·( s II 
0272 5// " THE C0~1PUTATIOt·lS ARE NADE lHTH", 12," SATELLITES") 
0 2 '? '3 IF ( It~::: ' E Q • 3 ) !~I R I T E ( 6 ·' 6 6 ) T E ~<T ( Is T 3 ) ' ! I A p ·' AB 
0274 66 FORMAT (/" SYSTEN ALTIMETER-AIDED : 11 ,A4) 
1)<27"':; c I i 1 / II (lP -'3Qllf4RED : II·' e;:::. 4 .• II AB-SOUARED :"I G:::. 4 I 

02?6 Cl i ;~:" U4PPL_ICAE!Li:: : 3 :3ATEL.LITES IAIITHOUT ALTH1ETER)") 
l.)Z::77 c 

028U 
u~~G 1 
0282 

0284 
0285 
ft:;-;86 

ltiRITE 0:16,12) 
I 2 F-"ORI·I~iT < " 4Li'1t4HAL:--.C>ATA Ff;••)r·1 Tr~PE ·: "' 1 ) ·') 

READ (16,'38) IST1 
I UO(t CONTit4UE 

ISAT=U3AT+1 
IF( I ST 1 . EO. 1 > GOTO 1 0 09 
hi R I T E ( 1 6 I 1 3 ) I s A T 

II· . 
.I 

0287 1 3 F 0 R t·1 AT ( . ·' •. ~· t<.lt~ ALMANAc :::: 1 0 R DATA F R 0 ~1 F I l E ::: 2 F 0 R :::.: v tW . II .• I 2 J II ? II 

1/ 
02;::3 READ ( 16 .. 9::.~) IST 
u2'30 IF( I:;r, EGl. 1) GOTO 1005 
0291 c -----------------

u;::9J 14 
l.d R I T E < 1 6 ,. 1 4 > 
FORI'1AT (/II F I LENA~1E : II ) 

READ< 1 6 .• 92) I ~~Art 
OPEN (2,FILE=INAM,FORM='FORMATTED') 
READ ( 2 .• 96) DTC( I SAT) I I ['II: J :3AT) 
PEAD <2,')1) IA[I(J,ISAT),I:::.II4) 
R E A [> 0:: ~:· I ') 1 > ( A [l ( I .. I sA T ) . T ~;: ~:1 I :::< ) 



02'19 
03 0 (I 
0301 j;::; 

CLO:;E< 2 > 
l.1ff.:~ITE < 16 .. 15) ID( ISAT) 
FOR~IAT < " SATELLITE IE> = li I I 2) 

0302 GOTO 1010 
0303 c -----------------

1 0 05 COtH I ~IUE 
l,IRITE <lt·,16) ISAT 

(131)4 

0305 
03 (II:, 
(130;-' 
03 o:::: 

F 0 R 1'1 A T < II # # # # # # # A Li'1 A tH41>- D A T A F 0 ,:;: sATE L L I T E " .• I 2 .• II # # # # # # # II 

03 0') 

I) 3 1 0 
o::~ 1 1 1 ? 
0312 

0314 1:?. 
031 :::; 
U31 E. 
:131? 19 
U31 t':; 
0319 

(t321 
11322 
11323 21 
(1~7,24 

0 3 ~? :~. 
0326 

032:~ 

03~3 0 
0331 
0332 
0333 

0336 

,•··, .. ~, 
G.. ··~· 

:24 

1/ II !-ORI'1AT :[>12.4" 
II D,:HE OF COLLECTIOt~ 

READ ( 16 .. 99) DTC< I :::>AT) 
hi R I T E ( 1 6 .. 1 7 ) 
FORt-1AT < " E>~CEtHR 1 CIT\' 
READ < 1E.,99) ~W< 1 .. ISAT) 
i.1IR I TE ( 1 t., 1 :3 ) 
FORI·1~n < '1 REFERENCE TINE 
~:EAD < 1 6, 99 > AD( 2 .. I SAT) 
I.!IR I TE •; ·1 6, 19) 
FORI·1AT ( " ORBIT I IKL It~AT I Ut~ < I 0) 
READ ( 16,99) ,~[)(3, ISAT) 
l\11~: I TE < 1 6 I 2 0 ) 
F. 0 f;::l•hH < " [\ ~: 1 F T R ~~ T E 0 F '· 1 0 ,:. 
f<EAO < 16,99) AD0:4 1 lSAT:> 
t•J R I T E ( 1 t· .. 2 I > 

FORt·1AT (II S0f)Rf:" F.:OOT OF I.;F:EAT HALF--AHIS 
READ ( 16,99) A[\(5,. !SAT) 
l1l R I T E < 1 6 .. 2 2 ) 
FORNAl < " RIGHT ASCE~~S I Ot·J OF ORBIT 
READ r: 16 .. 99) AN 6,. I~:AT) 
(,IR I lE < 1 c .. ~::3 ) 
FORI'lAT (. " Af<:GUI'JEtH OF PH:: I GEE 
REA[> ( 1 6' 99 ') AD< 7 I I SAT) 
1.1!R I TE ( 1 6, 2,1 ) 
FORI·1AT ( II t·iE~4H AtWNAL 'l 
READ ( 1 6 .• ·~·:n A[)(:::, E:~H) 
I.1IRITE ( 16,25) 
FORt·1AT <" :::>A TELL I TE I[> 
READ ( 1 6 .• 9t<) I[)( I f:AT) 
GOTO 101(1 

0338 c ------------
0339 1009 CONTINUE 
0340 
0341 

IF( I:;::~lT. t~E. 1 > GOTO 1010 
CALL EB14 

02:4~~ DO 107 I1=1 .. IN:; 
034~~ 1 0: i COtH HWE 
0344 l1l R I T E < 1 6 .. 2 6 .> I 1 

FORNAT ( " ID OF :3ATELLIT[ < ", I2, II::. : ") 
READ ( 1 6, 98 > I D< I 1 ) 
[! 0 1 08 I 2 = 1 . 2 4 
IF< H>( I 1 ) , NE. H> 1 ( I 2). AND, I.2, L T, 24) GOTO 1 0:3 
IF< ID< I1 .!.EO. ID1( !2)) GOTO i 01~~: 

1.11 R I T E ( I t· , ;..·? ) I D < I 1 ) 

:_'') 

11 ) 

: u ) 

; u ) 

: II ) 

l If ) 

: u ) 

: IJ ) 

: '' ) 

: H > 

0346 
1)34 7' 
034::: 
(134':.~ 

(135 (I 
(1351 ...... ., 

.;:. t F'ORI·1AT ( II •. ==::= > SATELL I iT-AUIAHAC OF :3AT' (II I 12 I .. ) tWT OW' 
tn s ~: 1 " rApE ' 1 -.: "~ :: = = = II ·1 

113:::.3 GOTO l (I 1 1 

< 1 ~' '3 4 1 u :~: C: 0 N T I t4 U E 
tt35~) 1 111 ~~ CONT l NUE 
11356 DO 107 13=1,8 
II 3 5; ' H [l( I 3 I I 1 ) =~A [<• ( I 3 ' I :2 ) 
u 3 5 ~: I D ( I I ) = I 0 1 ( 1 2 :> 
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COtH 1 Hi.iE 
1136 0 c .. --·-------··· ---····-- .. 
0361 1010 COtHitWE 
0362 AD<9,!SAT>=~D(5,ISAT>**2 
:)363 Al)( j (I J I SAT ):::(:0:3< AO< 3 I I SAT>) 
u:364 AD( i i , U::AT )=::;;r tl( A[l( 3, I :3AT >) 

fr 3 6 5 AD< 1 2 , I SA T ) = C 0 S < A [1 ( 7 .. I SA T ) "l 

:) 3 r:. 6 A [> ( 1 3 , J:::; A T ) = :3 Hl < A [l ( 7 , I ::; A T ) :1 

o 3 t=· 7' AD::: 1 4 , u:; AT > ·= :; G i: · .... < i~ D < 5 I I ::.AT >*A o ( 9 . I :::AT > > 
u:-::6:3 IF( I::::AT. LT. IN:::> CiOTO 1000 

0370 C •t:t::t:*****'t•t. IHPUT '.,.'-1·1ATRii~ At·{[:· Itl'·/ERSIOt·l ********** 
U3/ 1 r 

i.tlR I TE .; i 6, 2::: > 
FOf<t·u:-n < ,.·'" v-ri?lTF.:I,,: =Ut-nr··i .. i'l~tTf;,:r>•: '=i > -::· " 

0374 
0375 
037t:. 
0.377 

1 / " At·-iSl,iER '' ) 
k:EA[l •.: 1 6 .• 98) r ::;T 
IF( I ST. EO. 1 ) GOTO 1 01 4 
hi~: I TE < 1r.• .. <::·~; 

037f~ ?'3 F 0 R l•i tH < II I tip u T [) l f4 G 0 tH; l . E L EM E tH :~; 0 F 1'1 AT R I ~< " 
0379 l ,·' " ' t P~lRAI'1E H.:J;::_:. Hr-4'./E T 0 C Uj;:RESPOtm TO ::;;HTEL LITES ! ! " ) 
U380 DO 1 1 0 I= 1 I 4 
(I~~::: i lti J:;: I T E ( 1 6 I 3 (I ) I I I 
03:32 ·:: 0 F I) R I· I A T ( II E L E 1'1 EtfT ( II I I 2 ' ;: / " .. I 2 ! II ) : II ) 

READ < 16,9?) 'y'< I, I) 
03:~4 'y'(I .. I)=1./VII,1.> 
0385 110 CONTIHUE 
0386 CiOTO 1015 
0387 1014 CONTINUE 

DO i11 I=i,4 
0:3:39 '·/( I .. I )== 1 . 
!"1390 i 1 I C:OtHINUE 
0::~91 101':; CONTINUE 
0 ~~ S•2 
0393 

ft395 

[l(l 11~~ !==114 
[)(I j 1 2 ,_1: 1 1 4 
IF<I.EO ... I) GOTO 112 
'···'<I .. ,J )=0, 
CONTI t~UE 

'·' :: ·=< ::::: I . :t t. :t. * ·~ :f< * :t: :t: :t: I t·l p u T u s E R ·-

04 0 0 
iJ .:I 0 1 

00 1 09 I I= i , 4 
[,1~: I TE .: j 6 I ::q ) I [l( I I ) 

····EPPt.:lk :t::f.:+::+: ** **** 

0402. 31 F0Rt·1AT < II F I LENAt·lE FOF UF:E OF ~::\fH. ( I D= II I I 2 ·' II ) : II :,. 

114 0.3 
04 04 
04 05 
04 or:. 
04 0? 
I) 4 o::: 
04 09 1 03 
04 j 0 
0411 1fVt 
I) 4 1 2 '-

READ ( 16,92> INAM 
OPEN(2,FILE=INAM,FORM='FORMATTED') 
READ( 2 I 9:3) I t·Wi'i 
[!0 103 I=l, IrWi'; 
RE(~D < 2, *) "iRR{ I, I I ) , URE< I . I I ) 
ARR( I, I I .>::::f:IRR< I .. I I ):+<360(1. 
COt~T I r~UE 
CLOSE ( 2 > 

C0~4T I t·~UE 

0413 L. •+t••t::~~<:+::+::t::f::+: It~PI.IT ~~Ai·1E OF PLOTFILE *'t••·t<J4-::t•:+:**** 
(1414 I_ 

0415 

1.141 ''· 
l14l :· 

1.14 t :;: 

~:' ) 
•.:: 

1.11 R I T E .; 1 t_:. , 3 2 ;. 
F I] R l·l AT < . ' " '-' ft ~1 c 0 F P L 0 T F I L E FUR ::; 1 G 1'1 A - N ~i T R I ;< : " :' 
READ I 1 r::., 9:~' .l l tlM1 
hiP I TF < 1 t•, 1:3 ) 
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04 1 9 
.... ,_ ... , 
·~· .~· 

!)420 
FORI·1AT ( " '.li~~1E OF PLOTF 1 LF FOF: H[lUF' : ") 
READ ( 16_.9~!.) It·h4M1 
I.,IR I TE ( 1 t. .• 37 ) 042i 

(142~~ 

0423 
0424 

FORI·1AT < '' 'JANE. OF PLOTF 1 L.E FOR AZ I 1'1UTH A~~D ELEVAT I 0~4 : " ) 
READ ·~ 1 6 .. 92) I UAt•l2 

0425 c 
U42t:. C * t., .. :t::t<:~ ***··1: OUTPUT ALI··1ANAC At·JC• UF::E :t: * :.~<:t: +::.::t::t::t::t< 

:'1427 c 
042:3 A 1 =·;N(~L( [JTC< 1 ) ·, 
0429 A2=SNGL(TC> 
043 0 
0431 53 
U432 
U433 
0434 
0435 
0•13f. 
(1437 
043::: 
043'9 
04 4 (I 

(1441 

':54 

0442 c 

lMd TE ( 6 .. s::n A 1 .. A2, ( I D( I ), I= i , 4 > 
FORI'lAT ( ,.··'" iY3EO AUHH~ACS DTC= II·' F5. 0 ·' " 

i ,...' " - -· -- ·-· -·--- -· ·- - ·-~ li 

~:/ "::::AT. IC:•: " .. I3_.i9i<,I3.19>;_.I3,19~CI3) 
l\IR I TE < t:; •.• 54) r: c: AD< I .. ~.1), .J= i . 4), I== i , 1 4) 
FORNAT <40: 10:0::.[)12.4, )) 
i.,IR IT E 0:: 6, 55 ) ( I [l ( I ) , I= 1 .. 4 i 

FORI·1AT < ,·'" USED URE S" 
1,_.•' II ----·-----'i 
2.' "SAT. ID: " .. I3.;;:5~\,I3 .. 25:": .. I3,2~!:=<,I3> 

hi R I l E < 6 , 5 tS ) ( < < A R R < I ... J .' , U R E < I .. ,.f ) J , .J::: 1 , 4 ) , I = 1 .• IN U M > 
FORNAT <4(2E12.4,4X)) 

U443 ********** START- AND ENDTIMECONTROL *********• 
U444 C 
(144':; 
0446 
044? 
044:3 

T3=ClE:LE< Hl'h·\;\ 1 < ,.:.)RR< 1 , 1 ) .. APR< 1 , 2), Aj;;•f<:( 1 , 3), APR< 1 .. 4).!-:. 
IF<TJ.LE.T> GOTO 1003 
T=T3 
CALL EB12(T,TMAX) 

044~ WRITE (6,57) TMAX,T 
045(1 57 FORt·iAT (,·'" ... --·-::LIRE-OATH ::::TARTS AT ",F7.4." HOU~:S." 

I) 4 5 1 j .. • II :.: ::: > ~~ E 1.\i T s T f4 k T :::: " ! [Jj 2 . 4 ·' II :::: E c ' " ) 
045~ 1003 CONTINUE 

TC= II) F6' I) .. 

