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ABSTRACT 

The programs were written to compute, on a Hewlett Packard minicomputer, the 
dilution of precision parameters for the Global Positioning System (GPS) and to 
plot these data versus Greenwich Mean Time (GMT). The programs evaluate the 
influence of satellite geometry upon these parameters and subsequently upon 
the accuracy of the GPS. The flowcharts of the programs, a printout of the 
transfer files, program listings and examples of the program output are included 
in this report. 

This work was accomplished when the author, Erhard Buchberger, was on an exchange 
program at the FAA Technical Center from the West German Aerospace Establishment. 
For further information contact Robert Esposito, phone number (609) 641-8200, 
extension 3961. 
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INTRODUCTION 

BACKGROUND 

The FAA Technical Center has made use of a GPS almanac program originally written 
at the Texas A&M University for execution on a Texas Instrument 990/4 minicomputer 
(Reference 1). This program computes satellite azimuth and elevation, satellite 
rise and fall time and the geometric dilution of precision. M. Magrogan (Reference 2) 
modified these routines to analyze FAA test results on a Digital Equipment Corporation 
PDP-11/34 minicomputer. 

SCOPE 

This report documents further modifications and additions which permit the GPS 
almanac program to run on a Hewlett Packard (HP) 1000 minicomputer with the main 
task of computing the dilution of prec1s1on factors for the case of four space­
vehicles, and of three satellites plus altitude input. 

DISCUSSION 

The major changes made by the Technical Center include; 
-An almanac unpacking subroutine developed by N. Watts for the HP. 
- Revision of the computation of the GPS epoch time. 
- A matrix inversion subroutine which detects singularities. 
- Computation of the dilution of precision factors for three satellites plus 
altitude data. 
-Use of double precision in all computations. 

In addition, all main programs allow several different types of input data to be 
used. In doing so, the programs ask for the data with an explaining comment. 
The main programs also include Block Data, that is, parts in which the Common Blocks are 
initially defined. This was not necessary with the PDP-11. 

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

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

Three coordinate systems (reference 3) based on WGS-72 reference ellipsoid are 
II t i) j Zt>d . 

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

Appendix A contains the transfer files for the main programs HDOO, PLGH, EHGDl, 
and EBGH. Appendix B gives the flowcharts for these programs plus the subroutines 
HDOl and EHOS. Appendix C provides listings of tnese programs and all subroutines. 
Each program is called on the H~ computer with its name, and user prompting explicity 
asks for the required inputs. Appendix D and E respectively give examples of the 
data tiles and program output. 

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

This program computes and prints out the pos1t1on of up to 4 satellites in ECEF 
coordinates and in azimuth and elevation angle related to the user position and 
HDOP and GDOP. It also generates a plot file with the figures of merit. 

The following input data must be prepared: User position in geographical coordinates 
(latitude (LAT), longitude, (LON), and altitude (ALT) in feet). If the location is 
the FAA Technical Center, this information is already stored in the program. After 
the program has received user position, the geographical coordinates are converted 
into ECEF and printed out. The next data requested are the user times. The 
routine needs the start (TSTART) and stop time (TFIN) of the time interval to be 
evaluated, the time increment (TDEL) - (i.e., the difference between the points 1n 
time, tor which the calculations are made), the time of collection (TC) of the 
almHIHH.:, and the date ot use (DTU)-(see also table 1). 

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

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

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

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

After the steps are successfully completed, the routine computes the 
almanac parameters, and prints all inputs out together with a title. 
<1nJ the output of the results take place after a prompting of a user 
name (less than o characters) of a plot file for the GOOP. 

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

rest of the 
The calculation 

selected 

This program is a continuation of HDOO. It was created because the plot software 
needs approximately 38,000 words of memory space since both routines together 
exceed the memory limits of the computer. 

PLHG plots two data files generated by HDOO to compare HOOPs computed witn three 
and with four satellites. After the input of the first file name, the user 
declares the logical unit of tne plotting device and the ID of tne device subroutine 
to initialize tne plotter. Examples for this would be: 

2 



a) LU "' 20 
b) LU .. 1 

ID = 5 
ID = 1 

Device: 
Device: 

Printer 
Monitor 

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

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

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

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

The routine also comput~s the figures of merit from user and satellite positions. 
It is possible to input the needed data over the keyboard; that is, to type 
the user position in geographical coordinates, the number of satellites to be 
used (three or four), and the satellite position in ECEF coordinates. Also, the 
operator may read the data from a file by providing the file name. Depending on 
the number of space vehicles stored in the file (NSAT), the program will print 
out an error message (NSAT <3), will ask whether the system is altimeter aided 
(NSAT = 3) or will just start computing (NSAT = 4). Due to restrictions in the 
subroutines, the system in this stage has to be altimeter aided, i.e., a fourth 
satellite is simulated in the earth center. 

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

Subroutine Description 

EB02: 
EB03: 
EBOS: 

EB06: 
EB07: 
EB09: 
EB12: 
EB14: 

MINVD: 

DINTF. 

ENU: 
HTRAN: 
MLHHT; 
INVHP: 

computes the rotation matrix, given on page C-20. 
converts user geographical coordinates into the ECEF system, given on page C-21. 
calls EB06 and EB07 and computes satellite azimuth and elevation,given 
on page C-22. 
computes satellite position in ECEF, given on page C-23. 
computes user to satellite distance, given on page C-24. 
multiplies two matrices, given on page C-25. 
converts seconds into hours, minutes and seconds, given on page C-26. 
unpacks the almanac data (with assembly language subroutine DINTF), 
given on pages C-27 through C-29. 
inverts the matrices from the "Scientific Subroutine" package from 

DEC (Reference 4) given on pages C-32 through C-34. 
assembly language subroutine, unpacks the almanac data (with subroutine 
EB12), given on page C-35. 
computes rotation matrix, given on page C-36. 
converts H-matrix into its transpose, given on page C-37. 
multiples the transpose of H-matrix by H-matrix, given on page C-38. 
inverts the matrices, but does not check for singularities, given on pages 
C-39 and C-40. 
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The previ osuly tested subroutines ENU, HTRAN, MLHilT, and INVHP (from references 1 
and 2) were used in one program to check the computations made by the other sub­
routines for a non-singluar matrix. 
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Parameter Start of Count Unit 

DTU - Date of use Beginning of Year Day 

DTC - Date of collection 
of Almanac Beginning of Year Day 

T - GPS - Time Beginning of Day Second 

TC - Collection Time Beginning of week (0000 hours 
of Almanac Sunday) Second 

The used time zone is Greenwich Mean Time (GMT) 

TABLE 1. TIME PARAMETERS USED IN PROGRAMS 
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' '· 

No. in Almanac 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Keplerian Parameter 

Eccentricity of el­
lipsoid 

Reference time for almanac 

Orbit inclination 

Drift rate of right ascension 

Square root of semi-major 
axis 

Right ascension of the orbit 

Argument of perigee 

Mean anomaly 

Semi-major axis 

Cosine of orbit inclination 
angle 

Sine of orbit inclination 
angle 

Cosine of argument of perigee 

Sine of argument of perigee 

Mean motion 

TABLE 2. ORDER OF KEPLERIAN PARAMETERS 

7 

Name in Program and 
(GPS) - Name) 

E (e) 

TOA (toa) 

Di (i) 

• 
OKD (~ 

RA ({A) 

OMO (..f\) 

w (l.u) 

MO (Mo) 

A 

cos(i) 

sin(i) 

COS (W) 

sin(U)) 

v }1-/ A""jl 



APPENDIX A 

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

0 0 01 r;::EL .. %E8GH 
0002 SEA, %ENU 
0003 SFA, %~812 

0 0 0 4 :::; E f-1 , ~~ E 8 0 3 
0005 SEA, %HTRAN 
0006 SEA, %MLHHT 
0007 SEA. %INVHP - ---·· ·---·-------~--------

T t-. E: ,._.,·t-.'.· 1· T ,., ~--~,-_,l., u· 4 I ·.= .. ·. L-, t·1 l-.·. c.· ,-.• l-,L-, ,-.•. · .. ·.:... ,._, ... :_·, -lr·.i ~-~ ,-, .-,,-, ,. · - ·•· · · · ·• -· .. - - • 
- 1 I . - - 1 - .. '· ·' .' ·"' I : l.. t·: :·:: F -::: 1.,11) u u 

0 0 0 l I;(EL. ;';EBGD I 
0002 SEA, %EB09 
0003 SEA, %MINVD 

TPLHG T=00004 IS ON CR00002 USING 00002 8LKS R=OOu8 

0 (I 0 1 t.: E I ~'~ p L H G 
0002 REI ~WLTBL 

0 0 03 SEA I :.·;GPS 

THDOO T=00004 IS ON CR00002 USING 00002 ELKS ~=OOOG 

0001 
0002 
0003 
0004 
0 0 O'.::i 
(1(1(16 

0007 
0008 
0009 
0 (I 1 0 
0 0 i i 
0012 

REA .. 
SEA, 
:3EA, 
SEA .. 
:3EA .. 
:3EA, 
SEA, 
SEA .. 
SEA .. 
SEA, 
SEA .. 
f~EA ,\ 

:~HD 0 0 
::~EB 02 
;-;EB 03 
%E805 
:~EB06 

r~EB 07 
~~HD 0 f 
%EB09 
:I.MINVD 
~~EB f 2 
%EB14 
~~D I NTF 
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APPENDIX B 

Flowcharts - These flowcharts were drawn on a Tektronix - minicomputer with a 
drafting software dPveloped by a group of the Eglin AFB. Only new or significantly 
modified routines are included here. 

FLOWCHART HDOO 
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ou{pUt~ 
ALN:\NAC 

WRITE TITLL: 

! -- c-·-._J 
nPE~I\.J o nT~: .. ,-, ~-~ 

.. t.;.L..J;:·Al.l.-.L ... -~.:.....~:~ t,- ~~-,j 

WRITE·-i·6~~ 
PLOT FILE 

TIME .. t·tDOP 
GDOP __ , ~--·'• 
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.. ---·-j Wf~ITE 

EN. D-CRITEr~:rt~ 
Tn PLOTF:r~ ... r: ... . . - I ....... -

rc:noAtJ.1~fl 1-· 
GlfrD 
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FLOWCHART PLHG 

®----- -·-t 

.TRUE. CtST RECORD) 

.FALSE. 

__ , _______ , 
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FLOWCHART EBGDl 

I!'·"T~;l2 ,J ---·---.. --.... ----
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FLOWCHART EBGH 

mpR;;r.·f:,.A:·;~-.:~· ... ~,:-:-:~) 
....... , " (·j t .. ;•-{!-,' . 

~~';;;;..w ~·:;_ ___ I ____ . .;.· --~ .. :...!... 
Vf 

GDEFIN~~ :r~~~~-~!-J. OF CON:.. 1 P',~: ::; 'l __ .. _____ ,l 
--t·------· ?' 

A[) ·;· -"'· / __:__ ::..;::' .. v 

H ·~ --·-(,t:;;cr-·----·--;./ ~-P.E_;::,~-j. -"-_-·~ 7 
E··::• ol·I, ... J·•t--r···-•·1 "' ,...II ,-:·" • ~, ... j I·" t . ~ , ;.. . ~ · ·y r· ..... ~, .. ~ , ·~ · · .. 
-~l-· --~-~:..· ''·"·';-.;.]~~,.--, 

Icc~\. 'E:~!-l [QP-~t~. :. f:·:q~-~1 
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''· ... ~- :.r;·.·~.-:S • , '' ':"..l··.t.l' I' ..... • .• t:'"'''' -··=r-·--"-' -----1-.. -... --·--· 

HRI.TE. ~ 
POSITION ·.---:-:---: :·· <8 -~ ·:- . :-·- "-, 
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,t 

-....... ···--·--... 1 
--~----- '···~··-··--··"-r fscr t I ( -~ .. :1~ )j 

.. 4 t-----···1' ... ·-·- ...... 
·1-·--~--~---·-~···· -· 

·-Q WRITE 
PROI)UCT -·-
® 
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~~~DoP] 
.. ~--

-----
1 .---w-R_i.1D 

HDOP, PiXlP 1 
GDOP --' 

IST~~t .fA\ >--------::v:y 
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FLOWCHART HDOl 

0 

=3 

l 
c-:•-·1. p·:.:; ::·~·l""··•;i\fFFE-J 
&.;.. .l.~ I .t , -L-

$Al[L L. :;>4 

~e-----~---r .. -··-*-···--
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FLOWCHART EBOS 

\,!F~ITE 

SAT. -F'OS. 1 
AZM .. E~ • .J 

RETURN 
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0001 
(I (102 
0003 
(I (I 04 
0 0 O~i 
0006 
0007 
0008 
0009 
(I 01 0 
I) 0 1 1 
0012 
0013 
0014 
0015 
0016 
0017 
001:3 
001 ·~ 
0020 
0021 
0022 
0023 

I 0024 

~ (1(125 
0026 
0027 

a 0028 
1 002') 
\ (1030 
' 003i , 
1 0032 ,I 0033 

0034 
0035 
0036 
0037 
0038 
0039 
0040 
1)041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
(1(149 
0 (1 !:·(I 
0051 
0052 
0 (I ~i3 
0054 
0055 
0056 
0057 
0058 

APPENDIX C 

PROGRAM LISTINGS 

FHI4~·{ I L I y 
c ************************* 
c * F I LEHAME : :t,HO 0 0 
c ************************* 

BLOCK [)ATA 
IMPLICIT OOUBLE PRECISION (A-H,K-Z) 
INTEGER H 
coM 1'1 o H / c N s T / P I , R T D I o 1'1 F , A E , E;;,: . o 1·1 F 2 .. ~::.c. c .. E P 1:n E . e I 2 
COMMON/TIME/TDEL,TFIN 
COMMOH/AZM/ELVl4),~ZM(4) 

COMMOHIPOS/LAT,LON,ALT,R 
C 0 M M 0 N / ti A C / T U 'I' .• T C 'i , T ~! C , () T C < 4 > . :- • T U ,. T 1: .' T 
COMMON/DB2/AD1(14) 
COMMON/DTX/U(4),0(4,4),R8AR(4 
CO~tl'10tVSAT/8( 4) 
COMMOHIHDOP/HDOP,INS,GDOP 
COMMOHIELEV/EC3,3> 
COMMON/MAT/A(4,4),AT(4,4),AAT(4,4) 
COMMON/BLG/G(4,4),N 
COMI'10N/ALM/AD2<14,24),ID1<24) 
COMMON/EPH/C(7),K,81(7) 
DATA PII3.14159265DO/,RTb!57.2957795DO/,PI2!6.2831853DO~ 
DATA OMF1.996647220DO/,AE/6.378135D6/ 
DATA E216.694317778D-3/,0MF2/.993305683DO/ 
DATA SGC/1 .99649907/,ERATE/7.2921151470-5/ 
EHO 

$FILES <1,1) 
PROGRAM HDOO 

(: ·~>I< >I< >l<>l<:fc*********'"' *** ;;.:;t::;; :t<>l< >I<>I<;J<:f::i::t: ;j. ,f: :j·: ·~::+;;f·'fc :+::+::!< ***'t' :1<;1<;.j<;y.;.k;.j< :J<:i< .t:;J-: -f; ;j-: ·f; ;~.; :t· :t;:+;:f. :f; .+; . .j<;f: 

C * ROUTINE COMPUTES FOR A PROMPTED TIME (DAY AND TIME INTERVALL :t: 

C *DURING THIS DAY> ~ND A PROMPTEC USER POSITION l'HE PUSiflON OF :t: 
C * 4 GPS SATELLITES,THE AZIMUTH AND ELEVATION ANGLES, THE DISTANCE:t: 
C * TO lHE USER AND THE HOOP AND GDOF. :t: 

C * THE SATELLITE POSITIONS ARE CGMPliTED FROM THE ALMAN~C DATA 8Y ~ 

C * A MODIFIED PROGRAM OF THE TEXAS A&M-UNIVERSITY. * 
C * A PLOTFILE WITH A TIME TAGGED HOOP IS CREATED. * 
c "' * c * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -~ 

c * 
c * 
c * 
c * 
c * 
c * 
c * 
c * 
c * 
c * 
c * 
c * 
1_. ... 

USED SUBROUTINES: EB02 
EB03 
EB05 
EB06 
EBD7 
HD 0 t 
EB09 
l'tiHVD 
EB12 
EB14 
l> ItHF 

:t< 

;f: 

:t: 

:+; 

:of< 

, .... 

'" 
:+: 

c * - - - - - - _.. -· - - - - - - - -- - ·-· ... - -- - ·- - ·- - ··- -- -- - - ... - ·+; 

c * 
C * USED EARTH-REFERENCE-ELLIPSOID 
c * 
c * 
c * 
c * 

IMPORTANT VARIABLES AND CONSTANTS : 
INTEGER : IST,IST1,IST2 -->CONTROL-PARAMETERS 

I,II,J,I1,I2,l3 --> INDEX FOR DO-LOOPS 
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0059 (: * 
0060 c !f< 

0061 c :+. 
0 (16~~ c ;f< 

0063 c * 0064 c * 
0065 c :i·: 

0066 c .. * 
OOE.? c * 0068 c * 0069 ,-. 

* ·-· 
00?0 (. :f< 

0071 c * 
0(172 r· * 
00?3 c * 
0074 r· -· * 00?5 c * 
00?6 c * 
0077 c * 
0(178 c * 
0079 c * oo.::o f' * 
(I 0 :;:: i r· -· * 
0082 c :f; 

0 (18:3 c * 
00:34 c * 
00:35 c * 0086 c * 
0087 c * 0088 c * 
(I (I:?·? c * 
(I (1'3 0 c * 0 0 ·;:;q c * 0092 c * 
[10'313 c ·f: 

00'?4 c· * 
0095 c :.f. 

