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ABSTRACT 

This program was written to plot Global Positioning System (GPS) 
Satellite elevation and azimuth angles versus Greenwich Mean Time 
(GMT) in hours. This program is used by Technical Center engineers 
to predict the GPS satellite visibility window for flight test 
planning and postflight data analysis. A program flow chart, 
program 1isting and sample plots produced by this program are 
contained in this report. 

The author of this letter report is Michael Magrogan, ACT-1008.3 
and he may be contacted for additional information at FTS-346-3915, 
(609) 641-8200, extension 3915. 
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INTRODUCTION 

PURPOSE 

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

BACKGROUND 

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

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

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

DISCUSSION 

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

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



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

The azimuth angle plot is set up the same as the elevation angle plot. 
A border is drawn around the plot area. The GMT Time axis and azimuth 
angle axis are drawn along with a reference time axis in seconds. The 
azimuth data is plotted for each satellite which is tagged with a PRN 
number. This azimuth angle plot is labeled and the program terminates. 
Sample plots are shown in figures 2 and 3. A program 1 isting is 
contained in Appendix A. All plot subroutine calls are CALCOMP sub­
routines written for a DEC PDP 11 computer and a CALCOMP 1051 Drum 
Plotter. 

This program is used by the GPS Fixed Wing and Helicopter Navigation 
groups to predict the satellite visibility window for flight test 
planning and post flight data analysis. 
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----------

,.-~ -~~---,-----r-r-H~K.MITH CALLIE:-------------------------·-·---··------------·-·····----····-----· ···-·-··--· 
e. C PROGRAM Tl) PLOT AZINUTH AHC• ELEVAT!Ot~ AHGLES OF THE GPS ~:AT~::. 

"t ·rt 1-tii"AEr..-··;J --.MA C;RO GR t·t- ClJ.;.l}F... ACT ..:nHJB___ FEB · 1 '1"8"2"---- ~---------·· ····· -·-·----·-· · 
fJ! ~i EtE· I 0 t·i ::-~ ( 1 3 5 ) I yEL ( 1 3 5 ) I 'f Az ( 1 3 5 ), I sAT( 1 2 5 ) I Is'{ t1 B ( '3 )

·f! I ME 11~: r ot-t -r DATE ( 4 ) I DAR RAY ( 2 r··---- -- ·· --- -- ---- --· ---------- -·---- -·-· --- ·-·-----

----------'--------------- ------- ··~-------- ·::__~_:___:: __:.._~---------------·-- ·~-~~-':-~· ~ ..!..__ 

C FILE NAME: AZELPL.FOR 

0!H13 D A T A ! 0 P T / 0 / 1 I ~:: 'r'M B / 3 6 1 38 1 4£L 37 1 4 L 4 =H:l / , [;. AF: k: A1' /- . 1 1 1 / 
-rrrtJ·.:;-----,,JRTT E ( 5 ~- 9 8 )---- --------- . -·----------------· --.--- --------·------ ----------· -----

cr:us 
-Rt-;mcs~-9·;q-·1c•AiE-------_------------------------·-----------------n r t.Jt::. 

Dnn7 99 FORMAT(4A2)
6) --n-anz---------&JR'"ITECS~HHD ____ ------------ .... ----·---·-·-· ------·----·------··-·-

Cf-10·~ HHJ FOF:r.AH '!ENTER !NPL!T F!L£ SPEC~F·LOT DATA F!L£= 1 ) 

- 0~-ra--------e ALl "ASS IGNC1, ,-~1 ~- 7 RDO 1 )--·---- -- -----·- -- ·--- -----~---· ----·· ·-·------------·----~- ----

8 

0Ui3
0 tnJl"t...---

!HH s Ht2 

DD17 10 

IDO i 0 i =i 12 5 

FoRM A H I 3 I nc I 2 I I 2 I t:>L I 3 I 1~<, F 6 . 2 I i :c F 6. 2 ) 

CONTINUE 
--mrrz--~----~----niLr-~-PLnT"S\ 1-;·g·;TJ-------~-----·~---¥-------------·---------·· 

001'1 CALL PLOT(u.l0.,-3)e ---c-sC"P. r~-TH r-·0 ATA-:--- ---------
DD20 CALL SCAL£0!,8./125~1) 

---nuzr--·---·--cAt~L··-sc HL E(.YEL ~- 6. J !-2s~·t·)·-~--·----·--_..____________ --·" --------... --~-·--·----- ...... ----· 
f!D22 CALL SCRLE(1'AZ;fr. ,125, 1) 

~ ------,_c-DRHfir-·p·oRfiER .... FOR .. F'L OTs·-~-·--~-------·-- ..--- ------
0023 CALL PLOTt0.18.5.2)

0 -rrnzr 
1Hl25 CFILL PL0Hi1.~0 .• 2)

-ncr-zs-------·-cALr.-·pcorr 0 :·-;a~ ;z,--------··- --·--:------·- --------------------- ·---- ----·-·-
0 0027 CALL PLOH 1. 5,1 .25, -3) 

-----c-rn~::nrA Krs-:-·-----· -- -- · ------- ------ -·--------·-·-- ··-----------------------·----
cA L L M~ I s ( 0 . J (l . I G M T T I M E ( H F: s ) ; - 1 3 I 2 . I 0 . I :l~ ( 1 2 6 ); ~< ( 1 2 ? ) ) I I 

C DRAY DASHED LINE AT ZERO ELEVATION.
G PL'OTC0. ·; L 1'3 -y------·-- -------------·-·----------------------- ---rrr!3~-----c-At't- -

D031 CALL DASHSCDARRAY,2) 
--rrn·~---CA·rc·--pLOTC8 :·; 1 .-·;-z-r------

O 0!333 CALL DASHSCDARPrW 1D)
------c-TrR;nr s-E"COND-s- P.~FER £ t~C r-· ·-AX! s~.--
0~34 CALL PLOT< .1 ,-. 25~3)

O -vt.t1'~i-·----cAte ?tOT<.1~---~ 4-;2)·---------------
eg36 CALL PLOT( .65;-.4,3) 

-ntr3r----cHt:r:-PtOT·~·-:6s, ..;-:'2s-~ zr·--
& 0iJ38 CALL PLOT(1.2,-.25,3) 

- :Jr1"1:t ___ --------CALL PLOT(!. 2,-. 4} 2·) - ..... ----~-------------
OU40 CALL HOT(.1.75,-.4,3) 

._... ---rH1.:n---------- -·(:All ·FLOTt 1. ?5~-:25, 2)-
~ 0~42 CALL PLOT(2.3,-.25~3> 

-,1a.;:s------cf1tt'-·Pt:or-~ z-:""17"=-. 4 .. 2:-
uJ44 CALL PLOT( .L-.325,3) 

----·---------·----- ---·--····· 

e -:.m·.:ry- .::-A"tt- F'LDT C2 :-3~ ·.;.--:315 /Z 1 -------------------·---

-----·-----------·---------·----- --·-·- ·--------· 

·-------------------
APPENDIX A- I 
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C PLOT tlfHA. 
~·-· - 0 ~ ')s--·-- -----•tA Z< 131!=YAZ( 127)_____ --~~--·------ ----- .. ----- ·- -----,-.--- ·-------- --
~ C29G DO 3U 1=1~5 

-w::-·:~·r-------ywz-ci-3£! ;r1-) ~--r"RZ ~-tJt) ---------~---- ------· 
YAZ( L:5+l )='(AZ( 126)-rr=r·-------------------------------- -----------------
CALL LINE ( }~( I ) } ~-'A 2( I ) I 25! 5, 1 I I I )--rr: =:1 ~ -cHt·l- tJ.!HERE-c R~~~;:· Acr·~-p 'i~ PAGE.= F.:FHC:T_J___________ --------------- ---· --------------

1 8 i J 2 cA L l ~. yt·1 B 0 L( F: ::: p A G E + . i_. Wi F' HG E- . 0 5 I . i I I s•t M B ( I ) I 0 . I - 1 ) 
-rr:1tJ-----cHt:t--PtOT-l:-B"-:-~1l ~,--------~----------·----------- --..------------
~124 30 CONTINUE

D ----c-t AE~Et· 'PtDT .--------------------------- ---"---------------------------·· 

·tr:tJs-----..-cAtt·--svt·1BDt:r:9'99-.-~-·~;t99- .. -;,:-r;-'/·sr--r··~-g-·:-~3-·;--~-,---~-------·--------
nu39 CALL S'i1 MBOU4.5,5.7, .L'[)rHE OF U~;E ',0.~13) 

~ -un-ng----,cAtT.---~-rr~tsot-(-"9'39-~-;-'3·,3'3--:-J-·: i ~-ID AT"E ;a-.-~~ 8 1-----------------~----·--
liiti· CALL S'tM80U4.5,5.5; .i. 1 REF LOCATIOW ,u_,i2)

---cH'LC ·sYHS CTLC4 ·: 5 ~-s .-J·~--:-1-~ ., LAr-· 3') ~--5 H' 1 ·,·1r.-,--1 f)-- --------------------
[j 1 ! 3 cALL s '( tt 8 0 L ( 4 . 5 J 5 . 1 I . 1 I L 0 t·l G 7 4 . 5 u } J 0 . J 11 )J 

-til!~~-~-cHLt-·s·=r-t180 t.( 4·--. 57.f"'.-9 7-:-r-.! .~ ATt.· ~C 1T\{ -·H-I F.:P ORT' .~a··_··~ 1·6-y---·-·... -·-----------
() fj i i 5 (:A L L s'(i iBc: L( 4 . 5 I 4 . t: J • [i 5 ; ; [! A T A F: Ec0 F: ) E[l AH[) p F: 0cE~; s£[) ; J 0 . I 2? ) 

~-- ~·:-rs- crrL-c-·-s~t MB ULt-4-:-5 .~ 4 ~7· -;--. E 5 ;~-g~,.-· TH·E"--FA A·-TECH t·l rc·A L -c EH TER··.r ·, fl" .- ~-·27_}____ 
Ullr' CALL PLOT(-i.5,8.,·3St'3) 

~ -n-:-rs--------sTOF' -·,nm--- OF P R OG'RA t·l ,.. ---- ..-- --------------------··---- - ---------------- ----------·----
.-., ui i 9 EH [) 

---·-----~------------·-----~-------~----·-------· 

-----·---------------·----

----------·---·-...------------·--

---~--~~-------

---------·-----------------------

-----------·-----------------

---------------------------. 
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_____ ______ 

I II·~"- U.....,; L-

----·----··· -" ·--··-··-- ---- ... 
[} B 4 t· cALL s y t·lB I) L( . 1 I - 5 I • 1, I 0 sEc 0tl [I s 4 0!Hi I 11. I 2 5 ) • I 

,.. ~ ·.r:---------t3-Al:-t:-PI::1J·f~:-B-:J-3 :-,-3-,._______ ·------·---~-- ....... -·-----------··•·.-.~ '40--·--··- .. -· "' 
.-; -c~~+ C PLOT DATA. 
, --~-4 ~+-&----··~(-+3 i ~f+l-r-1--------·---.:------_....._ _,_.__.=:-.; --· _.... _____. .............._ 

U ·-~~;~-----&~~ ~ ~~~~-~~;~;_L( 12 ?_>__________________________ --------------· 
fH!51 X< 130+! )::;-;( 131 > 

-fJ-H~52-----'iE i:( -1- 3B +I ) =~· EL <13+>·-·· --------------·-···-----·-···- -·--·-·-·----- ·-· -· --
it £HJ53 X< 125+! )=X( 12€.) 

--H.f!-5-+.----4'£-t{-12-~~+·l-1=='t'EL(·126-)·----------~--------·------ ..._.._____ ---
f:Hl55 I I= I 

• --fHJ-5i& C-Ht::L-l-l·NE (· ~~( I-h-'f'-E-U ·I ) ,-25 ·, 5·i h ·I Iq)·--- ------- ----···--·------- ·-------
6057 CALL WHERECRXPAGE,RYPAGE,RFACT> 

-0;}5&-----(:ALL-·SVHBOU R:<PAGE+. L ~:YPAGE-. 05~B:L ISVH8( I )12. ~--1) --------- . ·· --
• 

• 
!HJ59 CALL PLOT( u. ,fl. ,3) 

---fttJ,f.0----·-2B· {:1} HT IHIJE-··r------------·- --~--·-----·-·---·-------~---- -··----
C LABEL PLOT. 

f:H!6! -(i"H:t..-BYriBOl+·:-2 r·S :-9, -:·'1-,-L £ l EY·H AHGL £ ·-f{t ·GPS· ·SAT S·Li a~--,. 22·)--------
[j[Jt,2 cALL snw oL<4 . 5 J s . 9 .. . 1 I .. R E F Au·1 A H A c 1 a . .. 13 >I _ 

-~-a.;-3------.,c-t~u:.-- HUNs E~\ 99·3 .-, 9·~9. ,.._ 1 .. ocoL, e ... -1 >-·--·------------~·---- -----·-·-----
• f.HJt-4 CALL S\'t·1BOU999.~999.1 .1 .. 1 /~:1 1 

.. 8 ..• 3) 
--!HJ.;$ -£Att-S:t'·H50L-\-4·:-S, 5..:-7-:··..:-i-·l .... OH--i E-0 F ·US E--L~-it·.·.d·3-)--~--. -----------

00G£. CALL s~·Hsou 99~i., 9~19. I. 1 .. I DATE J a ... :3)
fll /g @67 GAI:.l-Yti'180U 4:-5 r·5 ·.-5·-.. -:·h··'·R EF -·LO CA TI 011 1

- .. -a-,:·rl-2 ~----------·---·-
0068 CALL SYNBOU4.5~5.3, .L 1 LAT 3'3.5 H·'~B.~11) 
Of!.;.-9 .f.ttli:---S'r'-1-1801..:~4·.· 5-r:.....;lr:-1-:rLL OHG---t4. 5 · M1·r6. rl!--)---.·--··--·-·---- · ·-· ----

0 u c 7£l CALL S'r' i'1B 0L( 4. 5 I 4 . 9! . 1, I HTL cI~~· A! RP OR T ·' ! 0. I 16 ) 
"'--fH!-;:.1-·---··----~-fi+ll-·S'y'NB 0 l:f-4: 5- r4 ·;·8r. H5 r-1·f'A 1H-· f-:E CO RfJE f,.........~ HD·-P.ROC ES SEf,.J-rfl· ;-;-2?·)·--

8372 CALL SYt·1BOL< 4. 5~4. 71 .OS1 1B'f THE FAA TECHrHCAL CEt·iTE~~~ 1 f.i., 2?)0 -B07-J-------cALl--Pl.OT< -1·;5 ,$:-~-'3+---------------------------- ..--·--·.... -- ···-
C DRAW BORDER FOR PLOTS. 