0453 
04':)4 
04 '55 
U4~56 

T 3::: l) B L E < H 1'1 It~ 1 \ A R R ( ItW I'L ·1 J .. f~ P R < ItW t·1 .· 2 ) , A R R ( It~ U 1'1 .. 3 > , A F~ F.: ( HlU 1'1 .. 4 ) ) ) 
IF<T3.GE.1FIN) GOTO 1007 
TFIN:.-::TJ 
CALL EB12(1FIN,TMIN) 

0457 WRITE (6 1 58) TMIN,TFIN 
045::: 5::: FOR~HH (,..-'" .. -->LIRE-OAT~, F:t·W::: AT ",F7.4 .. " HOURS." 
u 4 5 ·~ j ... II =::: > t·l E ld T F I t..J - " ·' [) 1 2 ' 4 ' II :3 E c ' II ) 

0460 1007 CONTINUE 
0461 ltiRITE (6_,59) 
046;;: "';·j FORI·1AT ( ..... II HJVERTED '·l-1'1ATF: L~ II) 

046.3 ltl R I T E < 6 ; 9 1 ) ( ( v ( I I ,J ) I ,i :.:: i ' 4 ) • I "" 1 .. 4 ) 
0464 
04t:.5 
046,;,:. 
046? 
0468 

!''._ I I I t ' I I ' I I ' I I ' < 0 t • t 1 I I I I I I • I f i I I I I I f I I I f I I I I I I I I I I I I I I ' I I I I < I I I I I I I I 

r ********** WRITE TITLE ********** 
c 

046'} 6 0 
04? l) 

0471 
04 ?2 
U47:~ (.j 

04'?4 
0475 
0476 
04 ;""? 
04?::: 

WRITE (6,60) INAM,INAI'tl, INAM2 
F 0 R 1'1 AT " , .. " ~_; M1 £=' 0 F P L 0 T F IL. E F 0 R :; I G 1'1 A -1'1 AT P I ;:.; 

1/ " NAME OF PLOTFILE FOR HOOP 
21 " ~AME OF PLOTFILE FOR AZIMUTH AND ELEVATION 

IF( I SSIAI•; 0) . GE. 0) ldR I TE •; t. , t:.1 ) 
FORI'1AT '· " 1 OUTPU f OF COI·1F'UTAT I Ot~::; " 

1 ,.··' II .. ·~--·---------··~·--·------- II) 

DTU=( DTU-1 . 0 )* 0. 864 OD5 
TC\'=< DTC< 1 )-1 . 0 ):f< 0. 864[>5+01'10[:.( TC, 0. 864 005) 
OPEN (2,FILE=INAM,FORM='~ORMATTED') 
OPEN (3,FILE=IN~M1,FORM='FORMATTED') 
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0479 OPEN <30,FILE:INAM2,FORM= FORMATTED') 
0~80 1004 CONTINUE 
0481 ICOUNT=ICOUNT+~ 

U482 CALL E812 <T,TOUT) 
04::::3 WRITE (2,97) TOUT 

WRITE (30,97> TOUT 04:::4 
0485 
04:?.6 '~·.:::: 

IF(I:3:::t.,!•~O).GE.0) l,IRITE 0:6.62) TOUT 
FORI-1AT (/" iii'1E: ",F12.4 .. " HOUR:3" 

04:3? i / .' 1 5 ~< J II sAT;;:: L L I T E p 0 s I T i 0 ti ::: l) 

0 4 :::::: ;} / .· i 1 ;,; J li :><: " .. 1 7 :·:: ·' II 'r' II J 1 7 >< I II z II ·' 1 t. ~< ·' II E L '•/" .. i 5 X ·' II A z M II ) 

04:::·~ 

04 ·;;. IJ 

04 ·~ 1 

(14•};..: 1 I) 1 

(14 9 3 I~ 

[)(! 1 0;2 1 = 1 .. I t··l::: 
DO 101 .J=1,14 
AD 1 ( ,I ) = A [• ( ~' . I ) 
COtH I t~UE 

0494 C **~*******COMPUTATION OF POSITION,DISTANCE TO USER********** 
0495 ~ ~ND ~ZIMUTH AND ELEVATION OF SATELLITE (f) 

04':i6 r· 
049? 
04(~8 

0499 i 02 

O':'i 0 0 '·· 

II==I 
CALL EB 05( I 1 > 
CONTINUE 

0~01 C **~******~ COMPUTATION OF G-MATRIX.HDOP AND GDOP ********** 
us 1)2 c 
O:'i03 C.'' IF<( IW? .. EQ.4;..0R . .: IH:3.EC!. ::.At~(!. lST3.EQ. 1 )) CALL. EBO:;:: 
(l~j 04 C I l 

o:; 05 
IF< INS.EQ.3.AND.IST3.EQ.J) CALL EB088 
C~LL. EBOC 

O':i06 IF(IFLAG! GOTO 1013 
0~10? c: 
0508 r ********** INTE~POLATION OF URE-DATA *********+ 
o:; 09 c 
0'51 0 00 104 1=1 .. 4 
,.1511 DO 105 ,J::;1,It~Ui'1-1 

0 5 1 ;;:: I F ( T ·· ~~ R R c ,J , I ) . G E . 0 . At~ D . .:-1 F.: e ( ,J + 1 .. I ) - T . G T . 0 ) G 0 T 0 1 0 0:::: 
0513 105 CONTINUE 
0514 1008 CONTINUE 
0515 
U51 >.;. 

8 = D 8 L. E ( ( 1..1 R E ( .J + 1 , I ) ·- U R E ( .J , I .i ) ,_... ( A f.~ R ( .J + 1 , I ) -~~F.: R < ,J , I ) ) > 
A = DB L E ( U R E ( ~i , I ) ) - D 8 L E ( A F.: k < .J , I ) ) * 8 

0517 UF.:E1 (I )=~:+B*T 
0~51 ::: 1 (14 COtH INUE 
051'3 c 
0520 C ********** COMPUTATION OF GROUND-TRUTH ********** 
0521 c 
05?2 CALL. E811 
O:i2.3 IF< IS~>I.\1( O:>.GE. 0) l,IRITE (6.63) 
0524 1:::\3 FORMAT (/ 11 GROUND-TRUTH AND FIGURES OF MERIT '') 

o ::.:; ~: 1::. (. 4 F cH< rt ~' r ( 1 o ~.:.. II o :": II , 1 6 x I " C> ;,.. " .· i r:. ~<.. " o z ~~ .. 1 5 ;c " ... n s II , t 3 ~< I " H D o P " .. ::;~ ~<.. 
It !5 2 7 1 II p D 0 p II .. 8 )\ J " (;; [> 0 p II ) 

(I::; 2 :=.:: I F ( I s s 1,\! ( 0 ) ' G E . (I ) ld R I T E < 6 . 6 5 ) ( D ~< ( I ) ·' I = 1 I 4 ) J H [lOP I p D 0 p . G D 0 p 
0529 65 FORMAT (4D18.8,4X,3(2X,Gi0.4)) 
0530 A1=SNGL.<HD0P) 
0531 WRITE (3,89) TOUT,HDOP 
0532 1013 CONTINUE 

l1l R I T E ( 2 , '3 4 ) D ::<: 

(I ~j 3 ·i I F .; I ::. f; 1\1 ( 0 ) , G E . 0 > l•.l R I T E .; 6 .. ..9 0 > 
f.!535 
i)536 
0~537 

053::: 

T=T+TDEL 
IF<T.L.E.TFIH) GOTO 1004 
CLU3E <2l 
1\1 P I T E ( 3 .. 8 9 ) 0 , , 0 , 
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0~39 

I) !54 :) 
054 1 
0542 
0543 
o;:i44 
0545 
0546 
fl547 
054:::: 
0'54'j 
05~~ 0 
1)55 1 
0552 
0553 
0554 
0555 
0'556 
0~57 

-I 
-I -
r: -
:::·j 

·~ 0 
'} 1 
92 
'33 
·;q 
95 
9t:. 
•j ~-:= 

I 

·~ t: 
·:) ·:~ 

CLOSE ( 3 ) 
CLOSE ( 30) 
STOP 

** :t::+::+: :+::t::tc:t: :t: F ORI'1AT:3 ·t·****** :t>:t: .. ;: 

FORI•1AT < 2F12 o 6 > 
FORNAT ( 1 H 1 ) 
FOFi:fotAT < 4D 1:3 o 8) 
FORNAT (3A2) 
FORNAT ( 14) 
FORI'1AT <4E12.4i 
Fl)Rf1AT < A4 > 
FORNAT <G1~io:3,13) 

FORt'l~H( G 1 5. 8) 
FORNA10:12) 
F 0 R MAT 0:: [> 1 2 , 4 ) 
E t~ [> 



~FILE T=00004 IS ON CROOOli USING OOOOG BLKS R=OOOO 

0001 FTt~4><.L,\' 

0002 $FILES < 1, 1) 
0003 PROGRAM FILE 
0004 c *****~**************************************************** 
0005 C * FILENAME &FILE * 
0006 C * PROGRA~ TO READ URE-DATA AND CREATE FILES. * 
0007 c **************************************~******************* 
(! 0 0::: (. 
i.l 0 o·;, D 11'1Et4f; I Ot~ URE( 1 5), T I 1'1E( 1 5), I t·iA1'1E( 3) 
I!OiO l~IRITE (16 1 1) 
•101 1 FORNAT (" t~UN8ER OF FILE::: : "> 
II 0 i 2 REA[> ( 1 6 , 9 9 ) t4 1 
,_:; 0 i ?: 0 0 i 0 0 I = 1 .. t4 i 

hiRITE < 16,2) I (1014 
(j 0 i .::~ 

1) 0 i .;:. 
iJ 0 i? 
0 •:1 i :::: 
!) (I 1 ·:~ 
002u 

.-, 

.:~. FORt·1AT ·: "tW~1BER OF RECOFW::. H4 F 1 LE II) I 2 .. II : II ) 

REA[> ( 1 6 .. 99) N2 
l{I~:ITE ( 1 ,:., 3) I 
FORt·1AT (. "HAI'1E OF FILE II.· T2)" ~ II) 

READ ( 16_.98) INAME 
OPEN (2,FILE=INAMEIFORM= FORMATTED') 

it 0 2 i i.~l F.-: I T E ( 2 , 9 9 ) t~ 2 
l)022 c ·-·-- ------·----·-- .. -- --
0023 DO 101 ~t=i,N2 

0024 t.,tF::ITE (16_.4) ._t 

il025 4 
0 0~:6 
u 0~~? 
0 (12:::: 5 
0 02·:.~ 
0030 
0031 i 01 
0032 
') 033 1 (I (I 

FORI'1AT (" Tir·lE( II·' 12, II :.• '"'.--,;) 

READ ( 1 6 I 9?) T I 1'1E ( ._t ') 

l~l ~: I T E ( 1 b I 5 ) ,J 
FORMAT ( :r URE< II I I 2 I II ) : ll ) 

READ ( 1 6 .. ":.17) URE< ,J > 
WRITE (2_.96) TIMECJ),URE{J> 
CO~HINUE 

CLOSE< 2) 

GOtH I t~UE 
0034 c ------------------·-

0 0 3t:. 
OU3? 

0 u '3 '? 
I .I 04 (t 

98 

FORNAT ( 2E12. 4:0 
FORI'1AT (E12.4) 
FORNAl ( 3A2) 
FORt-1AT < 12 > 
STOP 
nw 

C-11 



~PLCOR T=00004 IS ON CROOOC2 USING 00030 BLKS R=OOOO 

0001 FHH>';,L .. Y 
0002 $FILES (1,1) 
0003 PROGRAM PLCOR 
D004 C ~***************************~********************************* 
0005 l: i< F I LEt~ANE : :i,PLCOR 
0(106 c :f: 

000? 
0008 
i) (I 0'3 
0 0 1 0 
0 0 1 i 
0012 
(I 01 :::: 
0014 

C * PROGRAM PLOTS DATA FILES GENERATED BY THE PROGRAM 
C * THE FILES CONTAIN VALUES IN THE FOLLOWING ORDER : 
C * TIME IN HOURS AND MINUTES 
C * UPPER-TRIANGULAR SIGMA-MATRI~ (X1) 
r * SQUARE-ROOTS OF DIAGONAL ELEMENTS <X2) 
C * CORRELATION-COEFFICIENT (X3) 
i - * GROUND-TRUTH <X4) 
... 

i * 

"EBOO" 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

0015 c. * - - - - - - - - - - - - - - - - - - - - - - - - - - - -* 
0016 C * PLOTTED VALUES ARE : 
0017 C * SQUARE-ROOT OF DIAGONAL ELEMENTS 
0018 C * SQUARE-ROOT OF THE SUM OF THE DIAGONAL ELEMENTS 
001q r * GROUND-TRUTH 
I.IO::?u t * CORF~ELATIOt~-COEFFlCIEtH 

0 02 j 1 ... * 

* 
* 
* 
* 
* 
* 

(I (I 2 2 c * . .. -· ·- - ·- - - ·- - ·- ... - - -· ·- ·- - - ·- ·- - - ·- - ·- - ·- - - - * 
0023 C * USED SUBROUTINES : DLTBL 1 GPS --> PLOTLIBRARY * 
0024 r * INPUT,PLSUB * 
0025 1_.. * 
0026 c ************************************************************** 
oo;;~? c 
0028 DIMENSION IGCB<t92),INAM(3),!0ATE~3) 
0029 c 
0030 C ********** READ NAME OF FILE,LOGICAL UNIT AND ID OF ********** 
0 031 c 
0032 c 
0033 
0034 
0035 
1)036 
003"? 
0038 3 
00.3·;~ 

0040 

DEVICE :3UB 

l1IR I TE ( 1 6, 1 ) 
FORNAT ·~ H t~I41·1E OF PLOTFILE :_.") 
READ ( 16,92) ~~~AM 

OPEN <2,FILE=IN14M,FORM='FORMATTED') 
l.tiRITE < 1 t:., 3) 
FORt1AT ( II i...OGICAL UNIT ..: LUI AtW J[) OF E>EVICE-SUBROUTit4E" 

J •. ··' II LU = II) 

REA[> ( 1 6 .. '33) Ll.l 
ltiR I TE .; 1 6 I 4) 0041 

0042 
0043 

4 FOf·H·1AT ( II ID = II) 

READ ( 1 6 .. ·j3) I D 
c 0044 

0045 
0 04tS 
004? 
I) 0 4:3 

C **'k******* INITI~LIZE PLOTTER, GET LIMITS OF X-AXIS ********** 
G AND LABELS AND DRAW VERTICAL GRID 
c 

'·'' R I T E ( 1 6 I 5 ) 
(I 04 •j 

uo:;o 
5 FOR~1AT ( II ::nART-AND EHDTIME IH HOURS." 

0051 
0(15~~: 

0 05 :.:~ t. 

0054 
u 0~55 
11056 j•=l 

1..105? 
0 (15::{ 

1/ II TSTART : ") 
READ ( 16,94> TSTART 
l,IRITE ( 16,6) 
FORI·lAT ( II TEND 
READ ( 16,94) TEND 
hi R 1 T E ( 1 0 I 1 9 ) 

II ) 

FORt·lAT ( II [)ATE ( 1'11'1DD\'\') : II ) 

F'EAD ( 16,92) ID~TE 

CALL PLOTR ( IGC8, lf>, 1, LU) 
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0059 
0060 
0061 

CALL ~:ETAP. •: I ,.:;ce, i . 1 ) 
CALL FRI4i'1E ( I GCE:) 

( ' ' ' ' ' ' ' ' ' ' ' ' ......... ' ' ' ' . ' ' 

0062 c PLOTTING OF [)ATA 
(11)63 c 
0064 C ********** GROUND TRUTH ********** 
0065 c 
0066 CALL. PLSUB.: ICiC8, 10. ,28. ,"-20.,:~0. ,20. 1 4,TSTART .• TE~W,21) 
0067 c 
0068 C ********** CORRELATION-COEFFICIENTS ********** 
i)069 c 
0070 CALL PLSUB o:IGC8,:?8 •.. 46._,,·1 ... 1.,.1 .. 3 .. lSTART,TEti0 1 1.5) 
007i CALL PLSUB o: IGCB .. 46.,64 ... ·-1 ... 1 ... 1 ... 3,TSTART,TEt-ID, 1:3) 
U 072 C: 

0073 C **~~****** SQUAR~-ROOTS OF THE SUM OF THE DIAGONAL ELEMENTS ******** 
00'?4 c 
0 075 CALL PSUE 1 ( I GCB ·' E.4' I 82' ·' I). ! 4 0. I 2 0.! 3' TSTf'~RT .• TEr-lD' 1 1 ) 

0077 C t********* SQUARE-ROOT OF DIAGONAL ELEMENTS ********** 
0(17::: c 
0079 c A L L p L ::: u 8 ( I G c B I 8 2 ' I i (I (I ' .• (I ' ·' 2 (I ' ·' ; 0 ' .• 4 . T s T A R T I T E tW I 1 I ) 
008(.1 c. 
0081 C t********* LABELS ********** 
oo:.::2 
U083 CALL './IEI.oiP •: IGC8,0. 1 100 .. 0.,100.) 
II (18 ··I 1~: ALl 1.~11 r~ [1l\1 ( I G c 8 , 0 • I 1 0 0 . . 0 . .. i 0 0 • > 
u 1) 8 ~) c A L L c S; l 2 E ( I G c 8 I 1 ' I j ' ' 1~1 • ) OUSG C _, ______________ _ 

(1 o~:::;-· C:ALL NOVE ( I cce I 5. I 98. :o 

OtH::f: CALL LABEL ( IGCB) 
OO~::·j I.JF::ITE 0:: L'J, 91) 20, 
(l(l'jl) CALL i'j(l\lt:_ < IGCB, 5' I 83') 
0 o·;:.: i CALL LABEL ( I GC8) 
0092 IAIRITE O:LU,91 > 0. 
u o 9 3 cAL L r1 o •.; E < r G c 8 , 1 . I 9 1 . > 
0 094 CALL LABEL o: I GC8) 
0095 
00'36 7 
009? 
0098 
00'319 
(1'100 :;:: 
0 1 01 
01 o~: 

l•.IRITE O::LU~'?) 