0096 c * 
0097 c :t: 

0098 (' .. * 
0099 c * 
01 00 c * 
01 01 c * 
01 02 c * 
01 03 r· -· * 
01 04 c * 
01 05 c * 
01 06 c * 
01 07 c * 
01 08 c * 01 09 c * 01 1 (I c :II 

01 1 1 c * 
01 p c * 
01 1 .... ·-· c * 
(I 1 1 4 c * 
01 15 c * 
01 1 6 ,~ .... * 
I) 1 1 7 c * 
0 I 1 8 c * 

REAL 

N 

IN:3 

ISAT 
J[> ( 4) 
l[li <24> 
I NA~1 ( 3) 

A1 .. A2, T1, T2, TOUT 

DOUBLE PRECISION : 
~4[) ( 1 4 .. 4 ) 
~ID 1 ( 1 4 ) 
AD2 (14,;;::4) 
ALT 
AE 
t~Z~1 0: 4 :> 
A( 4, 4 ) , AT( 4, 4 ) .. 
AAT(4,4) 

[l(4,4) 

DTC< 4) 

DTU 

E (3 .. 3:> 

E2 

EL ··I ( 4) 
ERATE 
Ci <4,4) 
G[IOP 

HDOP 

LAT 
LON 
PI,PI2 
RT[> 

RBAR 
s ( 4) 

SGC 

·-·· ·- ., ·' SIZE OF MATRIX (USED IN 
INVERSION SUBROUTINE) 

· ·; tWt·lBER OF SATELLITE:::. FOR 
HDOP COMPUTATION 

--> INDEX OF SATELLITES 
--> PRN NO. OF USED SATELLITES 
-·· ·- · F~:t·~ t·~O, OF ALL ~:.~iTEL.L I TE::; 

' NAME OF PLOTFILE 
:+: 

ONLY FOR OUTPUT,ALL REAL- * 
V~RIABLES ARE NOT INVOLVED * 
Ttl AtN ::;:ICtHFICAtH COr'iFUTR:, +: 

.t· 

--> ALM~NAC FOR 4 SATELLITES * 
> ALM~NAC JUST USED * 

--~ ALMANAC FOR 24 SATELLITES * 
> ALTITUDE * 
; RADIUS OF EARTH * 

--> AZIMUTH ANGLE OF SATELLITf * 
--> MATRIX, INVERTED MATRIX AN0 * 

MULTIPLICATION 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 * 
BEG I tm I HG OF THE YEAR ~< 

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

--> SQUARE-ROOT OF THE EXCENTRI-• 
CJTY OF THE EARTH ELLIPSOID * 

--> ELEVATIONANGLE OF S~TELLITES* 
--> EARTH ROTATION RATE * 

' MATRIX FOR IHVERSION-SUBROU.* 
--> GEOMETRIC DILUTION OF PRECI-* 

SION * 
--> HORIZONT~L DILUTION OF * 

PRECISION * 
--) LATITUDE * 
--/ LONGITUDE :+: 

·--> PI<3.1415 .•. ) At~D ;2:i·PI * 
--> RADIAN TO DEGREE CONVERSION * 

FACTOR ( t:30/PI :; * 
--> LENGTH OF VECTOR USER-S~TEL.* 
--> S~TELLITE-POSITION lN ECEF * 
--> SQUARE ROOT OF GRAVITATIONAL* 

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

T 
TC 

TCY 

TDEL 
TFH~ 

TKC 

C-2 

--> GPS TIME * 
--> COLLECTION TIME,STAPT OF * 

COUNT AT BEGINNING OF EPOCH * 
--> TIME OF COLLECTION STARllNG :+: 

AT BEGINNING OF YEAR * 
--> TIME INCREMENT * 
--> END TIME * 
--> DIFFERENCE BETWEEN COLLEC- * 



0119 C * TIONTIME AND REFERENCETIME, * 
0120 C * WRAPAROUNDS CONSIDERED * 
0121 C * TUY ·--·> TIME OF USE * 
0122 C * U (4) ·-> USER POSITION IN ECEF-COORD.* 
0123 c * * 
0124 c ********************************~~******************************** 
0125 c 
(1126 c 
012? 
0128 
t) 129 
0130 
o 1 ~.n 
0132 
0133 
0134 
0135 
0136 
013? 
0138 
0139 
0140 
0141 

IMPLICIT DOUBLE PRECISION(A-H,k-2) 
REAL A1,A2,T2,T1,TOUT 
[>H1Et~SIOt~ AD< 14,4), ID<4> .. HlAM<3) 
COMMON/TIMEITDEL,TFIN 
COMMON/AZM/ELV<4),AZM<4) 
COMMON/POS/LAT,LON,ALT,R 
COMMON/NAC/TUY,TCY,TKC,DTC(4),DTU,TC,T 
COMMON/CNST/PI,RTD,OMF,AE,E2,0MF2,SGC,ERATE,PI2 
COMMON/DB2/AD1<14) 
COMMON/DTX/UC4),0(4,4) 
COMMON/SAT/8(4) 
COMMON/ALM/AD2C14,24),I01(24) 
COMMON/HDOP/HDOP,INS,GDOP 
ISAT=O 

(: I I I l f I I I I I I I I I I I I ' I I I I t I I I I I I \ I I I t I I I J I I I I I l I I I I I I I I I I I I I I I • I I I f 1 o 1 1 

0142 C 
0143 c 

I t4PUT 

0144 C ********** INPUT THE LATITUDE,LONGlTUDE AND THE ALTITUDE ********** 
0145 C LON WEST AND LAT SOUTH ARE DENOTED BY A NEGATIVE VALUE 
0146 c 
0 1 4? WRITE ( 1 t:. I 1 ) 
0148 FORMAT (//" INPUT USER POSITION" 
0149 1/ II ATLAtHIC cirl <=1! OTHEF.: P0:3ITIOt~ (=2.)" 
0150 2/ II ANS~IER : u) 

0151 READ ( 16,98) IST 
0152 IF(IST.EQ.2) GOTO 1001 

0153 c ----------------------
0154 LAT=0.395D2 
0155 LON=-0.?45D2 
0156 ALT=O.tD3 
015? GOTO 1002 
0158 c ----------------------
0159 1001 CONTINUE 
0160 liiRITE <16,2) 
0161 2 FORMAT (/" USER POSITION IN DEGREES <FORMAT :G15.8)" 
0162 1/ II LATITUDE ") 
0163 READ (16,97) LAT 
0164 WRITE (16,3) 
01 65 3 FORI1AT ( II LONG I TUDE ii ) 

0166 READ (16,97) LON 
0 1 6 7 l~R I TE ( 1 6 I 4) 
0168 4 FORMAT < 11 ALTITUDE It~ FEET : __ ") 
0169 READ <16,9'?) ALT 
0170 1002 CONTINUE 
01 ?1 
01?2 
0173 
01?4 
01?5 
0 17t:. 
01?? 
0178 

c --------------------
WRITE (6,50> LAT,LON,ALT 

50 FORMAT<" PROGRAM * H D 0 0 *" 
1/ 

3/ 

5~···' 

" ---------------------n 
" USER-POSITION : II 

II 

" 
II 

LATITU[>E : ",G15.8. H DEGREE" 
LONGITUDE:",G15.8, ~ DEGREE" 
ALTITUE>E :" .. G15.:3 II FEET") 

C-3 



0179 LAT=LAT/RTD 
0180 LON=LONIRTD 
Ot81 ALT=ALT/0.3280901 
0182 c 
0183 C ********** E802 COMPUTES E-MATRIX ********** 
01:34 c 
0185 
0186 c 

CALL EB02 

0187 C ********** EB03 TAKES LAT, LON, AND ALT; ********** 
0188 C IT RETURNS X,Y,Z IN U-VECTOR 
01:39 c 
0190 
(11 '3 1 

CALL EB03 
WRITE ( 6 J 51 ) ( Ll( I ) I I= 1 .• 3 ) 
FORMAT (/II ECEF-COORD I HATES : "' 7:=-: ·' H ::<:II J 14::<. J II'( II .• 14::.:' II 2" 

0 i 93 1 ,/ II--·---------------·--" .. 3G i 5' ~-) 
0194 U(4)=0. 

c 
C ********** READ USER TIME ********** 
c 

WRITE <16,7) 
7 FORMAT (/" USER TIME <FORMAT : G15.8)" 

0195 
01 '36 
0197 
0 j '38 
01':#'3 
(12 0 0 
020 1 
0202 
0203 
02 04 
0205 
0206 
0207 
02 Of3 
0209 

1,/ 11 STARTTIME (T),ENDTH1E (TFit~) TII'IE INCF~EI'1EtH (TDEL)" 
2/ II AND ALMAt~AC COLLECT I ON T I I'IE ( TC) I~~ SECot~[)$' II 

31 "START OF COUNT T,TFIN,TDEL -->EVERY DRY AT 00:00" 
41 11 TC --) BEGINNING OF EPOCH" 

021 0 
02 1 1 
0212 
021.3 

8 

., 
'7 .-.. 
'-'.::.. 

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

(1214 
0215 
0216 
0217 
0218 
0219 
0220 

1 0 

READ ( 16,97) TC 
WRITE <16,10) 
FORMAT(" DATE OF 
READ <16,97) DTU 
l\IRITE < 16,31) 
FORMAT ( II 3 OR 4 
READ < 16, 98) INS 

USE It~ DA'l::; FPOr1 .JAt~UAR'i,FIRST :_"> 

31 SATELLITES FOR HOOP-COMPUTATION 

0221 c --------------

"".-, ::_lc,.. 

CALL EB12(T,Tt > 
CALL EBt2CTFIN,T2) 
WRITE <6,52) T,T1,TFIN,T2,TDEL,DTU 
FORMAT(//" USERTINES :" 

1 If \ 
f ••· 

02:22 
0223 
0224 
0225 
0226 1 ..... II STAF.:T ( TSTAF-:T): ") G 1 5. 8 I II SEC. = "J F!:i. 2 I II HOUF-:~: II 
0227 
0228 
022'3 

21 II EN[> ( TF It~) IIi G 1 '5' 8 ·' II SEC' = II J F5. 2' II HOI..IPS II 

3 / II I N (: r<: • ( T DEL ) il ' G 1 5 ' 8 J II :; E c II 
4/ II [>ATE ( DTU) .. ' (i 1 5' 8 I II Dt:W~: II ) 

0230 c 
0231 C ********** READ ALMANACS ********~* 
0232 c 
0233 WRITE <16,12) 
0234 12 FORMAT ( "ALMANAC-DATA FROM TAPE (=1)? ") 
0235 READ (16,98) IST1 
0236 1000 CONTINUE 
0237 ISAT=ISAT+1 
0238 IF<IST1.EQ.1) GOTO 1009 

c-4 



'~. ~ 

l
r,: 

: 'L 

' ' 

( L 

,, 
~. 

';. 

0239 
0240 
0241 
0242 
0243 
0244 
0245 
0246 
0247 
024:3 
0249 
0250 
0251 
0252 
0253 
(1254 
0255 
0256 
0257 
0258 
0259 
0260 
0261 
0262 
0263 
0264 
0265 
0266 
0267 
0268 
0269 
0270 
0271 
0272 
0273 
0274 
0275 
0276 
0277 
0278 
0279 
0280 
0281 
0282 
0283 
0284 
0285 
0286 
0287 
0288 
0289 
0290 
0291 
0292 
0293 
0294 
0295 
0296 
0297 
0298 

WRITE <16,13> ISAT 
13 FORMAT <I" OWN ALMANAC =1 OR DATA FROM FILE =2 FOR SV 

1/ "ANSWER 1 "> 
READ <16198) IST 
IF( I ST I EQ' 1 ) GOTO 1 0 05 

c -----------------
ldR I TE ( 1 6 I 1 4 ) 

14 FORMAT C/" FILENAME : "> 
READC16,92) INAM 
OPEN <2~FILE=INAM~FORM='FORMATTED') 
READ <2~96) DTC<ISAT)~ID<ISAT) 
READ ( 2 J 91 ) (AD< I I I SAT) I I= 1 I 4 ) 
READ ( 21 91 ) (A[)( L I SAT) J I =5 I 8) 
CLOSEC2) 
WRITE <16 115> ID<ISAT> 

15 FORMAT< 11 SATELLITE ID = 11 ,!2) 
GOTO 1010 

c -----------------
1005 CONTINUE 

ltiRITE (16116) ISAT 

t~O. II ) I 2 I II'? II: 

16 FORMAT ( II #IIIII# ALMANAC-[>ATA FOR SATELLITE II I I 2 .• lJ #1#1#1# II 
1/ II FORMAT :012.4" 
211 " DATE OF COLLECT I ot~ : II ) 

READ (16,99) DTC<ISAT) 
l~R I TE ( 1 6 I 1 7 ) 

17 FORMAT<" EXCENTRICITY ") 
READ (16,99) AD< 11ISAT> 
ldR I TE ( 1 6 I 1 8 ) 

18 FORMAT<" REFERENCE TIME : 11
) 

19 

20 

21 

22 

23 

24 

25 

READ C 16,99) AD<2~ISAT> 
WRITE ( 1 6 I 1 9 ) 
FORMAT<" ORBIT INCLINATION (10) 
READ <16,99> AD<3,ISAT> 
WRITE <16,20) 
FORMAT<" DRIFT RATE OF <IO> 
READ C 16,99) ADC4,ISAT> 
WRITE ( 1 6 I 21 ) 
FORMAT<" SQARE ROOT OF GREAT HALF-AXIS 
READ (16,99) AD<5,ISAT) 
WRITE < 16, 22 ) 
FORMAT ( 11 RIGHT ASCENSION OF ORBIT 
READ <16,99) ADC6,ISAT) 
WRITE ( 1 6 I 23 ) 
FORMAT<" ARGUMENT OF PERIGEE 
READ <16199) AD<7,ISAT> 
WRITE ( 1 6 I 24 ) 
FORMAT(" MEAN ANOMALY 
READ <16,99) AD<S,ISAT> 
WRITE < 16, 25 ) 
FORMAT C" SATELLITE ID 
READ ( 16, 99) I D< I SAT) 
GOTO 1010 

c ------------
1009 CONTINUE 

IFCISAT.NE.t > GOTO 1010 
CALL EB14 
DO 1 07 I 1 = 1 I 4 

1011 CONTINUE 
WRITE ( 1 6 I 26 ) I I 

26 FORt1AT ( "ID OF SATELLITE <",!2,") ") 

C-5 
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: u ) 

: " ) 

:_II) 

: If ) 



029·~ 

0300 
0301 
0302 
0303 

READ < 16, 98) I D< I 1 ) 
DO 108 12=1,24 
IF<ID<I1 >.t~E.ID1<I2>.AND.I2.LT.24) GOTO 108 
IF<ID<I1>.EQ.IDt<I2» GOTO ·1012 
WRITE < 1 6, 27 ) I D< I 1 ) 

0304 27 FORMAT<"=====> SATELLITE ALMAt-4f~C OF SAT.<";I2,") r·WT Or·l" 
03 05 
0306 
0307 
03 08 
0309 
0310 
0311 
0312 
0313 
0314 
0315 
031 6 
0317 
031:3 
0319 

1" TAPE ! ! <====="> 
GOTO 1 011 

1 08 GOtH I HUE 
1012 CONTINUE 

DO 1 07 I 3= 1 I 8 
AD< I3, I 1 )=AD2< !31 12) 
![>(I 1 >=IDt< 12) 

i 0? COtHINUE 
c --------------------
1010 CONTINUE 

AD(9,ISAT>=AD(5,ISAT)**2 
AD<10,ISAT>=COS<AD<3 1 ISAT>) 
AD<1t,ISAT)=SIN<ADC3,ISAT)) 
ADC12,ISAT>=COS(AD<7~ISAT>> 

AD<tJ,ISAT>=SIN<AD<?,ISAT>> 
AD< 14 1 ISAT)=SGCI<AD<5~ISAT>*ADC9,1SAT)) 
IF<ISAT.LT.INS> GOTO 1000 

032 (t 
0321 
0322 
0323 
0324 

c I I J I I I I I I I I I I I It I I I I I I I I I I I I I I ZIt I I I I I I It I It It I I: I I I I I I I' I I I o I I I 1ft I 

c 
C ********** OUTPUT ALMANAC *********~ 

0325 c 
0326 
0327 
0328 
0329 53 
0330 
0331 
0332 
0333 54 

A1=SNGL<DTC( 1 )) 
A2=SNGL< TC ) 
l.,IR I TE ( 6 I 53) A 1 I A2 I ( I D( I ) ·' I= 1 .• 4) 
FORMAT C/" USED ALMANACS 

1/ II 
_ .......... ------·-·--·- IJ 

DTC= II I F5. 0 .. II 

2/ II SAT. J(l: ",I3,t·3:=-:,I3,1':0:'~ .. I3,i9~<.I3) 
l~R I TE ( 6 I 54) ((AD( I, J) I ,J= 1 . 4 ) . I= 1 .• 1 4) 
FORMAT ( 4< 1 ox I D t 2. 4 J ) ) 

1C:= " .. F?.O .. 

0334 
0335 
0336 

c ....... ' .. ' ............ ' ...... ' ... ' ........ ' ' ... ' ... . 
C CALCULATIONS AND OUTPUT 
c 

0337 C ********** WRITE TITLE ******~*** 
0338 c 
0339 
0340 61 
0341 
0342 
0343 
0344 
0345 
0346 
0347 
0348 
0349 
0350 
0351 
0352 
(1]5] 

0356 
035? 
0358 

WRITE (6,61) 
FORMAT (//" OUTPUT OF COMPUTATIONS 11 

1/ II ---------------------- II 
•") ,• ,. ,,. ' II ::::::::::==========::::::::::::::================ II 

" ! THE PRINTOUT IS ARRANGED AS FOLLOWING EXAMPLE : !" 

" ! ---------------- !" 
4/ 
5/ 

II ! TIME !" 

6/ 
7,1 
8/ 
'3/ 
A/ 

" !POSITION OF SATELLITES IN ECEF-COORDINATES <X~Y.Z>!" 

" !ANO ELEVATION AND AZIMUTH <3-4 LINES> !" 
II !- - - - - - - - -
II ' HOOP AND GDOP " , _________________ _ 
11 I ALL VALUES ARF I H NETER 

(,IR I TE ( t 6 I J9 ) 
I=OR~tAT < II ~~~~1E OF PLOTF I LE : " l 

READ < t6,92) lNAM 
OPENC2,FlLE=INAM,FORM= FORMATTED'> 
WRITE (2,92) INAM 
l,lRITE <2,'38) INS 

c-G 

'II 
j" 

I n 

I II 



035·~ c 
0360 C ---------- BEGINNING OF COMPUTATION-LOOP -----------------·------; 
0361 c 
0362 DTU=< DTU-1 . >* 0. t:64D5 
0363 TCY=( [lT(:( 1 )-1 . '>:t< 0. :364(i:':i+OI·10[)( TC I 0. :::64[)5) 
0364 1004 CONTINUE 

CALL EB12 (T 1 TOUT) 
lAIR I TE < 6 I 7 0) 
WRITE <6~62) TOUT 

0365 
0366 
0367 
0368 62 
0369 
0370 

FORt·l~lT ( II TINE : II I Fl. 4' ,, jjCJi,iF:::: " > 
DO 1 02 I= 1 I HIS 
DO 101 ,J=1~14 

0:371 AD!( ,J)=AD( ,J, I) 
03?2 1 01 CONT It~UE 
03?3 c 
0374 C ********** COMPUTATION OF POSITION DISTANCE TO USER **·'~~~*~~* 
0375 C RND AZIMUTH AND ELEVATION OF SATELLITE( I) 
0376 c 
0377 
0378 
037'? 1 02 
0380 r· 

0382 c 
0383 
0384 
0385 
0386 63 
tnt=:? 
038:3 
03:::9 

II=! 
CALL EB 05( I I ) 
COtH I t~UE 

CALL H(l 01 
hiRITE (6,71.> 
WRITE (6,63) HDOP,GDOP 
FORMAT <G15.8,5X,G15.8) 
A 1 =St~GU HDOP ) 
A2=SNGU GDOP) 
TOUT=SNGL(J)/3600. 

0390 WRITE (2,90) TOUT,~1,A2 
039 j l\IR I TE ( 6 I 7 0) 
0392 T=T+TDEL 
0393 IF (J.LE.TFIN) GOTO 1004 
0394 r <------------------- END OF COMPUTAl'ION-LOOP----------------< ·-
0395 c 
0396 C +:t:*·''****** t.JRITE Et·~D-CF:ITEF~I~~ TC FLOTFlLE +'*'*':;;::t:t::t::f·.;. 