0 -fH:H-4----- (:ALl-- FL 0 H B:-J S .-5 r2 )--·---·---.------ ·-------·----..-. --·-------· __ ··--
BB75 CALL FLOT<11.18.5,2) 

-Ga7.; ----.CAtl--Pl OH-11-.-dl :-r2·>----------- -------.-·-----··-·----- -.. ·- ~-·-· ----
a 0377 CALL PLOT(0.,0.,2) 
._ --tHi.fB-----((H±-F-L·OT·f-t-:-5~1-·~-!:.-, -3-)-- --------- --- --····-··-

C DRAM fn;I S. 
--UQ 7-~~------CA Lt---;.x lS(.fJ.:-.• B :·T 

1 GH T. T·IN E ( H R.S ) 1 -r-13r8 . ! a .- .. X(-1·26 ) I >-~ ( 1·31-)) --- ... ·-- ·-e 0083 CALL A:~JS(0.1f.i.I 1 AZ AHG<DEG) 1 111 .. 6 ... 9B.I'r'AZ<126)~'-r'AZ(127)) 
-~~RAI.J-SECOHDS- REFERENCE -A;.{I 5:···-----------~------·.--..---.----....... -·-·· 

0 0 81 CALL PLOT ( . 11- . 25 I 3 ) 
0 -Q~~::~ -~~Abb-PL-0-T(.-:--1·r~-:-4-r2·~f-:--

0283 CALL PLOT( .65,-.4,3) . 
O ~c~~j 1 -CALL--P-LO+..( ·.-€~5r- ... ·~25,.2->-------------------

fH185 CALL PLOH1.2~-.25,3) 
--fift.;3~.:-----I;ALL--fb-(I'J: ~-1-. 2'7'--. 4-r2 )--·--~--~--~-~--~-- -~--- -----

[HJS? C:ALL PLOT( 1. 75,-. 4, 3)
0 --Q~:;:~-----4;~ ll--·.f' L 0 T ~-1·-:-·7-5-r--=- 25 :2··> ------- ------..-·-

BB89 CALL PLOT<2.3~-.25~3> 
_g.~·:!rJ----.CAlL-PLOT( 2 ,-3r·-.,..4~2J-----

• 8ll91 CALL PLOT( .1,-.325 .. 3) 
_g.c,-~2~- CALl--..flOH 2 .-3 .. -....-325-, 2-) -------------------------

• eu~'3 CALL S'r't·1BOL( .1,-. 5,. 1. .. f.i SECOHDS 40Bu' .. 0.125) 
~;!..:).4- ---CALl---P-L.Ul~-0 .. ,.g ,.,.J.) ·--·-----·-----------------·------------

' 

0 ----- --·-·----·-·-

------------·-----·--·--------------- ----· ---------·.-

. k.3 .. ------·----- --.. ·· - ..--- ..--- ..-........ --- --·-·----· •· 
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------- --------- ---- ------·-·-· ·-·-···-- --··----- ----- --------------~--·--····-·-··-.\'0 '-

------~--....,_----·-·--.. -·---- .... ---- ··--~-------------~~-·-··----------- .. J- _,_ ____... __ -----·------------- -----

0 L 0 C: f~ L A lW C 0 t·1!'1 0tl A R R A 'r' :3 : 
...---- ..-- _,.._. __.....______________._ .... _____________... __ ... --- --------~--~-- ----~---~ --=--~-- -~------------·-·-- ~--------------

~ NAME TYPE SECTION OFFSET ------SIZE----- DIMENSIONS 
~ --i*-·~:+:-A'f--R*4-·----$ DATA--- 00 3 55 0---00 801 0 -f --------.:+-: -)- (-2 ?--·--- --- ----------- ·- ----

G0354I3 00 @01 0 ( 4. ) ( 4) 
----i·&HT·----I*2------ $0ATA--- 0iJ3 124 · 0CQ372 (---- 125.) -( 125-)------- ---~--------~--~-------~----------· 

0 I S ':'l'i B I *2 $ [:• A T A Qu3 5 1 ~.:. 0E0022 ( 
-..;.;----·-~--~--F: *-4-----~- ·$!)A TA --· r.HHHHE! ·- tFJ 10 3 4 · (· --2·7 H.·)--( -135) ··----~~------- --·--·---·-----

YAZ R*4 $DATA 0E2270 061034 ( .270.) ( 135) 
(9 --Y:i:---R*'4~---$ftA1A---D0 i 034- 001 e3 4~- (---~r B. J-· (·13 s- >--------- ------------

....:..S~.LB·R·GH i IH E&-:r -F IJHC·Tl ONS-..-- ··STATE tiE H·T · Atl D PF:C~CES SO R-D EF I HE[} FUt-i Cr I ON S-:-- ·---- -­
~ 

~tt~·~E-~----~-'t-'v"Pf-· ..~HA·HE-~-Fi-P E-- "·-H AH E----- TYFE--- -HAi'iE -- ··-i'iP E-··--·~i AH E-·· ---T 'iP.E··--·- --
HSSIGH R*4 AXIS R*4 DASHS R*4 FLOAT R*4 LINE 1*2 

~ .::-+1~Ji·l8 EP.----1 *-2--P.l-B T··--R*4---~- PlOTS ·· R *4 ---SCAlE ----R *4 ------& "{H BLH:.----R>t= 4 · ------ ----

""~-~--·--·=----·-----·--....-----.....-.. -~---- ..--- ... ---···-- ---~--- -~ ·-----~------

•------------·- ---------·---------------·---------- --· -·-------------------

-----------------~-------· -·-·- ... - ·------------- .____ ---· ........ ----~---- -

. --------------------------------

---- ·---..-...-----------------~----·------- ... --------··--~----- ... ~-----~------ --~--~--· -·------·----------··--- --· 
~ 

---...--......-----..... ......______.__~----..,.------- ...... --~.... --·-- -·----·- .. --···- ......··-- ---··---·......... <..-·-----··----· ---..--...P-,•--· 

D ------- ------------------------·------ --------------------·---------- -.--

----~ ----~--~--------------- ---·-- -------. 
--------------·------------

-·-----------....-~-··~------· .. ··-------- ..------ ·-··--··...... ---"··-·· ___ ...___ .. ··----------- ----·-·--- -· .. ·-· 
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---- ------------------

=~********************************************************************:• ----£-F-H..E-NAME+--ALCOL.-FOR:------
C LINK WITH ZREAD 

• 
• 
• 
• 
• 

D 

D 

• 
• 

• 
• 

c PROGRAM TO COLLECT ALMANAC DATA FROM\THE ZSET. 
' 

C SEE DOCUMENT: CP-US-305,PAGE 10-12, 20 JUN 78 
------f'"--------------+-6Bl:£--H>-v---PACKE-r+-£tAT-A- Bl-OGK-1-I-I.-------­

C 
€ H-f€HAEL .J • MAGRDGAN--€G-Of'-A£-T-MOif--dANUARY-1-9&1:-------
C GPS HELICOPTER PROGRAM 

€·*************************:********************************************~DIMENSION IALMAC<12,24>,ISVPRN<24) 
:--------B¥'fE-·ALMAC <24 ,24)-, I AR+4-f-~---------------------­

REAL*4 OMD,OMQ,MO 
·-INTEGER*4· -JVAL--

INTEGER H 
EQUIVALENCE-< IAR{-1) ,_JVAL), ( IALMAC< 1-,1 > ,ALMACC1r 1) ) ___ 
DATA PI/3.14159265/,ISVPRN/4'7'6'8'5'9,18*0/ 

----C -ISTAD IS --THE STARTING ADDRESS OF ALMANAC DATA AND -IWCNT--IS- THE NUMBE 
C OF WORDS IN THE ALMANAC DATA. 

----£lATA- ISTAD/0172700/, IWCNT/288/---------
C CALL ZREAD TO READ ALMANAC DATA FROM THE ZSET. 

.;__..______ CALL- -ZREAD< ISTAD, IWCNT, IALMAC ( 1 "·1 )-)--
C ASK THE USER TO ENTER DISK FILE NAME AND DATE OF COLLECTION. 

--wRITE{-5-,-100)---
WRITE(5d10> 

"--------PALL-··-ASSiGN -(-1 -,-,---17 
WRITE(5,120) 

--------READ< 5, 130t- ·IfTC 
C WRITE DATE OF COLLECTION TO DISK FILE. 
--- ·WRITE< 1 ,-130)- DTG------

DO 10 J=1,24 
-C- ··-GE-T- -SATELLITE I It< PRN-- NUMBER·> -·FROM -ALMANAC-DATA--.­

DO 20 I=1r24 
--------·- --·-·ID=ALMAC< 1-, I->-----· ---------

C TEST TO SEE IF SATELLITE IS IN PRN NUMBER ORDER. 
----------IF< ID -.-EQ. --O >--GO T0·-20------------------­ -----

IFCID .EG. ISVPRN(J)) GO TO 30 
-------20 ·-GONT-INUE--------------·--- --------·--

GO TO 10 
------ C - GET ECENTRICITY OF· SATELLITE ORBIT FROM ALMANAC -DATA-.------------.--

30 IAR<1>=ALMAC(3,I> 
- -----I AR <2 >=Al:MAC C2' I+----~------­

• 
IAR<3>=0 

---------I-AR< 4-·)=(}---
C ECENTRICITY IS SCALED BY A FACTOR OF 2**-21 • 

----·--E=AJFt:.T <-JVAL:) *4. 7683716E-7 ---------
C GET TIME OF APPLICABILITY OF THE ALMANAC PARAMETERS. 

-----------IAR <-1-) =ALMAC <4-,-I--)------­ -----------• 
IAR<2>=0 
fAR <-3-7-s=t>-·------

8 IAR<4>=0 
--- --C ·- TOA (SECONDS) -IS SCALE!t- BY··-A ·FACTOR OF- 2**12 .-------

TOA=AJFLT<JVAL>*4096.0 
----·C· GET- SATELLITE ORBIT INCLINATION FROM ALMANAG DATA.--------------------

IAR<1>=ALMAC(6,I> 
----------I AR (·£) =ALMAG-< 5-, -I-r----------~-----------------------

1 ------------- i~~~~-~~-- -- -----------· ---------
IF<I~R<2> .LT. O> IARC3>=-1 
IF<IAR<2> .LT. O> IAR<4>=-1- ---------- ...APPE~D.ILB-=1 .. __________ ----·· 

,.... 



I 

.. ·- -· ,. ...... .l • 

C FROM ALMANAC DATA. 
-- ---- IAF~(-1 >=ALMAC(8d) ------------------------------------

IARC2)=ALMAC(7,I> 
-------IARC:H--=0---- --·-+-- IARC4>=0 

-----------1 F <IAR<--2--> -. L T .---o >--IAR <3 >=-1---- --------
IFCIARC2) .LT. 0) IARC4>=-1 

--------8-DMD<-SEMIC-IRCLE-S/SEC>- IS- SCALED BY A FACTOR OF--2:f*-3B-AND 
C MULTIPLIED BY PI TO YIELD RADIANS/SEC. 

--- -----..Qtl~A.Jf::.t:-f" WVAL ~-f.!. I *3. 63 7 9 7 88E-=-12------------------­
C GET HEALTH WORD FROM ALMANAC DATA. 

--------H=ALMAC--'-9, I-)- - --
C GET THE SQUARE ROOT OF THE SEMI-MAJOR AXIS OF THE ORBIT 

-----b-C------rr;ROt1--AU1ANAC--DATA--
IAR<l>=ALMACC12,I> 

---------------~~-~}=A~~AC~~1~'~I~>----------------------------------------------­
IAR(3)=ALMAC<10,I> 

-----------+IAR~~~-------------------·-------------------------------
C RACMETERS) IS SCALED BY A FACTOR OF 2**-11. 

--------RA=A-JFL-=f-hJVA-L-) *4-.-8828125E-4---------------------------­
C GET THE RIGHT ASCENSION OF THE ORBIT FROM ALMANAC DATA. 

-------------4--AR<1>-A~G+4~~--~------------------------------------------­
IARC2)=ALMACC14,I> 

=-----------~Af~~AC(~-+4~-----------------------------------­
IAR<4>=0 

------------,IF4-IAR ( 3) • L-T. 0) IAR <-4-) -~1.---
C OMO<SEMICIRCLES> IS SCALED BY A FACTOR OF 2**-23 AND 

--t.-C--fMXHLI-k--r:.l~~Cf-f~I---+-O--¥--I-ELD---RAILI-A~~ci>-+-----------------------------­

) " OMO=AJFLTCJVAL>*PI*1•1920929E-7 
--------tr..--GE--f---T--H-Ii--AR-GUMEN"l=-OF~£-R-IGEE-FR-OM--AL-MANA-C--IlAT.A.o---------------­

IAR<1)=ALMAC<18,I) 
--------±--Af\'-(-2+=-Ab-fiAC+i~±+--------,----------------------­) 

IAR<3>=ALMAC<16,I> 
------------~~R~+=~----------------------------------------------------

IF<IAR<3> .LT. 0) IAR(4)=-1 
1------G--W+SE-MJGIR-b~-S }---I S---SCAL-£ D-lJY---A-+AC-T.OR--OF 2**=2-Z---ANr+t.bl------------

C MULTIPLIED BY PI TO YIELD RADIANS. 
----------wW=AJFLT(JVA~~*-F~I~1~~920~~9E~+------------------------------­

C GET MEAN ANOMALY AT TOA FROM ALMANAC DATA. 
----~TAf\(1)-A~iAC.~(2~1~'*I+)----------------------------------------------­

IAR(2)=ALMAC<20,I) 
__________._,~f-i:..C-.3..-)_:AU1AC-<~~,...J------------------------------­

IAR<4>=0 
-------~IF---<-IAR+-3 > • LT. ~I-AR <A-> --1;---------------------------

C MO<SEMICIRCLES> IS SCALED BY A FACTOR OF 2**-23 AND 
--------t;G~M-YL~I-PLIE:D BY-P-I TO YI-Ebii-RAD-I-ANb-...-~---------------------------___...­

MO~AJFLT<JVAL>*PI*1·1920929E-7 
--------t---WRH-E-Al:MANAC- DATA--f-D- -[I I SK- F Ih-E--r------------------------­

WRITE<1,149) III 
------------WR--I-T-E:-{-1~1-50+-E-,-f-0-A-, D I-, OMit---------------------------­

WRITE<1,150) RA,OMO,W,MO 
-----------Y~~E~~~~---------------------------------------------------

10 CONTINUE 
-------~STOF~----------·---------------------------------------

100 FORMAT<' PROGRAM TO EXTRACT ALMANAC DATA FROM ZSET.') 
~· ----- --11<>--FORi"'IAT-tJ $ENTEJ;:--F-I LE SF'EC FOR OUTF'UT-,-ALMANAC -DATA-FILE=.!_.>-----

120 FORMAT<' ENTER COLLECTION DATE FOR ALMANAC DATA<JULIAN DAY)='> 
-----1~-FtlF:MA-HGi-5.8 }--------------------------

~ 140 FORMAT<' ') 
-14-9-FOr<t-iAT-~'-12-) ----
150 FORMAX(' ',E15.a,',',E15.8r',',E15.8,'r',E15.8> 

[t -----------END APPEND I X B~-2 
r ···T~.