FORNAT ( ll S~iUARE II ) 

CALL !'lOVE ( I GCB I 1 ' I :39' ) 
CALL LA8EL ( IGCB) 
i.(IF~ I TE ( LL :3 > 
FORNAT ( II ROOTS") 
CALL 1'10\o'E ( [ GC8 I 1 0' I :32. 
CALL L I t~E ( [ GCB I 0) 

0103 CALL DR~l!.,l ( CGC3, 0, 1 82.) 
(I 1 04 ( ·-·-· ""·---·---"" _________ , ___ _ 

o 1 o ::-; c ~-'~ L L rw v E < r G c a .. 5 . , 8 o . ) 
01 06 CALL LA8EL .: I GCB) 
0107 (,IRITE (LU,91 .l 40. 
0 j (18 CALL 1'10VE < I GC8 I 1 . J 73. ) 
I) 1 09 CALL LA8EL ( I GCB) 
01 I u (dR I TE (LuI 21 ) 
(I j 1 1 :: i 
(.! 112 
u 113 
0114 
01 IS ·:;t 

(I 1 1 6 
01 i "; 
u 1 1 :::: 

FORI'1AT ( II SOUARE-ROOTS" 
CALL t'10VE ( I GC8 .. 1 ' I 71 ' ) 
CALL LA,BEL < I GC8) 

FORJ·1AT < "OF 3Ur1S" :> 

CALL 1'10VE 0:: I GC8 I 5. I 65' ) 
CALL LABEL ( I C,C8) 
l,IR IT E < L d . 91 ) 0 . 
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01 i ·? CALL r10VE < IGC8, 10,, 64. I 
Oi20 CALL [lRA:.,i ( IGCB, 0. ,64.) 
0121 c ---------------------
01:22 CALL 1'10VE 0: IGC8,5. ,62.) 
01 ;.'"::3 CALL LABEL ( I GCB) 
0124 l,IRITE <LU~·jt) 1, 
01 2'::i CALL 1'10'./E < I GC:E:, 1 . , 55. ) 
0126 CALL LABEL ( IGCB> 
0127 
012:3 20 

0130 
0131 
0132 10 

hiR I TE ( L U, 2 0 j 

FORI'1AT ( "CORRELATION II 
cALL 1'1 0 II E < I G c 8 J 1 ' I 53 . ) 
CALL LABEL ( I GCB) 
1.,1 R I T E < L u I 1 0 ) 
FORMAT ( "COEFFICIENTS 11 

) 

01 33 Cr::.)LL NOVE < I GCB, 5. , 4 7. ) 
0134 CALL LABEL c IGCB) 
0135 (,IF.:JTE (LU,91 .> -1. 
0 I 36 CALL r10VE ( l GCB, 1 0. , 46. ! 
0137 CALL [lRA!.,l < IGC8, 0 ... 46.) 
0138 c ---------------------
01 39 CALL 1'10VE < I GCB, 5 ... 44. ) 
01 4 0 CALL LABEL ( I GCB) 
0 1 4 1 t,r R I T E ( L U , 9 1 ) 1 . 
014:~: CALL NOVE I fGC8, 1,, 37,) 
01 43 CALL LA8EL ( I GCB) 
0144 WRITE (LU,20) 
014~_', CALL 1'10\.'£ < lGC8, 1 ... 35.) 
01 41:. CALL LABEL o: I GCB) 
014~ r .• .IRITE <LU~tO:• 

0 i 4:::{ CALL NOVE < I GC8 I 5. J 29. ) 
0 1 4 ·~ CALL LA 8 E L o: I G C 8 ) 
0 1 ~50 (,IFi 1 TE ( l U, ·.~ 1 ) - 1 , 
01 51 CALL NOVE ( I GCB ·' 1 0. I 28. I 

01 52 CALL DR AI.,! < I GC8 I (I' .. 28' ) 
0153 c ---------------------
01 54 CALL l'lOVE ( I GC8 I 5. J 26. ) 
0155 CALL LABEL < IGCB) 
01'56 (,!RITE <LU,91) 20. 
01 57 CALL NOVE ( I GCB, 1 . , I '3, ) 
01 5:~: CALL LABEL ' I GCB) 
(I i 5'j 

0 1 ~:; 0 
0161 
(116~-.:: 

0163 

1 ·~· .:.. 

01 64 j ] 

i.1IRITE (LU_.i2> 
FORI·1AT ( II GROU~Hl- II ) 

CALL 1'10'.,1E ( IGC8, 1., 17.) 
CALL LABEL ~ IGCB> 
l1IRITE (LIJ,13) 
FORI'! AT ( "TRUTH II ) 

0165 CALL NOVE (fGC8~S.,11.) 

0166 CALL LABEL t IGCB> 
0167 I~IRITE (L!J,91 > -2(1, 
0 1 6 :::: c A L L 1'1 (I v E ( I G c 8 I 0 ' J 1 0 . ) 
u t 69 CALL DRA\! ( I GCB J 1 0. J 1 0. I 

(I j ? 1_1 c 
0171 C ********** TITLES********** 
(I j 72 I~ 

0173 
(1!74 
Ut75 
0176 
0177 
0178 

CALL VI EI.,IP o: I GCB, 0. , 1 1 0 .. 0 ... 1 0 0. ) 
cAlL lH tW l,l ( I G c B J 0 ' I 1 1 0 . .. 0 ' ! 1 0 0 . ) 
CALL cs I :F '· I GCB .. 2' I 1 . ·' (I' ) 

cAlL 1'1 0 v E ·: I G c 8 ·' 1 . I 7 . ) 
CALL LABEL t I C,CB) 
ltif;;: I TE < LU .. 14) T:3TART 
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01?'3 i4 
01 :3 0 
Ot8i 
0182 
0 t 8.3 i 5 

FORI'1AT ( u T:::TAF::T ::: ".• F5. 2) 
CALL 1'1 0 V E < I G C 8 .. 9 0 , , 7 , ) 
CALL LABEL ( IGCB) 
WRITE (LU, 15) TEND 
FORt·tAT (II TENO = "JF5.2) 

0184 c ---------------------
01 85 CALL 1'10'./E ( I GCB I 3 0' I 4. ) 
0186 CALL LABEL ( IGCB) 
0187 
018S 

u i ':1 0 
01 9 1 
0 1 ':12 
(I i ':;i 3 
0194 
11195 
01 '9t::. 

; '7 
I I 

0 1 '}? j :;:: 

u j 9:.:: 
It! ':)·:1 

U2 0 It c 
II.:· (I j 

II,.) (1,,· 

1..1 ;:.:: 0 :: 

(I;~: 0 :; 
(12 06 

02 0? 
0::. (I:~; 
020'3 
0~: t 0 
021 i 
02 i ;2 

'·· 
'? 1 

l1! R I T E ( L U .. 1 6 ) 
FORNAT ( "GROUND TRUTH COI'1PUTAT10Nf:") 
CALL MOVE (IGC8_.40. 1 7.5) 
CALL LABEL .: I GCB) 
l1IRITE (L;J_.17:> 
FORI'1AT ( "TINE IN HOURS" J 
CALL cs I ZE ( I GCB I 1 . I 1 ... (!' ) 

CALL 1'10\/E ( I GC8 I 8 0. I 1 . ) 
CALL LABEL ( I GCB) 
i.<l R I T E 0:: L u I 1 ::: ) I [l ATE 
FORI'1AT < "FF.:OGF;AN PL.COR ;--DATE 
C H L L 1'1 0 V E 1: i G C [; .. 1 0 0 , .. 1 0 , ) 
CALL I) F: A !1.! < I G C 3 .. 1 1 0 , .. 1 0 . :• 

J • I J < 0 I 1 , I I I I J 1 1 I ! I I I t 1 1 1 1 1 1 I 0 t j J I ' I I I I I I I I I I I I o I ' I I I I 0 0 , 0 1 0 I 1 

CLO:;)[ 0::2 i 

c ~) L L p L (1 T R I I :=. c 8 I I [J I (I ) 

F 0 R 1·1 f-1 T < F' 5 , 0 ) 
r-:oRI·tf:lT < .3A2) 
FORI·1AT ( I 2) 
FOF:NAT < F8. 6! 
F 0 R l·hl T ( i ~< I :.: F 1 2 . 6 ) 
::=:TOP 
Et·iD 
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:::, P L -:- I c; ·: -o (1 c' u 4 I ::. o r-l c F: .-_. (11) 1 i u ::: I H c; :.1 : , (1 i :::: r:.· ~.__ ~:. :::: r;· ==- o o 1:t o 

U 0 (: 1 F T t- 1 .:.j -; , L _. \' 
u002 ~FILfS ( 1 _. 1) 
110(!·_;; PROGi?At·i H.:::lG 
OOJi '***********~****i'*~***~*~+~******************************** t· -I: 

:"•t_t U"'· 
._:(I U•:. 

f) (I u ;-· 
1_1 (I (I:;: 

l)(li_J) 

(I 0 l 0 
i) 0 i 1 

(I 0 i ;,: 

' --
I__ 

--I -
! 

---I 

' '-

I 

---I 

I 

-~ 

:t 

:j< 

'-!< 

:f: 

:1, 

:t: 

:t: 

·f.· 

:t: 

F I L E I~ r4 i'' E : 

F' F~OGPf~i'1 PL.) T ;:: DA T ~1 F I L. E :;:: 1:; t: !·JE ~: ~d F D E: '/ THE PROG~:Ai'1 nEE: 0 (i ·' 
THF FILE::: CCtiHAit~ '·/M.UE;:: lrj THE f'OLLOI.·.!It--IG O~WEr.::: 

T I ~1E I ti HOUP·:: Ar-ID 1'1 I t~UT E::: 
U F' P E R ·- T R I A t~ Ci U L A R S I G 1'1 i4 -- M f4 TF<: I ~·: &:' ~< 1 ) 
::;:. 0 U f4 F: E - F~ 0 0 T :::; 0 F D I A C 0 t i f4 L E L E 1'1 E t l T ::: < l< 2 > 
CORRELATION-COEFFICIENT <XJ) 
GROUND-TRUTH (X4) 

* 
·t: 

:t: 

:t: 

-+: 
:+: 

:t: 

:+: 

:t: 

* 0014 
C: 0 1 5 
I! 0 11::. 
(l(lj;-' 

! __ I (I I :~: 

u 0 1 -:., 
0 U;::: ;J 

I ---
·;. - - - - - - - - - - - - - - -:t: 

1_1 (I~:;~ 

00/3 

-I 

c 
I ·-
I -

!_ 

I 

:+: 

+· 
'·1·: 

-~ 

,, 
:f 

* ,,_ 

PLOTTED VALUES ARE 
ELEMENTS OF SIGMA-MATRIS 
S OUI-4F.:F -r.:O OT::: 
(,ROUt~[:t TRUTH 

USE~ SU8~0UliNES ; DLTBL,GPS --> PL.OTLIBRARY 
I N P U T . F· L ::~: 1.1 B 

* 
* 
:+: 

:t: 

* 
- ·- - -:+: 

:t: 

:+: 
:{-' 002~ :+: 

(I (I ,,:: ::;:; ,:·- -i·: 't' . !- 1-: :t: :t, -+ :t: -+- , + .t: t- , ,, :t: , ·1· -t< -~- * ,., :+: :1-: :t: -1< t: ,, ,., +: + :+: :+: :r :+- -+- -~ ,,., ;- "' :t :t: =+: * :+: :+: * * * :+: :+: '" , ~ * .-r 1 :-f: :+- :+: :+: :+: * 
(I (I ~'?6 l. 

(1 (: ~-: 7 

0 (I;::::: c 
0029 l -+-********* REHD NI-4ME OF FILE,LOGICAL. liNIT AND ID OF ********** 
Ou30 C DEVICE SUB 
I) 03 1 ,_ 

UU3~~ ldRin: < Jt::._.1) 
c o 3 3 FuR 1-1 f~ r < II Jl A t·l E oF F· LoT F I L E : II > 
0 0 3 4 i;:: E A D ( 1 6 _. 9 2 ) I I~ A ~~ 
0035 OPEN (2,FILE=INAM,FORM='FORMATTED') 
(11)36 

oo::::·? ~~ 

0 03:3 
u03) 
(II) 4 1) 

OCt·+·i ·f 
:) (14 .:::: 

U043 

i.d F.' I T E ( 1 6 . 3 .J 

F l) r.:: t·1 A T < " ~. Ct G I Ul L U N I T ' U.l ., Atm I L:• 0 F D E '•/ I C E - ~::; U E: R U U T f t·f E " 
j,.... " LI.J = ") 

REM> ( I 6 , 9 3 1 Li_! 
i1l F:: I T E < 1 t· . 4 ) 
FCIRI·1t-::.T ( II ID = ") 
READ< 1t=-,'~3l IO 

0044 L -+-~~******* INJTIALIZE PLOTTER_. GET LIMJTS OF X-AXIS ********** 
0045 f At--ID LABELS AND DR~W VERTICHL GRID 
0 046 1 .. 

1) (t 4 ? l1l r<: I T E < 1 6 , ·~; ) 
1.104::3 '5 
(! ll4 ·=j 
nusu 
(I (15 1 

0 0 5:~~: ( 
oos:::: 
0054 
iJ0~~~5 !9 
u os~:; 
(!(157 
1) (I~)::\ 

FOR~1~H ( ,, :3TAP T -At-W Et~t· T HIE Hi HCIUF.:S' II 

1 ,.· " T ~3 TART : " ) 
READ < 1 t=. _. 94 > TSTAPT 
l1l F<: I T E < 1 6 .. 6 .! 

F 0 R 1·1 A T o:' " T Et~ [) " ) 
READ 0: 16 _, '34 > TEt·W 
1.11 ~~ I T E < 1 6 _. 1 9 ) 
F o r;.: t·1 ~~ T ( " [i A r E < t-t rm o Y '(' , : ____ " > 
READ ( 16,92) IOATE 
CALL PLOT~~ o: IGC8, I[>, t _.U.I• 
C~~LL ::::•ETAk •: IC.t.:8) 
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0 05 ') 
0060 
0061 ,-

'· 

CALL FRAi·1E >: I GCB) 

0063 **~******* GROUND TRUTH ****~***** 
0064 
0065 
0 0 :: .. ;~. 
(!(It;,{ 

0 06:3 
0 (16·.~· 
00'?0 
U0?1 
(1 0?2 

CALL. ru:.UE: r: I 1::;.C8, 1 0,, 28, , -1 0, . 1u,, 1 U,, 4, T::::TART, THW, 21 ) 
1_. 

C ********** SQUARE-ROOT OF DI~GONAL ELEMENTS ********** 
(.. 