0397' c 
03'3:3 
0399 
04 00 
04 01 

TOUT= 0. 
A1=0. 
A2=0. 
WRITE (2 1 90) TOUT,A1,A2 

04 02 CLOSE ( 2 ) 
04 03 STOP 
04 04 c 
0405 C ********** FORMATS ~********* 
04 06 c 
040? ?0 
04 08 71 
o4o9 ·~o 

041 0 '31 
0411 ·:12 
0412 93 
041.3 94 
0414 '35 
0415 ':i6 
041E. 9? 
041? 98 
041 8 99 

FORMAT ( II ·····-·-·-··-·------·---·-·-·· ··-·-·- ") 

FORt1AT ( II - - - - -· -· - - ·- ·- - - il ) 

FORNAT (1X,3F12.6) 
FORMAT <4D1:3.8) 
FORNAT (3A2) 
FOR~1AT ( I 4) 
FORMAT <4E12.4) 
FORI'1AT < A4) 
FORMAT <G15.8,I3) 
FOR~tAT(G15.8) 

FORMAT( I 2) 
FORMAT<() 12. 4) 

C-7 



041~ END 
0420 
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~PLHG 

0001 
0002 
0003 
0004 
0005 

T=00004 IS ON CR0001i USING 00018 BLKS R=OOOO 

FTt~4~< I L I y 
$FILES (1 1 1) 

PROGRAM PLHG 
c **********************************************************~*** 
C * F I LENt~ ME : :~,PLHG * 

0006 c * 
0007 
0008 
0009 
0010 
0 0 1 1 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
(1019 
0020 

c * PROGRAM PLOTS DATA FILES GH4ERATED 8'.,.. THE PROGRM1 II HO (I (I II :t: 

C * TO COMPARE THE HOOP'S COMPUTED FOR A SITUATION WITH FOUR * 
C * SATELLITES <PLOTFILE 1) AND WITH THREE SATELLITES (PLOT- * 
C * FILE 2). * 
c * * 
c * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ->t< 

C * USED SUBROUTINES : DLTBL,GPS CPLOTLIBRARY> * 
c * * 
c ************************************************************** 
c 

c 

DIMENSION IGCB< 192)1INAM1(3)1INAM2(3) 
LOGICAL LOG 

C ********** READ NAME OF FILE,LOGICAL UNIT AND ID OF ********** 
0021 c 
0022 c 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
0030 
0031 3 
0032 

LOG=oTRUEo 
l!IR I TE ( 1 6 I 1 ) 

DEVICE SUB 

FORt1AT ( 11 t~M1E OF PLOTF I LE I : __ 11 
) 

READ < 16 192> INAM1 
OPEN <2~FILE=INAM1~FORM='FORMATTE0') 
READ <2~92) INAMI 
READ ( 2 I 

033 ) INS 
l~RITE < 1613) 
FORMAT < 11 LOGICAL UNIT (LU) AND ID OF DEVICE-SUBROUTINE" 

1/ II LU =_··) 
0033 
0034 
0035 4 

READ (16,93) LU 
WRITE <16,4) 
FORt-tAT ( II I D = II ) 

0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
(1(150 

0051 
0052 
0053 
0(154 
0055 
0056 

READ < 16193) ID 
c 
C ********** INITIALIZE PLOTTER AND DRAW GRID ********** 
c 

l!IRITE < 1615) 
5 FORI1AT ( II START -AI~D ENDT HlE I H HOURS 0 II 

1/ II TSTART : ") 
READ (16194) TSTART 
WRITE ( 1 6 I 6) 

aS FORMAT ( II TEHO : II ) 

READ <16,94) TEND 

c 

CALL PLOTR (JGCB 1 ID~1.LU) 
CALL SETAR <IGCB> 
CALL FRAME ( IGCB) 
CALL VIEWP ( IGCB,30 ... 90o .o20 .. o60o > 
CALL l~ I NOW ( I GCB I TSTART I TEtW I (I 0 I 2 (I 0 ) 

CALL FXD <IGCB~2> 

CALL LGRID c: IGCB, -(1 0 25,5 0 I (I 0 '0 0 I 1 0 '1. I 1 0) 

C ********** DATA INPUT FROM FILES AND PLOT ********** 
c 

0057 CALL LINE <IGCB~O> 
0058 1000 CONTINUE 

C-:;1 



005'j 
0060 
0061 
0062 
0063 
00t:04 
0065 1001 

READ (2,95) TOUT,HDOP,GDOP 
IF<LOG> CALL MOVE CIGCB,TOUT.HDOP) 
LOG=.FALSE. 
IF< TOUT. LT. 0. 01 . At~[.'. HDOP. LT. 0. 01 ) CiOTO 1 0 0 1 
CALL DRAW<IGCB,TOUT,HDOP) 
GOTO 1000 
CONTINUE 

0066 CLOSE<2) 
0067 c ----------------------
0068 
0 (lf.,'j 2 
0070 
0071 
0072 
0073 
0074 
0075 
0076 1 002 
0077 
0078 
007':1 
0 08 (I 
0081 
0082 
0083 1 003 
0084 
0085 c 

1.\IR I TE ( 1 6 I 2) 
FORt·1AT ( " ~.JAI'1E OF PLOTF I L.E 2 : " > 
READ <16192) INAM2 
OPEN <3,FILE=INAM2,FORM='FORMATTED') 
READ <3,92) INAM2 
READ <3,93) INS2 
CALL LINE<IGCB,1) 
LOG=.TRLIE. 
CONTINUE 
READ (3,95) TOUT,HDOP~GDOP 
IF<LOG) CALL MOVE <IGCB,TOUT,HDOP) 
LOG=.FALSE. 
IF< TOUT. LT. 0. 01 • AND. HOOP. LT. 0. 01 ) GOTO 1 0 03 
CALL DRAW (JGC8,TOUT~HDOP) 
GOTO 100:i 
CONTINUE 
CLOSE < 3) 

0086 C ********** PLACE TITLES AND OTHER INFORMATION *********** 
0087 c 
0088 
0 (1:39 
0090 
0091 
0(192 
00'33 
0094 
(I 0'35 
0096 
0097 
0 0'38 
0099 
01 0 (I 
0 1 0 1 
0102 
01 03 
0104 
01 05 
01 06 
I) 1 07 
0 1 08 
0 1 (1'3 
0 'I 1 0 
0111 
01 1 2 
01 1 3 
01 1 4 
0 I 15 
01 1 6 
01 t 7 
01 1 8 

1 (t 

CALL vI EWP ( I GCB I 1 0. ·' 1 0 0. ! 1 0. ·' 9 0. ) 
CALL l\1 It~Dl\1 ( I GCB I 1 0. I 1 0 0. ·' 1 (I' ·' 9 0. ) 
CALL MOVE <IGC8,55.,80.) 
CALL CPLOT ( IGCB .. -11. I 0. ·' 0) 
CALL LABEL C IGC8) 
liiR I TE (LUI 7) 
FORMAT ("GRAPH OF HDOP VS. TIME") 
CALL ~10VE ( IGCB, 55. I 10.) 
CALL CPLOT ( IGCB .. -8. I 0.' I)) 
CALL LABEL CIGCB) 
1.\IRITE ( LU, 8) 
FORMAT ( II GtH ·- T H1E It~ HOU~:S It ) 

CALL MOVE ( I GC8 I 1 . I 50. ) 
CALL LABEL (!GC8) 
1.\IRITE (LU,·:n 
FORNAT <"HDOP") 
CALL LINE <IGCB,O> 
CALL MOVE <IGC8,30.,70.) 
CALL DRAI.H ( I GCB I 15. I 0. ) 
CALL MOVE I ( I GCB' 2. I 0. ) 
CALL CPLOT < IGCB, 0., -0. ~:5 .. 0) 
CALL LABEL ( I GCB, ) 
(,lfUTE < LU1 10) 
FORMAT ("4 SAT.") 
CALL LINE ( I GCB I 1 ) 
CALL MOVE (IGCB,65.,70.) 
CALL DRAI.d! ( IGCB, 15., 0.) 
CALL 1'10VEI < IGCB, 2., 0.) 
CALL CPLOT (JGCB,0.,-0.25,0) 
CALL LABEL (JGCB) 
l1IRITE ( LU, 11) 

c-1u 



011 ·~ 1 1 
012 0 
0121 c 
0122 c 
0123 c 
0124 ':12 
0125 93 
0126 94 
0127 95 
0128 
0129 
0130 

FORMAT ( 11 3 SAT.") 
CALL PLOTR < IGCB,ID,O) 

********** FORMRTS ********** 

FORNAT (3A2:> 
FORMAT <12) 
FORMAT < F8. 6 > 
FORNAT C1X,3F12.6) 
CALL PLOTR <IGCB,ID,O) 
STOP 
HW 
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&EBGD1 T=00004 IS ON CR00011 USING 00018 BLKS R=OOOO 

0 (I 0 1 
(I 0 02 
0003 
0 (I 04 
(1005 
0006 
0007 
(II) (If: 

FTN4X,L,Y 
c ************************* 
c * FILENAME : 'EBGD1 
c ************************* 

BLOCK DATA 
IMPLICIT DOUBLE PRECISION <A-H,0-2) 
COMMON/MAT/HT<4,4),HC4,4),HTH<4,4) 
EtW 
PROGRAM EBGD1 OOO'::i 

0010 
0 01 1 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
oot·::. 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 

c ***************************************************************** 
C * ROUTINE TO CALCULATE GDOP WITH INSERTED H-MATRIX OR WITH * 
C * AZIMUTH- AND ELEVATIONANGLE. * 
c * * c * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 
C * USED SUBROUTINES : E809 
C * MINVD * 

* c * - - - - - - - - - - - - - - - - - - - - - - - - - - - * 
C * MICHAEL J. MAGROGAN CO-OP ACT-100D FEBRUARY 1981 * 
C * ERHARD BUCHBERGER ACT-1008 APRIL 1982 * 
C***************************************************************~** ,-. 
-· 

IMPLICIT DOUBLE PRECISION <A-H,O-Z> 
DIMENSION AZ<4),EL<4),HPR0D(4,4),L(4),M(4) 
COMMON/MATIHT<4,4),H(4,4),HTH(4,4) 
N=4 
RTD=57.2957795 

c ..................................................... . 
0028 c It~ PUT 
0029 
0030 
0 0.31 
0032 
01)33 
0034 

C ********** INPUT H-MATRIX OR ANGLES ********** 
c 

1,\IR I TE ( 6 I 1 7) 

17 FORMAT < " PROGRAM *EBGD1*~ 
1/ •• ,· ••• ./, ... ""' .... •• ·'• l'o ••• "'· ....... • •••• Ji ) 

0035 1.\IRITE < 16,9) 
003t:. 9 FORMAT ( II SELECT H~PUT : II 
0037 1/ II H-MATRIX=t ANGLES=2" 
0038 2/ II ANSWER : ") 
0039 READ (16~91) IST 
0040 IF<IST.EQ.2) GOTO 1002 
0041 c -----------------
0042 
0043 
0044 
0045 
0046 
0047 
0048 
(I 04'3 

DO 100 1=1,4 
DO 1 0 0 J= 1 I 4 
ldR I TE ( 1 6 I 1 0 ) I I ,J 

1 0 FORI'tAT ( II ELEMENT ( II I I 2 .• II I 
11

' I 2 .• II ) 

READ <16,90) H<I .. J) 

100 CONTINUE 
GOTO 100::; 

c ------------------
0050 1002 CONTINUE 
0051 WRITE <6,15) 

: .. ) 

0 052 15 FORMAT (//" AZIMUTH 
DO 103 I=1,4 

ELEV.:.1T I Ot·4" ) 
0053 
0054 
0(155 13 
0056 
() 05? 
005~3 14 

~dRITE (16,13) I 
FORt1AT ( " AZIMUTH( II I I2, II) : ll) 

READ < 16 .. '30) AZ< I) 
ldR I TE ( 1 6, 1 4 ) I 
FORI1AT < " ELEv'AT I Clt~< 11 

•• I 2, " ) : " .• 
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REA[> ( 16, 9 0) EU I ) 
WRITE (6, 16) AZ< I ),EL< I) 
FORMAT <2D12.4) 
AZ< I )=AZ< I ) ..... RTD 
EL< I >=EL< I )/RTD 
H( I I 1 )=COS( EU I ) >*COS( AZ< I ) ) 
H< I I 2 )=COS( EU I ) ):f<~; It~( AZ< I ) ) 
H< I I 3 >=SIN( EU I ) ) 
Ht; I, 4 )= 1 . 

0059 
0060 
0061 16 
0062 
0063 
0064 
0065 
0066 
0067 
0068 
0069 
0070 
0071 

103 CONTINUE 
c ------------------
1003 CONTINUE 

0072 4 
0073 
0074 5 

l~RITE <6 .. 4:> 
FORMAT (//II H-MATid X II ) 
l~RITE <6 .. 5) ((H(LJ) 1 ... 1=1,.4) .• I=i,4) 
FORMAT ( 4D 16. :3) 

0075 
0076 

c '' .. ' .. ' '' '.'' '' '' ''.' ''.' '' '' '' '' .. '' '' ''.''' ''.' '''''' '' ''.'' '' .. ' 
c COMPUlATOHS 

0077 c 
0078 C ********** COMPUTE THE TRANSPOSE OF THE H MATRIX ~********* 
0079 c 
0080 
0081 
0082 
(I 083 1 0 1 
0084 
1)(1:35 6 
0086 
01):?.7 c 

DO 1 01 I= 1 , 4 
[>0 101 J=114 
HT< I I .. I >=H< ,J' I ) 
CONTINUE 
l,IRITE (6,6) 
FORI'1AT ( /" H-TRAt·lSPOSE-I'lATRI~< "'i 

t,tr<ITE <6 .. 5) ((HT< L J)l .. 1=1 ,4) .. 1=1 .4> 

0088 C ********** CALL E809 TO MULTIPLY THE H AND H TRANSPOSE *********~ 
0089 c 
0090 c 
0091 
0092 
0093 7 
0094 
0095 c 

CALL EB09 
l~RITE < 6, 7) 
FORMAT (/ 11 HT*H-MATRIX «) 

WI<: I TE ( 61 5) ( ( HTH( I I J) I .. t= 1 ·' 4) .. I:: 1 .. 4) 

0096 C ********** CALL MINVD TO COMPUTE THE INVERSE OF THE H AND ********** 
0097 C H TRANSPOSE PRODUCT MATRIX 
0 0'38 c 
0099 
01 0 (I 
01 01 
0102 102 
0103 
0104 
(I 1 05 
0106 8 
01 07 
01 0:3 c 

DO 1 02 I= I I 4 
DO 1 02 J= 1 I 4 
HPROD< I I J )=HTH( I .. ,J) 

CONTI t~UE 
CALL MINVD <HPROD,N,DET 1 L,M) 
IF< C>ET. LT. 1. OD-5) GOTO 1000 
l~RITE (618) 

FORMAT (/II INVERTED HT:f<H-MATR I~< II ) 

WRITE ( 6 I 5) ( ( HPROD( I I J) ... J= 1 .• 4 ) ·' 1 = 1 I 4) 

0 1 0 •;1 C t. ·f"* '"' >t< * * :f< * + T HE r R ~) C E 0 F T HE tot A T R U•: I ~:; T H E ::-, 1.11'1 0 F I T ~::; ·+: t1 t t· tt • t1 

0110 C ELEMENTS 
0111 c 
I) I 12 TRACF.Z=HPROC>( 1 .' 1 )+HPROD( 2. I 2) 
0113 HDOPV=DSQRT<TRACEZ> 
0114 TRACEZ=TRACEZ+HPRODC3,3)+HPR00(4,4) 
0115 GDOPV=DSQRT<TRACEZ> 
0116 GOTO 1001 
0117 c -----------------------
0118 1000 CONTINUE 
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IAIRITE ( 16 .. 1) DET 
FORMAT ( 11 DETERMINANT OF MATRIX 
WRITE ( 6 ~ 12) 
I.~R I TE ( 1 6 I 1 2 ) 

" .. 016.:3) 
Ot1'3 
012 0 
01 21 
0122 
0123 
0124 
0125 

FORr1AT < " i'************'+'***********************'i<**** :• 
1/ II :+:HT*H-r1ATRIH Is SH4GULAR <DETEF.~MIHAtH=O. ):+: " 

2.·J' II t:i<:i<:f<:f<;.j<>fl:f<:f<:f<:f<:f<:f::f<:f::f<:f<:f<:i<:f<:f<:f<:f::+::f<:i<:f<:f<:f:;.j<:f<:f::f::f<:f<:f<:f<:t::f<:t::f<:f< II) 

0126 STOP! 
0127 c -----------------------
0128 1001 
0129 
0130 
01 31 
0 1 ];;:~ 

COtH It~ LIE 
HOOP=SNGL<HDOP'./) 
GDOP=St~Gl. ( GDOPV) 
btRITE < 16,11 > HDOP,GDOP 
WRITE (6, 11) HDOP,GDOP 

0133 '11 FORMAT ( II HDOP = II J F 15'::: I II GDOP -· II J F 1 5' ;::: ) 
0134 
0135 
Ot36 
0137 
0 1 3::: 
0139 
0140 

c 
c ********** 
c 
90 FORt·1AT 
91 FORMAT 

STOP 
END 

FORt·1ATS 

(016.8) 
< I 2) 

:f<:f<:t::f<;.fc:f<:t<>f<:t<:t< 
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T=00004 IS ON CR00011 USING 00024 BLKS R=OOOO 

FTt~4;y~ I L I'( 
c ************************ 
C * FILENAME l ~EBGH * 
c ************************ 

BLOCK DATA 
DOUBLE PRECISION ENUP 1XP,YP,ZP,H,HT,HPROD,HDOPV,GDOPV 
DOUBLE PRECISION PI,RTD,OMF,AE,E2,0MF2,U,LAT,LON,ALT 
DOUBLE PRECISION XS,YS,ZS,TRACEZ,X,Y,Z,NORM 
DOUBLE PRECISION SGC,ERATE,XY 
COMMONICOORDIENUP<3,3),XP,YP,ZP,H<4,4),HT(4,4),HPROD(4,4), 

1LSAT(4),XS(4),YS(4),ZS<4>,HDOPVIGDOPV 
COMMONICNST/PI,RTD,OMF,AE,E2,0MF2,SGC,ERATE 
COMMONIDTX/UC:4) 
COMMONIPOS/LAT,LON 1ALT,XY 
END 
PROGRAM EBGH 

0 0 01 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
(1(1(19 

0 (It 0 
0 01 1 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 

c ******************************~'********************************* 
C * ROUTINE TO CALCULATE HDOP,PDOP AND GDOP WITH PROMPTED * 
C * USER- AND SATELLITE-POSITIONS. * 
C * INPUT IS POSSlBLE OVER THE KEYBOARD OR FROM A DATAFILE. * 

0021 c * 
0022 c * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -* 
0023 C * THE ORIGINAL PROGRAM WAS MADE BY MICHAEL J. MAGROGAN,CO-OP,* 
0024 c * ACT 1 OOB .. ALSO THE SU8ROUTH4E::; "Et-H.f"' "HTRAN") "MLHHT" ·'II HlVHP" '* 
0025 c * 
0026 c * 
0027 c * 
0028 c * -
002'3 c * 

FURTHER USED SUBROUTINES : E803,E812 
:t: 

:f. 

:+: 

- - - - - - - - - - - - - - - - - - -* 
THE COMMON-BLOCKS ARE DEFINED TO FIT THE PROGRAM "HDOO". 

0030 c :+: :+: 

0 031 c ****************************************************'+::t::t::1: :t::·l<:f::i·::t:;f: :·j::f: 

0032 c 
0033 DIMENSION IBUF<69),IDCB<144),NAME(3),ISATV(4) 
0034 
0035 
0036 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 c 

COMMON /COORD/ ENUP(3 1 3) 1 XP~YP,ZP,H(4 1 4>,HT<4,4),HPROD(4,4), 
+LSAT(4) 1XSC4)1YS(4)1ZS(4),HDOPV,GDOPV 

COMMON/CNST/PI,RTD,OMF,AE,E2,0MF2 
C0~1MON/DTX/U( 4) 
COMMON/POSILAT,LON,ALT 
DOUBLE PRECISION ENUP~XP,YP,ZP,H,HT~HPROD,HDOPV,GDOPV,PDOPV 
DOUBLE PRECISION PJ,RTD,OMF~AE,E2,0MF2,U,LAT,LON,ALT 
DOUBLE PRECISION XS,YS,ZS,TRACEZ,~,Y~Z,NORM,TIME,BUF(15) 
EQU I './ALEtKE < I BUF .• TIME) .• ( I BUF< 5) .• BUF), ( I BUF< 65). I :;:;AT\') 
REAL LAT 1 I LOt-l 1 

0045 
0046 
0047 
(I (14 ::~ 

0049 
0050 
0051 
0052 
0053 
0054 

C ********** DEFINITION OF CONSTANTS ********** 
r· -· 

c 

RTD=57.2957795DO 
AE=6.378135D6 
E2=6.694317778D-3 
OMF2=0.993305683DO 

C ********** THIS PROGRAM NEEDS AIRPLANE POSITION(XP,YP,ZP~ ********** 
C AND FOUR SATELLITE POSITIONS CXS(1-4),YS( 1-4),28(1-4)) AS INPUTS 
c 

0055 
0(156 10 
005? 
0 (15:3 

l\IR I TE ( 1 6 I 1 (I ) 

FOR~1AT < " t: ooRD I t~ATES I t~PUT Ft;.:Or·t FILE < = 1 > ·-::· " 
REA[> ( 1 6 I 92) I ST 
IF( z~;T .EI).1) C:iOTO 1 (1(1(1 
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0059 
0060 
0061 
0062 
0063 
0064 
0065 
0066 
0067 
0068 
0069 
00?0 
00?1 
00'?2 
0073 
0074 
0075 
0076 
0077 
0078 

c ............................. '''' .. '. '. ' .. '' ''.' '. ''.' .. '.''.' .. ' .. ' 
1-. -· INPUT OVER KEYBOARD 
c 
C ********** USER POSITION ********** 
c 

7 ·-· 

c. 

l,IRITE ( 16, t) 
FORMAT ( 11 INPUT USER POSITION IN GEOGR. COORDINATES cALTITUDE 

1 HI FEET )II 
2 .... · II LATITUDE : ") 

READ ( 16 .. '31) U!T1 
liiR I TE ( 1 6 I 2) 
FORHAT ( II LONG I TUDE: II ) 

READ ( 16, 91 ) Lm~ 1 
WRITE ( 1 6, 3) 
F0Rt·1AT ( II AL T I TU[)E : II ) 

READ (16,91) fKTt 
LAT=DBLE<LAT1 )/RTD 
LON=DBLECLON1 )/RTD 
ALT=DBLE<ALT1 )/0.32809D1 

0079 C ********** COMPUTE ECEF-COORDINATES WITH SUBR. E803 ********** 
(I 08 0 
0081 
0 (1::32 
00:33 
00f!4 
00:35 

1-. -· 

oo:.?.t. 4 
008? 
00:38 
0089 
0090 
0091 c 

CALL EB03 
~<P=U( 1 ) 
'"I'P=U< 2) 
ZP=U(J) 
WRITE (6,4) LAT1,LON1,ALT1,XP,YP,ZP 
FORI'1AT ( 11 PROGRAI't :f<EBGHw '·/ER::~ION A" 

1.···' 
2.···',..·· 
-· ) 
~-
4 ,• ,. 