·.r"{."·J<......... ......,._,..,. ... .__,.•_ ..____ • -
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;~ ------------ -:~E b~t- ~ ~~~-r~ :-:~B~~l- ~;~~ r~-i~ ~-i:; rA~i-1it~"P"!r~r~-i sHLT-:Tf:-RE: A-r~--- ------
_____L..cALL.F.nol:LE.ORTBtitl --- CALL .2f\EAD <I :3H1.D ,_IWClH . .r.JI·:!JE.E.illl__________ 

• WHERE ISTAD IS THE STARTING ADDRESS IN THE ZSET 
---~----_I.WQH_l_S__T.HE_ JWMJ::ER._DE_W.OF:DS __IQ___ f\EB[I_____ .------------· 

IBUFF<l> IS THE FIRST ELEMENT OF AN INTEGER*l DATA AREA 
; 
zcs = '164400 

__LCE.f2..________,______• =78:[!_ 

• ZADD = ZCSt4 
ZJLA.T =·~-------~Z~S+6~-------------------------------------------
LOC = 164410 

• GS = LO. ? 
------~~----~------~--

FLAG = LOCt4 

ZREAD! MOV CR5>trRO ~BUMP ARGUMENT COUNT 
QV·"---- (HE5JJ:.LRO tSJ.AF;J_lNG__AIIJ)RC.~S~----------------·- MDV @(R5>t,R1 ;WORD COUNT 

• -----____-.LLMO.!.L____tR5 > , R2 U)Al..~_AREA...F~OJJ:U ...E.uR________________________ 
; 
2$! TSTB 

• - BPL 
4$! MOV 

• 
MDV 

3$! TSTB 
BPL 
MO.V ZDATt(R2>+ ; GET IIATA W.ORL.!..-1-------------
INC RO

0 ' 
DEC Rl 

___________.,_,_,..____....;.L4$ i.ALL.lriORD..S,.l)_Qt!Eu.?_________________BNE
0 RTS PC 

• .SBTTL ZSET ONE WORD WRITE 
_____,_;-=CALL FROM F'JRT F\ AN CA__I:-:_L_~~-RI_TE_<!ftQD ':...:I::_:I~IA..:...T~>'-----------------

• 
; WHERE IADD IS 16-BIT INTEGER ZSET ADDRESS 
; IDAT IS 16-B~I~T~I=~~~T~E=G=E=R~·~r~~A~T~A~----------------------------------
; 

------~z=~W~R~·I~TuE~!t~M~O~V~----<~R~·s~>~+~,R~O~-------U;BUMF' ~RGUMENT CO.~U~N~T__________________ 

_____,1~$~:!:,.____I!-!S~T~B.:__~Z~C~S:!,.____~~T!...!R-!!·ANSFER COMF'L ET.=E,_________________• ; 

• 

BPL 1$ 
----------~M_._,O,....:V"------"@ <R5) t, ZADD ; W8_I T_~ __t)JI_(I_RE.,;,S~S!_________________e MDV @CR5),ZDAT ;WRITE DATA 
--------------_j~,o~v~--~tw3~,uz~s~B~·~;Wf~lJ£.~~~o~o______________________________________ 

TSTB ZCS ~DONE? 

---------~B~P~L___2~$~-----------------------------------------

• 
RTS F'C 

-----------• PAGE 
.SBTTL ZSET NO CARRY ADD 

• 
---~-->o<..CA.I..L.__E_RQ.t:L£i1,£J..B.t\N --- CALL F: AD [I <1 SLIM , I TERM< I . ..!.).J..)_____________ 

; WHERE ISUM IS 16-BIT INTEGER SUM 

. A 

; 
, ITERM< I) IS A 16-B_ll__l.!!:)RQ_J_Q~~ SUMt1ED 

_RAD.rL:__Airi,_I__...@4(R5.1J_@2.iR5L___;_ADIL..J'ERM TO SUML____- RTS F'C 
-----------~AGE 

.SBTTL ZSET DIGITAL TO ANALOG CONVERSION e _______L_~~Ll,._Ef.:Q.tL[Of\J:F.;_f~N_ --- ~.ALL___DTB_< I SCt~LE!_Jpj...Jll,...!_I_F_l_,.fiG_>__ 
; WHERE !SCALE IS THE SCALED CROSS TRACK 

~ ------- ; l_GLSl.,._l_S___ THE_S.C.ALE[I_ GLIDE__ SLOF'E. ----------------------
~ ; !FLAG IS THE TO/FROM FLAG AND WAYPOINT WARNING APPENDIX B-3 -

mailto:4(R5.1J_@2
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----------------

--------- -------------

_____ __ _ ---------------------

-------- --------------
-------------------

------ ------ ---------

--------- -------

---------

' _______________ f'lU.Y______t;"'U 1-~-~ L• Li!:> ____ ~ _ _; M!,"J\'E__ GL H~E ~;LOF'E . TO . DT r-"1_ __ _ ____________ _ 

MOV @6 U.:5), FLAG ; MOVE TO/Ff·:OM A~!D WAFan rW TO D JA 
__________ _I\TS_____. ___ E'C_______________________________________ _ 

.PAGE 
_____________ __._srn.IL_ZS.£LJ:Jt)LJ __f:._NA.BL.E __ E( LLIE.S.I_____ 

; CALL FROM FORTRAN --- CALL HENBIT<ISW> 
• _______;__ _JJHEf~E_ISW .IS .TJiE._SIATUS_ OE. ..THLiiALT SWLI.CH______ --------., 

____ HENBLT LMOV____ .@2.!R5)..,R0 _______;MOVE ISW _IQ_RO________ _ 
~ BIT llOOOO,ZCS ;TEST FOR HALT SWITCH SET 

------- ___BEa_____ l_$_______ ---------------------------------
MDV tlOOOO,ZCS ;ENABLE HALT 

> _____________________t1_QV____:t_l_, .@2_lFi~_)______J_SI;:T__J§W 
RTS PC 

_______ L tH~L T__Sw ITCH NQ_T_ __ SEJ_ .... _______ _ 
~ 1$! MOV t-0,@2(R5) ;RESET ISW 

--------- RIS._____£c_________________ ---

.PAGE 
) _t.SB.Jli_Z.S_E.L_nlSABLE__a_ALI _ 

; CALL FROM FORTRAN --- CALL DISHLT 
_______D.ISHL.U_MQ.V____ tO.UC.5__ii•lSABL.E._HALI___ -------- ______ 

~ RTS PC 
....F~GE ·-------------
.SBTTL ZSET TO-FROM WAYPOINT SWITCHES READ 

~ ..-:::_______;_CALL_£0:0M._EORif\1\:'L..:::.::.:-_LALL_.If...E:EAD ( IWF~t.l.____ 
P WHERE IWPT IS A 16-BIT WORD CONTAINING THE FROM WAYPOINT 

______;____ IN...JHLJ10S.L SI.DNI.EICA.NL BYIE .Bi'l.IL.ll.IE _ _I_o _Wa.YF~Ol.NJ_____ 
~ i IN THE LEAST SIGNIFICANT BYTE • 
---· . ---- -------~---

TFREAD: MDV @11~4454,@2<R5> ;HOVE TO-FROM SWITCHES TO IWPT 
) ________ RI_S_____E:_C~___.__ __ ---------

.END 

) 

_________" ___ 
" 

~ 

~-------· --~------- --"----~---- -----
~ 

_APPEND I X _.,B=-=4________"___ --------

~-AA' 

·- '" ____ ------ --------

https://Wa.YF~Ol.NJ
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] 

] BLOCK DATA 
IMPLICIT REAL*4<A-Z> 
INTEGER NAC] COMMON /CNST/PI~RTD,OMF,AE,E2,0MF2,SGC,ERATE,PI2/DB2/AD<14,8) 
COMMON/NAC/NAC~TUY,TCY,TKC,DTC.DTU,TC,T,FDTU 

DATA PI/3.14159265EO/,RTD/57.2957795EO/,PI2/6.2831853EO/
] DATA OMF/.996647220EO/,AE/6.378135E6/,NAC/O/ 

DATA E2/6.694317778E-3/,0MF2/.993305683EO/ 
DATA SGC/1.996499E7/,ERATE/7.292115147E-5/ 
END 

]~ 

] 

] 

] 

APPENDIX C-1 

f1 .. 

.....rl 
--------··----···-·· -

11 



--

------

-
-~ ;:!~S S': ::~: :::.."1 CMJ Hf.',~JDLE UP TO 8 SAT. IN THE HJF'!JT DATA 

-------1-!"iPLICIL-5;[.;:..__-z,_ '~ (;~-=:!JJK-=Z-1---------- ---------- ------------ ___ 
!NTEGER CONSTLC1),PERMUTC8),NAC,NUM,QNE 

--------'O.Gl.wi' SHJ_GL~~"'!EXDAt,_F~x__ ____________ ------------
COMMON/ELEV/ELC8),DIRCUC3),DIR<3>,EC3,3),DTC8,3) 

________......,r· OUBLL.I::f-:ECl.Sl O~l ..U.l4J_, Lt, ILLOl'u.ALT_,_R.._____ 
COMMON/TIME/TDEL,TFIN,TSKIP/NUM/NUM/VIS/SINGL,ONE,FIX 

________...._rOI"H'iOI'L' AZbLEU.-1 C 8 ):~ AZtH 8) /FLciG/J:.FLG! LEU&' IE'A..L.LJ___________ 
COMriOrl/F'OS/Lti T, I_ ON, AL T, F\/rJ~rC/NAC, TUY, TCY, TKC, DTC, DTU, TC, T, FttTU 

_____ -..CD.iitiDI'-U.C.NST...(f~ 1 F\.TD.t OME ,_f1E.J E2.t.OMF21_SG.w ERf'iJEt.El2Ll1P.2/fillt 1.4 t. ~~)-LIStil 
' 1 ( 24) 

_____________ CO.MrlON/DTX/_U, D <8,4), RBAR C8 )_' RM C8 2 1 DELR< B)_, H ( 4,_4_b_S:V_I S_{ a..L________ _ 

COMMON/SAT/S:4),!:fAC14) 
---------------- __ COMMON/Tl-Lq/Tl-lf\ _ __ _ ______ ---·-------------- --------------. 

DIMENSION IDONTC24>,IDC24) 
·--- --- -- c- ---------- -------------------· --- -- .. ---- ---·-----·-------- --------·-------- -·---------- ---

c INITIALIZE OUTPUT DEVICES 1,3,4 AND 6 . 
------. __ ---_WRITE ( 5,-ZOO )__ ______________ ----- ___________ ~-----

WRITEC6r700) 
----- ___ JJRITE..t5JJ_•.liL'-------- -----------------------------

CALL ASSIGNC1,,-1,'RDJ') 
-------WE.:l.J.E..C.5.~.Z6QL ________ 

CALL ASSIGN<2,,-1) 
WRI.I E_{ 5J..Z~_Q)__ 
READC5,750) CIDONTCI>,I=1,24) 

____c________ ------
c INITIALIZE VARIABLES 

"-----"'--------------
SINGL=.FALSE. 

--------NUM..=__j__________•___________________________ 

TC=O. 
---------- .ISCNT:::Q________ 

c 
_______c__ .REAlL.TJ--lE_D~JE... OL COLL£C.I.IOt:LE.QJLTI:JLA.L'1ANAC ...BEl.NG.. .USEILA.S_lliE 

C NTH DAY OF THE YEAR 
c .. 
c 10 WRITEC5,600,ERR=10) 

___c.___ _f.\.EADi..5..1 5 Q_Cr LERR.=:.1..0..HLI_C____ 
REWIND 1 

________REBII.Cl :t..50.C0_I1LC~oe.____ 
WRITEC2,500) DTC 

I ---- c_________ ------------
C READ AND SCALE ALMANIC DATA FROM DISK AND ESTABLISH THE 

____c___NU.MBER. DE_SALL__U.SED_Il'LJHIS _..:iLliANAC •---------------­
C 

------· -2.0-R.EAD.C.L 619.,.END;;:3Q.,.ERR==20J __.l~SCN.T.-t.~1.J...)-­
READC1,620,E~D=30rERR=20> CADCirNUM>,I=1,8) 

___ J: SCNT:::: LS.CJH ±L_______ 
DO 21 I=1,24 

_______________IF< IDONT f I) • EQ_t __1SCNI.L_GQ __I.Q_20 
21 CONTINUE 

___,_ ------.IE ..UiD C8, NUM) •EQ.t..O. O.l.GO___IQ_2.0. _______ 
I SN·UM CNUM) =I SCNT 

------- _ . ____ NUM=NUM:t_L _________ ------··- ------------------
GO TO 20 

.30--NUM=NUM-1.----- -~----------------
31 WRITEC5,570,ERR=31>NUM 

------------ READ--<-5~ 520, ERr.;;::3.1+NUM-------------- ---- -------­
WRIT£(6,610> 

----------------DO -60 -J=l-' ~WM --- -------
ELVC1>=AD(1,J) 

----·----------- ---£l V-( 2 ) =A [I< 2 ,.J i ---- - ----- ------ ---- ---------- --------
1 "' ,~...,-·-·-~·----- ____ [10 ·lO I=3,8 APPENDIX C-2 

https://REBII.Cl
https://OUBLL.I::f-:ECl.Sl


E L V ( 5 ) = AI:1 ( 5 , J ) 

• ------ ---WFU.'IE-'.6'6=).) L ( ELV <I.), !.:::;.1.,8 )_ --­ ·------------AD(9,J)=AD(5,J)**2 
------~·· LLU...Q.r..J_L-:;.r:D_S(f.iD_(_J_,__J )·....~.-.__ 

•
v 

AD<11rJ>=SINCADC3,J)) 
_____.r~D..L12..~~.D.=COSCADG..~.J..D·--------·--------------­

ADC13rJ)=SIN<ADC7rJ))

• __£Q_i1D .U....L.....J.) =SGCL LAD ( 5 I ...J l-*AD.C..9..1 J.j..J___ ----'--------------­

c INPUT TH~ LAT,LON, AND ALTr OF THE DESIR~D POSITION, 
_L. I O'L....W£S I AHILLAL...SDU.Tl:L..Ptfi:E-DEi:-1 OI£IL..B.Y.... Jl.__liE.GAI H-'E 1-h~U..________ 

• c 
_____...._7...>o:..OJ:UTE <5 • 58Q.t.£RR""'='-'-7__,.0l...£)_____ -------------------

NEXDAY=.FALS:::. 