CALL. PL:.=.UB .; IGCE:, 28,, 46., 0 .. ~:::0,. i 0,, 4, T::n~~RT, TEt·HI, i 1) 
c 
1.. *~~******* SIGMA MATRIX --> 3 PLOTS ********** 

(I 0 7 3 cALL p U:. u 8 I, I G c 8 ' 4 6 ' ·' 6 4 ' ' ·- 1 0 0 ' ' j 0 I) ' ·' i 0 (I ' .. 4 J T :.:: T A F.: T J T E tW J i ) 
0 U74 CALL PU::UE: I. I C.CB J 64' ·' ::;:;2' ' - i (I (I' ' ·j (t (I. ·' 1 (I (I' .. 3' T:3TART I TEtH) J 5) 
0 1)'? :5 cAL L. j=' L ::. u 8 ( I G c: 8 J 8 2 ' I ., (I (i ' ' ·- I 0 0 ' ' i 0 (I ' ·' I 0 0 ' I 3 } T:; TA f<: T ' T E t·W I 8 ) 
(11)71.~. I 

00;7 C ~~·******** LABELS *********~ 

11 0? ·:· C {l L L '·/IE 1.11 P .: I C~ C B , 0 . , 1 0 0 , , 0 .. 1 0 0 , > 
uU:.=:u c~~L L (,tir~[>i,,l ( ICCE: .. (I' I i 00' '(I'' 1 (I (I') 
Ct0:31 CALL c:;rzE ( T.L~CB, 1., 1 .. o.' 
0 08 :2 c -- ·- -- .. _ - -- " -- - -- .. ·- ·-
U 0:3.3 CALL I'IO'v'E ( I C.C8 .. 5 ... 98, ·' 
(i t) ::;:: 4 C A L L L A 8 E L. ( I C; C 8 ) 
0 0 :3 :;; ld R I T E < L '_I .• 9 1 > 1 0 (I • 

0 OSt.:. CALL NO'.,.'E < I GC8, 5. , 83, ) 
00:3:' CALL. LABEL. ( lGC8) 
U (I :;:: ::: i.lt ~: I T E: < L :_t , '3 1 ) - 1 0 0 . 
0 (I :::; ·:< C A L L 1'10 V E < f G C 8 , 1 . .. 9 1 , ) 
0 09 0 CALL L.f)8[L ( I C,(:B) 
o o·:;. 1 

0 09~: 
(1 (1•)3 

II (I 'j ·.~ 

(I 09':; 
1.! 0 '} t· 
(1 u '?? 
0 I) '9:.=: 

(.fPITE O:L.J.?' 
F 0 R 1•1 A T < II :::; I G l·i A II ) 

CALL. 1'10'./E ,. f CCB .. 1 , , :39. l 
CALL LABEL ( I 1:;.C8) 
I . .JR I TE ~- L'J, :~: ·' 
F 0 ~~ i·U~ l ( " L l t·H:. 3 + 4 II ) 

c. A L L i'i o v E •:. r '-~ c t:: , i o . I ::: 2 , > 
CALL L .It~t < I GCB, 0) 

(! (I 9 ·j c A L. L [l R A .• .: ( I (~ c ;::: ! (I ' I 8 2 ' ) 
OJ 00 L ---------------------

0 ! 0 i C A L. L i'l 0 V E < I G C 8 , 5 , .. 8 0 . ) 
0 i 02 CALL L.Hf:EL .: I C.C8 > 
0103 l.dRITE <LJ,·~~1 l 100. 
OI 04 CALL I'IO'·lE I iGC8 .. 1 ... 73,) 
u 1 0'3 CALL LABEL •: I GCB) 
C1 i 1)(, l,IRITE < LU,?) 
01 o~· CALL. l'lOVE I IGCE'~ .. 1,, '?1.) 
(11 (1:::: CALL Ul8EL o: I GCB) 
0 I 0 '} i.,IR 1 T E < L U . ') ) 
0 j 1 ,., ':~ F oR r·1 t1 r < " L r t~ E 2 " ) 
0 J 1 1 CALL 1'1 0 './ E •, I G C 3 , 5 . . 6 5 . ) 
(I i 1 ::· CALL LA 8 E L ( I G C 8 ) 
:.1 t 1 -~~ l.ll ~: I T E < L :_1 , ·::) 1 l - 1 0 Ll . 
1.11 1 4 Ull.L 1'10'v'E 1 I GC8 1 1 (I, 1 64, 1 

II I 1 c~, CALL or;:Atll < I GCB} (I' I 64' ) 
t'l 1 1 6 ( .. ··- ·- ..... -· __ ,._-- ·---- ... ·-- ..... - ·- -· -· 

011 i' CALL. 1'10\IE •.IGC3,5. ,62 . .! 

1) 1 1 ::; CALL LABEL. •: I GCB) 



0 ! I ·? 
(1120 
0 j 21 
0122 
0123 
0124 
0125 
0126 10 

hi fU T E < UJ; 9 1 > 1 0 0 . 
CALL NOVE < I GC8, 1 . , 55. > 
CALL LABEL ( IGCB) 
ltiRITE ( LU .. 7) 
CALL ~10Vt: < I GC8, 1 • , 53. ) 
CALL LABEL ( IGCB> 
l\IRITE (LU,IO.l 
FORMAT ( ULit~E 1 11

) 

0127 CALL MOVE (IGCB,5.,47. > 
0128 CALL LABEL < IGC8) 
012'3 lJRITE ( LU, 91) -1 00. 
01 3 0 CALL NOVE ( I GC8, 1 0. , 46. > 
0131 CALL DRAt,l ( IGC8, 0., 46.) 
0132 c ---------------------
0133 CALL NOVE <IGC8 1 5 ... 44.) 
0134 CALL LABEL ( IGC8) 
01 3 5 I.J R I T E ( L u I 9 1 ) 2 (I • 

01 36 CALL NOVE < I GCB, f • , 37. > 
0137 CALL LABEL < IGCB> 
0138 hiRITE <LU,.11.> 
0139 11 
0140 
0141 
0142 
0143 20 
0144 
014'5 
0146 
0147 
014:3 

FORNAT ( II SGUARE II ) 

CALL NOVE ·: IGCB, 1 .. • 35. I) 
CALL LABEL (!GCB> 
l.tiRITE (LU .. 20.) 
FORMAT ( "ROOTS II ) 

CALL MOVE ( I GCB .• 5 ... 29. ) 
CALL LABEL < IGC8) 
i.IIRITE ( LU, 91 l 0. 
CALL NOVE ( I GC8 J 1 0. I 28. ) 
CALL DRAttl ( IGCBI 0. I 28.) 

0149 c ---------------------
0150 CALL NOVE <IGC8 1 5 ... 26.) 
0151 CALL LABEL ( IGCB> 
0152 ltiRITE (LU,91 > 10. 
01 53 CALL ~lOVE < I GCB, 1 . , 19. ) 
0154 CALL LABEL (IGCB> 

1 ·i .::.. 

ltiRITE <LU, 12) 
FORMAT ( ll GROUHD- II) 

CALL NOVE ( I GCB, 1 . , 1 7. ) 
CALL LABEL ( IGCB> 
l.o.IR I TE ( LU, 1 3 ) 
FOR NAT ( II TRUTH II) 
CALL NOVE < I GC8, 5. , 1 1 • ) 
CALL LABEL c IGCB) 
loJRITE (LU 1 91) -10. 
CALL I'IOVE < I GC8) 1 0. I t 0. ) 
CALL DRA!.tl ( IGC8, 0., 10.) 

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

0155 
0156 
0151' 
0158 
0159 
0160 
0161 
0162 
0163 
0164 
0165 
0166 
0167 
016::3 
0169 
0170 
(I 1 71 
0172 
01 r~ 
1.11?4 
0175 
0176 
017? 
01?8 

CALL cs I ZE ( I GCB J 2. I 1 . ) 0. ) 
CALL N 0 V E •: I G c 8 , 1 . , 7 . ) 
CALL LABEL ( IGCB> 

14 

1 1:: 

·-' 

WRITE <LU 1 14) TSTART 
FOR~1AT ( " TSTART ::: II) F5. 2) 
CALL ~lOVE ( I GCB I t • I :2. ) 
CALL LABEL < I GCB > 
WRITE CLU, 15) TEND 
FORNAT ( " TEND ::: II I F5. 2) 

c ---------------------
CALL NOVE .; I GCS, 3 0. , 4. ) 
CALL LABEL (!GC8) 
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0179 
0180 if.. 
0181 
0182 
018.3 
01 84 1 7 
0185 

l~RITE <LU,16.' 
FORMAT ( "GROUND TRUTH COMPUTATIONS--> PLOT-VERSION t") 
CALL ~tOVE ( lGCB, 40 ... 7. 5) 
CALL LABEL < IGCB> 
hi R I T E ( L U , 1 7 ) 
FORMAT < "TIME IN HOURS") 
CALL NOVE ( I GC8 I 75. I 1 . ) 
CALL LABEL (IGCB) 
(1IRITE ( UJ, 18) IDATE 

0186 
0187 
018:3 
0189 
01 '3 0 
0191 
0192 

1:?. FORMAT (II DATE: ",A21"-" .. A2 .. "-" .. A2) 
t:: I 1 I 0 I I I I I I I I I I I I I I I I I I I I I I I I t I I I 1 I I I I I I · I I I I t I I I I I I o f o I I I I I I I I I I I 1 1 I 

CLOSE ( 2) 
CALL PLOTR ( I CiC8 I I D I 0) 

c 
0193 C ********** FORMATS ********** 
0194 c 
0195 9i 
0196 92 
0197 9.3 
01'38 94 
0199 95 
02 (II) 
02 01 

FORMAT (F5.0) 
FORI'1AT ( 3A2) 
FORNAT ( !2) 
FORMAT ( F8, 6) 
FORMAT C1X,3F12.6) 
::HOP 
EN[l 
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&PLAEL 1=00004 IS ON CROOOI 1 USING 00012 BLkS R=OOOO 

FH~4>~ I L I'( 
$FILES (1 1 1) 

Pr;::OGRAN PLAEL 

0001 
0002 
0003 
0004 
00(15 
0006 
0007 
0 0 0:3 
00(19 

c ************************************************** 
C * FILENAME &PLAEL * 
1_,. :t: 

c * 
c * 

PROGRAM TO PLOT AZIMUTH AND ELEVATION FROM 
A DATAFILE GENERATED BY THE PROGRAM EBOO. 

* 
* 
* c ************************************************** 

0010 C: 
0011 DIMENSION IGC80:1'32),INAM(3) 1 :>=:t;2) 1 ;:<0<4) 
0012 DOUBLE PRECISION DX(2) 
0013 LOGICAL LOG 
0014 c 
0015 C ********** GET INFORMATION TO INITIALIZE PLOTTER ********** 
0016 C AND LIMITS OF TIME-AXIS AND DRAW GRID 
001? 
0018 

.-. ·-
(I (I 1 ·~ 
0020 
0021 
0022 
0023 2 
0024 
0025 
0026 
(I 0:2? 3 
0 02::: 
0029 
0030 
0031 4 
0032 
0033 
0(134 
0035 
0036 
0037 
003:3 
01)39 
0040 r· 

liiR I TE ( 1 6 I 1 ) 
FORMAT ( " LOGICAL UNIT OF PLOT AND ID OF DEVICE-SUBROUTINE" 

1/ II LU,ID :_ 11
) 

READ (16,:f<) LU,ID 
l,IRITE (16,2) 
FOI''fo1AT ( II Lli'1ITS OF Tir1E-A~<IS II 

1 / II TSTART I TE~~D : " ) 
READ ( 16!*) TSTART,TEND 
t,IRITE ( 16,3) 
FORMAT < II F I LENANE : " ":o 

READ ( 16~90> HlM1 
OPEN (2/FILE=INAM,FORM='FORMATTED') 
l~RITE (16,4) 
FORfo1AT ( " rW~1E:ER OF SATELLITES Hl FILE : " ) 
READ ( 16,*) ti 
LOG=.TRUE. 
CALL PLOTR (IGC8 1 ID,1/LU) 
CALL SETAR ( IGCB, 1 .J) 
CALL FRAME ( IGC8) 
CALL VIEWP r: IGC8 1 20.,130.,20.,60.) 
CALL ll' I r~Ntr o: r GCB, TSTART. TEt4[) I o. , '3 o. ) 
CALL GRID <IGC8,0.25,30.,T:3TART,0.,2.,1.) 

0041 C ********** PLOT DATA ********** 
0042 c 
0043 ~1=1 

0044 1000 CONTINUE 
0(145 
0046 
004? 
0048 
0049 
0050 
0051 
oo:;2 
1_11)53 

0054 
(1(155 
0056 
0057 1 001 
005:3 

READ (2,*,END=2000) T 
IT=IFIX(T) 
T1=T-IT 
T=IT+Tl/0.6 
DO 1 0 0 I= 1 .• N 
READ<:~,*) 1'1 .. 0:>~ 
X( 1 )=:3t~GL( [JX( 1 ) ) 
X( 2 >=SHGL< OX< 2 >) 
IF<LOG> GOTO 1001 
CALL MOVE (JGC8,TO,XO(l)) 
CALL LINE < IGC8, I-1) 
CALL DRAW ( IGCB,T,X(J)) 
CONTitWE 
XO( I )=X< ,J) 
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0059 100 CONTINUE 
0060 LOG=.FAL.SE. 
0061 TO=T 
006~ GOTO 1000 
0063 2000 CONTINUE 
0064 IF(J.EQ.2l GOTO 2001 

R E l~l I tW ~ 2 ) 
LOG=.TRUE. 

0065 
0(166 
0067 
0068 
0 06"3 

CALL VIEl,JP ( IG.CB, 20. I 130'. 60. J 1 (1(1,) 

CALL l,J I NDt~l ( I GC:B 1 TSTART, TEtW, 0. , 36 0. ) 
CALL GRID < IGC8, (I. 25,30. 'T:HART I (1, .. 2' '2.) 

0070 J=2 
0071 GOTO 1000 
007::: 2001 CONTINUE 
0073 CLOSE (2) 
I) 074 c 
0075 L ********** PLOT TITLES AND LABELS ********** 
o o 76 r· 

CALL LINE <IGC8~0) tJO?? 
(I 0 7 :.=.:: 

007·~ 

ooso 
008i 
UOE:2 
0 (1:33 

CALL V!El<IP ( IGCB, 0. I 130. '(1, I i (1(1,) 

CALL t,IItWlll ·~ IGCB, 0' I 130'! 0' ·' 100') 
CALL 1'10VE < IGCB, 13, .. '37.) 
CALL cs I ZE ( I GCB J 2' I 1 ' J 0. ) 

0084 
0085 
oos.:. 

0088 
00::39 
0090 
0 09 i 6 
0092 
0093 
0094 
(l 095 
(I (I ·.:.l6 
0097 
(1098 
0 (I ':39 
0 1 (I 0 
01 0 1 
0102 
0103 ? 
0104 
(II I)~:; 

0 1 06 

CALL LABEL ~ IGCB) 
l.dRITE <LU,91 :> 360. 
CALL 1'10'./E < I GC8 .. 1 . , 81 , ) 
CALL LABEL ( I GCB) 
lliRITE (LU~~·) 

FORMAT <"AZIMUTH") 
CALL NOVE < I GBC, 1 . , 78, ) 
CALL LABEL CIGCB) 
l1IRITE <LU~6) 
FORMAT ( II H~ DEGREE:3" ) 
CALL NOVE ( I GCB I 1 3. I 61 . ) 
CALL LABEL ( IGCB> 
l1IRITE <LU,91) 0. 
CALL 1'10VE ( IGCB, 0. 160.) 
CALL [>RAltl < I GC8 I 2 (I. I 6 (I' .. 