II • ••• l, ,•, .·, •'• •• t. of, ,•, :. "· ••• '• 11 

" u~::ER-COORD I HATF~:; · " 
II Lt~T =",G15.8 .. " L.Ot·4 = 11 ,G15.8 .. " ALT ::",(;15.8, 
II ~< p = II I G 1 5 • 8 I II '•' p ::::: II ·' Ci 1 5 • ;:: J " z p = ;; ' I~ i '5 . ::3 :) 

0092 C ********** SATELLITE-POSITION ********** 
0093 c 
00'34 
00'35 15 
0096 
0097 
0 I) '38 
0099 5 
01 (1(1 

01 0 1 
01 0'2 (;. 
0103 
(I 1 04 
01 0!::; 7 
0106 
0107 
(1108 8 
01 09 
01 1 u 
01 1 i •j 

t"R I TE ( 1 6 I 1 5 ) 
FORMAT ( 11 HOW MAHY SATELLITES? : ") 

IST2=1 
lAIR I TE ( 1 6 I 5) 
FORHAT ( " IHPUT SATELLITE-POSITION IH ECEF. 11

) 

DO 101 I=1,t~SAT 

l~RITE < 16 .. 6 >I 
FORt·1AT (II ::<S(",I2 .. ") = ") 
READ (16,90) XS(I) 
I.!IR I TE ( 1 b I 7 ) I 
FORMAT (II 'r'!;(",I:~, 11 ) =H) 

READ <16,'30) YS(l) 
l1IRITE (16 .. 8> I 
FORt1AT ( II ZS< "I I 2 ' II ) = II ) 

READ ( 16,'30> ZS< I) 
lliR I TE ( 6 I 9 :) I I ~\S( I ) . '(S( I ) ·' 28( I ) 

1,D16.8) (I 1 1 2 
(11 1 3 
I) 1 1 4 
(11 1 5 
01 16 

1 0 1 COtH I tWE 
C:iOTO 1001 

1:: I I I f J I I I I I C I I I I f I I I I I I I I I I I I ~ I I I I I f I I I ; I I I I I I I I I I I I I I I • 1 I 1 1 I ; 1 l 1 1 1 1 1 

c 
(I 1 1 7 c 
0118 c 

INPUT FROM FILE 
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01 1 9 
01 2 0 
0121 
0122 
0123 

C BECAUSE OF RESTRICTION IN THE SUBROUTINES THE SYSTEM HAS TO BE 
r ALTIMETER AIDED. 
c 
1000 COHTH~UE 

WRITE ( 1 6 I 11 ) 
0124 
0125 
0126 

11 FORt·HH ( II FILEHAI'iE : II) 

READ < 16,93) NAME 

0127 
0128 

CALL OPEN <IDC8,IERR,NAME,0,0) 
IF<IERR.LT.O) STOP! 
WRITE (6, 12) NAME 

012'3 
013 0 

12 FORMAT < 11 PROGRAM *EBGH:tc VERSION eu 

0131 
0132 
0133 
0134 

1/ II •'• ·'• •'• ~. ,.. "· ~. '· "" "· .·. "' •'• •'• "· II 

2// 

NUM=l 
NSAT=4 

II FILENAME : II·' 3A2 .. /) 

l\IR I TE < 1 6 I 1 6 ) 
0135 
0136 

i 6 FORt1AT ( II :::,'i'STEM AL Tlt1ETER AIDE() ( =1) ? : il) 

READ < 16,92) IST2 
0137 
0138 

1 0 02 CONT H~UE 

0139 
0140 
0141 
0142 
0143 
0144 
0145 
0146 
0147 
0148 
0149 
0150 
01 51 1 02 
0152 

CALL READF t IDCB,IERR,IBUF,068,LEN,NUM> 
IF<IERR.LT.O> STOP2 
~<P=BUF< 1 ) 
YP=BUF< 2 > 
ZP=BUF(3) 
I=O 
DO 1 02 ~~= 1 , 4 
IF< ISATVtK).EQ.O) GOTO 102 
I=I+1 
ISATV<I>=ISATV(K) 
XS( I )=BUF< K+3) 
YS< I >=BUF< K+ 7) 
ZS< I >=BUF< K+ 11 ) 
CONTINUE 
IF<I-3) 1004,1005,1006 

0153 c ----------------------
0154 1004 WRITE (16,22> 
0155 22 FORMAT ( II ~****************************" 
01 56 1 ,.·' " + ONL V TlJO SATELLITE::::: I~~ FILE* u 

0157 
0158 STOP3 

II >t :t::f;,Y.:f;>l<:tc:t::f<:f<:f<*:t<:-f<:f: :i<:f: :f::f: :f::f' >f<>f< >f<:t.:f::f::f<:t: II ) 

0159 c -----------------------
0160 1005 NSAT=3 
0161 1006 CONTINUE 
0162 
0163 
0164 13 
0165 
0166 
016? 
0168 
0169 
0170 14 

CALL EB12<TIME,TOUT) 
WRITE (6,13) NUM,TIME,TOUT,XP,YP,ZP 
FORt1AT ( II RECORD-NO' : II l I 3 ·' 

1/ II TII'1E : ",[>14.6 .. " SEC. ::::::) ",F8.4." HOURS Gif'iT" 
2/ II USERPOSITION ---> ",3016.8, 
3/ II SATELLITE-PO::HTIOt~::; :" 
4/' 1 ox, "XS" .. 14X .. "'¥'8" I 14X .. "ZS") 

ltiRITE (6, 14) <"( IS~HV( I ),~<S< I ) .. '(S( I ) .. ZS< I)), I=1,t-4SAT> 
FORMAT CI3,3D16.8) 

01 71 c: I f f 1 1 f I I I f f I I t I I I I I I I I I I f I I I I I I I I I I I I I I I I f I I I I I I I I I I I I I I 1 I I < l I I I I I I I 

0172 C COMPUTATIONS 
0173 c 
01 74 C ** ******* :t: CALL Et~U TO F l.LL EI'-IUP t··1ATR I~< **** ** ** ** 
0175 
017E. 
0177 
0178 

1-. -· 
1 0 0 1 

l-. . • 

COtHitWE 
CALL ENU 
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0179 C **********• FILL COLUMN 4 OF H MATRIX WITH 1 'S. ********** 
0180 
0181 
0182 
0183 
0184 
018~5 

0186 

r· -· 
[)0 4 0 I= 1 I 4 

H< I .. 4 ): 1 . D 0 
40 CONTINUE 

!F(NSAT.EQ.4) GOTO 1003 
IF<IST2.NE.1'> GOTCI 1003 
H<4,1)=0. 

0187 H(4 1 2)=0. 
018:3 H(4,3)=-1. 
0189 H(4,4)=0. 
0190 1003 CONTINUE 
0191 DO 50 I=1,NSAT 
0192 c 
0193 C ********** SATELLITE POSITION VECTOR MINUS AIRPLANE *~·**~***** 
0194 C POSITION VECTOR 
0195 c 
0196 
0197 
01 '38 
0199 c 

~<=~<S( I )-~<P 
'r'='v'S( I )-'('P 
Z=ZS( I )-ZP 

0200 r ********** MAGNITUDE OF THE VECTOR BETWEEN THE SATELLITE ********** 
0201 C AND THE AIRPLANE 
0202 c 
0203 
0204 c 
0205 C ********** UNIT VECTOR FROM THE VECTOR BETWEEN THE *********** 
0206 C SATELLITE AND THE AIRPLANE 
020? f 

02 o:::: 
02 o·:i 
1.121 I) 

0211 c 

:x: :::: >~ ,/ t4 0 p 1'1 
Y=~'/NORM 

Z=Z/t-IOF:I'1 

0212 C ********** CONVERT FROI'l ECEF COORDINATES TO ENU COOR- ********** 
0213 C DINATES USING ENUP-MATRIX AND FILL UP H-1'1~TRIX 
0214 c 
0215 H( I I 1 )=ENUP< 1 J 1 )*~<+ENUP( 1 I 2 ):t:'t'+ENUF'( 1 I 3 ):+:Z 
0216 H(I 1 2)=ENUP<2 1 1 )*X+ENUP(2 1 2)*Y+ENUP(2 1 3)*Z 
021 7 H( I J 3 )=ENUP< 3 J 1 )*~<:+EtWP( 3 I 2 ):+:'r'+Et·WP( 3 I 3 ):+:Z 
0218 50 CONTINUE 
021 9 
0220 17 
0221 
0222 r-

WRITE ( 6, t 7 ) 
FORMAT(/" H-MATRIX~) 
WRITE ( 6 .• 94) ( (.1-1( L J) J ,.J= 1 I 4) ·' I= 1 I 4) 

0223 C ********** CALL HTRAN TO COMPUTE THE TRANSPOSE OF ******~*** 
0224 r THE H-1'1ATRIX 
0225 c 
0226 CALL HTRAN 
022? l,IRITE < 6, 18) 
0228 18 FORMAT(/" H-TRANSPOSE-MATRIX~) 
0229 lJR I TE ( 6194) ( ( HT< ll ,J) I·-'= 1 ·' 4) I I= 1 '4) 
0230 c 
0231 C ********** CALL MLHHT TO MULTIPLY THE H AND H ********** 
0232 c 
0233 
0234 
0235 1., 

c 

CALL 1'1LHHT 
lJRITE (6 .. 19) 

TRANSPOSE MATR 1 ~< 

FORMAT(/" HT*H-MATRIX") 
t,lp I TE ( 6 I 94) ( ( HPR.O[)( I J ~') .• J= 1 .. 4) I I= 1 .. 4) 0236 

0237 
0238 C ********** CALL INVHP TO COMPUTE THE INVERSE OF THE H AND ********** 
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023'3 c 
0240 c 
0241 
0242 
0243 20 
0244 
0245 c 

CALL I t~VHP 
ltiR I TE < 6, 2 0) 

HTRANSPOSE PRODUCT MATRIX 

FOR~1AT ( ,..-'" ItNERTED H*HT -t·iATR L<" ) 
t~R I TE ( 6) 94) < ( HPFWD< L ·-') .. ,J= 1 I 4) .. I= i J 4 ) 

0246 C ********** THE TRACE OF THE MATRIX IS THE SUM OF ITS *********** 
0247 C DIAGONAL ELEMENTS 

0249 TRACEZ=HPROO< 1 .. I )+HPROO< 2 .. 2) 
0250 HDOPV=DSQRT<TRACEZ) 
0251 PDOPV=DSQRT<TRACEZ+HPROD(3,3)) 
0252 TRACEZ=TRACEZ+HPR00(3,3)+HPR0D(4,.4) 
0253 GDOPV=DSQRT(TRACEZ> 
0254 
0255 
0256 
0257 
0258 
025'3 
0260 21 
0261 
0262 
0263 c 

HDOP=SNGL<HOOPV> 
P[lOP=SNGU POOPV) 
GDOP=SNGL< GDOPV > 
IF( NSAT. EQ. 3, AND. I :3T2. HE. 1 ) GDOP= i . E2 0 
WRITE (6,21) HDOP,PDOP,GDOP 
WRITE ( 16,21 _) HDOP,PDOP,GDOP 
F 0 R t1 AT ( II H D 0 p :: II I F 1 0 • 5 ' II p [! 0 p ::!: II ·' F 1 (I • 5 .. II G [) 0 p - ii ' F 1 (I ' 5 I .. ·• ,.··' > 
NUM=NUM+1 
IF< I:3T. EQ. 1) GOTO 1 002 

0264 C ********** FORMATS ********** 
0265 c 
0266 90 
0267 '31 
0268 92 
0269 93 
0270 94 
0271 
0272 

FORMAT (D16.8) 
FOR~1AT <F15.8) 
FORMAT ( 12> 
FORMAT (JA2) 
FORMAT (4016.:3) 
STOP 
EtW 
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~EB02 T=00004 IS ON CROOOii USING 00012 BLkS R=OOOO 

FTN4~~ I L I 'y' 0 (I Q 1 
0002 
0003 
0004 
0005 
0006 

c ******************************~******************* 
C * FILENAME : &EB02 * 
c * 
c * PROGRAM COMPUTES THE E-MATRIX 
c ************************************************** 

SUBROUTINE EB02 
0007' c 
0008 
0009 
(l(lj(l 

0 01 I 

IMPLICIT DOUBLE PRECISION <A-H,k-2) 
COMMONIELEVIE<J,J) 
COMMON/POS/LAT,LON,ALT,R 

0012 c ------------------
0013 SN=DSIN<LON) 
0014 CN=DCOS(LON) 
0015 ST=DSIN<LAT> 
0016 CT=DCOS(LRT) 
0 0 1 7' E ( 1 I f ) = -s t·~ 
0018 E<L2>=04 
0019 E<1,3)=0.0 
0020 E< 2, 1 )=-CN*ST 
0021 E(2,2)=-SN*ST 
0022 E<2,3)=CT 
0 023 E< 3, 1 )=Ct~*CT 
0024 EC3,2)=SN*CT 
0025 E<J,J)=ST 
0026 RETURN 
0027' END 
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LEB03 T=00004 IS ON CR00011 USING 00012 BLKS P=OOOO 

0001 FTN4;<,L,'r' 
0002 c *******************************~****************** 
0003 C * FILENAME : &EB03 * 
0004 c * * 
0005 C * COMPUTES THE USER-POSITION IN ECEF-COORDINATES * 
0006 C * <TU-VECTOR=U-VECTOR (IN MAINPROGRAM) ) * 
000? c * 
0008 c ************************************************** 
0009 r-
0010 SUBROUTINE E803 
0011 INPL.ICIT DOUE:LE pr;;:ECISIOtl< A--2 > 
0012 COMMOH/CNST/PI,RTD,OMF,AE,E2,0MF2,SGC,ERATE 
0013 COMMON/DTX/TU(4) 
0014 COMMON/POS/LAT,LON,ALT,XY 
0015 c ------------------
0016 SLAT=DSIU<Ulf) 
0017 XY=AE/DSQRT<t .EO-E2•SLAT*SLRT) 
0018 TUC3>=CXY•ONF2+ALT)•SLAT 
0019 XY=CXY+ALT>•DCOS<LAT) 
0020 TU< 1 >=Wr'•DCOS(; LON) 
0021 TUC2)=XY•DSINCLON) 
0022 RETURN 
0023 END 
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:i.E 8 0 5 T = 00 0 04 I S Ot~ C R 0 0 0 i i U S It~ G 0 0 (I i 2 E· Li :: S P o: 0 0 0 l' 

FTN4;--.: I L I y 0 0 01 
0002 
0003 
0004 

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

0005 c :t: 

ooo.::. c * 
0007 c * 

c * 

COMPUTES ELEVATION AND AZIMUTH OF SATELLITES AND IN * 
suB . "E Bot. " T H £ Po s I T I o t·~ At~ D I H ::3 u B . " E B o 7 •· THE D I ::n ;:~ i·-~ c. E '+' 
USER-SATELLITE. :t: 

:t: ooo::: 
0009 
0 01 0 
0 0 11 

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

0012 
0013 
0014 
00i5 
0016 
0017 
001::~ 

SUBROUTINE EB05 (I) 
IMPLICIT DOUBLE PRECISION CA-H,K-2) 
DIMEHSION 'r'( 4 13) 
COMMON/ELEV/EC313) 
COMMON/SAT/8(4) 
COMMON/A2M/ELVl4),A2M(4) 
COMMON/CNST/PI,RTD,OMF,AE,E2,0MF2,SGC,ERATE 
COMMONIDTX/U(4).0(4,4),R8AR(4) 

0019 
0020 

r ---------------------

0021 
0022 
0023 
0024 
0025 
0026 100 
0027 c 

CALL EB06 
CALL EB07(l) 
DO ·1 0 0 I I::: 1 , 3 
'((I, II )=O.DO 
DO 1 0 0 I I I= 1 .. 3 
'('( I I I I )=\'( I·' I I >+S( I I I ):t:E( I I I I I I ) 
CONTINUE 

0028 C ********** COMPUTATION OF ELEVATION AND AZIMUTH OF ********** 
0029 r SATELLITES AND OUTPUT 
0030 c 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0038 
0 0 :;;:·;.. 

'f( I I 3 )='('( I .. 3 )-AE 
S't=DSQRT( '('(I·' 1 '>:t:Y( I I 1 )+\'( I·' 2 ):+:''('( I' 2)) 
ELV(l)=DATAN2(Y( I,3),SY)*RTD 
AZM< I )=DATAN2< 't'< I, 1 ) , vc I, 2) )*~no 
IF< A 2M( I ) . LT. 0. ) Aa1< I )=A2~1< I >+36 0. 0 
ltiRITE <6,1) (S(J) .•• .I=1,3) .. ELV(!),I~Zt·1(J) 
FORMAT (5(2X,D12.4)) 
RETURt~ 
EN[> 
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~E806 T=00004 IS ON CROOOii USING 00018 BLKS P=OOOO 

F Tti4 >C: I L I \' 

c * FILENAME : &E806 :t: 

0001 
0002 
000.3 
0004 
0005 
0006 
0007 
0008 

(: "" * 
C * COMPUTES THE ACTUAL POSITION OF THE SATELLITE * 
C * IN ECEF-COORDINATES < S-VECTOR = X,Y,Z ) * 
c * :f: 

c ********************************~~**************** 
0009 (: 
(I 0 1 0 ~?UBROUT I t4E EB (IE. 
0 011 
0012 

IMPLICIT DOUBLE PRECISION <A-Z) 
INTEGER I 

0013 COMMON/NAC/TUY,TCY,TKC,OTC(4).DTU,TC,T 
0014 COMMON/CNST/PI,RTO,OMF,AE,E2,0MF2,SGC,ERATE,PI2 
0015 COMMON/SAT/X,Y,Z,MK 
0016 COMMON/082/ECC,TOE,INOT,NRATE,SRAD,OMEO,OME,MNOT,R.CINO, 
0017 :t:SINO,COME,SOME,C 
0018 c --------------------------
0019 A=TC-TOE 
0020 TUY=DTU+T 
0021 IF<A.GT.-0.3024D6.AND.A.LT.302406) TKC=A 
0022 IF<A.LT.-0.302406) TKC=A+0.6048D6 
0023 IF<A.GT.0.302406) TKC=A-0.604806 
0024 TK=TUY-TCY+TKC 
0025 OGA=OMEO+CNRATE-ERATEl*TK-ERATE:t:TOE 
0026 MK=MNOT+C:t:TK 
0027 6 IF<MK.GE.-PI2)G0 TO 7 
0028 MK=MK+PI2 
0029 GO TO 6 
0030 7 IFCMK.LE.Pl2)G0 TO 8 
0031 MK=MK-PI2 
0032 GO TO 7 
0033 8 EK=MK+ECC*DSIN<MK> 
0034 
0035 
0036 
0037 
0038 i 1)(1 

0039 

DO 100 1==1,4 
COSE=DCOS•: EK) 
S I NE=[>S H~< EV > 
Tl<=f .-ECC:t:COSE 
EK=EK-<EK-MK-ECC*SINE)ITK 
COSE=<COSE-ECC>ITk 

0040 
0041 
0042 

S It~ E = D S Q fH ( 1 . - E C C * E C: C ) * S It~ E ,.··' T K 
EK=COSE*COME-SINE*SOME 
Mk~SINE*COME+COSE*SOME 

0043 
0044 
0045 
0046 
0047 
0048 
0049 
0 05 (I 
0051 
0052 
0053 
0054 
0(155 

S I t~E=2. *~1K*E~: 
C:OSE=2. *EI<:t:EK-1 . 
RK=TK*R 
X=RK>t<EK 
Y=RK*MK 
Z='t>~<SINO 

EK=CINO:i<'t 
S I NE=DS It~( OGA) 
COSE=DCOS<OGA) 
Y=X>t<SINE+EK>t<COSE 
X=X*COSE-EK>f<SINE 
RETURt~ 

END 
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~,EB 07 

00 01 
0002 
0003 
0004 
0005 
0006 
0007 

T=00004 IS ON CROOOti USING 000i2 BLkS R=OOOO 

FTN4~<,L,Y 

c ************************************************** 
C * FILENAME : &EB07 * 
c :+; 

c * 
c :f: 