• --------~EIX=.FALSE~·------------------~------------­LAT=39.5 
__________LON=-.~7~4~.~~~·---------------------------------------------------

• ALT=70.0 
---~E.A.I!.t5 ,.5.20J£R8=-ZQJJ:E..LOJL_________________________ 

• 
IF<IFLOW.EQ.l)GO TO 90 

______so_ WR.LT.£_(...5.r5....... __1..L·).L.) --------------------------­
READ(5,500.ERR=qo)LAT 

___________....,_fi'..._EAitt5J. .50!.)! Efili=.8..0..2.Lill.'l...--------------------------­
READC5,500,ERR=BO>ALT 

--------~9~Q__LAT=L~Ll~Ir~~-----------------------------------­·- LON=LON/RTD

• ·------~CALL EMCQS~E_______________________ 
c 

~ 
----~C,___E.C.E£ TAKES LA I z LO~JLJT RETURNS X, .LLZ__lli_U"'---V~t:"-=--:=.C..:....T.!-::O.!..!R_____ 

c
0 _________,CALL E.CE£ _________ ---------------------------

WRITE<5,530> 
-~----_JJJ 4 = 

• 
0 CALL LLA 

10 100 I= 
100 DIRCU<I>=UCI)/R 

c 
C THERE ARE TWO OPTIONS WHICH CAN BE ENTERED FOR IPATH 
C 1 T H l_S_!il_':,! ES___IJ:IE.....RI...S_E.:- 3 ' F.: I.S.E.- 4 , _f_f?t L,_l,_- 4_,_t~_N D £ ~!.,_L- 3_..IJ1'1ES,_______

0 C OVER A RANGE OF DAYS INPUT BY THE USER AT THE PROMPTING OF THE 
C Pl="\OGRt"lM. -·------

• C 2 THIS GIVES THE ELV. AND AZM. OF THE SAT. ON THE DAY ENTERED BY 
_____,._____T H!;_!.) ~.E;;B_.__~ 1-:!j:;t:L 4___ 0 R_tiQR~-~r. T_._ft R_;:_l{;f, ~ +_B.!,._E;:_!__ _T H E __Qf.:.IJ MA_!,_Gr~OE_l~ 

C GIVEN ALONG WITH THE CONSTELATION USED TO CALCULATE THE GDOP. 

• C~-----------------------------------------------------------READ<5,500,ERR=150>T 

• 
READC5,~QO~E~~R=150)_l.~F=I~N__________________________________________ 
READ(5,5QO,ERR=150)TDEL 

·-----..!...RI;_~; D <5L;i99.J..f:.8_f_:_=t~Ql_r~.I U 
RE~D(5,520,ERR=150)IPATH 

• I_F <IPATlhl;;;'J. 2)_W...F;_l.IE:J...6.L:;i~~-U.!JU.LDTC· -------------------­
IF<IPATH.GT.l) GO TO 120 

• 
__________1~1~0~_WR!IE<5r59D~------------------------------------------­

READ<5,500,~RR=110>FDTU 

---------· .WFU.IE..l5..t..7_1_Q_)_ _____ .-----------------------------
115 READC5,500,ERR=115)TSKIP

• -------120--i~z-I~~~~--:~~-:--;·>8~i~~~~-:{6g-)-- ---------------
--------------- _ lJRll£l...6.t.55Q LL_ 

WRITE (6,540)LAT,LQN,ALT'R'U 
DTU= <DlU·· :~. 0) *3640•). 0• . . - - . ·----·--···· ···------------- ----.. 

TCY=CDTC-1.0)*86400.0+AMOD< fC,86400.0) 
___ ---------- .. JF Ot~_T.H • iJJ.•.:2)_QD 1~0 lAO______ -·--· __AP-P...,........ND·--,·v ,..=...,.------ ---------

6) F I X ::: • T !~ u [ • .c. N L A \.. ::> r--"'"'1 
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-------------------

-· -·---·- -- --- --~4U ..LJlLL.V lSBLE - --··--·-----------·--·----·------------------ -- -- ------~-----· 
GDOF'=-0.0 

------.DO 141..1::;1,4..... ------------------------------------
141 CONSTLCI)=O 
-~CALL-.SATSEL-----­

T=T+TDEL 
-----------------..IF< T ... LT.• 86-4~)0. 0) GO TO. 143.-----------------------·-------------------­

IF<NEXDAY>GO TO 143 
----------- _____ NEXD/'aY=.TfWE. _ ---------- -·--------·--------------------------· 

DTU=DTUt86400.0 
------. _.1..4.3 _It0 .. 141.0.1=1..~NUM -----------· -----·--·------

' WRITE(2,770) THR,IDCI),EL<I>,AZM<I> 
________ l.4_1_o__couT_ItH..l.E ________________________. __________ 

IF <T.LE.TFIN>GO TO 140 
·----- _____ 142.. Wf\ITE(5_.72•),EE;:;:c-::142) _____________________________ 

READ(5,520,ERR=142>IC 
---- . --··----IF-- U C-- • NE •---0) GO:_ T0.....7 0 ---· --. ---------_---

150 CALL CLOSE(2) 
---- ---- ----;;;JS~.+TO£. -----------

500 FORMAT<G15.8) 
--- ----51-0-$:.0Fa·~.T-<~Nf~U!.-...!..-r~LMANAC..-IU\..TA.L-LAT.,.LD!L..ALI OF IIS.ER_~_.________ 

520 FDF:M~i T(I 5) 
-----5.3.0-f":..OR:i.AT.C~..IO ,_ ___TEEJALL-D£LIA-TJ..---Dilli.._~--

540 FORMAT<2C1H ,4(5X,G15.8)/)) 
,... 55~ __EnF~MH.I tLlJ_12XL.:: Ui:L.L.12 y._,_:_L.O~~ LlL~L~ ttl,. T, , 15X' , RANGE: TIME= I 'G 15.: 

555 FORMATC10X, 1 DATE OF USE',F8.1,6X, 1 ALMANAC DATE',F8.1) 
. _____5 6.Q_£0f\M;~IJ.._:____ I .I ME.~·--: 4 8 x._,_ ~..EL E 1...'~TLONlll Z.I.M.Lilli1~·L.__________ 

570 FORMATC//,6X, 1 THERE ARE ',I2, 1 SATS IN THE DATA FILE.',;,gx, 
_____-l(:ElHEP THF ili.JdBE:.~ _DLSA T.S...._ID_BLl.JS._E...,.fi_1 -L>-----·----------

580 FORMAT<' ENTER! LOCAL F'OSITION-1, OTHER POSITION-2') 
590 FOE:MA!_(~..Ef~tiHULIIiH-L ..DAI~-------------------­

C 600 FORMATC///,6X,' DATE OF COLLECTION') 
.Sl.O-EOf~i'fbi..(..2.XJ.~ECC-'-~12X1~ .ID<L L12X,_.!_1_NOT I 't ?XJ..~.A.IE I '1 ?X. I SE.:A_~_13X. 

*'OMEQ',13X,'OME',12X,'MNOT') 
--------~t~.1~9-f~R~~!i~I~·~,)__________________________________________________ 

620 FORMATC2C4E18.8,/)) 
______6.3£LEOF:tifl.T_( llL.8.GJ...6.L.........____________________________ 

640 FORMATC1H ,G16.7) 
-------'L·A~.r~>~F.DRfk~~(-'±L-'L)_____ -----------------

710 FORMAT(' TSKIP? DEFAULT= TDEL') 
____ __220_FlJ.RMAll6.X~Ot:i.Ll..NlJE? ..J..-YES_O.:-Jl.~--

730 FORMAf('$ENTER FILE SPEC FOR INPUT,ALMANAC ~ATA FILE=') 
---<7_4. 0 F OBti AT \_'·_I.!_O__jO_L! _Wt• NT l O__EX.C..I.J.!.i;!_~_.f)__ qAl~~'=- I_n:_];!Ll.tiE_{'l L M fi_~_"l_ 6_I:___p6I_?!_f 

1LE? <SV N~MBERS<1,2, ••• ,24),DEFAULT=NO SATELLITE EXCLUDED)') 
----~'"?-..5(L£0R~.i~I C2.413 --------------------

760 FORMAT<'SENTER FILE S?EC FOR OUTF'UT,PLOT DATA FILE=') 
--------.:::Z.O.-E:.OR.t'.AU£a...4-t-1X .J .1.3 d.X.s..£6 .2-J-1.X..J..£.6.....2.l..-----------------­

END 

https://n:_];!Ll.ti
https://220_FlJ.RMAll6.X~Ot:i.Ll
https://llL.8.GJ
https://Sl.O-EOf~i'fbi..(..2.XJ
https://Ui:L.L.12


--

.-iJ ' 

...,....., 

..:: J FUNCTION ACO:=: ( X > 
I COMMON/CNST/PI,RTD 

c:] IF<X.EQ.O.>GO TO 15 
ACOS=ATANCSQRT<l./CX*X>-1. >> 
IF<X.LT.O. >ACOS=PI-ACOS

I] ACOS=ACOS*RTD 
RETURN 

I 
' 15 ACOS='?O.O 

RETURNJ~J END 
I 

:] 
: 

I) 
' 

-~-] 
.,J_. 

-j·] 
• 

:] 

:] 

il 
:] 

ll 
I] 

APPENDIX C-5 

il 
1] 

II 
111 



-~ 

l SUBROUTINE RANGE<I> 
DOUBLE PRECISION U(4) 
COMMON/SATIS<4>1DTX/U,D<8,4>,RC8>,RM<8>,DELR<8>,H<4,4> 

c 

1 
R<I>=O. 
DO 5 ,.J=l, 3 
D ( I , ,.J >=U <·-' >-S <..J > 

5 R<I>=DCI,...l>*DCI,..J>+RCI> 
R<I >=SG"JRT < R <I > > 
D<I.4>=1.0l c D<I , 4 >=R ( I > 

c R<I>=R<I>+UC4> 
c DELR<I>=D<I,4>•<RM<I>-R<I>>

l RETURN 
END 

] 

J 
J 
--]...._ 

II 
D 
11 
n 
I] 

ll APPENDIX C-6 

n 



C /SGDOP~ CALCULATES THE GDOP OF GIVEN FOUR SATELLITES 
c 

~::UBROUT I f·JE S:GDOP 
COMMON/DTX/U.D<8,4>,RBARC8>.RM!8),DELR<S>,H<4,4),RVIS<8> 
COMMON/HT/HT(4,4),P(4,4),N/THR/THR,GDOP 
DOUBLE PRECISION U<4> 

c 
N=4 

C TRANSPOSE H IN HT 
DO 5 I=1,4 
DO 5 ._1=1,4 

5 HT<I,J>=H(J,I> 
C MULTIPLY H*HT=P &INVERT P MATRIX

] CALL MATMUL 
CALL MATI 
GDOP=P<1,1)+P(2,2>+P<3,3>+P<4,4> 
IF(GDOP.GE.O.O>GO TO 7l WRITE<4,10>HT.P<1.1>.P<2,2),P(3,3>.P<4,4) 
GDOP=-GDOP 

7 GDOP=SQRTCGDOP>l 10 FORMAT</ H MATRIX rs~.;,~<1X,4G13.6,/),/,/ TRACE VALUE/,/, <G14.6)) 
RETURN 

l 
END 

j 

] 

] 
... 
a 

] 

1 
1 
l 

' 
APPENDIX C-7 



J 
J 
J 

c 

J 
J 

_j 

j 

~] 

~j 

] 

] 

] 

l-·j· 

SUBROUTINE LLA 
DOUBLE PRECISION S<4>,LAT,LON,ALT,R.W.S3,RT.Tl.T2,R2.CT1 
IMPLICIT REAL*4<A-H,J-Z> 
COMMON/POS/LAT.LON.ALT,R/DTX/S
COMMON/CNST/PI,RTD,OMF.AE,E2.0MF2,SGC,ERATE 

W=S<2>*S<2>+S<l>*S<1> 
83=8(3)*8(3) 

R=DSC!RT<R2> 
W=DSORT<W> 
LON=DATAN2CS<2>,SC1>>*RTD 
AE2=E2*AE 
LAT=SC3)/COMF2*W> 
Tl=l.EO+OMF2*LAT*LAT 
T2=DSQRT<Tl> 
T1=Tl*T2 
LAT=LAT+Tl/CW*T1-AE2>*<<AE2*LAT)/T2-W*LAT+S(3)) 
LAT=DATAN<LAT>*RTD 
IF<R.GT.6.65E6>GO TO 20 
ALT=R-AE/DSQRT<E2*S3/COMF2*R2>+1.EO> 
RETURN 

20 Tl=DATAN2<S<3>,W> 
DO 25 1=1,2 
CT1=DCOS<T1> 
T2=DATAN2<DSIN<Tl),QMF2*CT1>-Tl 
S3=AE*OMF2•AE/Cl.EO-E2*CT1*CT1> 
W=DSINCT2> 
ALT=DSC!RT<R2-S3*W*W>-DSQRTCS3)*DCOSCT2> 
W=ALT*W/R 

25 Tl=T1-DATAN2CW.DSQRTC1.-W*W>> 
RETURN 
END 

APPENDIX C-8 

-------- - ~· - -- -·- ------ . - - -

11 
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~] SLIBROUTif.JE ECEF 
IMPLICIT REAL*4CA-Z> 
DOUBLE PRECISION TU<4>,LAT,LrJN,ALT,XT,SLAT

:.] COMMON/CNST/PI,RTD,OMF,AE.E2,0MF2,SGC,ERATE 
COMMON/DTX/TU/POS/LAT,LON,ALT,XY 

c 
SLAT=DSIN<LAT> 
XY=AE/DSQRTC1.EO-E2*SLAT*SLAT> 
TU<3>=<XY*OMF2+ALT>*SLAT

;-] XY=<XY+ALT>*DCOSCLAT> ... TUC1>=XY*DCOSCLON> 
TU<2>=XY*DSINCLON> 
RETURN 
END 

J 

;-, 
~ 

J 

I] 
APPENDIX C-9 

!] 

l1 
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JJ 

SUBROUTINE MATMUL 
COMMON/DTX/U,DC8,4),RBAR<S>,RMC8>,DELR<8>,G<4,4>,RVISC8> 
COMMON/HT/HC4,4),A(4,4> 
DOUBLE PRECISION UC4) 

c 
DO 10 1=1,4 
DO 10 ....1=1,4 
TEMP=O.OEO 
DO 5 K=1,4 

5 TEMP=TEMP+H<I.K>•G<K,..J> 
10 A<I,..J>=TEMP 

RETURN 
END 

] 
• 

] 

l 
l 
l 
l 
l: 
j 

1: 
APPENDIX C-10 

...··IJl 
Jil 



c 

~ 

~J C 'MAT!' INVERTS AN A MATRIX AND SUBSTITUTES THE 
C RESULTS BACK INTO THE A MATRIX. 