CALL r10VE < r ccs, 1 3. , 57. :;, 
CALL LABEL ( IGCB) 
ldR I TE < LU, 91 ) 9 0. 
CALL MOVE ( I GC8 I 1 . ·' 41 . ) 
CALL LABEL (JGCB) 
ltiRITE <LU,7:> 
FORMAT <"ELEVATION") 
CALL NOVE < IGCB, 1,, 38,) 
CALL LABEL ( IGCB) 
l~RITE (LU,f,) 

01 07 CALL 1'10VE < I GC8, 1 3. , 21 . > 
01 08 CALL LABEL •: I GCB) 
0109 ltiRITE <LU,91 > 0. 
0110 c -----------------
01 1 1 CALL NOVE < I GCB .. 0. , 2 0. ) 
01 1 2 CALL DRAltl ·: I GC8 ·' 2 0' I 2 (I. ) 

011.3 CALL LINE < IGC81 1) 
Oi 14 CALL l'iOVE ( IGC8 120. ,24.444) 
0115 CALL DRAI.1l <IGC8 1 130.,24.444) 
01 1 E. CALL NOVE ( I CCB I 1 6' I 1 7. ) 
Ott"? CALL LABEL < IGCB) 
0118 WRITE <LU,92> TSTART 
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0 1 1 ·~ 
0120 
0121 
01 22 :j 

0123 
0124 
0125 
0126 9 

CALL NOVE < I GC8 J 54' I i 2. > 
CALL LABEL ( IGCB) 
WRITE (LU 1 8) 
FORMAT ( "GMT-TIME IN HOURS") 
CALL MOVE (!GC8,54. 1 5.) 
CALL LABEL (!GCB) 
ldRITE <LU .. 9) 

FORMAT ( "PLOTPROGRAM PLAEL") 
CALL NOVE ( I GCB I j 2 0 .. • 1 7. ) 
CALL LABEL < IGC8) 
WRITE (LU,92) TEND 
CALL NOVE r: I GCB, 0. , 0. ) 
CALL PLOTR ( IGCB,ID 1 0) 

0127 
0128 
0 12'3 
0130 
01 31 
0132 
0133 
0134 
0135 
0136 
0137 

c ----------------
90 FORMAT <JA2) 
91 FORMAT <F4.0) 
92 FORMAT <F5.2) 

STOP 
END 
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~.PLSFI T~00004 IS ON CR~0011 USING U0018 BLKS R=QOOO 

:) 0 (t ! F T t~ 4 :·; , l , '~ 
,, (I 0 ~: $ F I L E s ( 1 I 1 ) 
00U3 PROGRAM PL5FI 
0004 c ~***************************~~******************** 
II (I 05 1_. +· 
C1 Ci OS t... :t: 

F I LENAI'1E * 
* i0t(l(l7 

u o o:=.: 
,·~ o o·:: 

C * PROGRAM TO PLOT UP TO 5 FILES CONTAINING * 
C ~ TIME-TAGGED TWO-DIMENSIONAL ACCURACIES. * 

0 01 u 
0 011 
0 (1 i :? 
0013 
0014 
0015 

C FILES RRE GENERATED BY THE PROGRAM EBOO AND * 
C * TERMINATED BY AN END-CRITERIA : X=Y=O. * 
,=: :+: * ** :i<:i< ** ** * * :+<:+: ** ** :+::r. *** * ***<+·** ** ** ** +: :+: ****** ****** 

DIMFNSION IGC8(192),INAM(3) 
LOGICAL LOG 

UU1>:. C .,., .. t:.t.:.~<.+.:t::+::t-:t: GET INFORI'lATIOt~ Tl..: INITIALIZE PLOTTER ******'t::t<:i::+: 
0 01 i HNLJ LIN ITS OF T I 1·1E ·-AX I::;:; r4tW [)RA!,I GRID 
0 (11 :;:: c 
0 01 :, f.,IR I TE 0: 1 t:-, 1 .> 

0 0 2 (I F 0 R 1•1 AT ( II L. 0 G I cAL u tH T 0 F p L 0 T A~~ D I [> 0 F DE v I c E- suE: R 0 u T It~ E II 
0021 
u (12~:: 

0024 ::: .. 

1/ II L.U,ID :_") 
READ ( 1 6 .. *) LU, I D 
(,IR I TE ( j 6 I;;-;> 
FORt·1RT ( II L H1 IT:; oF T HlE --Ai< I::; " 

o 0.2~=. 1 •. ·· " r:.:;TAr<:T, TEND : II ) 

1..1 0 2 6 READ < 1 6 .. :j: ) T STAR T , T E ~~ 0 
002? CALL PLOTR c IC:,CB, ID, 1 .. LU .) 
0 1_1 2 :::: cALL sET A R ( I G (: 8 I 1 . 3 ) 
•) 0~.:9 CALL FRAI'iE o: I GCB) 
0 I) ::::: 0 (:A L L v I E '··' p ( 1 G c 8 ·' 2 (I ' I 1 1 ~~2 ' ! 2 0 . . 8 0 . ) 
It 0 3 1 CALL 1.,1 I N D 1,,1 .: I Ci C 8 , T START .. r E tW . 0 , , 1 0 0 . ) 
0032 CALL FXD (IGC8,2) 
0033 CALL LGRID o: IGCB .. -0. 25, <20,, r:::TAfH, 0., 2., ~!.) 
(1(134 c 
003~ C ********** PLOT DATA ********** 
0036 ,. 

o o:~::: 
i) 039 3 
0040 
0041 
0042 
1J (14 3 
0044 
u 04 '::; 
U046 4 
004? 
on 4:3 
no 4 ·~ 
0050 101.10 
0051 
0052 
(I 05:~ 

0054 
!.1055 
UUS6 
,, 1)5 ;:· 
II (I~:, 8 

CALL cs I ZE ( I GCB I 2. J 1 . J (I' ) 

(,!RITE ( 16,3) 
FORt·lAT ( " ~·W~18ER OF FILE::: : II ) 

READ ( 1 6 .. *) H 
DO 1 0 0 I= ·t , t~ 

CALL VIEI.ciF'.: IGC8,20., 11..;;: .. 20. ,80.) 
CALL 1,,1 I t~Dl·.l ( I GC8 I TSTf4RT. TEt~D J 0' ·' 1 0 0. ) 
LOG=.TRUE. 
1.·.1 R I T E ( 1 6 , 4 ) I 
FORt·1AT (II FILEt~ANE ".I~:::.":") 

READ ( 16,90) IN~M 

OPEN (2,FILE=INAM,FORM='FORMATTED') 
CALL LINE < IGC8 1 I-1) 
CONTINUE 
RE~iD ( 2, ,., ) ;:<, ·,· 
IT=IF1X(i<> 
T1=:X:-IT 
;:< = I T + T 1 / 0 . t; 
I F•; LOG :. C1~LL 1'10'./E < I GCB. :-:, '/ J 
LOG=.FALSE. 
IF(X,LT.0.01 .AND.''I'.LT.O.Oi) COTO 1001 
C~LL DRAW ~IGC8,X,Y> 
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005q GOTO 1000 
0060 1001 CONTINUE 

CLOSE < 2 ) 
c A L L v I E ~I p ( I G c 8 I 0 • I t 3 (I ' ·' (I ' ·' 1 I) 0 . ) 
CALL 1.~ I r,![>l~l ( I GC8 I o . 1 1 3 o ... o . I 1 o o. > 
CALL NOVE <IGCB~I>~<20.190.) 

c A L. L DR A !.\! ( .[ G c B I I * 2 (I • + 1 0 ' .. ·j (I • ) 

CALL 1'10'·/E < I GC8 I I *2 (I.+ 12 ... :39. ) 
CALL LABEL ( IGCB> 
I.1IRITE (LU.90l I~~AN 

0061 
0062 
0 (16:~; 

0064 
1) 06'5 
U066 
006;" 
U (liS:::~ 
0 06'?1 
(11_170 

0071 

1 U 0 COtH I t.WE 
c 
C *~******** PLOT TITLES ********** 

00?~: c 
U073 
i) Ctl4 
0075 
00?6 
UO?? 5 
0 07:.:: 
0079 
(: 0 t! (I 
OOSJ 
u082 t:. 
0 08=~: 
1..1 (1:34 
l.f 1)!3~5 

01J86 ') 
1) 08 ?' 
uus:::: 

C14LL 1'10VE < I GCB I t 0. I 25' 
CALL LD I R ( I GC8 I 1 . 5?) 
CALL LABEL ( I GCB) 
I.\IRITE <LU 1 5) 
FORI·1AT ( "TI .• JO-DII'1Et-ISIOt·4AL ACCURAC.IE:::") 
CALL U>IR < IGC8 1 0.-:. 
CALL 1'10'./E < I GC8 I 54. I 12. ) 
CALL LABEL ( IGCB> 
l\1 R I T E ( L U .. 6 ) 
FORt·1AT < "Ci~IT-TIME IN HOURS") 
CALL NOVE < I CCB I 54' I 5' ) 
CALL LABEL o: I .::;cs > 
1.,1 R I T E < L U ,. '1 ) 
FORt·1AT ( "PLOTPROGRAM PL~;FI II) 

c A L L 1'1 0 1\1 E. ( I G c 8 I 0 • .. 0 • ) 
CALL PLOTR ( IGC8, ID,O) 

0089 c ----------------
I) (I '3 1) ·:;. (i 

0091 
0092 

FOR/•1fH ( 3A2 > 
STOP 
ENC> 
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0 0 0 1 F T ii 4 ;.; , L , 'r' 
0002 c ************************************************** 
!)(l(i3 c * 
0(104 c :t: 

0005 c * 

F I L Et~..:.J t·1E : \?. EB 02 

PROGRAM COMPUTES THE E-MA1RIX 

* 
* 
* 

0006 c ************************************************** 
0007 c 
0008 SUBROUTINE EB02 
0009 IMPLICIT DOUBLE PRECISION (R-H,K-2) 
0010 COMMON/ELEV/E(3,3) 
001 t COMMON/POS/LAT,LON,ALT,R 
0012 c ------------------
0013 SN=DSJN(LON) 
0014 CN=DCOS<LON) 
0015 ST=DSIN(LAT) 
0016 CT=DCOS<LAT> 
f.1017 E<1,1>=-SH 
001 :;:: E< 1 .. 2 >=U~ 
0 0 1 ·? E < 1 .. 3 ) = 0 . 0 
r) 02 o E< 2, 1 >=-c:t~*~:n 
0 021 E( 2, 2 >=-St·H•ST 
0022 E(2,J)=CT 
0023 E( 3, 1 )=CN:i<CT 
0024 E(3,2)=SN:i<CT 
0025 E(3,3)=ST 
0026 RETURN 
11027 END 
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0001 
0002 
0003 
0004 
(1005 
0006 
0007 
0008 

FTt~4~<} L I\' 

c ************************************************** 
C * FILENAME : &EB03 * 
c: * * 
C * COMPUTES THE USER-POSITION IN ECEF-COORDINATES * 
C * <TU-VECTOR=U-VECTOR (IN MAINPROGRAM) ) * 
c :+: 

c ************************************************** 
IJOO'? C 
0010 SUBROUT I t~E EB 03 
0 (I t 1 

0 01 ~: 
0013 
0014 

IMPLICIT DOUBLE PRECISION<A-Z> 
COMMON/CNST/PI,RTD,OMF,AE,E2,0MF2,SGC,ERATE 
C:OI'11'10t~ /() T ;< /TU•; 4 ) 
COMMON/POS/LAT,LON,ALT,XY 

0015 c ··------------------
0016 SLAT=DSIN(LRT) 
0017 XY=AE/DSQRT< 1 .EO-E2*SLAT*SLAT) 
0018 TUC3)=CXY*OMF2+ALT>*SLAT 
0019 XY=<XY+ALT)+:DCOSCLAT) 
0 02 1.1 TU< 1 )= ;,; Y:f<(lCOS< LON ) 
0021 TU(2)=XY*DSJN(LON> 
0022 RETURN 
:.t023 END 
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r " 0 (I 0 (14 I S 0 t l C R 0 0 0 1 1 US I ~~ G U U 0 i 2 8 u:: :; F.:= 0 0 0 0 

F 1 t~ 4 ;.; ' L I y 0001 
0 (I lj 2 
0003 
00 04 

c ************************************************************** 
C * FILENAME : &E805 * 
c * 

0 0 05 c :t: 

:)006 c * 
0007 c * 

COMPUTES ELEVATION AND AZIMUTH OF SATELLITES AND IN * 
:3U8. "E806" THE POSITI0t·4 At~[) H~ ~:UE:. "E807" THE OISTAt·KE * 
USER-SATELLITE, * 

0008 c * * 
0009 c ***************************+********************************** 

SUBROUTINE E805 (I) 

0010 c 
0 01 ! 
0012 IMPLICIT DOUBLE PRECISION (A-H,K-Z) 
0013 DIMENSION Y(4,3> 
0014 COMMON/ELEV/E(3,3) 
0015 COMMON/SAT/8(4) 
0016 COMMON/AZM/ELV<4>,A2M(4) 
0017 COMMON/CNST/PI,RTD,OMF,AE,E2,0MF2,SGC,ERATE 
0 (I 1 :3 COMMOt~/DT~<.··'U( 4) J DO: 4 I 4) J ~:8AR< 4) 
0019 c ---------------------
0020 CALL E806 
0 021 CALL EB 07( I :> 

0022 DO 100 11=1~3 
0023 '!'(l .. II>=O.DO 
0024 [>0 100 III=1,3 
0025 
0026 1 (1(1 

'f'( I .. I I )=\'( I I I I >+S( I I I ):+:E< I I I I I I) 
COtHitWE 

o o;:? c 
0028 C ********** COMPUTATION OF ELEVATION AND AZIMUTH OF ********** 
0029 C SATELLITES AND OUTPUT 
0030 c 
0031 "r'O: I,3)='r'( I .3:>-AE 
0032 SY=E>SQRT•: '!'(I, 1 '>*'r'( I, 1 )+'/0: I .. 2 )*'((I, 2)) 
00~33 ELV< I )=DATAN;;>~'I'( I,3) .. S'():t:F.:H) 
0 034 AZW I )=DAHlH2( ')''( I I 1 ) ·' 'y'( I .. 2) )*P. TD 
0 0 3 5 I F ( A Z 1'1 ( I ) , L. T , 0 . ) A Z 1'1( I ) = H Z 1'1 ( I ) + 3 6 0 , 0 
0036 IF<IS::::I.ct((I),GE.O) l\IRITE (6,'1) •:::;:(,J),,J=t .• 3:>,ELV<I>,A2t·1<l) 
0037 
003t:: 
003'? 
0040 
0041 

·"') 
"-· 

l\IRITE (30,2) I,EL'.,.'( I ),AZi'l( I) 
FORMAT ( 12,2018.8) 
FORI·1AT .: 50 1:3. 8) 
RETUfm 
EtW 
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~EB06 T=00004 IS ON CROOOii USING 00018 BLKS R=OOOO 

0001 FTt~4~·~ .. L .. '/ 

0002 c ************************************************** 
0003 c :+: 

0004 c :t< 

FILENAME : tEB06 

0005 C * COMPUTES THE RCTUAL POSITION OF THE SATELLITE * 
0006 C * IN ECEF-COORDINATES ( S-VECTOR = X,Y,Z ) * 
0007 c :+ 

0008 c ************************************************** 
0 0 0'3 c 

:3UBROUT I ~~E EB OE. (I 0 1 0 
(l 011 
(I 0 i .,-: 

IMPLICIT DOUBLE PRECISION (A-Z) 
INTEGER I 

0017 COMMON/NAC/TUY,TCY,TKC,DTC(4),DTU,TC,T 
0014 COMMON/CNST/PI,RTD,OMF,AE,E2,0MF2,SGC,ERATE,PI2 
0015 COMMON!SATIX,Y,Z,Mk 
n016 COMMON/D82/ECC,TOE,INOT,NRATE,SRAD,OMEO,OME,MNOT,R,CINO, 
0017 :ttSINO,COME,SOME,C 
0 0 i :~ c . . . -- -- -· - - -- - ··- - - - - ... - - ·- - .... - - -- - ·- -
0019 A=TC-lOE 
0020 TUY=DTU+T 
0021 IF(A.GT.-0.3024D6.AND.A.LT.3024D6) TKC=A 
0022 IF(A.LT.-0.302406) TKC=A+0.6048D6 
0023 IF(A.GT.0.3024D6> TKC=A-0.604806 
0024 TK=TUY-TCY+TKC 
0025 OGA=OMEO+<NRATE-ERATE)=+<TK-ERATE=+<TOE 
0026 MK=MNOT+C=+<TK 
002? 6 IF(MK.GE.-PI2>GO TO 7 
0028 MK=MK+PI2 
0021 GO TO 6 
0030 - IF<MK.LE.PI2)G0 TO 8 
0031 MK=MK-PI2 
0032 GO TO 7 
0033 ~ EK=MK+ECC:+:DSIN<Mk) 
0034 DO 100 1=1,4 
0035 COSE=DCOS(Ek) 
0036 SINE=DSIN(Ek) 
0037 
003:3 1(1(1 
(1 03') 

TK= 1 . ·-ECC:~<COSE 
EK=EK-(EK-Mk-ECC*SINE)/TK 
COSE=<COSE-ECC)/TK 

(104U 
0041 
(I (14 .~? 