COMPUTES DISTANCES TO SATTELLITE 
* 
* 
:~ 

c ************************************************** 
000t1 c 
0009 SUBROUTINE [807(1) 
0 01 0 
0 0 1 1 
0012 
0013 
0014 
0015 
0016 
0017 
1)(11:3 
0019 
0020 
0021 
0022 

IMPLICIT DOUBLE PRECISION <A-H,K-Z) 
COI'tl'tON/SAT/S(4) 
COMI'tON/DTX/U(4),D(4,4>,R<4> 

c -----------------------
R<I:>=O. 
DO 1 0 0 J= 1 , 3 
D( I I J )=8( J )-U( J) 

R< I):(>( I, ,J)*D< I, ,J)+R( I) 
1 0 0 COtH I WJE 

R( I )=DS~~RH R( I)) 
D( I .• 4 )= 1 . 0 
RETIJ~:N 

END 
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LEB09 T=00004 IS ON CROOOii USING 00012 8LkS P=OOOO 

0001 FTt~4:'\,L,Y 

o o o 2 r· * * , ,, * * * * * * * * * * * * ,..., * * * =+= * * * * * * * * * * * * +. =+= .. ,., =+= =·l' :-)-: ·1. =+= * * '"' = ~ ·+= =+= =+= =+= =+= =+= =+= 

(1(1(13 

0004 
1)(1(15 

C * FILENAME : &EB09 

c * 
C * MULTIPLICATES TWO MATRICES --> H*G=A 
c * 

:+: 

* 
:t: 0006 

000? 
0008 
0009 

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

0010 
0 0 1 1 

SUBROUT It~E EB 0'3 
IMPLICIT DOUBLE PRECISION CA-H,L-Z> 
COMMONIMAT/G(4,4),H(4,4),A(4,4) 

0012 
0013 

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

0014 
0015 
0016 
0017 
(1(11::: 101 
0019 
0020 100 
0021 
0022 

DO 100 I=1 .. 4 
00 1 0 (I J= 1 .• 4 
TEMP= 0. (l(l 0 
DO 101 K=1 ,4 
TEMP=TEMP+H(l,k):+:G(K,J) 
CONTI HUE 
A( I I J )=TH1P 
CONTHWE 
RETURt~ 

END 

C-25 



~EBi2 T=00004 IS ON CROOOli USING 00012 8LKS R=OOOO 

0 0 0 1 F Tt~ 4 ;:<: I L ' 'y' 

000] c :+: 

0004 
0005 
OOOE. 
0007 

c * :+: 

C * ROUTINE TO CONVERT SECONDS TO HOURS MIN SEC. * 
c :+: :t: 

r *************************************************** 
0008 c 
00 09 
0010 

SUBROUTINE EB12 (TMIN,THR) 
IMPLICIT DOUBLE PRECISION (A-Z) 
REAL THR 
INTEGER:+:4 HR,MIN,SEC 

0 01 1 
0012 
0013 
0014 
0015 
0016 
0017 
001:3 
0019 

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

0 (1;2 0 
o o~; 1 
0 0~~2 

THR=<SNGLCTMIN)/3600.0)+,00005 
HR= I tH< THR) 
THR=< THR·-HR ):t<6 0 
1'1 H~= HH< THR) 
THR=( THR-I't Hi ):t<6 (I 
SEC= I tH< THR) 
THR:=Hj;(+-·~ t1 I tH:' 01 H( SEC:+:. 0 0 01 ··+. I) I) (I 0'5 
RETURt··l 
END 
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0 0 0 1 F TtH , L '( 

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. * 
0007 c *' 
0008 c ************************************************** 
0009 c 
0010 SUBROUTINE EB14 
0011 DOUBLE PRECISION AD,A,B,C,DTC 
0012 COMMON/ALM/AD< 14,24>,ID1(24) 
0013 COMMON/NAC/A,B,C,DTC 
0014 DIMENSION IALMAC(12,24),ISVPRNC24),I0(24) 
0 0 1 5 ItH E G E R A L M ~ C ( 2 4 , 2 4 ":1 , I A R ( :: ) .. I E: U F ( 3 1 0 ) , I D A W;' < 2 4 > 
0 01 6 E~W I VALENCE( I BUH 16 ".1, I Alt'tAC) 
0017 REAL OMD,OMO,MO 
0018 INTEGER H 
0019 DATA PI/3.14159265/,ISVPRN/4,7,6,8,5,9,18*0/ 
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/, IWCNT/310/,LUS/8/ 
0025 c 
0026 C CALL EXEC TO READ IN ALMANAC DATA. 
0027 c 
0028 100 CALL EXEC(1,LU9,18UF,IWCNT) 
0029 CALL ABREG<IERR,NWRD> 
0 0 3 0 I F ( tH,I R D , t~ E . 2 8 8 :0 G 0 T 0 1 0 0 
0031 
0032 
0033 
0034 
0035 
0036 
0 OT? 
(1(138 50 
1)(139 40 
0040 
0041 
0042 c 

DO 40 ,J=1 .. 24 
DO 50 1=:1,12 
I2=2*I 
!1=12-1 
IlNP:::If~LI'1flC( L .J) 

ALMAC(I1,J)=IAND(ITMP,3778) 
ALMAC(I2,J)=ISHFT<ITMP,-8) 
COtHINUE 

COtHit·WE 
WRITE< 16,120> 
READ<16,*)DTC 

0043 C GET SATELLITE ID<PRN NUMBER) FROM ALMANAC DATA. 
0044 c 
0045 
0046 
0047 
0048 c 

DO 1 0 J= 1 , 24 
[>(1201=1,24 
I [l( I )=ALI'IAC( 1 I I ) 

0049 C TEST TO SEE IF SATEl.L.ITE IS IN PRN NUMBER ORDER. 
0050 c: 
1.1051 
it 0 ~;;7~ 
(I (l';i"3 2 u 
(I (1~)4 

0 05~i c 

IF< 1[)( J ) , Et1. 0 )GO TO 2 0 
IF( I 0( I ) , EQ, I SVPRt~( J) )GO TO 3 0 
COtH I tWE 

GO TO 10 

0056 
005? 
0058 

C GFT ECENTRICITY OF SATELLITE ORBIT FROM ALMANAC DATA. 
r· -· 
3 0 I A R < 2 ) = I 0 R ( I ~; H F T< f~ L ~fA C ( 2 .. I ) , :3 ) . A U•1 A C ( 3 .. I ) ) 
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0059 IDARY<J)=ID 
0060 IAR< 1 >=O 
0061 ID1 ( J >=Hl( I> 
0062 c 
0063 C ECEHTRICITY IS SC~LED BY A FACTOR OF 2**-21. 
0064 c 
0065 E=DINTF(IAR>*4.7683716E-7 
0066 c 
0067 C GET TIME OF APPLICABILITY OF THE ALMANAC PARAMETERS. 
0068 c 
0069 IAR<2>=ALMAC(4,I) 
0070 IAR< 1 >=O 
0071 c 
0072 C TOA<SECONDSl IS SCALED BY A FACTOR OF 2**12. 
0073 c 
00?4 
00?5 c 

TOA=DINTF<IAR>*4096.0 

0076 C GET SATELLITE GRBIT INCLINATION FROM ALMANAC DATA. 
0077 1.:: 

0078 IAR(2J=IOR<ISHFT(ALMAC(5, 1),8l,ALMAC(6,J)) 
0 0?'?1 I ?-lf''( t )== 0 
0080 IF(IAf;.:(2l .LT. 0) U~f;:(t):::--1 

0081 (" 
0082 C Dl(SEMICIRCLES> IS SCALED BY A FACTOR OF 2**-19 INCREMENTED 
(t083 C 8'l 1/3 At·l[:• 1'1ULTIPLIED BY PI TO 'dEU) RADIAt·H:;, 
0084 
0085 
0086 

c 
,~ -· 

D I = ( ( D IN T F ( I A R .' * i , ·j 0? 3 4 ;3 ,;:. E- 6 > + ( 1 . 0 ,.·' 3 . (I ) ) * P I 

0087 C GET DRIFT RATE OF LONGITUDE OF ASCENDING NODE OF THE ORBIT 
0088 C FROM ALMANAC DATA. 
008'3 
0 0'3 0 
0091 
0092 
0093 
0094 
0095 
(1096 

L-. ·' 

c 
(: 

c 
c 

IAR(1)=0 
1 AR( 2 >=I OR( I SHFT< ALI'1AC( 7, I ) .. ::::) , AUinC( 8, I ) ) 
IF< I AR( 2 > , LT. 0) I AR( 1 ):::-1 

OMD CSEMICIRCLES/SEC) IS SCALED BY A FACTOR OF 2**-38 AND 
MULTIPLIED BY PI TO YIELD RADIANS/SEC. 

0 0 9 7 0 ~1D = D ItH F < I A R ) :t- P I * 3 . 6 3 7 ·::;. 7::: 8 E ·- 1 2 
009:3 c 
0099 C GET HEALTH WORD FROM ALMANAC DATA. 
0100 c 
0101 H=ALMAC(9,1) 
0102 r· 
0103 C GET THE SQUARE ROOT OF THE SEMI-MAJOR AXIS OF THE ORBIT 
0104 C FROM ALMANAC DATA. 
0105 c 
0106 IAR< 1 )=ALI'fAU 10, I> 
01 0 7 I A R < 2 ) = I 0 R < I S H F T < A L M {\ C ( i 1 .. I :) , 8 ) .. A U1 A C < 1 2 , I ) ) 
01 0:3 
01 (19 
0 1 1 0 
01 1 1 

c 
c 
c 

01 1 2 c 

RACMETERS) IS SCALED BY A FACTOR OF 2+:*-11. 

RA=DINTF<IAR>*4.8828125E-4 

0113 C GET THE RIGHT ~SCENSION OF THE ORBIT FROM ALMANAC DATA. 
0114 ,-
01 1 5 
01 16 
01 1 7 
(I 1 1 :3 1 .• : 

I A r~ < 2 ) ::: I 0 R .; I :3 H F H 1:'i L N A C ( 1 4 , I ) . C: l , H I. !·1 A f>. ·1 '5 . I ) ) 
lAR< 1 l=AU1AC< 13. I l 
JF( IAt-IC•(14Li'1HL( 1:~. J 'l,200E:>.tiE. UliHP• i ):::iOF:r lt~lkO: I •, i ?:'o.i(ICIE:, 
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0119 C OMO<SEMICIRCLES)IS SCALED BY A FACTOR OF 2**-23 AND 
0120 C MULTIPLIED BY PI TO YIELD RADIANS. 
0121 c 
0122 OMO=DINTF(JAR):+<PI*1. 1920929E-7 
0123 c 
0124 C GET THE ~RGUMENT OF PERIGEE FROM ALMANAC DATA. 
0125 c 
0126 I AR( 1 )=ALMAC( 16, I > 
0127 IAR(2)=IOR< ISHFT<ALMAC< 1? .. I > .. :::>,AU1AC< t::: .. I)) 
01 2:3 IF< I ~~ t~ D< I A r;: ( 1 ) , 2 0 (I 8 ) , N E , 0 )I A f': < i ) = I 0 F.: ( I A R < 1 ) .. 1 7 7 4 0 0 E: > 
0129 c 
0130 C W(SEMICIRCLES) IS SCALED BY A FACTOR OF 2**-23 AND 
0131 C MULTIPLIED BY PI TO YIELD RADIANS. 
0132 c 
0133 lJ=DitHF.; IAR):t<PI:+:1. 1920929E·-7 
0134 c 
0135 C GET MEAN ANOMALY AT TOA FROM ALMANAC DATA. 
0136 c 
0 t 37 I AR< 1 )=AUhK( 1 9 I 1 ) 
01 3:.:: IF< I At~[)( I AR< 1 ) I 2 (I 08). HE. 0 )I A F.:( 1 )=I OR< I AR( 1 ) I i 774 0 OE: ) 
Ot:J·::- IAR<2>=IOR( ISHFT<ALMAC<:?O .. I > .. 8>1AUtAC(21, I)) 
0140 c 
0141 C MO(SEMICIRCLES> IS SCALED BY A FACTOR OF 2**-23 AND 
0142 C MULTIPL.IED BY PI TO YIELD RADIANS. 
0143 c 
0144 
0145 
0146 
0147 
0148 
0149 
0150 
0151 
0152 
01 53 1 0 
0154 
0155 120 
0156 

l'tO=DitHF< IAR>*F'I:+<1. 1'320929E-? 
AD( 1 I ,J >=DBLE( E) 
AD<2,J>=DBLE<TOA) 
AN 3 I .. I )=[)BLE( [)I ) 
AD<4,J>=DBLE<OMD) 
A[l( 5 I .. I >=DBLE( RA) 
AD(6 1 J)=DBLE<OM0) 
AD( 7 .. ._I >=DBLE( IAI) 
AD( 8 I .. I ):[lBLE< MO) 
COtHINUE 
RETURN 
FORI·tAT( II EtHER COLLECT I Ot~ DATE FO~: ALNANAC DATA< tHH Df~Y) II > 
END 
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il.H[lOi T=0Ci(lfl4 IS Oti CRi.:OOl i USIHG I)I)OiC: C:Lf::.·::;: p::::;(l(IOO 

0001 FTtN~<,L,'( 

0002 c ************************************************** 
0003 C * FILENAME : &HD01 * 
0004 c * * 

C *COMPUTES THE G-MATRIX,INVERTES AND TRANSPONES 
C * IT AND COMPUTES THE HOOP AND GDOP. 
C * FORMULAS FROM : MILLIKEN/ZOLLER 
C * "NAVSTAR OPERATIOt·~" 

c * 

* 
* 
* 
* 
* 

0005 
o o ot.:. 
0007 
000:3 
0009 
0 01 0 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0(119 
0 02 0 
0 0;21 
0022 

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

c 

SUBROUTINE HD01 
IMPLICIT DOUBLE PRECISION (A-H,K-M,O-Z) 
DIMENSION IL(4),IM<4> 
COMMON/POS/LAT,LON,ALT 
COMMON/DTX/U(4),0(4,4) 
COMMON/CNST/PI,RTD 
COMMON/BLG/G(4,4),N FOR MATRI~INVERSION 
COMMON/MAT/A(4,4),AT<4,4>,AAT(4,4) 
COMMON/HDOP/HDOP,INS,GDOP 
N=4 

0023 C ********** COMPUTATION OF A (=G) t****~***t 
0024 c 
0025 A1=DSINCLON> 
0026 A2=DCOS<LON> 
0027 AJ=DSIN<LAT) 
0028 A4=DCOS<LAT> 
0029 IF<INS.EQ.4) GOTO 1000 
0030 DO 102 I=1,4 
0031 D<4,Il=U<I> 
0032 102 CONTINUE 
0033 1000 CONTINUE 
0034 DO 100 !=1,4 
0035 
0036 
0037 
0038 

AS::: 1 . /DSQRT< [l( I I 1 ).f<[>( I I 1 )+0( J .. ;;:: ):+:[).; I·' 2 )+[J( I I 3 ):+:[:•( I·' 3.!) 

0039 
0040 100 
0041 c 

A< I I 1 )=( -D< I·' 1 ):+:A 1 +[l( I' 2 ):+:A2 ):~<A5 

A•: I/ 2 ):( -[)( I J 1 ):-t<A3:f<A2-~[>( I·' 2 )H{3:+:A 1 +[)( I I 3 ):t:A4 )'f<A5 
A( I ,3 :>=r.: [>(I, 1 ):+:A4:-r.A2·+-D( I, 2 ):t:~~.:.~:t:A1 +D( I, 3 )·f<A3 ):+:~l~i 
A( I .. 4 )= 1 . 
CONTINUE 

0042 C ********** MATRIX-TRANSPONATION ******~*** 
0043 c 
0044 
0045 
0046 
0047' 101 
0048 c 

DO 10t 1=1,4 
[lO i 01 J=1 .. 4 
AT( I I J )=A< J I I ) 
C:OtH INUE 

0049 C ********** MULTIPLICATION OF MATRIZES (AT:t:A)=AAT ~*****~*** 
(I 05 0 c 
0051 CALL EBO~ 
0052 c 
0053 C~ ""'*'l':~t::t<:tc:t::t:>f< IHVER·;IOt·l OF Af~T f41·,1() C()I'IPLITAfiOt~ OF 11C•OP t:.i:+t+-:+·+<+++ 

0054 c. 
0055 
00~)6 

005? 
0058 1 03 

DO 103 1=1 ,4 
[>0 103 ,_1:::1,4 
G< I I ·-' )=AAl( I! ,.J) 

CONTINUE 
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0059 
0060 
0061 
0062 
0063 
0064 1 0 0 1 
0065 
0066 
0067 
0068 
0069 
0070 
0071 

CALL MINVD<G,N,DET,IL,IM) 
IF<DET.EQ.O.ODO) GOTO 1001 
HDOP=DSQRT< G< 1 , 1 )+G< 2, 2)) 
G[lOP=[lSQRT( G( 1 ! 1 )+G< 2 I 2 )+G( 3' 3 )+G( 4! 4)) 
RETURt·~ 

CONTINUE 
WRITE <6 .. 1) 
WRITE ( 1 6, 1 ) 
FORMAT ( II ***************** II 

1/ 

RETURt~ 

END 

II t ~1ATR I~< s It~GULAf'::+: II 

II ;t.:f<:f<:4c:t<:f<*:f<:f<:f<:f<lf<;f::f;:f::-j<;f: II) 

C-31 



~MINVD T=00003 IS ON CROOOit USING 00024 8LKS R=OOOO 

0001 FTH4~<~L,Y 
0002 
0003 
0004 
0005 

c 
c 
c 
c 

0006 c 
0007 
ooo::: 
0009 
0010 
001 ., 

0 (I L=.:: 
001.3 
0014 
0015 
0 01 E. 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
U025 

r· 
c 
c 
c 
c 
(: 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

1) 026 c 
0027 I 

i\ 02~~ c 
Li 0::2'9 t:. 
U03U 
0031 c 
0032 c 
0033 c 

t I I I I I I I I I I I I I I I 1 I I I I 1 I 1 , 1 1 1 I 1 J I I ; I I I I I I I I I I ' I • ' I < 

SUBROUTINE r1It..f'·/[1 H P ·- './ E: i-=: ~; I 0 t~ 

PURP0;3E 
HIVERT A NATR I>~ 

U:;AGE 
CALL MINVDtA~N,D,L,M) 

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

RESULTANT INVERSE. 
N - ORDER OF MATRIX A 
D - RESULTANT DETERMINANT 
L - WORK VECTOR OF LENGTH N 
M - WORK VECTOR OF LENGTH N 

REI'1AR~~S 
MATRIX A MUST BE A GENERAL MATRIX 

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED 
NONE 

i'1ETHOD 
THE STANDARD GAUSS-JO~DAN METHOD IS USED. THE bETERMINANf 
I S A L S 0 C A I. C U l. ~:1 T E C• . f~ D E T F P f'~ 'f t ; (1 f·l T 0 F ? E F: n I t I C· l ( tt T E ·:. l H (~ ·r 
TH£ MATRIX IS SINGULAR. 

0034 SUBROUTINE MINVD(A,N,D,L,M) 
0035 IMPLICIT DOUBLE PRECISION <A-H,O-T,V-2) 
0036 IMPLICIT REAL*4 (U) 

DI1'1Et~SIOt~ A( 1 ) .. U 1 ) .. t1< 1 > 0037 
0038 c 
0039 c: 
0040 c 
0041 
0042 
0043 
0044 
0045 

SEARCH FOR LARGEST ELEMENT 

0 041.:. 
004? 
() 04 -~ 
(I 04':1 
I) (I~ ('I 

0 0 ~;I 
0052 

[>=1. 1)[>1) 

NK=-t~ 

DO 8 0 I<= 1 I t~ 

t~ I< = N K + t·~ 
U t( )=K 
~to: K )=k 
n:=NI<+K 
BIGA=A<kk) 
00 2. 0 ~~-=~:IN 

I Z=IH•< ,J-1 ) 
[)I) 20 I=K,N 
I ~1:::: I Z+ I 

ll 0 53 1 (I I H D A 8 s ( 8 I G A ) - (1 H 8 s ( A< I ,_I ) ) ::. 1 5 I 2 0 .• 2 0 
0054 15 BIGA=A<IJ) 
0055 u~:)=I 

0056 M<K)=J 
0057 20 CONTINUE 
0058 C: 
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0 05'3 
0 06 (I 
0061 
0062 
0063 

c 
c 

I tHERCHAt-4GE ROI.,IS 

'"I=L( K) 
IF(J-K) 35,35,25 

25 KI=K-N 
0064 DO 30 1=1,N 
0065 KI=KI+N 
0066 HOLD=-A(KI> 
0067 JI=KI-K+J 
0068 A( KI )=A( JI) 
0069 30 A<JI) =HOLD 
0070 (: 
0071 c 
0072 c 

INTERCHANGE COLUMNS 

0084 CONTAINED IN 8IGA) 
0085 

011 7 c 
011 8 c PRODUCT OF PIVOTS 
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011 9 (: 
0120 D=D*BIGA 

0122 
0123 
0124 
0125 
0126 
012? 
0128 

1-. -· 
c 

c 
,-. 
c 

F: E F' L. A C E P I V 0 T 8 '( ~; E C I F' k 0 C ,:j i.. 