~;UBROUTINE MAT!I] 
c 

COMMON/HT/HTC4.4),A(4,4),N 
DIMENSION INDEX<4,2),!PVOTC4>,PIVOTC4>
DATA ONE/1.0/,ZER0/0.0/[] 
DET=1.0 

C CLEAR IPVOT VECTOR
rJ DO 10 !=1,4 

IPVOT<I>=O 
10 CONTINUE 

c1] 
[tO 135 I=1, N 

C FOLLOWING 12 STATEMENTS FOR SEARCH FOR PIVOT ELEMENT 
T=ZEROLl [10 9 J=1, N 
IF<IPVOT<J>-1>13,9.13 

13 DO 23 K=1,N
Il IF<IPVOT<K>-1)43,23,81 

43 ·IF<ABSCT>-ABS<ACJ,K>>>S3.23.23 
S3 IROW=.J 

ICOL=Krl T=A(._I,K) 
23 CONTINUE 
9 CONTINUEI] IPVOT<IC:OL>=IPVOTCICOL>+1 

C FOLLOWING 15 STATEMENTS PUT PIVOT ELEMENT ON DIAGONAL 
IF<IROW-ICOL)73.109,73I1 73 DET=-DET 
DO 12 L=1,N 
T=A<IROW.L> 

Il ACIROW,L>~ACICOL.L> 
12 A<ICOL.L>=T 

~ 109 INDEX<I,1>=IROW 
INDEX<I.Z>=ICOLI] PIVOT<I>=A<ICOL,ICOL> 
DET=DET*PIVOT<I> 

C FOLLOWING 6 STATEMENTS TO DIVIDE PIVOT ROW BY

D C PIVOT ELEMENT 

Il 
A<IC:OL.ICOL>=ONE 
DO 205 L=1,N 

205 A<ICOL,L>=ACICOL,L>IPIVOT<I> 

D 
C FOLLOWING 10 STATEMENTS TO REDUCE NON-PIVOT ROWS 

DO 135 LI=l,N 
IF<LI-ICOL>21.135,21 

21 T=A<LI,ICOL> 
A<LI,ICOL>=ZERO 
DO 89 L=l,N

D 89 A<LI,L>=A<LI.L>-A<ICOL.Lf*T 

APPENDIX C-11

(]\ 
11 
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J 135 CONTINUE 
C FOLLOWING 11 STATEMENTS TO INTERCHANGE COLUMNS 

DO 3 I=l,N

I L=N-I+1 
IF<INDEXCL,1>-INDEX<L.2>>19.3,19 

19 JROW=INDEX<L,l> 
JCOL=INDEX<L,2) 

I 

J DO 549 K=l,N 
T=A<K,JROW> 
A<K,JROW>=ACK,JCOL> 
A<K,JCOL>=T 

549 CONTINUE 
3 CONTINUE 
81 RETURNJ 

END 

J 
,] 

J 
] 

] 

] 

l 
] 

l 
]-

j APPENDIX C-12 

j 

~ 



........... 

~J 

'1 
j 

c 
}l, 

"j 

'j 

] 

l 
1 
-l 

j 

l 
j 

l 
l 
1 

::::UBROUT I NE ::::A TGEtJ 
IMPLICIT REAL*4CA-Z> 
INTEGER I,NAC 
DOUBLE PRECISION TK,EK,OGA.RK 

.COMMON/POS/TK.EK,OGA.RK/NAC/NAC,TUY,TCY,TKC,DTC,DTU,TC,T 
COMMON/CNST/PI,RTD,OMF,AE,E2,0MF2,SGC,ERATE,PI2 
COMMON/SAT/X.Y,Z,MK,ECC,TOE,INOT,NRATE,SRAD,OMEO,OME.MNOT,R,CINO, 

*SINO,COME,SOME,C 

TKC=TC-TOE 
TK=TUY-TCY+TKC 
OGA=OMEO+CNRATE-ERATE>*TK-ERATE*TOE 
MK=MNOT+C*TK 

6 IF<MK.GE.-PI2>GO TO 7 
MK=MK+F'I2 
GO TO 6 

7 IF<MK.LE.PI2>GO TO 8 
MK=MK-PI2 

·GO TO 7 
8 EK=MK+ECC•SIN<MK> 

DO 10 1=1,4 
CO$E=DCOSCEK> 
SINE=D::::IN<E~() 

TK= 1 • -ECC*C0:3E 
10 EK=EK-CEK-MK-ECC*SINE>ITK 

COSE=CCOSE-ECC>ITK 
SINE=SQRTC1.-ECC*ECC>*SINE/TK 
EK=COSE*COME-SINE*SOME 
MK=SINE*COME+COSE*SOME 
SINE:=2.*MK*EK 
COSE=2.*EK*EK-1. 
RK=TK*R 
X=R~<*EK 
Y=RK*MK 
Z=Y*SINO 
EK=CINO*Y 
SINE=DSIN<Ot3A> 
COSE=OCOSCOGA> 
Y=X*SINE+EK*COSE 
X=X*COSE-EK*SINE 
RETURN 
END 

1 
' 

APPEND I X C-13 

1 
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----------------------

------------------------------------------------------------

~----

--- ··-·---------------- ----~----------------------------------

-------5\.IBROUT l NE ~ATSEL-------­
lMPllClT RE~lt4CA-H,L-Z) 
) NT E Gf H- PE f:l•i liT ( S) , I~AC' NUM' CONS "f L ( 8 ). -----------------­
C:Clm10H/ELEV/EL(S) ,DIRCU(~:) ,DJB<3) sEC~-:,:-:> 

_ L'tlliP.LE ... PRE{; 1 S l ON ll <4 >_, L/\ "I 'LON, t-.1. T , R.. --- ·-·-
(:(HIM(Ifl/Fl AG I JF l (:, l FLAG, J f'A TH/1{ tl!·i/NUI~ ;·r HF:/1 HR, TGDOP 
COm'iOII/ t-.ztrl/El Y <S> 'Allol<O) /SAT /S <4) , DA <14) ----------------- ____ 
{:Cim1(1H /POS/L 1""1 'l ON, AL T, H/NAC:/N f..C:, TUY, ·r C:Y, ·n-~C:' DTC: 'DTU \ l(:, T 'F DTU 

.C:CHHICJil/ C:NS T I F'l 'FaDs ONF, t-d~ 'E2, CJ)-lF 2, 5G C , E f:AT£ /DE:2/ f-.)) ( 14 d.:) t.l SHUIH2t 
C:Citi~i(lll/t 1 T X/ll 'D ( S, 4 > 'RDAR <e.) 'f·\H (!;) , DE u;: ( [q 'l-1< 4 "' > 'f.:VI SH•> 

)f(JFLAG.LT.4>GO TO 149 
-----lFCJFLf-.(:;.EQ.4>C>O .TO .148---

c 
---C---MORE-THAIL4- SAT --VI SBLE ,_ SELECT -OF' T 1 ~1AL--C.;l)(IP 

c 
---~C .CLE/"I'Lf'E1H'1UT _\'E.CTOR------­

C 
~ .-______[I(J.l4(L_}.;::1 ,NUH--------

1-"'Ef:MUT ( 1) =Et 
---------1-4 ~ .c.:mn 1NLIE~:.-=--------

C 
----...C.---SEL ECT-HlGHEST...SA.J-----------------------------­

C 

~h= l 
-------u(l .. .l41-2-l=2,NUM-­

lFCEL<J> .LT.a.O>GO TO 1412 
_______\-:;:J+.l.--

lF<EL<PERMUT(l)) .GE. EL(]))GO TO 1413 
-------PERHU1 <J) =PEmtU~L( !.> ------------------------­

PE.RMUl<l>=l 
__ )f.CELCPEFmUl CJll...LT. 0.• (;))_J_;;..J~l----

(-\{1 TO l412 
----1413.f'EF:~1ULCJ.L=:.l------·-----------------------

1412 <:WH l NLIE 

JFClFLA~.E~.J) GO TO 1414 
______WIU TE <.5., 6£.(1 >NW1 s.J \I FLAG, PERMUT 

c 
c SE.LEC.;L..fcE!!.L GD(ae_____________ --------------~ 
c 

-------1414- r•0-142_J=1 ,., __________________ 
1 4 2 H <1 , J >a: IH P E P. ~tll T ( 1 ) ' J ) 

(.:[tOP.= 1 • OE 1 (I _ __ --------· 

C:ONSlL ( 1) =PE r--:~1LIT ( l) 
1 L-= IF Lt-.<"l:: 2__ 

[t(l 1 4 ;~ <,• I= 2 ' l l 
----llF=l--t l ______ ----------

llL=lFLAG-1 
__________ [10 14~£.; l L:: _J IF' Ill ___________________ 

l l lF•=) )·tl 
___[t{l 14~7 _11 J=ll l E.d FLAG----·---­

[•{1 14~f.•.1= j '4 
---------- lH2s~l>==[l(f'EJ\NLITCl) ,J) ------------------- -----------

1-f< :-: , ~t> :: J) ( f' E F: l•lll T <l l ) , J ) 

(:t-,Ll ~:.{-:JJOP 

1426 IH 4, .l> :· D ( f'E ~~~lliT ( ll I> , J) ·-------------- APPEND J)L__!:_:-J_4_________ 

https://L'tlliP.LE


• ---·---- C ---- -- . Wr:l 11: <l., 7!"lCrJ F'EFmUT <1) \1:-Er-:MUT ( l) ,f'ERMVT Cll J ,p£RY.lll ( lll J, TGD(IP _ 
c 

v ---------- ..lF (C.;p(IP.LE.l{-\[I(IF') -GO. TO .1427------­ -·· ...·---------··--

• (.;[•0f'::"l (..:[tOP 
---- (:(INSTL (~) =PER~tliT (J )....____ ---

• 
(:(lt·$1 L <3> =f'ERJtllll ( J J) 

- --· (:(&N51 L <4 >=F'EfaiUT ( J 11 )--- -------------
1427 (:(INlHHIE 

-------1 o\28 C.:(IWT l HUE---·-------
1429 {:(INT HHIE 

• ___________,.\=4-------- --------
('0 TO J 495 

---- C---- ----·- ------- ------------.. C OHLf 4 SAl VJSlBLE1 SELECT THE 4 AND FJNt THEIR GDOP 
---C --------------·-·· ----------------- -----------

• 14 8 ·' ..l=(l 
IJ(L14l;~=, l=l,NUt1-----------------------------­
lFCEL()).Ll.~.a)G0 TO 1485 

• ------~1,.\:::JJ+-S 
[t(l 1 4 t: 4 ..h= 1 ' 4 

---· --i 484- IH ..lJ, J) a:p (..1-....J)·---------------------------­
PE Rl•llll <..1..1) = l 

----l-485 .t:cmT l UliE.---------------------------­• 
C 

• ---C-- Flt~D--HH.;HESl- -Sf,T- ----MAI~E- OUTPUT -UN)F0Rt4---------­
C 

--------CONSlL C1) :::PERMUT-C1-l.------------------------
1)(I 14 (: (; l =2 s 4 

o" ----- lF CEI. ((;(INSTL <l >) ~ .. GE. -El CF•ERMU-TC J).).)(-.:0-T0-14&7 
CnNSTL<l>=CONSTLC1)' 

------- (:(aNSTl (l >::PEIU1UT (J )--------------------------­
0 (.;(1 10 J488 

----1487- (:{aNSTI- <l ).:::f'ER.tUT-C-1 ).... 