0043 
0044 
1)04~5 

0046 
0047 
0 (14:3 
I) 0 4 ·~ 
0050 
0051 
0052 
0053 
0054 
0055 

Slt~E==DSQRH 1 . ·-ECC=+<ECC ):+:::::It~E .. ···n: 
EK=COSE=+<COME-SINE*SOME 
MK=SINE•COME+COSE=+<SOME 
Slt~E=2. :i<Mf<:+:H: 
COSE=2. >t=EK*H~-1 , 
RK=TK=+<R 
::<=RK=+<EK 
'·r' =R~: *~1V 
Z=\'=+·:3 I t·W 
EK=C I NO*'r' 
SINE =DS Hh CIGA) 
COSE=C>CO~.( OGA) 
Y=X=+<SINE+EK*COSE 
X=X~COSE-Ek*SINE 

RETUr:::N 
EN[l 
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'~EBO? 1=00004 IS ON CR00011 USING 00012 BLKS P=OOOO 

0 (I 0 i 
0002 
i)(llj3 

FTt~4i<, L .· '( 

c ************************************************** 
C * FILENAME : &EB07 * 

0004 
0 0 O':i C =+= COMPUTES DISTANCES TO SATTELLITE 
0006 c * 
0007 c ************************************************** 
0008 (: 
(1(1(1;1 

0 0 1 0 
0 0 j i 
I) (11 2 
0013 ( 
0014 
0015 
0016 
001? 
001:; iOO 
0 01 ·~ 
(1(1;21} 

0021 
(.1(1;2;{ 

SUBROUTINE EB07(I) 
li'1PL.ICIT DOUBLE PRECI:3IC!t·i <A-H,K--Z> 
COI'li'10t~.··'SAT /S( 4) 
COMMON/DTX/U(4),0(4,4),R(4) 

R< I >= 0. 
DO 100 ·..1=1,3 
D< I, J"l=S< '"1)-UO:: ,J) 

R< I)=[>( I I ,J )t:(:i( I I ,J )+R( I) 

COtH I t~UE 
R< I ):::DSQf<:T< R< I ) ) 
[)( I I 4 >= 1 • (I 

RETU~n~ 

END 



~£808 T=00004 IS ON CR0001 i USING 000j8 8LkS R=OOOO 

0 0 0 I F Tt~ 4 ~< , L , '( 

0002 L ~************************************************ 
0003 c i< 

0004 f' * 
FILENAME : &E808 * 

* 
0005 
(!(I (If.. 

0007 
0 0 (I :3 
0009 
out n 
1.1011 

00~2 

0013 
0014 
00i5 
OOif. 
001? 
1-10 i :;:: 
(I 0 i 3 

0020 
1) 02 i 
1) 02;:: 

0023 
0024 
0 02::. 
0(126 

C * COMPUTES THE G-MATRIX AND DOES THE MATRIX- * 
C * TRANSFORMATION TO DELIVER AS A RESULT THE * 
L * DILUTION-OF-PRECISION-PARAMETERS FOR A CONFI- * 
C * GURATION WITH 4 SATELLITES OR WITH 3 SATEL- * 
C * LITES WITH AL1.ITUDE-AIDING. * 
c t: 

c ~************~***********************~*********** 
c 

1 •• 

SUBROUT I t~E EB Ot:: 
IMPLICIT DOUBLE PRECISION <A-H,K-M,0-2) 
DIMENSION A(4,4>.AT(4,4),AAT(4,4),SSIG(4),k(4,3) 
LOGICAL !FLAG 
REAL )< 1 ( 1 0) .. ~<30:: 4 ) 
C>Ii'tEt~SIOt~ IU4), IM(4) 
COMMON/POS/LAT,LON,ALT 
COMMON/DTX/U(4),D(414) 
COMMON/CNST/PI~RTD 

COMNml/8LG/G( 4, 4) 
CONMON/GDOP/GDOP,PDOP,HDOP,INS,IFLAG 1V(4 14),ISJ3 
I ~~~"4 
I FLAG=. FAL~;E. 

0 0 ~·: ? C ·f< •t: +. * * * * * :+. * C: 0 i't P U T A T I 0 t~ 0 F A< "G ) :+: * * * :i: * :+: :t: * * 
0 02::=: c. 
0029 A1=DSINCLON) 
0030 A2=DCOS(L0N) 
0031 A~5=C>Sit.f(LAT) 

0032 A4=DCOS<LAT) 
0033 DO 100 I=I,INS 
0 ::r 3 4 A 5 = i ' / D s (: f;.: T ( D < I I 1 ) :{< [) ( I ' i ) + [l ( I ' 2 ) * (l ( I ' 2 ) + [> ( I ' 3 ) :+: [> ( I ·' 3 ) ) 
0035 
(1036 
0037 
0 03:::: 
0039 100 
0040 
0041 
0042 
0043 
0 (144 
004'5 

A< I .. 1 )::( ·-D< l ·' 1 ):i<A i +[>( I .. 2 :l:t:A2 ):i•A5 
A< r I<?.>=< -[l( I .. 1 >*A3:+A2-·r>< r. 2 >=+,~l3*A 1 +D< I I 3 ):t:A4 ):t<A5 
A < 1 .. ::::: ) -::: < r> < I . 1 > * A 4 * A 2 + D < r .. 2 H A 4 * A 1 ·H• .:: r , 1 l * A 3 ) * As 
A( I I 4 ):: 1 ' 
CO~H I t·WE 
IF<INS.E0.4) GOTO 1000 
A( 4 .. 1 )=0. 
A<4~21=0. 

A< 4, 3 ):."-1, 
f-~(4,4\=0. 

IF•; U::T3. EO. 1) GOTO 1000 
0046 A(4,3l=O. 
004? A•:4 .. 4>=1. 
0048 1000 CONTINUE 
(! 0 4 '} 
0 (15lr :~: FORt·1AT ( ,.' ll G -i'1ATR l ;\ II ) 

1)051 J Fl. I ::;;::;;l.rJ•~ (I), GE, 0) (rJF: I TE (. ~., 2) ( (A( I, \.1) 1 ,_1: 1 1 4) 1 I= i .• 4) 
.-. 
i .. · 

CJ 05 3 C: :+: * t: * * * ·f< :+: :t: t: i·1 AT P I ;<- T RAN::;: P 0 t~ AT I 0 t~ * * :+: :+: * * :+: :+: :+: =+< 

0054 c 
0 0"::1"; 
0056 
0 0~5 '? 
n u .::.:::: : o 1 

DO 1 Ot I= I ,4 
DO i 01 "f;;::: 1 .. 4 
A T < I , ,I :• = R ·~ ,J . I '> 
C 0 t4 f I t~ U E C-30 



0059 c 
U060 C *~~**~**~* MULTIPLICATION OF MATRIZES CAT*A>=AAT ********** 
OU61 t:: 
u062 CALL E8098 (AT,V,AAT,IN) 
0063 CALL E8098 \AAT,A,G,!N) 
0064 c 
0065 r ~********* INVERSION OF AT =SIGMA-MATRIX) ********** 
0066 C AND COMPUTATION OF HOOP AND GDOP 
(1(16;:· '-

:)Or;:.::;: CALL t'1INVD <" G, HL DET, IL, H1) 
0069 ICOUNT=1 
uO?O IF(DET.EQ.O.ODO:> GOTO 1010 
0071 IF( ISS!Ai( O).GE. 0) WRITE (6, 1 > 
0 0? .::: F 0 R t·l AT 1, ,.,. II :::: I G 1'1 A- i't AT R I ~< ;, ) 
nor:: 
0 ft ;; 4 

I F ( I s s ltl < (I ) ' G E ' 0 ) t~l R I T E ·: .;;. ' 2 ) ( ( ( G ( I • ~' ) ) I ~' = 1 I 4 ) .. I = 1 .. 4 ) 
FOF;t·iAT < 4018. 8 1 

no75 GDOP=DSQPT<G<1 ,1 )+G(2,2)+G(3,3)+G(4,4)) 
00?1'::. H[.IOP=DSW<:T<G< 1,1 )+G(2 1 ~~;.) 

0077 PDCrP=DSQ~·T(G( j If )+G(2,2)+G<.3 .. 3)) 

Cr 0?8 C 

0079 C ~********* COMPUTATION OF SQUARE-ROOTS OF DIAGONAL *****~**** 
0080 C ELEMENTS AND CORRELATION COEFFICIENT 
00t31 c 
0082 II=O 
0083 DO 105 1=1,4 
(I 08 4 s s I G ( I ) :: D :;:; G! R T < G ( I I I ) ) 
U Ct85 ~-\3( I )=:3NGU SS I G< I :> :> 

0086 DO 105 J=1,4 
u0::?-7 IF< I, GT, ,J) GOTO t O~i 
0088 II=II+1 
0 0:3'j 
00'30 105 
00'31 
0 092 ':~ 

0093 
o o·.::14 1 o 

X t < I I )=::;t·JGL< G( I I ,J)) 

COt·JT I t-lUE 
t~r~:ITE (2,9) ~<1 

F 0 R 1·1 A T ( 1 0 E 1 2 . 4 ) 
t~I~:ITE (2 .. 10) X3 
FORt·1AT ( 4E 12. 4 :• 

0095 IF< I:;:;::l.d( O).GE. 0) l~IRITE ( t: .. J) :;:;::IG 
00'.:}6 ::3 FORt1AT ( /" ·:.OUARE-ROOT:3 OF DIAGOt·lAL ELEI'1EtHS II 

0097 
0 (I 9:.:: 
1.1099 
I) 1 0 0 
(I j 01 

J • .-' .• 4018.8) 
[l(l i 1):;:, l::.cJ,4 
cl cl= (I 

DO t 06 ,.J= 1 I 4 
IF(I.EO.~I) C;OTO 10E. 

0102 AT<I .. ~f):::(l, 

0 1 (I?': I F ( (>A 8 S •: G 0• [ 1 I ) ) , L. T , (I , (> ·- 1 ('! , 0 R , (>A 8 S ( G ( cl 1 ~I ) ) , L T • 0 , [)- ) (I ) G 0 T 0 1 I) 01 
Ui 04 AT( I 1 ~~ ')=G•: I 1 ,J )/[>:30RT( G( I, I ):t:G( ,J, cl)) 
0105 1 u(li COtHINUE 
0106 JJ=JJ+1 
1'11 07 k( I I ,.f\.1 ):::f4T( I .. '"') 
u 1 (1:3 1 Ot:. COtH I ~WE 
(11 09 IF< I:::::::f.\!•; (I),GE. O.l l1fRITE <6,4) 

01 iO 4 FORMAT (/ 11 CORRELATION COEFFICIENTS 11 

0 1 1 1 1 ,/ ,.. 4 }< 1 
11 1 2 11 

.• f: >;; , 11 1 3 u , 8 ~; ; 11 1 4 11 
.' 8 ~<: .• 11 2 1 11 

, 8 ~·:; J n 2 .'3 11 
) 8 X ·' u 2 4 11 

.• :3 ~.;; , u 3 1 11 ~ ::: X .• 
0 1 1 2 2 H 3 2 il .1 8 ;< .1 II 3 4 II .1 8 :x; J U 4 f U } 8 ~(; ·' II 4 2 il .' 8 }\ 1 U 4 ::: il ) 

0 t 1 3 I F ( I s s ll! ( 0 ) ' G E ' 0 ) lll R I T E ( 6 ' i 1 ) ( ( ~< < I ·' ~' ) ·' J = 1 J '3 ) I I ::.:: 1 ·' 4 ) 
01 1 4 l i FORI'1AT ( 1 H , 12G 1 0. 5) 
01 i5 !.~!RITE (2,5) K( 1 I 1 ),~::( 1 ,2),K( 1,3) .• 1<<2.2),1<<2,3) .. K(3,3) 
0116 5 FORMAT ( IH ,6G10.5) 
I) i 1 (' c 
(I 1 1 :~: C t' f; ·+ :t * * :t- :t- ·•· * I N V E R ·~: I 0 N 0 F A < :::: (; ) * * * * * * :t: :t: * * 
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(II 1 9 c 
0120 DO 102 I=f,4 
0121 DO 102 .J=1,4 
01 2 ;:;: 
0123 
0124 
0125 
0126 
01 2;-' 
(I I 2 :;:: 
01 2':.=t 
0130 
(I 13 i 
(I 1 3 .•. 
0 1 3 .~: 

0134 
•.•IT::; 
0136 
0137 

1 U2 

1 0 1 (I 

I U I 1 

01 .3:3 
0139 
0140 7 
(I 141 
0142 
0143 
0144 

G( I .. ,J )"'A< I I~') 
CO~~T I t4UE 
CALL I'IIN'./D tG, IN,OET,. IL .. IM) 
ICOU~H=2 
IF<DET.EQ.O.ODO) GOTO 1010 
RETURN 
CONTINUE 
!FLAG=. TRUE. 
IF< ICOLI~n. EO. 2) GOTO 101 1 
I.1IRJTE ( 2 .. 9) ~<1 

l1f R I T E t:. ~~ •• 1 0 ) ~<3 

l1IRITE (2,5) K< 1.1 ),1<0:: 1,2),K( 1 ,3),1<<2,2),1<(2,3) .. V<3.3) 
RETURt~ 

COtHitWE 
l1l R I T E < •S .. 7 ) 
FORNAT ( II .'fo **'**'******'*'************* II 

1/ II ~PRODUCT-MATRIX SINGULAR:+: " 
2,·"' II .·I :f<:.f<lf<:f<:f<:f<:f<>f<:f<>f<>f<*******>f<>f<lf<of:*:f: II) 

FORI'fAT ( II t >f<:f<>l<>f<>f<:f<:ic>f<>f<>f<:t::f:>l<>l<**** II 

1 ,..· II * G -1'1 AT F.: I~< s It~ G u LA F.:* II 

RETUR~~ 

END 

II 1 *:t::ofclf<>f<*:f<>f<:f<>f<:f::f:*:f:>l<:f::f::f< II) 
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~EB0~8 T=00004 IS ON CROOOii USING 00012 BLKS R~OOOO 

0001 FH~4;v;,L,Y 

0002 c ************************************************************** 
(I 0 03 c :f 

(1004 '- * 
FILENAME : &E8098 

MULTIPLICATES TWO MATRICES : H*G=A * 
* 0 0 Cl5 

0 0 0(:. 
(1(107 

(, ************************************************************** 
i_,. 

(1(10:3 

11009 

SUBROUTINE EB098 (H,G,A,N) 
IMPLICIT DOUBL~ PRECISION <A-H,O-Z) 
DIMENSION H<N,N),G(N,N),A(N,N) 

(I 01 u 
0 01 1 

f ------------------

0012 
0013 
0014 
00i5 
0011:. i01 
0017 
(10i:3 i(l(l 

(l(lj•j 

002U 

[>(I 1 0 0 I::: 1 I t~ 

[>0 iOO ._1=1 .. t~ 

TEMP= 0. 0[> 0 
C>O 101 K=1 .• N 
TEMP=TEMP+H(J,k)*G<k,J) 
COtHitWE 
A ( I , .J ) = T n1 P 
COtH I t~UE 
RET URt~ 
END 



&MINVD T=00003 IS ON CR0001i USING 00024 8LkS R=OOOO 

UOOl FTN4~(,L,'I' 

nou2 c 
(1(!(13 c 
0004 .-. 

!_. 

(1(11)5 c 
0006 
UOO? 
0008 

c 

0 (I (I·~~ c 
0010 c 
0 01 ·1 

\.1012 
Cl 0 1 ;~ 
1)014 
il (I j :s 
u016 
001;-' 

it 01 ::: 
0 01 ') 

oo;:~o 

(1021 
(1022 
1.1023 
0024 
1..1025 
u 0~?6 
U027 
U02:3 
0 02'? 
0030 
0031 
0032 

.~ 

\.· 

c 
c 
c 
c 
I_ 

c 
c 
c 
c 
c 
c 
c: 
c 
r· 

0033 c 

I I I I I I I o o 1 I o I I I I I t I 1 I I 0 I . I I I I I I t I I : 0 J I I I I I I I I I I I I I I I I I I I t I I 1 1 1 1 I 1 1 

SUBROUTINE MINVD HP-VERSION 

PURPOSE 
INVERT A t·1ATR I~~ 

USAGE 
CALL MINVD(A,N,D,L,Ml 

DESCRIPTION OF PARAMETERS 
A - INPUT MATRIX, DESTROYED IN COMPUTATION AND REPLACED BY 

RESULTANT INVERSE. 
N - ORDER OF MATRIX A 
D RE:3UL TAtH L>ETEF:I'li t4AtH 
L - WORK VECTOR OF LENGTH N 
M - WORk VECTOR OF LENGTH N 

RfNj:.)RKS 

MATRIX A MUST BE H ~ENERAL MATRIX 

SUBROUfiNES AND FUNCTION SUBPROGRAMS REQUIRED 
tWNE 

NET HOD 
THE STANDARD GAUSS-JORDAN METHOD IS USED. THE DETERMINANT 
IS ALSO CALCULATED. A DETERMlNANT OF ZERO INDICATES THAT 
THE MATRIX IS SINGULAR. 