A( I< I<):: 1 , OD 0/E: I GA 
:30 COtHHWE 

FINAL ROW AND COLUMN INTERCHANGE 

0129 K=t~ 
0130 100K=<K-1) 
0131 IF<K) 150,150,105 
0132 105 I=L(K) 
0133 IF<I-K) 120,120,108 
01 34 1 Ot: ~IQ=N>t<( K -1 ) 
0135 .,IR=t~>t<(J-1) 

0136 DO 110 J=1,N 
0137 
0138 
0139 
0140 
(11 4 1 
0142 
014.3 
Oi44 
0145 
0146 
0147 
0148 
0149 

11 0 
12 0 

1 .-, t~ .;:. .•• J 

J K == ,.I G! + ,J 
HOU>=A< ~W) 
,JI=~IR+.J 

A( JK )=-A< ,J I :> 

A(Jl) =HOLD 
J=N< K ) 
!F(.J-·K) 100,101),1:=25 
KI=i<-N 
DO 130 I=t .. t~ 
KI=KI+N 
HOLD=A( t': I ) 
JI=KI-K+J 
A( KI )=-A( ~'I) 

01 50 1 3 0 A< n ) =HOLL• 
015i GO TO 100 
0152 150 RETURN 
0153 END 



'DINTF T~00004 IS ON CROOOi3 USING 00003 BLkS R=OOOO 

0001 A~3M8, L 
0002 t·~AM DitHF 
1)003 ENT DINTF 
0 (I 04 EXT .FLTD 
0005 DitHF HOP 
OOOE. ISZ DINTF 
000? LOA DitHF I I 
1)0(18 STA IBF 
0009 ISZ DitHF 
0 01 0 DLD IBF,I 
0 0 1 1 AND 8377 
0012 .JSB .FLTD 
001.3 JMP DitHF, I 
0014 IE:F BSS 1 
0015 E:377 OCT .... -,-":' ..j.t' ,. 

0016 END 
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T=00003 IS ON CR00002 USING 00023 BLKS R=OOOO 

0 0 01 
0002 
0003 
0004 
001)5 
0 0 06 
0007 

FTN4,M,'r' 
(:********************************************************************* 
c 
c 
c 
r· 
c 

THIS SUBROUTINE FILLS THE ENUP MATRIX. 

MICHAEL J. MAGROGAN CO·-OP ~CT-100D FE8RUAf<:'r' 1981 :t: 

... 
0008 C***************************************************************'~***** 
0009 
0010 c 
0 0 1 I C 
0012 
0013 
0014 
0015 
0016 
0017 c 
0018 
001'3 
0020 
0021 
0022 
0023 
0024 
0025 c 
0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
0035 
0036 

SUBROLITIHE ENU 
THIS SUBROUTINE IS PASSED AIRCRAFT POSITION<XP,YP,ZP) FROM THE MAIN 
PROGRAM<GDOP) AND RETURNS THE FILLED ENUP MATRIX. 

COMMON /COORD/ ENUP(3,3),XP,YP,ZP,H(4,4),HT(4,4>,HPROD(4,4), 
+LSAT(4),XSC4>,YSC4),ZS(4),HDOPV,GDOPV 

DOUBLE PRECISION ENUP,XP,YP,ZP,H,HT,HPROD,XS,YS,ZS,HDOPV,GDOPV 
DOUBLE PRECISION WP,TAHPHI,COSLAM,SINLAM,COSPHI,SINPHI,ESQU 
DATA ESQU/0. 0066943177800/ 

CALCULATE THE TERMS NEEDED TO FILL ENUP MATRI~. 

WP=DSQRT<XP**2+YP**2) 
TANPH I =ZP/ltiP 
COSLAN=XP.·'l•.IP 
S I t~LM1='r'P /WP 
TANPH I =TANPH I/( 1 • D O-E£;QU > 
COSPHI=f. DO/DSQRT< 1. DO+TAI'-WHI:t::-t<? > 
SINPHI=COSPHI*TANPHI 

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

Et~[> 
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LHTRAN T=00003 IS ON CR00002 USING 00007 8LkS R=OOOO 

0 0 01 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
(I 0 1 1 
0012 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 

FTN4,L,Y 
C******************************************************************** 
c * 
c 
c 
c 

THIS SUBROUTINE COMPUTES THE TRANSPOSE OF THE H MATRIX. 

MICHAEL J. MAGROGAN CO-OP ACT-IOOD FEBRUARY 1981 

* 
* 
* c * 

C******************************************************************** 
SUBROUT I t~E HTRAN 

C THIS SUBROUTINE IS PASSED THE H MATRIX FROM THE MAIN PROGRAMCGDOP> 
C AND RETURNS THE TRANSPOSE OF THE H MATRIX<HTl. 

COMMON /COORD/ ENUPCJ,J),XP,YP,2P,H(4,4),HT(4,4),HPROD(4,4), 
+LSATC4),XSC4),YS(4),2S(4),HDOPV,GDOPV 

DOUBLE PRECISION ENUP,XP,YP,ZP,H,HT,HPROD,XS,YS,ZS,HDOPV,GDOPV 
C COMPUTE THE TRANSPOSE OF THE H MATRIX. 

DO 10 1=1,4 
DO 20 J=t,4 

HT< I, J >=H< .. r, I ) 
20 CONTINUE 
tO CONTINUE 

RETURN 
END 
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0 0 01 
0002 
0003 
0004 
0 (I o.s 
0006 
0007 
000:3 
0009 
0010 
0 01 1 
0012 
0013 
0014 
0015 
0016 
OOi? 
0 0 Hl 
0 0 j•j 
0020 

FTt-14 .• L I'(' 
c~***********************************~**~****************+~**~*~**~*** 
r * 
c 
c 
C MICHAEL J, MAGROGAN CO-OP ACT-1000 FEB 1981 * 
c \ :·f: 

C********************************************************************* 
~31JBROUT I HE ~1LHHT 

C THIS SUBROUTINE IS PASSED THE H AND H TRANSPOSE MATRICES FROM THE 
C NAIN PROGRAM <GDOP) AND RETURNS THE PRODUCT MATRIX CHPROD) 

COMMONICOORD/Et~UP(3,3),XP,YP,ZP,H<4,4),HT<4,4),HPROD<4,4), 

+LSAT<4),X8(4),Y8(4),28(4),HDOPV,GDOPV 
DOUBLE PRECISION ENUP,XP,YP,ZP,H,HT,HPROD,XS,YS,ZS,HDOPV,GDOPV 

C MULTIPLY THE H AND HT MATRICES 
DO 1 0 I= 1 , 4 
[)0 j 0 ,1= 1 ' 4 
HPROD( I , J );" 0 . [) n 
DO 10 K=1,4 

0021 1 (I 
HPROD( I, ,J )::::HPRODC: 1 .· .. 1 )+HT< l . f: ).t:H< t::, ,J > 
COtH I NUE 

0022 RETURN 
0 0:23 EtW 
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& I H '·/ H P T = 0 0 0 0 3 I :;: 0 H C R (: 0 0 (! 2 U :;:: i t·l G 0 0 0 2 4 1 :~ L 1<. ::: F: :: 0 0 0 0 

FTt~4 .. L .. Y 0 (I 0 1 
0002 
0003 
0004 

(:************************************************************~~***** 
c 
c 

0005 c 
0 (ll.h::. c 
(I 0 (I;:· c 
ooo::: (: 

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

PAPER " A '-~ P :;; .~ L r11·1t~ A c " .. HE c r1 L. L :=: T H I ::: :3 u B R o u T H4 E ;> :··h4 r r " . 

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

.+: 

:+: 

0009 c * 
0010 C***************************************************************'~*** 
0011 SUBROUTINE INVHP 
0012 C 'INVHPR' INVERTS THE H PRODUCT MATRI~ AND SUBSTITUTES THE 
0013 C RESULTS BACk INTO THE H PRODUCT MATRIX. 
0014 c 
0015 C THIS SUBROUTINE IS PASSED THE H PRODUCT MATRIX(HPROD) FROM THE 
0016 C MAIN PROGRAM<GDOP) AND RETURNS THE MATRIX INVERSE OF THE H 
0017 C PRODUCT MATRIX<HPROD). 
0018 COMMON /COORD/ENUP(J,3),XP,YP,2P,H(4,4),HT<4,4),HPROD(4,4), 
0019 +LSAT(4),X8(4),Y8(4),2S<4),HDOPV,GDOPV,DET 
0020 DOUBLE PRECISION ENUP,XP,YP,ZP,H,HT,HPROD,XS,YS,ZS.HDOPV,GDOPV 
0021 DOUBLE PRECISION PIVOT,ONE,2E~O.T,DET 
0022 DIMENSION INDE~(4,2),IPVOT(4),PlV0T(4) 

0023 DATA ONE/1 .DO/,ZER0/0.00/ 
0024 DET=1 .DO 
0025 c 
0026 
0027 
0028 
0029 c 
003(1 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
003:.~ 

CLEAR IPVOT VECTOR. 
DO 10 !=1,4 

IPVOT<I>=O 
1 0 COtH I t~UE 
FOLLOWING 12 STATEMENTS SEARCH FOR PIVOT ELEMENT. 

00 20 1=1,4 
T=ZERO 
DO 30 J=1 .. 4 

IF< I PVOT( ,J )-1 ) 31 , 3 0 .. 31 
31 DO 40 1<=1,4 

41 
42 

I F < I F' V 0 H I< ) ·- 1 ) 4 1 , 4 0 , 9 1 
IF<DABS<T)-DABS(HPROD( J,K))) 42,40,40 
IROl\f:::,J 
ICOL.=I< 

0039 T=HPROD<J,K) 
0040 40 CONTINUE 
0041 30 CONTINUE 
0042 
0043 c 
0044 
0045 
0046 
o o~l7 
0 04::: 
004'3 
(1(150 

0051 
(1052 
0053 
0054 c 
0055 c 
0056 
0057 
0058 

IPVOT<ICOL>=IPVOT<ICOL)+l 
FOLLOWING 15 STATEMENTS PUT PIVOT ELEMENT ON DIAGONAL. 

IF( IROI.r.i-ICOL > 43,51,43 
43 DET=-OET 

DO 50 L=1,4 
T=HPRO[)( IROl•.l, L) 
HPROD<IROW,L>=HPROD(ICOL,L) 

50 HPROD<ICOL,L>=T 
:i 1 I NDE!-;( I I 1 ):-::I RO{,I 

ItmEX( I, 2 )=ICOL 
PIVOT( I )=HPROD( IC.OL,. ICOL.) 
OET=C>ETot<PIVOT< I> 

THE F 0 L. L 0 I.J It4 G 6 ::; TAT HIE NT S D I V I [iF F' 1 '.,.' (! T f.:: CH,I 

BY PIVOT ELEMENT. 
HPROD(ICOL, ICOLl=ONE 

DO 6(1 L=1,4 
60 HPROC>( I COL, L )=HPRO[:r( I COl. .. L )/PIVOT( I ) 
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0059 c 
0060 

FOLLWOING 10 STATEMENTS TO REDUCE NON-PIVOT ROWS. 
DO 20 LI=1~4 

o o.:.1 
(I 06;;-~ 

0063 
0064 
0065 

2i 
IF( L I- I COL.) 21 I 2 0' 2 i 
T=HPROD( L I I I COL) 
HPROD(LI,ICOL)=ZERO 
t)o 7 o L= 1 I 4 

70 HPROD<LI,L)=HPROD(LI,L)-HPROD( ICOL,L)*T 
0066 20 CONTINUE 
006~ C FOLLOWING 11 STATEMENTS TO INTERCHANGE COLUMNS. 
0068 DO 80 1=1,4 
0069 L=4-I+1 
0 07 0 IF< ItH>EX< L .• 1 >-I NDE~« L, 2 > >81 .. :3 0, 8 t 
0 071 :3 1 ~IROl•J= I NDE~<( L, 1 > 
0072 JCOL=INDEX(L,2) 
0073 D090K=1,4 
0074 T=HPROD<K,JROW> 
0075 HPROD<K,JROW)=HPROD<K,JCOL) 
0076 HPROD<K,JCOL)=T 
0077 90 CONTINUE 
0078 80 CONTINUE 
0079 91 RETURN 
0080 END 
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OOOi 
u (I (t~~ 
(I (I (1.3 
1_1 0 04 

Almanac Files 

57,000000 ~ 

Cl '23045540£>-02 
u.51536416D+04 

APPENDIX D 

EXAMPLES OF DATA FILES 

;) ' i 1 1 241 56[:·+ 0 'i 
-·- (l ' 2 (t 9 i 6 '?I 'l :3 [l + (I 'i 

~657 T=00004 IS ON CR000C2 USING 00002 BL~S R=0000 

0 0 01 
0 0 02: 
I) (I (1'3 

(I (1 04 

5/. 0000(1(1 
I) , 1 5 f.i I) 6 ;;' 4 4 [•- I) 2 
r:•, 51 5364'314[•+ (:4 

(I, 331 776lll)[H- 1)6 

.... n , ·1 5 5 04 ? 4 6 (J + o 1 

:·:. 1 1 0? i i :3t:.[•+ 1_1] 

11 ' 2 0 4 9 4 3 ::: I) L I+ 0 1 

A85? T=u!:Ot..t4 I:; Cti4 CRI.:r:tOOZ: l __ i::;J.r-~C:i l.t(ll)(l',;· L:l.i<::. f·.::-:OOOtl 

0 I) 0 1 

0002 
0003 
0 (I 04 

5?' (1(1(1(1(1(1 

OOOi 
(i (I 02 
0003 
(1 0 04 

(r , 2 2 0 6 :3 (12 4 0- 0? 
I).:; 1 536484[l+ 04 

0 I :3 'I (1 7 1:. f·, 2 2 D ·- t) ;;:: 

I)'::_:; 1 5366'? (I[>+ 04 

(I : 3 3 1 7 ;.:' 6 1.) (t D + (1 ~~:. 

0 ' 5 6 '5 2 8 ? ·::.1 ~) L I + !) I) 

·- (! - i 5 4 .5 6 ·=· 4 ::: [) + (I , 

URE F i 1 e 

(ll)l)j i i 
0002 
(1003 
0 (I 04 
o o o~; 
0 0 (lr_:, 

0007 
(I 0 (I:::: 
u (! 0 '9 
0 0 t 1..1 

u (lj 1 
0 0 1 ~: 

.1050E+02 .1:00E+OI 

.1U75E+02 .1~3uE+OI 

.1 tOOE+02 .2GOOE~OO 

, I 125E+02 -.5nOOE+00 
. 1150E+02 -.6700Ei00 
. 1 175E+02 -.8400E+00 
. i200E+02 -. 1080E+OI 
. 1225E+02 -.8000E+OO 
.1250E+02 -.2cooE+OO 
• 1 :: 7 5 E + 0 ~: - , ~:::: 7 u (IE 1 (: 11 

1 3 u I) E ... 1) ~: - . ':' ! __ I II (I f:-_ -+ (Ill 

D-1 

,_, • 1 1 0 3 4 2 1 4 [) + (I ·1 
-- n . 1 9 8 T3 4 4 3 o + o n 

0 ' i i 0 3 ,:., 6 i i I) + 0 'i 
U. I "3524117?D+Oi 

... u . ~.) i 9 -=4 ::~ 4 ~3 5 l.."' .. (: ~:: 

~~, , ,:. ·? ...:j. ·? .. ;.:- .:; ::?. ~~: i.) r (t (: 

(J ' ( . .;., ~? 4 'i ·: 5 ['t - (I;:; 

i 1_1 7 4 ~3 -~ ;-~:, ~1 [.• + ,., 1 

- I) ' i i 4 I ;' (. ·:::. 2 [• + (I j 



USER-COORDINATES 
LAT = 39.500000 
::~p = 1 3 1 "7 

I (I 1 t . 6 

APPENDIX E 

EXAMPLES OF PROGRAM OUTPUT 

LOt·~ = -74.500000 ~LT = 100.00000 
YP = -4748990.4 ZP - 4035321.8 

::;AT ' i·lO 1 :.,: ·=· 
,··~· .. · = - , i :3 3 3 0 0 0 0 D + 0 E: Y :'3 = -- . 1 '3 1 5 0 0 0 fi [) + 0 :~ Z ::: = . 2 1 :3 6 1.! (! 0 0 D + 07 

---.28430ooo[:-+07 v:~'- ---.;~·1?4ooooEH-o::: z:::- .14931:toooo+o:::: :::AT t·l i) 2 :._.: ·=· = ' 
,., ..... 

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

H--1'1ATf<: I~< 
-.932507840+00 -.283028010+00 
-.414854370+00 -.631210060-01 

.345513150+00 .567409320+00 
-.523137910+00 .712352380+00 

H-TRANSPOSE-MATRIX 
-.932507840+00 -.414854370+00 
-.283028010+00 -.631210060-01 

.224330710+00 .907695760+00 

. 100000000+01 .10000000D+01 

,2;;-~4330"?1[)+00 

, 9(1769576fH(t(l 
'74 7441.}5~~0+ 0 I) 
' 4 6 7 ::: 4 6 9 ·:~ (J + 0 (I 

'1 00000000+01 
'1 00000000+01 
. 1 OOOOOOOD+01 
, 1 00000000+01 

.345513150+00 -.523137910+00 

.567409320+00 .712352380+00 

.747440520+00 .467846990+00 
, 1 OOOOOOOO+Oi . 10000000D+Oi 

HT:t:H·-1'1ATR I~·: 
'143472760+01 
.113500710+00 

-' 5?2;;::496"?0+ 00 

.11350071D+OO -.572249670+00 -.152498700+01 

.913488370+00 .636590090+00 .933612680+00 

.63659009D+I)(t . 1r.=.5·1?:::4(1[H01 .234{'31400+01 
--. 15:~49B70D+01 .933612680+00 .2347~!400+01 .400000000+01 

INVERTED H:t:HT-MATRIX 
.365029490+01 -, 199833120+01 -.364728620+01 . 399:::41 1 3D+ 0 1 

-·, 1':1'983312D+01 .25934803L'+01 , 1511?(1/4(1+01 -.2254~:'9(.8[)+01 

-.364?2:3620+01 .1511707·1D+01 .7.:t466003D+01 -.6113::306D·t01 
. 3 '3 '3 ::q I 1 3 [.• + 01 - , ~; 2 '5 4 2 9 6 8 D + 0 1 - , 6 1 1 3 ;; ~·; G 6lH· 0 1 . 5 :3 8 ? 9 ::. '3 2 D-+ 0 1 

HOOP = 2.49875 POOP = 3.70005 GDOP = 4.42474 

PROGRAt·1 =+=EBGH:+< 

ti::;ER-COO~W I t~ATES 
LAT :::: 3'3.500000 
::<P = 1317011.6 

~.:: s = - ·j 

VER:3ICtt~ A 

LOt~= -74.500000 
'('P = -4?48'390, 4 

:::33 0 0 0 0[:•+ o::: :l::: -

f~L T ~~ 100. UOOOCr 
ZP = 4035321.:3 

·- i 9 i r: __ , (I (I (I (I[)+ 08 Z::;; -- - i ~ ::::t·. ~::AT. t·W 
~::;AT. t·W 
:;:;AT. t·W 

·i .::.. ::·::::: = - 2843 (j (I 0 OL·+ 0? ''f'S - ... .. 
i ?4 0 (I 0 (l[H- 08 ~·=· = i 493 ~ .:....·-· 

"7 ~< ~=; = Q"? 1 1 (II) 0 0[;-+ 07 '-(:::;; = - 7::~34 0 (I 0 0(H 07 ., .-. = 23E.t. ·-· -· ' <-.,.;:. 