• 1488 (:(aNTlfHIE 
---------) F ( l Fl. f,(.;. EQ. J ..t) GO TO -14Sb 

WRJTE<5s670)NLI"sJJ,JFLAG,PERMU1 
--1486- .(:I.LL ~~:(.;[I(IF' --·----

(.;[I(IP:: "( (-\[I(IP• __ ,,(I 10.1495---- ------------------ -------· 

• 149 lFClFLA6.EQ.0) GO TO 1496 
J;1---------------~-------------------------------

• 
I•O 14'S'J l=l ,NU" 
l F ( E L (J ) • L l . (a. (I) GO T 0 -1491--------------------­
PEFmUT ( ..t) =I 

__________:~b; J+l---

• 1491 (:ONT l NliE 
---C-----------------------'-------------

C FIND HlGHEST SAT 
---C.--

CONSTL<1>~PER~UTC1)• -·----lF ( lFlt~b • EQ. -1 >GO ..T0.---1-49~---------·---,,~(__ 
DO 150 J=2,)FLAG 

• ------------ lFCEL(C:(INSTL<l)) .• GE. -EL<f'ERMUTCJ)))(->(1 TO J5El1 
(:(aNS'fL <1) =CClNSTL ( 1) 

• -------- (:(aWf..Tl ( 1) =F'Em1UT ( 1)- --- -------
(.;(1 TO l5(a 

---- 15<:• 1 (:(tNS T l. ( J ) ::: f'E RMliT ( I)-·----·------- ·----------
1~~~~ (:(lt-.tT l tHIE 

8 - ---- 1495 (:t-.LL HCiliRS -·· -- -·-- - -- - -------------------­
WRJTEC~,563)THRtCCELCI>tA2MCl>>ti~1tNUH) 

··------·~ lFCJFLA~-4)1497•1499,1498e 1497 ~!JU 1 E <(., 6~·~·) C 1 :.Ulll'. <COt~s·rL CI>>~ 1=1, J FL~G) APPENDIX C-15f' 1 oil C) 7 Ll t:• t "II: (;!. • .c.,c;o:, \ ( r· rttJ C:. T I ( 1 \ • 1 ,... t • 1 C I .a'-'\ -
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-------------- i4~S lFL/\Ci"'o\ _____________ ---------------- ---------------- ---·-- ---~-- --- ___________________ _ 
!499 WRITE(~,6~0) CJSNUM<CO«STLCI>>•lcltlfL~G>tGPOP 

--------C J499 Wf~lTE<btl·5C.> cc:crw;.lLCl) ,];:1 tlFI.#.G) tGPOf'------ ---------------------------
149~. r:t:TliRN 

-------5£~5. FCtRMAl <I' 2X, F7.• 4, ~.>:, 7 (f6.• 2,1 Xa F~.~ t3X )_)_.___ ·--------
65(-t F(Imil\1 <:!X' 4 <J3' 2 X> 'F8, 2) 

---·- -·- 655 HtF:~\1'~1 <;.?X' 4 C l 3, 2 X) ) -- ---------- ----- ------------------ ·------- --
668 FOAMAT<' ER~OR: JFLAG NE J IN LOOP l413'tlt' NUMt J, >FLAG't/t3I~ 

------- *'''' \'lSlBlE SATS',SI3> ---·-----------------------------·-----
670 FORMhl<' ERRORr IFLAG HE JJ JH LOOP J4S5') 

----..75(L F-ORMAl. (I!X • ~hl-f'EF:fliUTAT lONS '.3X.. .. 4-U 3t-::~) .,ff. ..2l----------­
END 

·---------

------;;-

·-----·--·----------------------- ---- ----- -------------· 

APPENDIX C-16 

;. 
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l 

l SUBROUTINE VISBLE 
IMPLICIT REAL•4CA-H,K-Z> 
COMMON/ELEV/EL<S>.DIRCUC3>.DIR<3>,EC3.3>.Y<8,3>

1 INTEGER NAC,NUM,K,N,ONE 
LOGICAL SINGL,FIX 
COMMON/VIS/SINGL,ONE.FIX/NUM/NUM/SAT/SC4),DAC14> 
DOUBLE PRECISION LAT,LON,ALT,R,UC4>J · COMMON/AZM/ELVCS>,AZM<S>IFLAG/IFLG,IFLAG,I~ATH 
COMMON/POS/LAT.LON,ALT.R/NAC/NAC,TUY,TCY,TKC,DTC,DTU,TC,T,FDTU 
COMMON/CNST/PI.RTD,OMF,AE,E2.0MF2,SGC,ERATE/DB2/ADC14,8>l COMMON/DTX/U,DC8,4>,RBAR<S>,RMC8),DELRCS>,HC4,4>,RVIS<8> 

c 
c THE LOGICAL VARIABLE SINGL INDICATES THE NUMBER 0~ SAT POSITIONS

1 c TO BE CALCULATED; FALSE=ALL SATS, TRUE=l SAT - THE SAT 
c NUMBER GIVEN BY THE VARIABLE ONE 
c 

IFLG=IFLAG] K=1 
N=NUM 
IFLAG=O] TUY=DTU+AMOD<T.86400.0> 
IFCFIX .AND. T .GE. 86400.0>TUY=TUY+86400.0 
IF<.NOT. SINGL>GO TO 10

] K=ONE 
N=ONE 

10 DO 14 I=K,N 
DO 11 ,.J= 1 , 14 

J 
1 11 DA CJ) =AD C._1, I > 

- CALL SATGEN 
- CALL RANGE< I > 

EL< I >=0. 
DO 12 .J=l, :::: 
D<I,J>=-DCI,J)/CRBAR(I>~U<4>>

] 12 EL<I>=ELCI>+DIRCU<J>*D<I,.J> 
EL<I>=ACOSCEL<I>> 
EL<I>=90.-EL<I> 
IF<EL<I>.GE.O.O>IFLAG=IFLAG+l ~~ ,JF<IPATH.NE.2>GO TO 14 
DO 13 II=1,3 
V<I,II>=O.O] DO 13 III=1,3 

13 V<I.II>=Y<I,II>+S<III>*ECII,III> 
V C J_, 3 >=Y <I , 3 >-AE

] SV=SQRTCY(I.l~*Y<I,l>+YCI.2>*Y<I,2>> 

3 
ELVCI>=ATAN2<Y<J,3),SY>*RTD 

·AZMCI>=ATAN2<Y<I.t>,YCI,2>>*RTD 
IF<AZM<I >.LT. 0. >AZM< I >=AZM< I >+360.0 

14 CONTI NLIE 
IF<SINGL>IFLAG=IFLG 
RETURN

rl END 

~ 

:1 
._....--·---·-· 
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.. ... 

~J 

~1 c 
c ROUTINE TO CONVERT SECONDS TO HOURS MIN SEC 

SUBROUTINE HOURS:·] COMMON/THR/THR/NAC/NAC,TUY,TCY,TKC.DTC,DTU,TC,TMIN,FDTU 
INTEGER*4 HR,MIN,SEC 

c 

.l 
j THR=CTMIN/3600.0)+.00005

HR=INT<THR> 
THR=<THR-HR>*60 
MIN=INTCTHR> 

-J 
THR=<THR-MIN>*60 
SEC=INT<THR> 
THR=HR+<MIN*.Ol>+<SEC*.OOOl>+.OOOOS 
RETURN 
END 

-·1 

.] 

"J 

j 

:J 

.J 
~1 

~J 

~] 

_j 

~] 
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1 C ROUTINE FOR USE IN DETERMINING AZIMUTH 
c 

SUBROUTINE ENCOSE 
COMMON/ELEV/EL<S>,DIRCUC3>,DIR<3>,E<3,3>,DT<S,3>J IMPLICIT REAL*4<A-H,K-Z> 
DOUBLE PRECISION LAT,LON,ALT,R

j COMMON/POS/LAT.LON,ALT,R 

J 
c 

SN=DSIN<LON> 
CN=DCOS<LON> 
ST=DSIN<LAT> 
CT=DCOS<LAT> 
E<1.,1>=-SNJ E<1,2>=CN 
E<1,3>=0.0 
E(2,1>=-CN*ST
EC2.2>=-SN*STJ E(2,3>=CT 
E<3,1>=CN*CT 
E(3,2>=SN*CTj EC3,3>=ST 
RETURN 
END 

Il 

ll 
Il 
Il 
Il 
ll 
11 
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__ ___ _ 
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!:"~ 
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• 

• 

"' 
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.. 
I 

• 

• 

---------··- ------------------~-------------,.--------- ----------- -------------- -----------------~--

----------- -------· --------------

-----C- ROUTINE 10 DETERHINE UP TJME AND f.•OWN TlME OF 4 SAT---·-------------­
C 

------- - StJBROllllNE \'JSTJM - -- -------------------­
DOUBLE PREClSION LATtLONtALTsRsU(4) 

----- ~-- ... COfriMOH/IWN/IWt-1/FLAG/ IFLG' I FLAG' Jf'ATH---- ----- -------·--------------­
(:0 fr1 H 0 I l I N A C: ltlf~ C , TLl \' ' TCY , T K C ' r> TC: , ItT U , T t , T ' F D Tll 

-------- ... comwr: I E. L E \'IEL ( t.) , D I R C U c::: > ' D lf:C 3 > l E C;: , ~:) 'll"( C8' 3) --- - -- ----- __ __ _ 
C:(IM~10ti/LINP.ITlT2(2) tTEMPC2sB> sJ::lSEslfH2> ,HlOsSH•NsiPNTRt 

__ :tl UF:EE, FOUF: djE C:T ( 2 l /T I t1E /TDEL, 1 F J N, TSt~H' -------------------
c:cJMMOJl/PTX/ti,DCBt4> tRBAfH8> sf·m<i;) tDEl.RCS> tfH4•4> tRVlS(li) 

------·---·--·- _.{:(IMI-1(111/\' I S/:Sl NGL 'ONE/F'OS/LAT tL (lfh AL T ,r-.: -- --· -----·----
L(I(-iltt.L :SJ(.;fl(2,e·> tRISEsTWOsSlNC•l,THREEsFOtiR 

--------- .. ltHEGEH ONE s0CURC2L- ·------------- ------------------
BEAL 1 H'l<~·s5) 

_______ .J~C-tlll\'ALENCE CTJ MC l 'l) sDATE) 'CT ltH2, 1 J, T 1 J 'CT IMC~h 1) sT2 ) _______ 
c 

______ c __ THE LOGlC:AI. VABJAE:LES ARE USED lN. "fHE FCtlLCtHIUG .MAUNERL __ 
C SlGN - AN INDICATOR OF THE :SIGN OF THE SAT ELEVATJON 
C ----··- -- .FALSE=NEGAT I VE ~ TRUE==t=·{IS 1'f 1VE_____________________ _ 
C RJSE - AN INDICATOR OF WHAT CONI·JTlOH THE lHTERPOLATIOH 
C ________ SUF:F:OUT I NE SHCtliLD f:E LO(H.:I Nf; FOR------------- _____ 
C - FALSE~A FALLING CONDlTION• A POSITIVE TO NEGATJ\ 

---.wC--------·----- - - -- --· .T RAN$ l T l ON ------- -··· ---
C - TE:UE=A RlSlNC..; C:ONDlTHHlt A NEGATIVE TO PO~.J-riYE 

---- lBANSITlON ----
TWO - AN INDICATOR THAT TUO RISE OR FALL CONDITIONS OF 

_lfHEF:EST HAPPENED lN THE. SAME .(tUE.HOtiF:.lNTf.IWAL 

c SlNGL - AN INDICATOR TO THE VJSB~E SUB~OUTJNE AS TO THE 
NLJMBEH OF-~AT f'(I~.J T I 01~~ NEEDED_JQ _f:E CALCULATED __ 

c - TRUE=Of~E SAT F'(ISITIOth THE SAT F'CI~.JTICIN WA/fJED 
}!._GIVEN BY- TH£ .VALL'E ..OF--THE-\'AIUABL£_(1NE 

c - FALSE=ALL THE ~AT PO~JTIONS 
---~-----ll{fiEE...~_AN INDICATOB .THAT. f-. -RIS£. _(If_ .H1POF\TM~CE. OCC:UF:Ert_____ 

c FRm1 A COWH T I 01~ OF Of~ f. Uf' ·· "fHRO~ AWAY F l RST 
TIME .VALUE .FOLINJ)__ ------------

c FOUR - f.~N lNDICATOH THAT f.. RISE OF C:ONC:ERN (IC:CLIF:ED FROI" 
---'~----------A C:OUDITIOit OF ZEI=:O-UP~-THf:OloLAl.JAY_f"JF:ST_.Tl•W.___ 

c TIME VALUES FOUND -, 

TSKl P= l s~:l F'*1 DEL 
_lfLG=..E!___ 
DATE=(Dlll/86400.0)+1.0 

_______ WIUTE(6,1)Df-1TEsFDTU. ----------------­
WRITE<6t2)LAT,LON 

________W(U TEU.·-~ 3) 
WIU TE u., 4 > 

---------~lNGLE.~~ALSE~--------~------------------------------------
3€> lHREE=.FALSE, 

----------- _FOUR=. FALSE ... 
RlSE=.lRUE. . 

-----------"U-!0=. F1-.LSE o--------
C r 

C-CLEI..F!.. T l t1 .MATRJ ~----· --
C ONLY CLEAR VARIABLES THAT WILL BE TESTED LATER 

-----C--------.------·-------------- -------- ---· --------
£10 9(1 ) I: 2' 5 
·r I ~1 ( 1 , ~) = €t, (1 _______________________af>.PJ:"~,m 1v. r- ?n 



(I(: liB ( ;! ) c: 1 
l f'NT R:: 1 - ---- ----- ---­
)f(3hlFLG>l56•105t100 

-HHiLCt..LL- \'l SBLE----­
(:I;ll l USERT 

------lf -<3-l fl.AC>> 1~9, lH•'-210-
1~5 11MCJ,~)=1000000,0 

l 1=1(a()(l(l(l(l, .(1 _.. (.;0 TO JS5 
-11.(1 ..llMCl•~>~=H•<•<•<•OO.(t ____1, = 1(1(1(1(1(10. (1 

• __ao.To-1sa 
c 

---C - THEF:E- ARE- ~LSATS --UP--
~ c -

___:.____-120 -l=T+TDEL------------- -·---
JFCT .GT.86409.>GO TO 23a 

• --- -C:ALL-VlSBLE---- --------------
Jf(3-JFLAG>J4a,t30t190 

---- --13EL C:ALL -1 USERT----
• GO TO 120 

c 
C RISE-4 

• ----C-----
140 lFCJPNlR .EQ. 2>JPNTR=O 

---- lPNTR~lPNTR+l---­ ----------------
(:ALL 1NSERT 

---------RlSE;:, TF:UE .. ----------
C:ALL l NTERP 

- - T JtHOc:lln<2J ,3) ""THCI')-------- ---
146 TWO=.FALSE. 

• 

---- -l=T+TS~:IP-------------- ---------­
0 lFCT .~T. S6499.0>GO TO 230 

---- --- -C:ALL- \.'lSBLE----·-- -----­ --· ----- -----------
lfCIFl~G .Gr:. 4)G0 TO 155 

--(:ALL -JNSERT---------------------­

• 
JFCIFlAG .Ll. 3>TWO=.TRUE. 