I I I I I I I I I 0 I I 0 f I I I I I I I I I t I 0 J I I I I I I 0 ' ' I I I I I t I I I t I I r ' I I 0 0 ' I I I 0 I I I I I I I 

0034 SUBROUTINE MINVD<A,N,D,L,M) 
0035 IMPLICIT DOUBLE PRECISION (A-H,O-T,V-Z) 
0036 IMPLICIT REAL*4 (U) 
0 037 (l I l'lHlS I ON t:H 1 ) , L( I .J .• i'1( 1 .' 
0038 c 
0(1]9 c SEARCH FOR LARGEST ELEMENT 
0040 (: 
0041 
0 04;.::: 
0043 
0(144 
OU45 
0046 
0047 
0048 
0 04'j 
0050 
0051 

D=1.0[l0 
t~K=-N 

DO 8 0 I<= 1 I t'l 
NK=NK+t~ 

L( K >=K 
~H K )=K 
Vk=NK+K 
8 I GA=A< I<~~) 
[>0 2 0 ,.l=K, N 
I Z=N*< . .J-1 ) 
DO 2 0 I =f(, t4 

0052 IJ=IZ+I 
0053 10 IF<DA8S(8IGA)-DABS<A<IJ))) 15,20,20 
(t054 15 BIGA=A<: I .J) 
:·to55 L<K>=I 
0056 M(K)=J 
1.1 us? 2 0 CCtt~T 1 t4UE 
u05~j C 
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0059 c 
(I 0 6 (I 1 •. 

0061 J=L(k) 
0062 IF<J-K) 35,35,25 
0063 25 KI=K-N 
0064 DO 30 I=1,N 
0065 KI=kl+N 
0066 HOLD=-A(Kl) 
0067 JI=KI-k+J 
0068 A(KI)=A(JJ) 
0 Ot:.·~l 3 0 AC ._1 I ) =HOL[' 
0070 c 
0071 c. 
0072 

0 (I '3 4 
0095 
0096 

,-. 
·~.· 

INTERCHANGE COLUMNS 

RH,UCE I'IATR I;< 

0097 DO 65 I=1,N 
0098 IK=NK+I 
0099 HOLD=A<IK) 
0100 I ... I=I--N 
01 0 j DO 65 ... 1=' IN 
0102 IJ=IJ+N 
0103 IFCI-K) 60,65,60 
0104 60 IF(J-K> 62,65,62 

01 06 A< I ._1 )=HOU>>~<A( K ._1 >+A( I ._1) 

0107 65 CONTINUE 
010:3 c 
0109 ( 
011(1 c. 
01 1 1 

DIVIDE ROW BY PIVOT 

K J=K--N 
0112 DO 75 ._1=1 .. t~ 

0113 KJ=kJ+N 
0114 IF(._I-K) 70,75,70 
01 1 ~:· 7 0 A( K ... t >=A( J< .J )/8 I GA 
0116 75 CONTINUE 
0117 c 
01 1 8 c PRODUCT OF PIVOTS 
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Ott·:J C 
0120 D=D*BIGA 
n 121 c 
012::;:: c: REPLACE PIVOT BY RECIPROCAL 
ll123 c 
0 1 24 A< 1<~: ):: 1 . OD 0/8 I Gf"~ 
l\1 ~:~~; ::311 COtH I NUE 
012t:. ( 
012? c 
0128 c 

FINAL ROW AND COLUMN INTERCHANGE 

0129 I<=N 
0130 1001<=(1<-1) 
0131 IF<k> 150,15(1,105 
0132 105 I=L(K) 
Ot T3 IF< I-K) 120, 121), 1 Of: 
0134 1 08 .JQ=N*( K- t ) 
0135 
0136 
0137 
0138 
0139 
(It 40 
0141 
0142 
0143 
0144 
0145 
01 4t:. 
0147 
0148 
01 4'3 
0150 
01 5 j 

0152 
0153 

~IR=N*( I -1 ) 
()0 110 J=1,N 
JK=JQ+J 
HOLD=A< JK) 
,,1 J :::. elf<: + J 
A ( cl k ) = -· A ( cf I ) 

·11 0 A.: JI) =HOLD 
1 2 (I cl = N ( ~: ) 

1 .-,o:: 
r:.. ._1 

IF<cf-1<.> 100,10t),125 
KI=l<-N 
DO 130 I=t,H 
KI==KI+t~ 

HOLD=A< I< I ) 
,JI=KI-K+J 
A( KI )=-AO:: .JI) 

130 A( JI) =HOLD 
GO TO 100 

1 5 (1 RETURN 
END 



:~E8i i _T=00004 IS Otl C:ROOOi 1 U~:ItlG (l(t004 8lYS: R=OCtOO 

FTtH;<,L,Y I) 0 0 1 
0002 
0003 
0004 

c ************************************************** 
C * FILENAME &E811 * 
c * 

0005 C * MULTIPLICATES A VECTOR <URE) AND A MATRIX (G) * 
0006 c * * 
0007 c ************************************************** 
u008 C 

SUB ROUT I t~E EB 1 I o o o·:; 
0 01 0 
0 01 I 

IMPLICIT DOUBLE PRECISION (A-H,K-Z> 
COMMON/URE/UREC4>.DX(4) 

0012 COMMON/8LG/G(4,4) 
0013 c -------------------
0014 DO 100 ,.J=1 .. 4 
U015 OX(ci)=O. 
0 0 1 E. DO 1 01 I= 1 .• 4 
0017 
001:3 iOi 

D~« cl )=D~« J )+-G( .J, I )*URE( I) 
COtH I HUE 

001'~ 

0020 1(1(1 
0021 
0022 

D~<C ,J >=-D:>-~( "') 
CONTINUE 
RETURN 
END 

C-37 



00 01 
0002 
0003 
(I (11)4 

T=00004 IS ON CR00011 USING 00012 BLKS R=OOOO 

FTtH;-< I L' y 
c *************************************************** 
C * FILENAME : &E812 * 
(: * * 

0005 C * ROUTINE TO CONVERT SECONDS TO HOURS MIN SEC. * 
Ll 0 06 C * * 
000? 
00 08 
n o o ·~ 
0010 
0 01 1 
0012 
0013 
0014 
0015 
0016 
0017' 
0 0 1 ::: 
001') 
0020 
0021 
0022 

c *************************************************** 
c 

SUBROUTINE EB12 (TMIN,THR) 
IMPLICIT DOUBLE PRECISION (A-2) 
REAL THR 
INTEGER*4 HR,MIN,SEC 

c --·--------------------
THR=<SNGL(TMIN)/3600.0)+.00005 
HR=HH( THR I 
THR=<THR-HR):+:60 
1'1IN=INT<THR) 
THR=(THR-MIN>•60 
SEC=INT<THR:> 
THR=HR+( MIH*. 01 )+(SEC* .0001 )+. 00005 
F:ETURN 
EN(l 
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&E814 T=00004 IS ON CR00011 USING 00024 BLKS R=OOOO 

0001 FH14. L, Y 

0002 c ************************************************** 
0003 C * FILENAME : &EB14 * 
0004 C * READS ALMANAC-DATA FROM DATA-TAPE,CONVERTS IT * 
0005 C * INTO DOUBLE PRECISION AND CREATES ARRAY WITH * 
0006 C * DATA FOR MAINPROGRAM. * 

c ,f< 0007 
0008 
0009 
0 0 1 0 
0 011 
0 0 j ;:! 
0013 
l)(ij4 

c ************************************************** 

0015 
0016 

c 
SUBROUT I t~E EB 1 4 
DOUBLE PRECISION AD,A,B,C,DTC 
COMMON/ALMIAD(14,24),ID1(24J 
COMMON/NACIA,B,C,DTC 
0 I MEtiS I ON I ALI'lAC( 1 2 I 24) .• I ::::vPRt~( 24) I I D( 24) 
INTEGER ALMAC(24,24), IAR(2>,I8UF(310),IDARY(24) 
EQUIVALENCE< I BUF< 16) I I AU1AC) 

0017 REAL OMD,OMO,MO 
0018 INTEGER H 
0019 DATA PI/3.14159265/,ISVPRN/4,7,6,8,5,9,t8*01 
0020 c 
0021 C ISTAD IS THE STARTING ADDRESS OF ALMANAC DATA AND IWCNT IS THE NUMBER 
0022 C OF WORDS IN THE ALMANAC DATA. 
0023 c 
0024 DATA ISTAD/1727008/,IWCNTI310/,LU8/8/ 
0025 c 
0026 C CALL EXEC TO READ IN ALMANAC DATA. 
0027 c 
0028 100 CALL EXEC(1,LU8,IBUF,IWCNT) 
0029 CALL ABREG<!ERR,NWRD> 
0030 !F(NWRD .HE. 288) GO TO 100 
0031 
0032 
(I 033 
0034 
0035 

0037 
0038 50 
0039 40 

DO 4 0 ,1= 1 I 24 
DO 50 1=1,12 
12=2=i<l 
I1=I2-1 
I HlP::. I ALI'1AC< I ... J) 

ALMAC(l1 ,J)=IAND<ITMP 1 3778) 
ALMAC(I2,J)=JSHFT<ITMP,-8) 
CONTINUE 

CONTINUE 
0040 lJRITE(16,120> 
0041 READ< 16,·i<)DTC 
0042 c 
0043 C GET SATELLITE ID(PRN NUMBER) FROM ALMANAC DATA. 
0 044 c 
0045 
0046 
0047 
0 04:3 c 

DO 1 0 .J= 1 , 24 
D020I=1 .. 24 
I[l( I )::ALMAC< f I I) 

0049 C TEST TO SEE IF SATELLITE IS IN PRN NUMBER ORDER. 
0050 c 
0051 
(!(152 

0053 20 
0054 
0055 c 

IHINI).EO. O)GO TO 20 
IF( ID< I). EO. ISVPRN< ~1 ::0 :>GO TO 30 
COtH INUE 

GO TO 10 

0056 C GET ECENTRICITY OF SATELLITE ORBIT FROM ALMANAC DATA. 
0 057 c 
ul)58 30 IAR<2>=IOR< ISHFT<ALMAC<2 .. I ) .. €:),AU1AC(3, I)) 
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0059 
0060 
0061 
0062 c 

I OAR'!'( .J )=I[) 
IAR( 1 )=0 
ID1 ( ~1 >=10( I) 

0063 C ECENTRICITY IS SCALED BY A FACTOR OF 2**-21. 
0064 c 
0065 E=DINTF<IAR>*4.7683716E-? 
u066 C 
0067 C GET TIME OF APPLICABILITY OF THE ALMANAC PARAMETERS. 
006::3 c 
0069 IAR<2>=ALMAC<4,I) 
0070 IAR< 1 )=0 
0071 c: 
0072 C TOA<SECONDS, IS SCALED BY A FACTOR OF 2**12. 
0073 c 
0074 TOA=DINTF(IAR)*4096.0 
0075 c: 
0076 C GET SATELLITE ORBIT INCLINATION FROM ALMANAC DATA. 
0077 c 
0078 IAR<2>=IOR<ISHFT<ALMAC<5,I),8),ALMACC6,I)) 
007·~ IAR< 1 :>=0 
0080 IF<IAR(2) .LT. 0) IAR<t>=-1 
0081 c 
0082 C Dl(SEMICIRCLES> IS SCALED BY A FACTOR OF 2**-19 INCREMENTED 
0083 C BY 1/3 AND MULTIPLIED BY PI TO YIELD RADIANS. 
0084 c 
00:35 Dl=(([)INTF< IAR):+:1.90734:::6E-6)+( 1 .0/3. t))):tcPI 
0086 c 
0087 C GET DRIFT RATE OF LONGITUDE OF HSCENDlNG NODE OF THE ORBIT 
0088 C FROM ALMANAC DATA. 
008'1 c 
00'90 IAR< 1 >=O 
D09i IAR<2>=IOR<ISHFT(ALMAC(7,1),8),ALMAC(8,I)) 
0 09;~: IF( I f4R( 2) . LT. 0) I AR< t >=-1 
0093 (: 
0094 C OMD <SEMICIRCLES/SEC) IS SCALED BY A FACTOR OF 2**-38 AND 
0095 C MULTIPLIED BY PI TO YIELD RADIANS/SEC. 

0097 OMD=DINTF(IAR)*PI*3.6379?88E-12 
0098 c 
0099 C GET HEALTH WORD FROM ALMANAC DATA. 
1.) 1 0 0 c 
0101 H=ALMAC(9,I) 
Oi02 C 
0103 C GET THE SQUARE ROOT OF THE SEMI-MAJOR AXIS OF THE ORBIT 
0104 L FROM ALMANAC DATA. 
0105 c 
01 06 I ARO:: 1 )=ALI'1AC< 1 1), I "> 

01 07 IAR< 2 >=lOR< ISHFT< ALMAC< 11 .. I). 8 ) 1 AU1AC( 12, I)) 

0109 C RA(METERS> IS SCALED BY A FACTOR OF 2**-1 t. 
0110 c 
011 i RA=DINTF< IAR):-t<4.88;~8125E-4 
0 t t 2 c 
01 1~ C GET THE RIGHT ~SCENSION OF THE ORBIT FROM ALMANAC DATA. 
0114 c: 
0115 IAR(2)=IOR< ISHFT<ALI'1AC< 14, I J,8),AUIAC( 15, I)) 
U116 IAR< 1 :>=ALI'tAC< 131 I) 
0 i i ? I F ( I AN c .. : ~ U1A c ( 1 3 I I ) I 2 0 0 E: ) ' N E . 0 ) I A R ( j ) = I 0 R ( I AR < 1 ) J 1 ? 7 4 0 I) 8 ) 
01 1 :::: C 
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0119 C OMO<SEMICJRCLES)IS SCALED BY A FACTOR OF 2**-23 AND 
0120 C MULTIPLIED BY PI TO YIELD RADIANS. 
012i 
0122 
01 r~: 

ONO=DINTH IAR)*PI*l .1920929E·-7 
c 

0124 c 
0125 c 
(I 1 ;~6 
0127 

GET THE ARGUMENT OF PERIGEE FROM ALMANAC DATA. 

I AR< 1 )=f~U1AC( 1 6 I I ) 
IAR<2>==IOR< I::;HFT<AU114C( 1?, I > .. 8) .. AU1AC< 18 .. I)) 

01 2:3 
012'3 c 
0130 c 
0131 c 
0132 c 
0133 
0134 c: 

IF( IAt4D( IAR( 1 ),2008), NE. 0 >IAF':( 1 )=IOR( IAR( 1 ), 177400B) 

W<SEMICIRCLES> IS SCALED BY A FACTOR OF 2**-23 AND 
1•1 U L T I P L I ED BY P I T 0 'I' I E L D F: AD I At~ S . 

l~=[)ItHF( IAR)*PI*1. t920'~29E-7 

0135 (: GET MEAN ANOMALY AT TOA FROM ALMANAC DATA. 
0136 c 
01 37 I AR( 1 )=ALI'1AC< 19 I I ) 
Oi3:3 IF< lAt-l[:.( IAR< 1 ),2008).t~E. O)IAR( 1 )=IOR( IAR( 1 ),177400E:) 
01 3'3 I AR( ;{.):::.I OR( I SHFT< ALMAC( 2 0 .. I ) .. :;:: ) , AU1AC( 21 .. I ) ) 
0140 c 
0141 C MO<SEMICIRCLES) IS SCALED BY A FACTOR OF 2**-23 AND 
0142 C MULTIPLIED BY PI TO YIELD RADIANS. 
0143 c 
01 4 4 1'1 0 = [) I NT F < I A R } * P I =~< 1 . 1 ·~ 2 0 9 2 9 E- 7 
01 4 5 A [) < 1 .. ~' ) = C> B L E ( E ) 
0146 AD(2,J)=DBLE<TOA) 
01 4? AD< 3, ~' :0 = [) 8 LE ( D I ) 
0148 AD(4,J)=D8LE<OMD) 
0149 AD(5,J)=DBLE<RA) 
0150 AD(6,J)=DBLECOM0) 
0151 ADC?,J>=DBLECW) 
0152 ADC8,J)=DBLE<MO) 
0153 10 CONTINUE 
0154 RETURN 
0155 120 
0156 

FORMAT<~ ENTER COLLECTION DATE FOR ALMANAC DATA<NTH DAY)_'') 
ENE> 

c-41 



(10(11 A::H·18, L 
(I 0 02 NAM DUHF 
0003 ENT [> ItHF 
0004 EXT .FLTD 
00 05 OHHF t~OP 

0006 ISZ DitHF 
0007 LDA DitHF I I 
0 0 o::: STA IBF 
0009 I.-. .., 

·=- ._ [>I NTF 
00 i 0 [>LD I BF, I 
0011 AN[) 8377 
0012 ,JSB .FL H> 
001.3 • ..IMP DINTF,I 
0014 IElF BSS 1 
0015 83?7 OCT 

...,..., ..... 