H-NATR I :a: 
-.932507840+00 -.283028010+00 .224330710+00 . 1 OOOOOOOD+O"i 

. 1 OOOOOOOD+01 

. 1 OOOOOOOO+O·i 
, OOOOOOOOD+OC: 

-.414854370+00 -.631210060-01 .907695760+00 
.345513150+00 .567409320+00 .747440520+00 
.000000000+00 .OOOOOOOOU+OO -, 100000000+01 

H-TRANSPOSE-MATRIX 
-.932507840+00 -.414854370+00 
-.283028010+00 -.631210060-01 

.224330710+00 .907695760+00 

. 10000000D+01 , 10UOOOOOD+01 

H T :+: H ··· 1'1 A T P 1 ;:.: 

.3455i3150+00 . OOOOOOOOD+OO 

.567409320+00 .000000000+00 

.74744U520+00 - 100000000+01 
, 10oonnonD+01 . OOOOOOOOD•OO 

E-1 

(j (I (I (I[)+ ,-, ,_, 
I 

0 0 (: (1[:: + :_;;:: 

0 0 0 OD+ 1.' ,-, _, ·=· 



• 1 1 ~=· i o::i440 + o i 
'4~::t:.1 5925[l+ (I (I 

-- '3:~?501170+00 
- , j II (I 1 ::; 4 •;! 1 [> + (I 1 

.48f~;15'J25t:.0+(1(! ·-.32?50i i?D+(II) --,I OUi:349iCo+Oi 

.406042450+00 .30331817'0+00 .~21260300~00 

. 3 0 3 3 1 8 1 ?ll + 0 0 • 2 4 3 2 ·:,, ll'3 ~? [) + 0 1 . ·1 ::_l ? '71 4 6 7 0 C· + U 1 
, 2 2 j 2_ b (I i_; (I [:• + I) I) , 1 ;::: ? 9 .:) I~· ?' (I [) + (I j • 3 (I (I (I (I (I (I I) (• + (l 1 

lNVERTED H*HT-MATRIX 
.547131550+02 -.773875820+02 -.292816860+01 .258135060+02 

-.773875820+02 .112175360~03 .378528900+01 -.364883190+02 
-. 2'312:31 6860+ 01 . 378528'31)[H 01 . 1 0 (I 0 (I 0 0 (I[)+ 01 -, 1 :3S3528 00+ 01 

.25S135060+02 -.364883190+02 -.188352800+01 .128248940+02 
HOOP= 12.91853 PDOF = 12.95718 GDOP = 13.44297 

E-2 



FILE~lA~1E: !2/23/ 

r~:ECOP[)-HO. 

TIME .2402950+05 SEC. ==> 6.4029 HOURS GMT 
USERPOSITION ---> .131241840+07 - .475389860+07 .4031017;0~07 

SATELLITE-POSITIONS 
t. .•• -. 

·~ 
6 -.273840160+07 -.249196350+08 
9 -.994605490+07 -.120054770+08 
8 .145417460+08 -.341334850+07 

H-MATR U<: 

, 2 i ~~92 i ':lSD+ o:::: 
. :~~~(!(1(1:345(::+(18 

-.439665640+00 -.381093600+00 .812362860+00 . 1 00000000+01 
. 1 0000000(:•+01 
. 1 00000000+01 
.000000000+00 

--.58~i08400D+OO .493933190+00 -.643200370+00 
.586413860+0(1 .557381900+00 .587745020+00 
.000000000+00 .OOOOOOOOD+OO -.100000000+01 

H-TRANSPOSE-MATRIX 
-, 4.3966564[> -1-0 0 -. 585 OE:4 0 0[:•+ 0 0 
-.383093600+00 .493933190+00 

.812362860+00 .643200370+00 
, 100000000+01 , tOOOOOOOD+01 

.586413860+00 .000000000+00 

.557381900+00 .000000000+00 

.58?745020+00 -. 100000000+01 

.100000000+01 .OOOOOOOOD+OO 

HT:+:H-I'iATr;: I>=: 
.8?9510370+00 
. 2 06297., 50+ 0 (I 

- , ~3 ::;:: t: :3 3 ;,;:: 4 6 [H 0 0 

.206297150+00 -.388832460+00 -.438335790+00 

.70140529~+00 .334085430+00 .668221490+00 

.334085430+00 .241908430~01 .204330820+01 
-- . 4.3 83 35 7'30 ·H) (I , 6 6 ::? 2 ;,_:: 1 4 '}I.'+ 0 0 , 2 04 3 :;: 1J ::: .~·: [o + II 1 , 3 (: (I 0 I) fi (I 0 (:o + 0 1 

INVERTED H~HT-MATRIX 
. 1 54 38~;€.90+ 01 ····. 841 1 71 ::;:5[:·+ 0 0 . 3•:.5E.~ .;~5 I D··· 01 . ~~8::lf13t:.29D+ 011 

-.841 171850+00 .231599760+01 . 198944120+00 -.774273070+00 
.365622510-0f .198944120+00 .100000uOD+01 -.720073480+00 
.388036290+00 -.77427307D+OO -.720073480+00 , 105293610+01 

HDOP ::: 1.96465 PDOF::: 2.20451 GDOF = 2.4.31t:.2 

F.:EC:Or.{.O-t-40. : 2 
TIME .2416450+05 SEC. ==> 6.4244 HOURS GMT 
USERPOSITION ---> .131376530+07 -.475679600+07 .402721820+07 
SATELLITE-POSITIONS 

YS 
6 -.275777620+07 -.250885350+08 
9 -.993417770+07 -. 123806840+08 
8 . 147?4962D+08 -.325764020+07 

H-MATF<: I X 
-.441572370+00 -.404346320+00 
-.590215610+00 .477609130+00 

.597031830+00 .554844~90+00 

zs 
. ::::1 721 61 60+ 07 
. 21 084'3650+ 08 
, 21 :::? (:541 [H 0:3 

. 8 (I 09481 2[>+ (t 0 

.650?95710+00 

. :i? 9 3 ·:i .:. 6 5 D + 0 0 
.OOOOOOOOD+OO .000000000+00 -. 11)00000(1[)+01 

• 1 OOOOOOOD+Oi 
.10000000D+01 
. 1 0000000[)+(11 
• OOOOOOOOD-rOO 

H -· T RA t4::~PO~;E -~1AT R I;.; 
-.441572370+00 -.59C21561U+OO 
-.404346320+00 .477609130+00 

.800948120+00 .650795710+00 

. 100000000+01 . 10000000D+01 

.597031830+00 .000000000+00 

.554844590+00 .000000000+00 

.579396650+00 -. 100000000+01 

.100000000+01 .000000000+00 

E-3 



HT•+•H- i'iATR I~; 
.899787620+00 
.227915680+00 

·-,391868110+00 
-.43475615[)+00 

.227915680+00 -.391868110+00 -.434756150+00 

.699458950+00 .308440640+00 .628107400+00 

.308440640+00 .240075340+01 .203114050+01 
, 6281 074 OC·+ 0 0 . 2 031 1 4 05D+ 01 . 3 0 0 0 0 0 0 I)Ci+ 01 

INVERTED H*HT-MATRIX 
. 15228542~+01 -.845194000+00 .485307760-01 .3647~000D+u0 

-.845194000+00 .22?203790+01 .178428720+00 -.718983630+00 
.485307760-01 .178428720+00 .100000000+01 -.707371270+00 
.364790000~00 -.?18983630+00 -.707371270+00 .101565470+01 

HOOP ~ 1.94805 POOP = 2.18972 GDOP = 2.41051 

F.:ECORD·-HO. : 3 
TIME .2428550+05 SEC. ==> 6.4445 HOURS GMT 
USERPOSITION ---> .131468330+07 -.475952320+0? .402372640+07 
SATELLITE-POSITIONS 

XS YS 
6 -.2?7345860+07 -.252137390+08 
9 -.992689820+07 -.127055240+08 
8 . 151098840+08 -.304523860+0? 

H-t·1ATR I::< 

, 771'5373 0(H· 07 
'2 (i:::·j7'33::;:[:.+ 08 
, 216 ?266::W·t 0:3 

-.442897600+00 -.420604570+00 .791791330+00 '1 0000000[:.+01 
. 1 0 0 0 0 0 0 OD+ 0 1 
'1 0000000[•+01 
.000000000+00 

-.594734230+00 .46314714~+00 .657104190+00 
.612193300+00 .550303350+00 .567790090+00 
.000000000+00 .OOOOOOOOD+OO -. 100000000+01 

H-TRANSPOSE-MATRIX 
-.442897600+00 -.594734230+00 
-.420604570+00 .463147140+00 

.791791330+00 .657104190+00 

.100000000+01 .100000000+01 

.612193300+00 .000000000+00 

.550303350+00 .000000000+00 

.567790090+00 -.100000000+01 

.100000000+01 .000000000+00 

HT:+:H-1'1ATF~ I X 
'924€.4773[>+00 
.247727320+00 

-.393887550+00 

.247727320+00 -.393887550+00 -.425438530+00 

.694247250+00 .283761670+0U .59~845920+0~ 

.283761670+00 .238110500+01 .201668560+01 
-.425438530+00 .592845920+00 .201668560+01 .300000000+01 

INVERTED H*HT-MATRIX 
.14::::::35525[)+01 ·-.8434727'3[:.+00 

-.843472790+00 .225021800+01 
.622236300-01 .163094410+00 

.622236300-01 .335950490+00 

.163094410+00 -.673929520+00 

.100000000+01 -.695634380+00 
.335950490+00 -.673929520+00 -.695634380+00 .981779500+00 

HOOP= 1.93359 POOP= 2.17687 GOOP = 2.39177 

RECOR[)·-t·W. : 4 
T II'1E .2443630+05 SEC. ==> 6.4717 HOURS GtH 
USERPOSITION ---> 
SATELLITE-POSITIONS 

.131162540+07 -.475383210+07 

..... -. 
1.:> 

6 -.279130190+07 -.253199940+08 
9 -.992197540+07 -.131071620+08 
8 .154742650+08 -.282471740+07 

, ?4149243C•+07 
. 2 0654291 O·t 08 
'2 "i 444534[:.+ 08 

E-4 

. 4 02966f:5D+ 07 



-.443684570+00 -.437202610+00 
-.600485590+00 .442681870+00 

.628757410+00 .543165410+00 

. 7::::23(1293[:•+00 
'665·:~~:: (!~~:::(:•+ (! (! 

, 55t.44(-~9:::D+ UO 
.000000000+00 .000000000+00 -.1 00000000+01 

. i 0000000[:.+01 

. 1 00000000+01 

. 1 0 (I 0 0 0 (I 0 [;•+ 0 1 

. OOOOOOOOC•+OO 

H-TRANSPOSE-MATRIX 
-.443684570+00 -.600485590+00 
-.437202610+00 .442681870+00 

.782302930+00 .665920280+00 

.100000000+01 .100000000+01 

.6287~7410+00 .000000000+00 

.543165410+00 .000000000+00 

.556448980+00 -. 100000000+01 

.100000000+01 .000000000+00 

HT*H·-~1ATR I~< 
.952774820+00 
. 269E-75250+00 

-. 3970';J'386D+OO 

.269675250+00 -.397099860+00 -.415412750+00 

.682142020+00 .255009780+00 ,548644660+00 

.255009780+00 .236508320+01 .2004672~0+01 
-.415412750+00 .548644660+00 .200467220+01 .300000000+01 

INVERTED H*HT-MATRIX 
. 145542060+01 -.849861950+00 .771200960-01 .305424000+00 

-.849861950+00 .22516961D+01 .146013660+00 -.627044690+00 
.771200960-01 .146013660+00 .100UOOOOD+01 -.684248380+00 
.305424000+00 -.627044690+00 -.684248380+00 .947531810+00 

HOOP = 1.92539 POOP = 2.16959 GDOP = 2.37795 

RECOR[)-~lQ, : 5 
TIME .2455790+05 SEC. ==> 6.4918 HOURS GMT 
USERPOSITION ---> .131576790+07 -.475427950+07 .402950020+07 
SATELLITE-POSITIONS 

'r'S 
6 -.281587380+07 -.254660480+08 
9 -.992263910~07 -.134358430+08 
8 .157552280+08 -.265596060+07 

H-t1ATRUI. 

zs 
.6::::9161400+07 
. 2 U·t44894D-+ 0:3 
. 21 261 766D+ 0:3 

-.446038450+00 -.458323570+00 .768758230+00 .1 00000000+01 
. 1 0 (I 0 0 0 (II) C•+ 0 1 
. 100000000+01 
. (11)(1(1(1000[-'+00 

-.605688360+00 .427002310+00 .671424330+00 
.641102240+00 .538000900+00 .547305180+00 
.000000000+00 .OOOOOOOOD+OO -.100000000+01 

I-I-TRANSPOSE-MATRIX 
-.446038450+00 -.605688360+00 
-.458323570+00 .427002310+00 

.768758230+00 .671424330+00 
• 1 00000000+01 , 1 (l(li)I)(I(I(I[H01 

.641102240+00 .OOOOOOOOD+OO 

.538000900+00 .000000000+00 

.547305180+00 --.1 (10000000+01 

.100000000+01 .000000000+00 

HT*H-~1ATRIX 
''37682077[>+00 
.2'30713180+00 

- '3986'31 060+ 00 

.290713180+00 -.398691060+00 -.410624570+00 

.681836430+00 .228810410+00 .506679640+00 

.228810410+00 .234134280+01 . 198748770+01 
-.410624570+00 .506679640+00 .198748770+01 .300000000+01 

INVERTED H*HT-MATRIX 
.142990770+01 -.847645920+00 .883448200-01 .280351980+00 

-.847645920+00 .221154350+01 .125872450+00 -.572926080+00 
.883448200-01 .125872450+00 .100000000+01 -.671662730+00 
.280351980+00 -.572926080+00 -.6716627~DfnO .91344~610+00 

HOOP ~ 1.90826 POOP = 2.15440 GDOP = 2.35688 

E-~ 



PROC;~~Ar-i t:E81.~f.l 1 * 

H-·~1f~TP I:": 
'100000000+01 '00000000[·+00 

-.50000000D+OG .86602~00P+GO 

-.500000000+00 -.86602500~+00 

'000000000+00 .000000000+00 

H-TRANSPOSE-MATRIX 
.100000000+01 -.500000000+00 
.000000000+00 .866025000+00 
.000000000+00 .000000000+00 
.100000000+01 .100000000+01 

HT:+:H- i··JATR I::·~ 
.200000000+01 
.500000000+00 
.500000000+(1(1 
'1 00000000+01 

. 501)1)0000[:·+00 

. 1 999'39'33D+ 01 

. 500000?0[:•+00 

. 1 (1(1(10000[:-+01 

INVERTED HT:t:H-MATRIX 

I 0 (I (1 0 0 (l 1) u i) + (! ~.~ 

' 0 (I u (: (: (: :~: !.i f)..,. (i (• 

. 0 0 (I C: !..II .. (1 u [:• + (1 (1 

.1 OOO.:":(:t)O[>+Oi 

-, 5 (i 0 0 0 C 0 OD+ 0 0 
-. 8f.,:.02500D+OO 

.OOOOOOOOD+OO 

. 1 OOOOOOOD+01 

.500000000+0(! 

.50000070D+OO 
' 199999930+ 01 
.100000000+01 

. i !)(i()(i(l(l(l[;t·t-i_ij 

. i COOOOOOO+Oi 
, j !) lj I) (.: 1.1 (I (I () + (1 1 

'1 00000000+01 

.000000000+00 

.OOOOOOOOD+OO 

. i OOOOOOOD+Oi 

. 1 OOOOOOOD+Ol 

. 10000000D+01 
'1 00000000+01 
. 1 OOOOOOOD+01 
.20000000[)+01 

.666666670+00 -.34694470D-17 .000000000+00 -.333333330+00 
-,346944700-17 .66666698DiOU -.310833620-06 -.333333330+00 

.OOOOOOOOD+OO ·-.310833620-00 .666666980+00 -.333333330+00 
-.333333330+00 -.333333330+00 -.333333330+00 

HDOP '" 1, 15470076 GOOP ::: 1, ?.3205090 
F'ROGRf-ll•i :t:EBGO 1 * 

H-~1ATFU~< 

.10000000D+01 .000000000+00 
-.500000000+00 .866000000+00 
-.500000000+00 -.866000000+00 

.10000000D+G1 .000000000+00 

H-TRANSPOSE-MATRIX 
. 10000000D+01 -.50000000~+00 

.000000000+00 .866000000+00 

. 000000000+00 .OOOOOOOOD-+00 

. 100000000+01 . 10000000D+Ol 

HT :t: H -- i·lA T F.: I;:.; 
.20000000D+01 
.5(10000000+00 
.500000000+00 

' 5 (I 0 0 0 0 (I 0 L:• + 0 I) 
, 1 999956 OD+ 0 i 
'50 0 044 0 (1(:·+ 0 0 

.000000000+00 
'00000000[:•+00 
.OOOOOOOOD+OO 
.000000(100+00 

- .50000000[:•+00 
- • 8 E. 6 0 (I 0 0 u [:. + (II) 

.OOOOOOOOD+OO 

.10000000D+01 

.50000000D+OO 

.50004400D+OO 

. 1':ii9995E.OD+01 
. 20000000D+01 • 50000000[:·+00 • 50000000D+OO 

********~********************************* 
*HTHi-1'1fHR I~·: IS S It~GULAF<: < DETER~tl NAHT= 0. ):t: 

~*********~******************************* 
PROGRAi'i =+=E8G[) i * 

AZ II'1U TH 
.00000+00 
, 24 0 OD+ (!~:: 

' ., ;;! 0 (![)+ o::: 

ELEVA T I 0 I·~ 
,1 (I(I(I(H(I2 

' 1 (:I) I)[)+ 1"12 

E-6 

. 1 OOOOOOOD+u1 

• 1 00(1(1(1(1(1[.'+01 

'1 0000000[)+01 
• 1 0 0 0 0 0 0 OC•+ 0 1 
. 1 OOOOOOOC•+Ol 

. 1 0000000Ct+01 
,(11)(1(1(1(1(1(1[)+00 
. 00000000[:•+00 
'1 0000000(:r+01 

.20000000(;r+01 

. 50 0 0 0 0 0 OC•+ 0 0 
'50000000[)+1)(1 
, ;2 0 0 0 I) I) (I (I[H (I 1 



, (II) l:i(tD+ 00 , 'j (I 0 (I [H (: 2 

H -t·1AT ~:I;:<: 
.98480775D+OO .ooonooooo+oo 

-.492403680+00 -.852868640+00 
-.492403970+00 .852868470+00 
-.862464970-07 .OOOOOOOOD+OO 

H-TRANSPOSE-MATRIX 
.984807750+00 -.492403680+00 
. OOOOOOOOD+OO -.852868640+00 
.173648190+00 .173648190+00 
. 100000UOD+01 . 1 C:OUO(tOOL·+Ul 

H T :+: H -- i'1 A T P J ::·:: 
.20000000!)+0i 
.54523073[)+00 
' 5 4 5 ;.:: 3 (14 4 [1 + 0 (I 

'11736481 [:.+01 

. 5452~30?30+ 00 
, 2 0 0 0 0 0 0 OL•+ 01 
. 5 4 5 2 ~; 0 4 4 [• -~ 0 (t 
. 11 ~~'3t:.4:3;2[;+ (! j 

tNVERTED HT*H-MATRI~ 
, 7836'3263LH·00 
. 9t.=,298448D- 01 
. ·:~62':?186 (1~:;[)- 01 

, '3629:::448D- 0 i 
.7836927JD+OO 

' 1 ?3648 i 9[1+ (I (I 
, 1 ?3tAf: 1 ·j(H 0 0 
. 1 r~:t:-4:31 ·jD+ o o 
. 100000000+01 

.1(10000000+01 
'1 00000000+01 
. 1 0 0 0 0 0 0 OD+ 01 
. 10000000D+01 

-.492403970+00 -.862464970-07 
.852868470+00 .OOOOOOOOD+OO 
.1?::~:f.:.4::::19D+OO .1 OOOOOOOD·t01 
. 100000UOD+01 . 10000000D+Ol 

.54523044[>+(10 

.54523044[>+00 

.20000000D+01 

. 1 i 7364:::~~[)+ 01 

, 1 1 736481 D+ 0 i 
' 1 1 7364820+ (I j 

' 1 i 736482(>+1) 1 
. 200000000+01 

.962986050-01 -.572910280+00 

.962986550-01 -.572910410+00 

.783692770+00 -.572910520+00 
-.572910280+00 -.572910410+00 -.572910520+00 • 1 f::i 0859290+ (I i 

H () 0 P :::: 1 . 2 ~i 1 9 52 6 ':'; C 0 0 P = 1 , 9 6 4 6 0 4 .:. 2 

E-7 



PROGPAM 

USER-POSITION : 
LATITUDE : 39.500000 
LOt~GITLIDE: -74.500000 
ALTITUDE : 100.00000 

DEGREE 
DEGREE 
FEET 

ECEF-COORDINATES : X 
------------------ 1317011.6 -4748990.4 

z 
4035321.8 

USEP.T I l'tES : 
~:TART ( TSTART): 
E~IO <. TF It~ .l 
!NCR. ( TDEL) 
DATE i DTU) 

38700.000 
46:300.000 
600.00000 
57.000000 

·::AT. IO : C' 

·-· 
.23050-02 
.33180+06 
. 11120+01 

-.61950-08 
.5154[>+04 
.5694[,+00 

-. 20920+01 
.6951)[)+1)0 
.26560+08 
.4425D+t10 
. :3':'l680+ 0 0 

-. 4'3770+ 0 0 
-.86740+00 

. 14590-03 

OUTPUT OF COMPUTATIONS 

DTC= 57 

:;Ec. 
'3EC. 
'3EC 
l',A.·lS 

10.45 HOURS 
13.00 HOURS 

TC= 20000. 