-------147- -l=T--TDEL------
C:ALL V l SBLE 

• 

----lf-<4-lFLAG> 1.4S, 148• 14'l----------
148 lFCIPNlR .E~. 2)JPNTR=O• ------- ---l f'NTR::) PNTR-t-1----------

(:AL L JNSE RT 
-------lF<IFLAG .en. 4)THREE=. TRUE.--------­

)FCIFLAG .Gl. 5>FOUR=.TRUE. 
------ - -IUSE=. FALSE •------ ------­ -------·--------

• lFCJPNlR .EQ. 2)IPNTR=O 
------- J f-"NTR::) PNTR-tl--- ------------------ ------------· 

• 
(-iO TO 161 

-----C ------------ --- --- ---- --------- ------- --------------- -----------
1 4 9 l I M ( 1 t ~: ) : = 1 C• (t (~ (t (l (l • (I 

• 
-------·----"!.JLlf(. 1 ';!) ~ 1 (•U(r(,(l(l ..~L­

rt ::Hr(tl•(c(t(t, ·:1 
------- ---15~•--'r:..:.T·~-oH~I.------ ----------------------­ --------------------------

~ r ( ·r • :.;y. -5(~4(1 (). O> GO TO ?.30 
------------ <=M t v~·;;m.i~ --- - ------- -----------------------------------­• ~. r: Cl n .•;,~;- . ·- ·r • .1\ ><W TO 16<• 
·:.._----1!~· -\~A~-:. -) •t>r.H.s:----- ----------------- -----------------·--

• 
(>\t TO ~ 1 .)~1 

---------1;·~---LPH ~ ~ ..!) .: l ~t(l(s(l()(l.f.) _____ ------------·------------------------------- ___ 
7.. TIM(1.,:.')•1(t(IEtE199.E1'' -·· ·'"· ' · - ... •· ··--· .... •· • ···~ ..... ·-- • ···--··-

~ 
Ttc::J(J(l(l(l(l(l,(t 
(;t-.L L. \.' l ~.Bl F 
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•• 

c 
--160 Jf(JFLI-.G .LT. :!l)Tl.!O=.TRUE. 

JF<IPN1R .EQ. 2)1PHTR=a 
v ------------ lf'NTRcJPNTR+L __ ··--- -----

IU SE::. FALSE,
0 ----- --- - CALL l NSE RT ------------------------------------------ _ 

lbl CI.LL lUlEF:P 
.. 1 l M <OC:liiH 2 > , 4 >=TH ( !)_______

'0 {t(:llr: ( ;! ) == (ICUn ( 2) +1 
------- __Jf" (. Nlll •.. HJO> GO TO ..180 ----- .. 

c
0 ___c_fALL-.3 .HI'~ OC:CUP.ED lN __THE_SMtE HOUB-INTE~VAL../>.S ..FALL-:...4 

c 
---- __ TIMCOC:liiH1J ,5)~=.JHC2>·---------------------­

l2=DECTC2) ______t.;o __r.o --~c-. 5....._____________ 

c 
-C-- LOOt: .. FOR--FALL-:- 3 OR- Rl SE-4·------------------ ----­
C 

I) ------180 T=T+lDEL---
, )f(T .~T. 96409.0)G0 TO 230. 

------~o-85-CALLV 1SBLL--------------------------­

• )f(3-lFLAG)l40,139s190 

~~-~~-------------------------------------------------
C FALL-3 
c 

190 lFCIPNTR .EO. 2)JPNTR=O 
------------lPNTR=lPNTR~----------------------------------------

fU SE=. FALSE. 
C:c\LL--1 NSEF!T------"---------------------------­
(:c\LL J NTERP 

-------ll~1COCLIIHLl,5)_:;;_TJlCJ--~------------------------0 12=DEC1 (l > 
----..c;~05--HWc: .. Ef..LSE.__________ 

11=T2-T1 

• 
------lF.tl-1.-....Ll---E'.El>-Tl~~Tl----------------------­

lFCTl .~T. 3bae.~>GO TO 2e6 
Tl M ( OCLIIH 1 )_, ~J-=El •.E~•-----------------------
11 MCOC:l'I::C 1> ~ 5) =Et, Et 

______(.;Q.._ T0_-~0.7__·-----------------------------

• 206 OCUR<1>=0CUR<1)+1
----207-J f. C 1 EL(..; __ .._LJ._._,2).()Q_ JQ__ 22..,______________________ 

(.;{1 TO ~12 

• c 

• 

210 lFCIFLAG .LT. 2)G0 TO 225• ----212--l== l-+-TDE.L------------------____:____________ 
lF<T ,6T. 864~e.O>GO TO 23$ 

------tALL_\' lSBLE. -------------------------­
lF(2-lFLAG>~20,211s224 

• 
-----'~1 L.C~LLJ..NSERI------------------------­

(.;0 TO ~12 

----220. fUSE=. ·riWE,_ 
lFCIPNTR .EQ, 2)JPNTR=a 

------- __ ) f'NT f-~:: l PNT R+ t ___ -----------------
)f(lFLAG .GT. 3>TWO=.TRUE. 

""-·----- (.:ALL .. .1 NSERT 

----·· 

• (:t"'LL .l NlERP 
--- __ lH1COtllt=:<1>,2J=THC1L___ -----

ll=DEC:l<l> 
____ JfC."NO"f •. lWOJGO TO .180-----·--- --------·-

https://OC:CUP.ED


---------------------

--

----------~·-1 .,-,,~ ....-........... , ·~~- ..... "' ... ,---------- -- -- --- -- ----
{<\(l TO ) .o\6 

--------C------- ---------------------------------------
• 224 <:ALL l NSERT 
l' C----------- ---------· 

C LESS THAH 2 SATS UP 
e ------C---· --------

225 T=T+TDEl. 

• ---------lf CT .• C..;T. &b40~~-~~)-G0-- TO 23v------------------­
(:t.LL \' l SBLE 

--------l f.<l F I. 1-. () • E 0. 0) FOUR= • TRUE------
lf<2-lflAG>~27,228•226 

• 
• --------226 C:t-..LL l USERT ------·------------------­ --------------------

JFCJFL~~ .NE. ~>FOUR=.FALSE. 

---------- C-iO TO ~;.!5 -- -----------------------------------
227 ·r 1-if\El:=. l R\JE. 

------------ (.;(J TO. ;_.;-_,a_ ___ 
228 F OUP.::. F t~L SE. 

• ---------- (:1\LL l USERT--­
(.;(1 TO &..'12 

---- -C-----
e C NEW DAY 

-----C---------

·-- 23~1 l FLG= l FLAG 
----- _)f_(JfLC·i .. GE •. 4lTHlCOCUR(2) •4>=H•OO~I0(1.-----­

lf(JFL~ .GE. 3)TJM<OCUR(1),5)=l~~OOO~. 

• --------N::1------------------------------ -------------------
lF<OC:llr-:<1> .EQ. 1 .AND. 0CUF:<2> .En. l)GO TO 24(1 

• 

-N=OCUn ( U- ------
1FCOCLIR(2) .GT. OCUR<l>>N=OCURC2)

0 lF-< N- .• -f.Q. b> N=5---' 
JF<TlK<f-.h2) .EC.t. (a,() .Aill). TIMUh3> .EQ.().Et)N=N-1 

-240 l·!f:ITEU.,5)T)~t(1 •1> •TIM<1-•2>-•T·l!rt(1,3)-,"rJM(J •4> •lHH1-t5~-- ---­
0 lF<N .<'l. 1)(..;(1 TO 260 

----. 250- raT lt= rn U+ eo4 El (1, (l.. ~-----

lF<ABS<DAlE-FDTLI>.LT •• 5>RETURN 
--- ~--I•ATE=DA"JE+ 1 .. EL----

·r=E•. 
-------- ('0 T0---3Et------------------

0 c 

• 
----C... LOGlC. f'(lH OUTPUT- F0R)1A.T--­

C 
--260 IHt- 3~)(1 -1 ;::2 ,N----

• 
J F ( T I 11 0 t 2 > •NE • E• • 0 • AND • T I M (J t ~) • NE • E• • (l) WR J T E <t., 7 >·r JfH ) , ~) t 

*-lllti <-J, :·:) •T J M C I, 4), TIM ( J ,5)----------------r----
c 

• 
l-f--C T J 14 Cl '2>--. NE-..- _(1. 0 --· All D •. T J M C J., 3) -, EC" r -~E•. Ea) WR J T E ( ~, S >·r J M 0 , 2)- t -

*TlM<J,5) 
---'C- -------------------- ---- .. ----------

lf<TJM<l•2> .EC'-l. (1.0 .AND. TJM<Js3) .NE. ~.(I)~IIUTE(t,,t;)"JlM(),~l),

• ---·-C·----- :t:T lift (I,~).-----------

----------- -30(-t- (;(lNT 1 tHIE- -- --------

• - - - -C -. 

• 
l F (Im1 A·r <~'\ X ' ' M=' f·' FW X JH S E ANJ) F All. T1111E!"· F R {I )I ' ' F t .• (I ' ' ' T 0 ' t Ft. • (t ) 

4 F OR~IA 1 ( "(1' , 4 X' "DA 1 [' '7 X, 'I~ I SE- ~·:' , 8 X , 'R 1SE- 4' '.S X • -- ---- --- --- - -- -- - -- -­
t'fALL-4',8Xt"FALL-3',/) 

• 
---------- -----2 F or-:•1A1 ( li·W, 4 X t "F OJ~ LAT 1 't F ~. 2, "- LOlli 't Fr.. 2) ---- ------------ · 

3 f(lf{lrlt'il(lH(•d</Xt'VlSIBLE f.\T El DEC,REE H{!Rl2CIN") 
5 FCarmr..1 (I' 4 X' F ~.• ~ ~ 4 X, F 8. I! d:.X 'F P.. ~!,~.X,\= f',. 2, f,):., F 8. ~ >------- ----------- - --
7 FO~MAl<l4XsFC.2,6l•FS.2,bX,F8.~,6X,F~.2) 
8 F(IF:~II-\l(l4Xtf=f,.2,34X,F8.2) ------- ------·--------------------- -------
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] c 
C ROUTINE TO INSERT THE NEW SAT DATA INTO THE WORK MATRIX 
c] SUBROUTINE INSERT 

COMMON/ELEV/EL<8>,DIRCU<3>,DIR<3>,E<3,3),DT<8,3> . 
COMMON/LINR/T1T2C2J,TEMPC2,8J,RISE,TH<2>,TWO,SIGN,IPNTR, 

*THREE/NUM/NUM] COMMON/NAC/NAC,TUY,TCY,TKC,DTC.DTU,TC,T,FDTU 
LOGICAL SIGN<2,S),RISE,TWO,THREE 

DO 100 I=l,NUMl c 

SIGN<IPNTR,I>=.FALSE. 
IF<EL<I> .GE. O.O>SIGN<IPNTR,I>=.TRUE.] TEMPCIPNTR,IJ=EL<I> 

100 CONTINUE 
T1T2<IPNTR>=T 
RETURN] 
END 

]' 

] 
] 
] 
] 

J 
J 
u 
D 
~ 
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I c 
c ROUTINE TO LINERALY INTERPOLATE THE RISE AND FALL TIMES OF 2~TS 

I 
(: 

SUBROUTINE INTERP 
COMMON/NUM/NUM/FLAG/IFLG.IFLAG,IPATH 
COMMON/NAC/NAC,TUY.TCY,TKC,DTC,DTU,TC,T,FDTU 
COMMON/POS/LAT.LON,ALT,R/TIME/TDEL,TFIN,TSKIPI COMMON/ELEV/EL<8>,DIRCUC3>,DIRC3>,E<3,3),DTC8,3) 
COMMON/LINR/T1T2<2>,TEMPC2,8),RISE,THC2>,TWO,SIGN,IPNTR, 

*THREE,FOUR,DECT<2>1THR/THR/VIS/SINGL,ONEI COMMON/DTX/U,DC8,4>,RBAR<8>,RM<8>,DELR<8>,H<4,4>,RVISC8> 
LOGICAL SIGNC2,8>,RISE,TWO,SINGL,SGN(3,8>,THREE,FOUR 
INTEGER ONE,SATNUMCS> 
REAL WORK(4,8),TIMES<8> 
DOUBLE PRECISION LAT,LON,ALT.R,UC4> 

c 
IFLG=IFLAG 
KCIIJNT=O 
IP=l 
IFCT1T2<2> .GT. T1T2<1>>IP=2I DO 100 I=l,NUM 
IF<<SIGNC1.I) .AND. SIGNC2.I>> .OR. <.NOT. SIGN(1,I> .AND •• NOT. 

*SIGNC2,I>>>GO TO 100
) IFCRISE .AND•• NOT. SIGN<IP,I)>GO TO 100 

IFC.NOT. RISE .AND. SIGNCIP,I>}GO TO 100 
KOUNT=•<OUNT+ 1 

j SATNUMCKOUNT>=I 
WORKC1,KOUNT>=TEMPC1,I> 
WORKC2,KOUNT>=TEMPC2,I> ' 
SGNC1,KOUNT>=SIGNC1;I>) SGNC2,KOUNT>=SIGNC2,I> 
SGNC3,KOUNT>=.FALSE. 
WORKC3,KOUNT>=T1T2<1>

] WORKC4,KOUNT>=T1T2<2> 

1 
100 CONTINUE 

SINGL=. TRUE'. 
L=KOUNT+l 

1 
IFCL .GT.6>GO TO 300 
DO 200 I=L,8 
TIMES<I>=lOOOOO.O 
SATNUM<I>=O 

200 CONTINLIE 
300 DO 600 I=l,KOUNT

.1 M=O 
IFC.NOT. RISE>GO TO 320 
IFCWORKCIPNTR,I> .LT. 0.8 .AND. WORK<IPNTR,I> .GE. O.O>GO TO 310 
GO TO 350] 310 TIMESCI>=WORK<IPNTR+2,J> 
GO TO 600 

320 IFCWORK<IPNTR,I> .GT. -0.8 .AND. WORKCIPNTR,I> .LE. O.O>GO TO 310
] 350 DO 500 K=1,3 

[] 
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I 
I 

ONE=SATNUM<I> 
IF<M .NE. l>GO TO 360 
M=O 
IP=3 
IF<WORK(4,I> .GT. WORK<3,I>>IP=4 
Wl=WORK<l,I> 
W2=WORK<2,I> 
IF<Wl .LT. O.O>Wl=-Wl 
IFCW2 .LT. O.O>W2=-W2 
FUDGE=30.0: 
IF<IP .EQ. 4>FUDGE=-FUDGE 
IF<Wl .GT. W2>T=WORK<4.I>+FUDGE 
IF<Wl .LT. W2>T=WORKC3.I>-FUDGE 
GO TO 380 

360 T=<WORK<2, I >*WORKC3, I >-WOR~~< 1, I >*WORKC4, I> >I <WOR1<.<2, I >.-WORK< 1, I>.> 
- · 380 CALL VI SBLE 

L=1 
s·GN (3, I>=. FALSE. 
IFCELCSATNUMCI>> .GE. O.O>SGNC3,I>=.TRUE. 
IF < < SGN <2, I > • AND. SGN <3, I > > • OR. < • NOT. SGN <2, I > • AND. • NO.T. 