..j, ' 

0 0 1t:. END 
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~PLSUB T=00004 IS ON CRC0011 USING 00018 BLKS R=OOOO 

0002 c ************************************************************** 
0003 c * 
0004 c. * 

F I LENA~1E : 

0005 C * ROUTINE PLOTS THE DATA FOR MAINPROGRAM PLSIG. * 
0006 c ************************************************************** 
0007 c 
0008 SUBROUTINE PLSUB CIGC8,V1,V2,W1,W2,G11N,TSTART 1TEND,NSTART) 
0009 DIMENSION IGC8(192) 1 X1(10),X2<4>~X3(6),X4<4>~BUFF(24) 
0 01 0 EQUIVALENCE (BUFF< t ) J X j ( j ) ) ·' (BUFF< 11 ) I X2( 1 ) ) I (BUFF( 15) ·' X3( 1 ) ) I 

(I 01 1 1 (BUFF( 21 ) I ~\4( 1 ) ) 
0012 LOGICAL IFLAG 1LOG 
OOIJ C ----------------
0014 LOG=.TRUE. 
0 0 1 5 CALL VI EloiP ( I GCB 1 1 0, .• 1 0 I), 1 V 1 .• 1/2) 
0016 CALL WINDW ( IGCB,TSTART,TEND,Wt,W2) 
0017 CALL GRID (IGC810.25~G1) 
001::: DO 100 I=1 .. H 
0019 1000 CONTINUE 
0020 CALL INPUT CTIME~X1 1 X2~X3,X4, !FLAG) 
0021 IF( !FLAG) GOTO 1002 
0022 IF(LOG> GOTO 1001 
0023 CALL MOVE (IGC8,TIME1,X) 
0 024 CALL DRAI.tl (I GC8 .. TIME, BUFF( W:;TART+ I-t ) ) 
0025 1001 CONTINUE 

LuG=.FALSE. 
CALL Lit~E ( IGC81 I-t) 

0026 
0027 
0028 
0029 

IF( I . EQ. 4) CALL L I HE < I GC8. 6) 
TIMEI=TIME 

0030 X=BUFF(NSTART+I-1) 
0031 GOTO 1000 
0032 1002 CONTINUE 
0033 
0034 
00.35 j (1(1 
0(136 
0(137 

REM HID ( 2) 
LOG=.TRUE. 
CONTINUE 
RETURN 
D~[) 
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&PSUBI T=00004 IS ON CR00011 USING 00006 BLKS R=OOOO 

FHl4x, L, 'r' 0001 
0002 
0003 
0 (I 04 

c ************************************************************** 
C * F I LEHANE : ;~,PSUB t * 
c * * 

0005 C * ROUTINE PLOTS THE DATA FOR MAINPROGRAM PLSIG AND COMPUTES * 
0006 C * THE SQUARE-ROOT OF THE SUMS OF THE DIAGONAL SIGMA-MATRIX * 
ll 0 07 C * ELEMENTS, * 
0008 c ************************************************************** 
0009 c 
0010 SUBROUTINE PSU81 (IGCB,Vt,V2,W1,W2,G1,N,TSTART,TEND,NSTART> 
0011 DIMEt~SION IGCB< 1'32),~<1< 1 0),X2•:4) .. ~<3(6),X4(4),8UFF<24) 
0(11;2 EQUIVALENCE (BUFF< 1 > .. Xt< 1 )),(BUFF< 11 ) 1X2< 1 )),(BUFF< 15) .. ~<3< 1 )), 
001?: HBUFF<21 .l,~<4( 1 )) 
0014 LOGICAL IFLAG,LOG 
0015 c ----------------
0016 LOG=.TRUE. 
0 (11? CALL 'y' I El·IP ( I GCB I 1 0' I 1 0 0' ''./ 1 .• V2) 
0018 CALL WINDW ( IGC8 1TSTART,TEND,W1,W2> 
0019 CALL GRID <IGC8 10,251G1) 
0020 [>0 100 I=1,N 
0021 i 000 CONTINUE 
0 02~~ 
0023 
0024 
0025 
(1(126 

CALL INPUT (TJME,X1,X2,X3,X4, IFLAG) 
IF<IFLAG) GOTO 1002 
IF( I, EQ. 1) :,<2< 1 >=SQRT( X2< 1 )*~<::2( 1 )+::<2< 2 ):t:~<2< 2)) 
IF( I, EQ, 2) ~·~2( 2 )=SQRT< ~<2< 1 ):t:~Q( 1 )+~<2< 2 ):+:>"~2< 2 )+~<2< 3 ):t:;Q( 3)) 
J F< I. EQ, 3) X2< 3 >=SQRH X2< 1 ):t:~~2( 1 )+)<::2( 2 ):ot<~<2( 2 )+X2< 3 ):t:::-;2( 3 )+X2( 4 )* 

0027 1X2(4)) 
0028 JF(LOG) GOTO 1001 
0029 CALL MOVE (!GCB,TIMEl,X) 
(I 0 3 0 (:ALL DR A \I ( I G c 8 ·' T I ME I 8 u F F < t~ s TART+ I ·- 1 ) ) 
0031 1001 CONTINUE 
0032 LOG=.FALSE. 
u0."33 CALL LINE < IGC8, I-·1) 
1)034 IF< I, EQ. 4,) CALL LIHE < IGCE:, 6) 
0035 CALL CSIZE ( IGCB, 1 'I 1 '·' 0' ) 
0036 TIMEl=TIME 
0037 X=BUFF(NSTART+I-1) 
0038 GOTO 1000 
0039 10n2 CONTINUE 
0040 REWIND (2) 
0041 LOG=.TRUE. 
0042 100 CONTINUE 
0043 RETURN 
U044 END 
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&INPUT T=00004 IS ON CR00011 USING 00002 BLkS R=OOOO 

(I 0 0 i 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
000'? 

FH44)< I L I <t 
c ************************************************* 
C * FILENAME tiNPUT * 
c * 
C * ROUTINE READS DATAFILE ON LU=2 OPENED IN * 
C * MAINPROGRAM "PLSIG" RECORD BY RECORD AND * 
C *CONVERTS THE TIME.IF END IS ENCOUNTERED A FLAG* 
C * IS SET. * 
c ************************************************* 

(I 0 f 0 c 
!) 0 f 1 
001.2 
0013 
0014 
0015 
U016 C 
0017 
(I (I 1 :3 
0019 
0020 
0021 
0022 
0023 
0024 
0025 1000 
0 (1~:!6 
oo;~? 

0028 c 

SUBROUTINE INPUT <TIME,Xl ,X2,X3,X4,IFLAG) 
DIMENSION X1(10),X2<4>,X3(6).X4(4) 
LOGICAL IFLAG 
IFLAG=.FALSE. 
READ <2,1 .. ERR=1000,ENC>=1000) Tit·tE 
IF<TIME.EQ.O.EO) GOTO 1000 
READ (2,2,ERR=tOOO> Xt 
READ (2,3,ERR=1000) X2 
READ (2,4,ERR=1000) X3 
READ (2,3,ERR=t000) X4 
IT=IFIWTIME) 
T1=TII'1E-IT 
TINE=IT+Tl/0.6 
RETURN 
COtHINUE 
IFLAG=.TRUE. 
RETUR~~ 

0029 C ********** FORMATS ********** 
0030 c 
0031 
0032 
0033 
0034 
0035 

.-, 
"-
-.. ·-· 
4 

FORI'1AT 
FORI1AT 
FORMAT 
FOR NAT 
END 

<G15.8) 
(10E12.4) 
(4E12.4) 
( 1 H ,6G10.5) 
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c ,_ 
too! 

APPEtW I X D EXAt·1PLES OF PROGRAI-1 OUTPUTS 

F"F:OGP.:..f1 -~EBOO* 

U~:ER-POSITIOII : 
LAT I TUC>E : 39. 44955 
LOiti;ITliDE: -74.5f.f.77 
ALTITUC>E : 46.26000 

DEGREE 
DEGREE 
FEET 

ECEF-COORDIHATES : X = 1312420.0 ·c' = -4753942.1 -
!_ISERT !ME 

:O.T>JF:T T·~·THRT :>: 
Ell(> ( T Ill) 

36000.000 
40000.000 
300.00000 
57.000000 

·;:.E( . 
·:;Eo:.. 

I I). (II) HOUP.S 
t 1 . 06 H(tiJRS 

HlCP. H•EL) ·;E•~ 

[lATE •(>1U) [>A·,··;:; 

THE r0MPUTATIOHS ARE MADE WITH 4 SATELLITES 

1_1·3E[_. Alt1HilACS 

SAT. I [l : 
.,. 
·J 

.23050-02 

.33180+06 

. 11120+01 
- . 6 I 95[>- 08 

.5154[>+04 

.5694[>+00 
-.20':120+01 

.69500+00 

.26560+08 

.4425D+OO 

.89680+00 
-.49770+00 
-.86740+00 

. 145'3[>- 03 

u·=.Er• URES 

·;AT. If> : 5 
.3600£+05 .IOOOE+OI 
.3960£+05 .1 000£+01 
.4320£+05 .1000E+OI 
.4680£+05 .IOOOE+OI 
.5040£+05 .IOOOE+OI 

OTC= ~7, TC~ 

6 
. 1 [..- "-~ 

. '3 (.1+ (16 

. I [>+ 01 
- 0 t. (1- 1):?-

. 5 l·+ (14 
-. 1 Ou+OI 

. 2 ·j(l-t 01 
-. 1 4[>+ 01 

. 2 E.D+ 08 

.4 2()+(1(1 

.8 4[1+(1(1 
- , 4 6(.>+ (II) 

.:3 E.(.t+(!l) 

. 1 90- •H 

,:. 

.3600E+ 5 

. 3·:;.:-oE• 5 

.4320E+ 5 

.4680E+ 5 

.5040E+ 5 

? I) (1. 

(I OE+t)l 
tl OE+01 
0 OE+OI 
0 OE+OI 
0 I)E+OI 

0 000~+00 

n OnOD+OO 
u COOD+OI 

IHVERTED V-HATRIX 
.IOOOOOOOD+OI 
.onooOOOOD+OO 
.OOOOOOOOD+OO 
.OOOOOOOOD+OO 

.OOOOOOOOD+ 0 

.100000000+ I 

.OOOOOOOOD+ 0 

.000000000+ 0 ~OrJOOOOD+OO 

HAHE OF PLOTFILE FOR SIGH~-MRTRIX PLS 
NAHE OF PLOTFILE FOR HOOP f'LH 
HA11E OF PLOTFILE FOR AZIMUTH Atlf) ELE'>-'RTl•)ll PLA 

8 
.22(17f)·-02 
. '33180+0E. 
. 11 03C•+01 

- '6 343[•- 1)::: 

'5154[)+ 04 
.5653D+OO 

- • 1 ·;.;::::a;.+ o o 
. 3566[•+ 0(1 
. 26 56[..+ 1)8 
. ·l505D+OO 
. 892::::C•+ 0 ft 
.98040+00 

-.19~"00+0(1 

. 14591)- 03 

3600[+ 05 
3960E+1)5 

.4320E+r)5 
4<:-:30EttJ3 
'5040£+05 

·:: 

(I ,., n [J+ n 
0 n IJ (";+I) 

I _I II I) ['·+ft 

1 0 0 [)+ 1) 

4 (! 3 (r;!8:3. 3 

·j 

:::t•- o . .::: 
31 :3[1 + 06 

4['+ 0 I 
snJr·-oe 

4['+ 04 
~4€·[·+ 01 
3520+ 01 
142[>+(11 
6560+08 
503D+OO 
929(•+ 0 (I 

70+00 
•. t:·2L•+ 00 
459D-- 03 

' OF+O . ' 

. I OE+O 

.1 OE+O 

. I OE+O 

. I OE+O 

0 E• 
6 [4 
2 E+ 
8 E+ 
4 E+ 

~ ~OEtOI 

3 50E+OI 
3 50E+01 
3 50E+OI 
3 50E+OI 



C' 
I 

N 

T; or t....J.1:·1PUTHT I 1JH: 

- ~ ~~t.. 10.00UIJ HOuR:; 
:::,11·1 ELL l'f E PO·:; IT it-JIE: 

]:?34b5330+08 
.4~~0~~~80+07 

~~49~7~00+07 

. IJ309804D+08 

J -f1h"l i·· 

- ;~; ( 2_ ;:'(.H· (I (J 

4 '=' 5L•-t- 00 
' 1 I[>- 01 

<:; 5(l-t- 0(1 

I '~ li I ' - 11 ~. 1 F: I 
55 (1'3 (J+ (1;2 

_ 44;·3 f•+01 
1553 [J+01 

·• :c:::< 1 1 C>+ 01 

-, 1 4{ 4~(H 

-. 1 34 'j:'_:;j)+ 

-,I (1·:;. 44[•+ 
. I 34 ::.:::[:·+ 

-.54 7 034[)+ 
.34 8 300D+ 
.41 5 6210+ 
.84 1 5t4D+Ou 

-.22 7 380+01 
' i 5 6 85(:•-+ (11 
, 7>:: I 51D+It(l 

-.17 1 "i~'D+OI 

. (·IJHF£-f<(tt.H:3 l)f DIAGOI-IHL ELEI'1EtH:3 
?5417305[)+(11 , 124fi0115D+OI 

'.JRI'-EL;;T I Otl l-OEFFIC!Eilh': 
I~ 13 14 21 

~·1 i ·) ::::390 . 960].::, -. 511 (I 

._j;:OIJ!l[,-TPUTH HIW FIGURES OF MEF:IT 
[,X DY 

-. 1~0982030+02 '181 0?3950+01 

1:::1 ~- 11: .. 5[•+ 1_: 

·•;:::·u:~.:~:.L>+ ,-. 
.~~_;,21 '=· ;""2[J+ I) 

.:.: ~::; J::. ~_: ::: ~. ::: t· + (I ;;:; 

539 ~80~-- t 
451 .G+ u 
104 ID+ 0 
~15 ~C·+Ou 

155 D+ I 
G01 D+ 0 
~31 0+ 1 
87~ 8 G+ul 

'::42?5::::t~.:?.{>+ 01 

23 24 
. :544;· -,5(162 

(J2 

. t:.5784006D+01 

l .. 

·~-; IJ 1.1•-· !: l ~.;_'(!·, f_l (I 

. ~;/712~;-.~~C· t- (I,;.' 

, •.:.·::~-.. 1 i -.t:: ( [_.-r (!~_ 

. ";12:::;4 1 ::;·:4 1_:(·+ 01 

. I ,-, 0 1J ftl:·+ I 
' 1 1 .. • !) (I [··· 1 
, 111 ftO f.•> 1 
, I 0 0:• '-' [• + 1 

.9 8 I I ~+ 1 
-,1 3 14 0+ l 
-.6 8 25 0t I 
.l I 53 ~+ I 

.275',4442(,>(!1 

31 ._J.;:;_ 

-. :33·~(1 .2544? 

-DB 
-.159~31?3D+02 

He I 

....: -;l•·t 1) •• 

j II ' :-;, _, ~. () t (! 

:! I -::::::. ~ ·~ L; 1 I) 

~ ·~-4 ~· ..; ~- -:.4 t:. f: + l; 

~4 

-. "J o::::r 

HDOP 
3.?53 

41 
'·~(. (13"3 

Pl>OP 
4.470 

42 
-.506.2 

GDOP 
5.253 

~3 
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