6 
.15510-02 
.331:30+06 
. t i 07D+01 

-.64570-08 
. 5154(l+ 04 

-.1550['+01 
.20490+01 

-. 11)74[l+01-
.26560+08 
.44?20+00 
. :3·~440+ 0 0 

-.4606[)+00 
.8876D+OO 
. 145'30- 03 

================================================== 
THE PRINTOUT IS ARRANGED AS FOLLOWING EXAMPLE : 

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

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

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

ALL VALUES ARE IN METER 
=====~=:========================================== 

TI~1E : I!) 4501 HOURS 
-.1:3330+0:3 -. 19150+08 
-.~8430+0~ -.21740+08 

971 10+0? -.?2340+07 
-. I C:73D+ 1):3 -. 5·"1 1 .2D+ 07 

2.4?84615 4.4~43006 

TINE : 1 (t. 55 0 0 HOURS 
-. 1 :3;240+ (1:~ 
-.272:3D+07 

. 1 1 040+ 08 
-. 103'30+08 

-. 18890+08 
-.22810+08 
-.60410+07 
-.76760+07 

2.3736091 4.514?265 

TH1E . 11.0500 HOURS 
-. 18030+0::; 
- . .268E.D+07 

. 124 t LHI):3 
-.10150+08 

2.26(105(15 

-. 1 8530+ (18 

-.23760+08 
-.4'01310+07 
-.94190+07 

4.7088703 

2 t ::c,.:.c~+o7 
1 4'33['1+ 08 
21660+ 1):3 
23340+ OE: 

.4.24·?<C•+07 

. 13260+ 08 

. 2341 (l+ (1:3 

.:.27·~0+07 

1 I 4:::r~+ o::: 
22'?1·~0+ OS 
2245[>+ 1)8 

I 2940+02 
651 7D+02 
48390+02 
.;:?:=:·~o+ 02 

. 15G:8D+ 02 

.63190+02 

.44770+02 

.31730+02 

1 8770+1)2 
601 20+02 
41260+02 
35300+02 

E-e 

. .2207D-02 

.3318D+06 

.1i03D+01 
-. 6343[.'- 0:3 

.5154D+04 

.56530+1)0 
-. 1'3:33C+OO 

.3566C•+OO 

. 265tf.[)+ (!:?, 

. 45 O'::C>+ 0 0 

.89280+00 

. ~8040+00 
-.1'37(•1)+1)0 

.145';<0-03 

253 
26 1 
31 .:: 
3~3 

0+ 1).3 

Cl+ 03 
[·-+ 0~ 

i)-+03 

.257iC>+03 

.24'330+03 
'35:3b()+ 02 
.3208{)+1)3 

261 D+03 
23'3 C•+ 03 
40 I 0+02 
31 7 C+ (1.3 

9 
.8i08i)-(1;2 
. 331 :3!)+ 06 
. i i 04i)+!)i 

-.65030-1)8 
.5154[.'+04 

-. 15460-+01 
.1352['+01 

-. 1142i>+01 
.26560+08 
.4503D+O(: 
,::.'?290+00 
. 2 1 t'. 7 0 + ;; (: 
.·~7'621)+(1(1 

. 14590-03 



TIME : II. 1500 HOURS 
-. 1767~+08 -, 18090+08 
-.27060+07 -.24570+08 

. 13800+08 -.39140+07 
-.99940+07 -.11 120+08 

2.1423699 5.0271648 

TH1E: 11.2500 HOURS 
-. 17180+08 -.17590+08 
-.27740+07 

. I 51 '3D+ 0:3 
-. -~·?27-'D+ 07 

-.25240+08 
-. 2'3970+ 07 
-. 12770+08 

2. 01139:?.3 5.5042133 

T11'1E : 11 .. 3501) HOURS 
-. 1654[>+ 08 -. 1 7 040+ 08 
-' 2:37·~(\+ 07 

. 1 t.57D+08 
-. ·~·~440+ 07 

-.25760+1)8 
-.21830+07 
-.14350+08 

1 . :37 O·:i 01 :;: 6. 1':125626 

TIME : II. 4501 HOURS 
-. 15750+0:3 
-.3005()+07 

, 1 793D+ o::: 
- I (I 040+ 08 

-. 1 6450+ 08 
-.26110+08 
-.14780+07 
-. I 584[>+ 08 

1.75677'30 7.169:.23312 

TH1E : 11.5500 HOURS 
-. 1 4:33[)+ 1):3 

-.31380+07 
. 1 '3240+ (1:3 

-. I 0190+ 08 

-. 1 5840+ 08 
-.2631D+08 
-. :3800D+ 06 
-, 17220+08 

I .7786423 8.5484359 

Tli'IE : 12.0500 HOURS 
-. 1376()+(18 
-.32620+07 

. 2 0490+ (t:3 
-. 10410+08 

-. 15230+08 
-. 26 !4[>+ 08 
-. 3:3-:.50+06 
-. 1 84':l0+ 08 

2.1462068 10.507829 

TINE 1 2 , I 50 0 HOIJRS 
-. 1257D+08 -.1463D+03 
-. 3.364[1+07 

.2166D+08 
-.10670+0:~ 

-.260:1D+08 
-.25".390+04 
-. 1 '?63D+ 08 

J. 0898991 13.345598 

T H1E : t 2. 25 0 0 HOURS 
-, 1125D+08 -. 14060+08 
-.3427D+07 

.2273D+08 
-, I o·~6D+ 08 

-.2592D+08 
.28610+06 

-.2063D+08 

4.8538946 17.615520 

TINE : 1:2.3500 HOURS 
-.98190+07 -.13530+08 
-.34390+07 -.25480+08 

.23700+08 .48~?0+06 

-. 1127D+08 -.21490+08 

7.9541551 24.494625 

-----------------------·- - ~ 

. :3261 D+ (I;" 

.96201)+07 

.2239D+08 

.2174(>+08 

. 1 0 180+ 08 
, 7684[H 1)7 
, 2162C1+ 0:3 
.20860+0:3 

, 1 2 02D+ o::: 
. 568:31)+ 07 
.206~;,0+08 

.19810+08 

. 1377D+ (IS 

. 364·3D+ 07 

. 19601)+ 1)8 

. 1 :362(·+ !)8 

. 1542()+ o::: 

. 1 5820+ 07 

. l 836C•+ 1):3 
I 1 ?27D+ 0:3 

. 1695(1+08 
-.4972D+06 

. 16'30::1)+ o::: 

. 1580D+ ;)8 

., 1 835[1+ 1):3 
-, 2573(1+ 07 

.15470+1)8 

.14200+0:3 

.19610+0:~ 

-.4628D+07 
. 1384[>+ 08 
. 12490+ 08 

.20720+08 
-.6649D+07 

.12110+08 

. 1 069[1+ o::: 

E-~ 

.21610+02 

.56280+02 

.37850+02 

.. 3851 0+ rJ2 

.24390+02 

. 51'350+ 02 
I .34560+ 02 
.41240+02 

.2712D+02 

.47320+02 

.31360+02 

.4337D+02 

. 2'381 0+02 

.42530+02 

.28270+02 

.44780+02 

.32450+02 

. . 37670+ 02 

.25250+02 

.45380+02 

.35060+02 

.32820+02 

.22320+02 

.45130+02 

.37630+02 

.28010+02 

. 1'3460+ 02 

.440?0+02 

.40180+1)2 

.23290+02 

. 16650+1)2 

.42260+02 

.42690+02 

. 18680+ 02 

. 13900+02 

. 3'382D+02 

.26551)+03 

.23201)+03 

.44340+1);2 
I ,J 1 280+ 1j3' 

.27000+03 

.2261()+1)3 

. 4S44[;+ 02 

.3075(\+1)3 

'2746C.·+ 03 
'2215[t+ 1)3 
I 5~4'3{)+ 02 
.30140+03 

. 2793C•+ 03 

. 21 7·;D+ o.:::' 

.56510+02 

. 2946i)+l).3 

'2843[)+ 03 
. .21500+03 
. 60SOCt+02 
287.'3D+03 

. 28'3130+03 
'21 25[)+ 1).3 
.6447D+02 
. 2800C•+03 

. 2"3460+ 03 

.21040+1).3 

.684:2D+0:2 

. 27:27Ct+l)3 

.. 3000[;•+1)3 

.2085[;•+03 

. 7236C•+ 02 

. 265·~C•+ 03 

. 3056C•+03 

. ;: o6 ;·c+ o3 
'7t:.27'(')+ 0;2 
. ;>:597C,+ 03 



PROGRAi'i 

U:3ER-POSITIOH : 
LATITUDE : 39,500000 
LONGITUDE: -74.500000 
ALTITUDE : 100.00000 

ECEF-COORDINATES : X 

DEGREE 
DEGREE 
FEET 

\' z 
------------------ 1317011.6 -4748990.4 4 035321 . a 

U:3ERTII'1E~; : 
START (T:3TART): 
EiJD ( TF IN l 
I IKR. < TDEL) 
DATE <DTIJ) 

38700.000 
46800.000 
600.00000 
57.000000 

IY3ED AU1ANACS 

SAT. Ill : 5 
.23050-02 
.3318D+06 
. 11120+01 

-. 61'350- 08 
.51540+04 
.56940+00 

-. 20':121>+01 
.69500+00 
.26560+08 
.44250+00 
.:39680+00 

-.49770+00 
-.86740+00 

. 145'30-03 

OUTPUT OF COMPUTATIONS 

DTC= 

:3EC. 
'3EC. 
:3EC 
DA'iS 

~.,. 

~ .. 

1 0. 45 HOUR:; 
13.00 HOURS 

TC= 20000. 

6 
.15510-02 
.331:30+06 
. 11 070+01 

-.6457D-08 
.5154D+04 

-.1550()+01 
. 2 04'.:<0+_1) 1 

-.I 0740+01 
.26560+08 
.44720+00 
. :3944(1+ 0 I) 

-.4606()+1)0 
. :3876[l+ I) 0 
. 145'j[)- 03 

====================·==:========================== 
1 THE PRINTOUT IS ARR~HGEO AS FOLLOWING E~AMPLE : 
! ----------------

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

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

HLL VALUES ARE IN METER 
================================================== 
T II'1E : 11:1. 45 01 HOURS 

--.18330+08 -.I 91 50+ 08 
-.28430+07 -.21740+08 
-. I 0730+ 0:3 -.5912D+07 

4. ~63276~ 8.3858893 

""-..___ 

TIME : 1 0. 5500 HOURS 

. 2180::.[>+;)7 

. 14'33(!+ 08 

.2334D+08 

. 12940+02 

. E. 51 ?D+ 02 

9 
. :31 OSD- 02 
.33180+06 
. I 104[>+01 

-.6503D-0:3 
.51540+04 

-. t 5460+01 
. 1352D+ 01 

-.11420+01 
. 2656()+ 1):3 
.45031)+!)0 
. :::·3;;:·;tD+ 0 0 
.21€.7[•+00 
. '3762[)+ 0 0 
. 145-n•-03 

, 2'531 [H· 03 
.:2E.12D+03 
'323~[.:·+03 

-.18240+08 -.1889D+08 
-.~7280+07 -. 22:31 0+ 08 
-. 103':10+08 -.7676D+C7 

. 424'30+ 07 

. 13260+ 08 
, 22'38(H (18 

. 158:3D+ 02 

. 631'30+02 
'.31730+02 

.25710+03 

. 24'?t3C,+ 03 
, 32 (1:3C1 + 03 

5.3833744 10.201813 

THIE : 11. 05ull HOURS 
-- 1S03D+08 -. IS~3D+08 
-' 26;360+0~ -. ~376(1+ (1$ 

- . 1 1) 1 5 [' + 0 s -.9419D+ll:" 

6.4~16688 13.~26424 

. .::,~790+07 

. I I 48['+ 08 
'~~4~[\+ (1~: 

. I 877D+ 02 

.60120+(12 

.3~3CD+o:;: 

E-10 

. 26 I_;;[,+ 1)3 

'23'?6[.!+ 1)3 

. 31 ;"2[•+03 

I) 

. 00000+00 

. OOOOC•+OO 

.00000+00 

. 0000[:.+00 

. OOOOC•+OO 

. OOOOD+OO 

.OOOOD+OO 

.OOOOD+OO 

. 00000+00 

.00000+00 

.OOOOD+OO 

. OOOOC•+OO 

.00000+00 

.OOOOD+OO 



TINE : I I. 1500 HOURS 
-. 17>.:.70+08 -. 1 so·:iD+ us 
- . .::7060+07 -.24570+08 
-. ·~·;.·~40+07 -. 1 11 ;:o+ os 

8. 1'~~7780 18.405995 

T Ii'1E : I I . 25 0 0 HOURS 
-.I 7180+0::: -.I 7590+ 0:3 
-.27'740+07 -.25240+08 
-. '3927[l+ 07 -.12770+08 

11.009826 26.657326 

TINE : 11.3500 HOURS 
-. I 6540+ 0:3 -. I 7040+ 08 
-.2879D+07 -.25760+08 
-. ':1'344[1+07 -. I 435D+ 08 

13.818422 34.879208 

TINE : I 1. 4501 HOURS 
-. 1 575[)+08 -. 16450+08 
-.30050+07 -.26110+08 
-. 1 0 040+08 -. 15840+ 08 

13.244735 33.416337 

TINE : I 1 . 5500 HOURS 
-. I 4:3JD+ 08 -. 1 584[)+ 08 
-.313:30+1)7 -.26'310+08 
-, f 1_1 1 30+ 08 -. 1722D+08 

9.9871434 24.453441 

TINE : 12.0500 HOURS 
-. 13760+08 -.15230+08 
-. 32E.2D+07 -.26'340+08 
-.f041D+0:3 -. 1849D+08 

TINE : 12.1':.0n ~~JRS 
-. 1 2570+ 1)8 -.14630+08 
-.3364D+07 -. 2€.2 1 D+ 08 
-,11)670+1)8 - . 1 -:.63D+ 00:: 

12.201738 

TINE : 12.~500 HGU~S 
-. 1125[i+l.i8 - .. 4060+(t8 
- 34270+07 -.~5920+08 

-. 10960+08 -.2063D+08 

TINE: 12.3500 HO:_IF· 
-."'<8190+07 
-. 343'3[)+1)7 
-, : 127D+ (1:;: 

3. E. ~S7639 

TINE ; 12.4501 
-. :3~8'3D+(J;:" 
-.33:360+07 
-. 115:~(l+08 

- .. 3530+ 08 
"548D+CI8 

1 48l.'+ 08 

7. 5-;.9(16:31 

13050+08 
48'3D+ 08 

22180+08 

.:3261D+07 

. ·.:..62 OCI+ 07 

.21740+08 

. I 0 I :3D+ (18 

. 76840+ 07 

. 2086D+08._ 

. 1 2 02[:>+ o:::: 
, 5t;.88(;r+ 07 
. 1'3810+08 

. 1 3770+ 08 

. 364'~0+ 07 

. 1862[)+ 08 

. 1542()+ 1):3 

. 15:320+ 07 
I 1 7270+ 0:3 

. 1 €.95[•+ o:;: 
-, 4972[r+ (:t;;, 

, 1 58 OC•+ 0~: 

. 1 835D+ OS 
-.257.30+0?' 

. 1420D+ o::: 

. 1':l61 0+ (1:3 
-,4628D+07 

. I 24·~[)+ 08 

.2072[>+08 
-.6649[l+l)7 

. I IJ69D+ 08 

.21670+08 
-.861:30+07 

.88000+07 

.21610+02 

.56280+(12 

.38510+02 

. .24390+02 

. ':.1 '350+ 02 

.41240+02 

.27120+1)2 

.47320+02 

.4337[)+02 

. 2'381 0+ 02 

.42530+02 

.44780+02 

.'32450+02 

. '37€.70+02 

.4538D+02 

.35060+02 

.32:320+02 

.4':.13D+02 

.37630+02 

.2:?.010+1)2 

.4407D+02 

.40180+02 

. 23290+ 02 

.42260+02 

. 426'30+ 02 

. 1868D+ 02 

.39820+02 

.45180+02 

. 141':l0+02 
36880+02 

E-11 

. 2655[•+ 1)3 

. 2320C•+ OJ 

. 3128!>+1)3 

'27 0 lj[:t+ (1."3 
.2261D+03 
.30750+03 

. 274;:,[l+ 03 

. 2215D+0.3 

.3014[i+l)3 

. ..i793[)+ 03 
, 21 (•;t[r+ 1)3 
. 2'346[:•+ OJ 

. 2843L,+ 03 
'21:: (1[1+ 03 
, 2873C~+03 

'28'33[.1+ 0.'3 
. 2125(1+03 
, 2:.:: O(ICr.;. 03 

.2946D+03 

. 21 04(1+ 03 

.2?270+03 

. J(I(I(J('•+ 1)3 
'21)~:5[:1 +03 

. 265'3(:<+ 1).3 

. J056C.>+ 03 

.20670+03 

.3114[1+03 

. 2 04':0C•+ 03 

. :;::542(j+ 03 



2 0' u 0 

1 5' 0 0 

HDOP 0 ' [1 ° 
~) ' u u 

- --------------------- 4 S f4 T . 3 SAT. 

. .. - . -·- -- . . -·T- -
------------------ ---------------·-- -------------- ---· --1~-

.. l/ 
---···----------~·- --------------·-- ------------------- ---{-------

/,./· 

•, /' ····--·-··------ --~ ----------··-··--·- .... ·····- ···-· ---- ··-···-···-··-----~7:::-~:J~-- -------··- ----------

-.-....._ ___ .• , . -----... --- .. ____________ ...... -·· ----- ,, • .-J·•· ---·· 

_,-· __ ,- ·····- .... 

0 ' 0 0 .. ·-- ---------· ·------ ·---------------·-··- ---- ------------·-· ---------
11.00 11.50 1;2.00 12.50 13.00 

CI'IT-T I r-·IE I H HClU~:S 

E-12 



~~---·· ······---·-········· ---------------------··-····-··--··-··· -·-·····--- --·----·--· ··-------·-------·--·-·-····----·---·-·-·--·--------·---·-··--· 

C F' A P H 0 F H DO F' \~ S , T I 1'1 E 

~ CR' 1" 
·- • .... .,1 t 

20.00 

1 5 ' Ll u 
······ ..... 

HDOP 0 ' 00 ---------------------7··!:.::.~·---···-·-- _______________________ _2_ .... -.. --

5' 0 0 

-- --· ····--------- -- ------. --------- ----·-----·~------·- _______ ...,. 
0 ' 0 l1 - - . ···-·- . ---- - ··----. -·-----·--· . --·· - ..... . . --. -·- -----·----···- .. ·-·--------· ·---- ----- - .. _________ .. __ 

I I. UU I , 50 I 2, 0 U 

c; Ill T -- T I f'l E 1 t ~ I ~ U U P '~_; 

E-13 