*SGtH 3, I>> >L=2 
LL=L+2 
WORK<L,I>=EL<SATNUM<I>> 
WORK< L..L, I> =T 
A=WORK<3,I>-WORK<4,I> 
IF<A .LT.O.O>A=-A 
SGN(L,I>=SGN(3,I> 
IF<.NOT. RISE>GO TO 400 
IF<<A .LE. 30.0 .OR. EL<ONE> .LT. 0.8) .AND. EL<SATNUMCI>> .GE. 

*O.O>GO TO 575 
GO TO 500 _ 

400 IF< <A • LE. 30. 0 • OR. EL <ONE> • GT. -0. 8 > • AND. EL <SATNUM <I > > • LE. 
*O.O>GO TO 575 

500 CONTINUE 
M=M+1 
IF<.NOT. RISE>GO TO 550 
IF<A .GT. 30.0 .OR. EL<SATNUM<I>> .LT. O.O>GO TO 350 
GO TO 575 

550 IF<A .GT. 30.0 .OR. ELCSATNUM<I» .GT. O.O>GO TO ~:50 
575 TIMES<I>=T 
600 CONTINUE 

SINGL=.FALSE. 
N=O 

650 N=N+1 
660 T=TIMES< 1) 

K=1 
IF<KOUNT .EQ.1)G0 TO 800 
DO 700 1=2.KOUNT 
IF<T .LT. TIMES<I>>GO TO 700 
K=I 
T=TIMES<I> 

I 
I 
I 
I 
I 
I 

-----·-·····-----.....-,. -
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700 CONTINUE 
:.::oo m::cr <N >=T 

CALL HOUR:::: 
TH<N>=THR 
IF<.NOT. THREE>GO TO 850 
TIMES<K>=lOOOOO.O 
THREE=. FALSE. 
GO TO 660 

850 IF<.NOT. FOUR>GO TO 950 
TIMES<K>=lOOOOO.O 
FOUR=. F AL ~::;E. 
GO TO 660 

950 T=T1T2CIPNTR> 
IF<N .EQ. 2 .OR •• NOT. TWO>RETURN 
TIMES<K>=lOOOOO.O 
GO TO 650 
END· 

l] 

]] 
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	-

	---------~-------· -·-·-... -·-------------.____ ---· ........ ----~----
	--------
	-

	. -------------------------------
	-

	----·---..-...-----------------~----·-------... --------··--~-----... ~-----~--------~--~--· -·------·----------··-----· 
	~ 
	~----..,.-------...... --~.... --·---·----·-.. --···-......··-----··---·......... <..-·-----··----· ---..--...P-,•--· 
	---...--......-----...........______.__

	D -------------------------------·--------------------------·-----------.-
	-

	----~ 
	----~--~-----------------------------·-----------
	---·---------. 
	-

	-·-----------....-~-··~------·.. ··--------..------·-··--··...... ---"··-·· ___ ...___ .. ··---------------·-·----· .. ·-· 
	-
	A-4 
	j 
	=~********************************************************************:
	----£-F-H..E-NAME+--ALCOL.-FOR:-----C LINK WITH ZREAD 
	• 
	-

	• • • • 
	• 
	D 
	D 
	• 
	• 
	• 
	• 
	PROGRAM TO COLLECT ALMANAC DATA FROM\THE ZSET. 
	c 

	' 
	C SEE DOCUMENT: CP-US-305,PAGE 10-12, 20 JUN 78 ------f'"--------------+-6Bl:£--H>-v---PACKE-r+-£tAT-A-Bl-OGK-1-I-I.-------­
	C 
	€ H-f€HAEL .J • MAGRDGAN--€G-Of'-A£-T-MOif--dANUARY-1-9&1:------C GPS HELICOPTER PROGRAM 
	-

	€·*************************:********************************************~
	DIMENSION IALMAC<12,24>,ISVPRN<24) :--------B¥'fE-·ALMAC <24 ,24)-, I AR+4-f-~---------------------­REAL*4 OMD,OMQ,MO ·-INTEGER*4·-JVAL-INTEGER H EQUIVALENCE-< IAR{-1) ,_JVAL), ( IALMAC< 1-,1 >,ALMACC1r 1) ) ___ DATA PI/3.14159265/,ISVPRN/4'7'6'8'5'9,18*0/ ----C-ISTAD IS --THE STARTING ADDRESS OF ALMANAC DATA AND -IWCNT--IS-THE NUMBE C OF WORDS IN THE ALMANAC DATA. ----£lATA-ISTAD/0172700/, IWCNT/288/--------C CALL ZREAD TO READ ALMANAC DATA FROM THE ZSET. .;__..______ CALL--ZREAD< ISTAD, IWCNT, IALMAC ( 1 
	-
	-
	-
	-
	-
	-
	-
	-

	------C -GET ECENTRICITY OF· SATELLITE ORBIT FROM ALMANAC -DATA-.------------.-30 IAR<1>=ALMAC(3,I> ------I AR <2 >=Al:MAC C2' I+----~------­
	-

	IAR<3>=0 ---------I-AR<4-·)=(}--C ECENTRICITY IS SCALED BY A FACTOR OF 2**-21 • ----·--E=AJFt:.T <-JVAL:) *4. 7683716E-7 --------
	• 
	-
	-

	C GET TIME OF APPLICABILITY OF THE ALMANAC PARAMETERS. -----------IAR <-1-) =ALMAC <4-,-I--)------­----------
	-

	• 
	IAR<2>=0 fAR <-3-7-s=t>-·-----IAR<4>=0 
	-
	8 

	-----C ·-TOA (SECONDS) -IS SCALE!t-BY··-A ·FACTOR OF-2**12 .------TOA=AJFLT<JVAL>*4096.0 ----·C· GET-SATELLITE ORBIT INCLINATION FROM ALMANAG DATA.-------------------IAR<1>=ALMAC(6,I> ----------IAR (·£) =ALMAG-< 5-, -I-r----------~----------------------
	-
	-
	-

	1 -------------i~~~~-~~---------------· --------
	-

	IF<I~R<2> .LT. O> IARC3>=-1 IF<IAR<2> .LT. O> IAR<4>=-1-----------...APPE~D.ILB-=1 .. __________ ----·· 
	,.... 
	.. ·--· ,. ...... .l • 
	C FROM ALMANAC DATA. IAF~(-1 >=ALMAC(8d) -----------------------------------
	------
	-

	IARC2)=ALMAC(7,I> -------IARC:H--=0---
	-

	--·-+
	-

	-IARC4>=0 
	-----------1F <IAR<--2--> -. L T .---o >--IAR <3 >=-1-----------IFCIARC2) .LT. 0) IARC4>=-1 --------8-DMD<-SEMIC-IRCLE-S/SEC>-IS-SCALED BY A FACTOR OF--2:f*-3B-AND C MULTIPLIED BY PI TO YIELD RADIANS/SEC. --------..::.t:-f" WVAL ~-f.!. I *3. 637 9 7 88E-=-12------------------­C GET HEALTH WORD FROM ALMANAC DATA. --------H=ALMAC--'-9, I-)---C GET THE SQUARE ROOT OF THE SEMI-MAJOR AXIS OF THE ORBIT 
	-
	Qtl~A.Jf
	-

	-----b-C------rr;ROt1--AU1ANAC--DATA-
	-

	IAR<l>=ALMACC12,I> 
	---------------~~-~}=A~~AC~~1~'~I~>----------------------------------------------­
	IAR(3)=ALMAC<10,I> 
	-----------+IAR~~~-------------------·------------------------------
	-

	C RACMETERS) IS SCALED BY A FACTOR OF 2**-11. 
	--------RA=A-JFL-=f-hJVA-L-) *4-.-8828125E-4---------------------------­C GET THE RIGHT ASCENSION OF THE ORBIT FROM ALMANAC DATA. 
	-------------4--AR<1>-A~G+4~~--~------------------------------------------­
	IARC2)=ALMACC14,I> 
	=-----------~Af~~AC(~-+4~-----------------------------------­
	IAR<4>=0 ------------,IF4-IAR (3) • L-T. 0) IAR <-4-) -~1.--C OMO<SEMICIRCLES> IS SCALED BY A FACTOR OF 2**-23 AND 
	-

	--t.-C--fMXHLI-k--r:.l~~Cf-f~I---+-O--¥--I-ELD---RAILI-A~~ci>-+-----------------------------­
	OMO=AJFLTCJVAL>*PI*1•1920929E-7 
	)
	" 

	--------tr..--GE--f---T--H-Ii--AR-GUMEN"l=-OF~£-R-IGEE-FR-OM--AL-MANA-C--IlAT.A.o---------------­
	IAR<1)=ALMAC<18,I) 
	--------±--Af\'-(-2+=-Ab-fiAC+i~±+--------,----------------------­
	) 
	IAR<3>=ALMAC<16,I> 
	------------~~R~+=~---------------------------------------------------
	-

	IF<IAR<3> .LT. 0) IAR(4)=-1 
	1
	------G--W+SE-MJGIR-b~-S }---I S---SCAL-£ D-lJY---A-+AC-T.OR--OF ----------C MULTIPLIED BY PI TO YIELD RADIANS. 
	2**=2-Z---ANr+t.bl-
	-

	----------wW=AJFLT(JVA~~*-F~I~1~~920~~9E~+------------------------------­
	C GET MEAN ANOMALY AT TOA FROM ALMANAC DATA. 
	----~TAf\(1)-A~iAC.~(2~1~'*I+)----------------------------------------------­
	IAR(2)=ALMAC<20,I) 
	__._,~f-i:..C-.3..-)_:AU1AC-<~~,...J------------------------------­IAR<4>=0 
	________

	-------~IF---<-IAR+-3 > •LT. ~I-AR <A-> --1;--------------------------
	-

	C MO<SEMICIRCLES> IS SCALED BY A FACTOR OF 2**-23 AND 
	--------t;G~M-YL~I-PLIE:D BY-P-I TO YI-Ebii-RAD-I-ANb-...-~---------------------------___...­
	MO~AJFLT<JVAL>*PI*1·1920929E-7 
	-[I I SK-F Ih-E--r------------------------­WRITE<1,149) III ------------WR--I-T-E:-{-1~1-50+-E-,-f-0-A-, D I-, OMit---------------------------­WRITE<1,150) RA,OMO,W,MO 
	--------t---WRH-E-Al:MANAC-DATA--f-D-

	-----------Y~~E~~~~--------------------------------------------------
	-

	10 CONTINUE 
	-------~STOF~----------·--------------------------------------
	-

	100 FORMAT<' PROGRAM TO EXTRACT ALMANAC DATA FROM ZSET.') ~· -------11<>--FORi"'IAT-tJ $ENTEJ;:--F-I LE SF'EC FOR OUTF'UT-,-ALMANAC -DATA-FILE=.!_.>----120 FORMAT<' ENTER COLLECTION DATE FOR ALMANAC DATA<JULIAN DAY)='> -----1~-FtlF:MA-HGi-5.8 }-------------------------~ 140 FORMAT<' ') -14-9-FOr<t-iAT-~'-12-) ---
	-
	-
	-

	150 FORMAX(' ',E15.a,',',E15.8r',',E15.8,'r',E15.8> 
	[t -----------END APPEND I X B~-2 
	···T~.
	r 

	·.r"{."·J<...............,._,..,. ... .__,.•_ ..____ • 
	-

	;~ -------------:~E b~t-~ ~~~-r~ :-:~B~~l-~;~~ r~-i~ ~-i:; rA~i-1it~"P"!r~r~-i sHLT-:Tf:-RE: A-r~--------
	-

	_____L..cALL.F.nol:LE.ORTBtitl ---CALL .2f\EAD <I :3H1.D ,_IWClH . .r.JI·:!JE.E.illl__________ 
	WHERE ISTAD IS THE STARTING ADDRESS IN THE ZSET ---~----__ JWMJ::ER._DE_W.OF:DS __IQ___ f\EB[I_____ .------------· 
	• 
	I.WQH_l_S__T.HE

	IBUFF<l> IS THE FIRST ELEMENT OF AN INTEGER*l DATA AREA 
	; 
	zcs = '164400 
	__LCE.f2..________,______
	• =
	78:[!_ 
	ZADD ZCSt4 ZJLA.T =
	• 
	= 

	·~-------~Z~S+6~------------------------------------------
	-

	LOC 164410 
	= 

	GS LO. ? 
	• 
	= 

	------~~----~------~-
	-

	FLAG LOCt4 
	= 

	~BUMP ARGUMENT COUNT QV·"----(HE5JJ:.LRO tSJ.AF;J_lNG__AIIJ)RC.~S~---------------
	ZREAD! MOV CR5>trRO 
	-

	MDV @(R5>t,R1 ;WORD COUNT 
	·-

	-----____-.LLMO.!.L____tR5 > , R2 U)Al..~_AREA...F~OJJ:U ...E.uR________________________ 
	• 

	; 
	2$! TSTB 
	BPL 
	• -

	4$! MOV 
	• MDV 
	3$! TSTB BPL MO.V ZDATt(R2>+ 
	; GET IIATA W.ORL.!..-1------------
	-

	INC RO
	DEC Rl 
	0 
	' 

	___________.,_,_,..____....;.L4$ i.ALL.lriORD..S,.l)_Qt!Eu.?_________________
	BNE
	0 RTS PC 
	.SBTTL ZSET ONE WORD WRITE _____,_;-=CALL FROM F'JRT F\ AN CA__I:-:_L_~~-RI_TE_<!ftQD ':...:I::_:I~IA..:...T~>'----------------
	• 
	-

	; WHERE IADD IS 16-BIT INTEGER ZSET ADDRESS ; IDAT IS 16-B~I~T~I=~~~T~E=G=E=R~·~r~~A~T~A~---------------------------------
	• 
	-

	; 
	------~z=~W~R~·I~TuE~!t~M~O~V~----<~R~·s~>~+~,R~O~-------U;BUMF' ~RGUMENT CO.~U~N~T__________________ 
	_____,1~$~:!:,.____I!-!S~T~B.:__~Z~C~S:!,.____~~T!...!R-!!·ANSFER COMF'L ET.=E,_________________
	• ; 
	BPL 1$ ----------~M_._,O,....:V"------"@ <R5) t, ZADD ; W8_I T_~ __t)JI_(I_RE.,;,S~S!_________________MDV @CR5),ZDAT ;WRITE DATA --------------_j~,o~v~--~tw3~,uz~s~B~·~;Wf~lJ£.~~~o~o______________________________________ TSTB ZCS ~DONE? ---------~B~P~L___2~$~----------------------------------------
	• 
	e 
	-

	RTS F'C -----------• PAGE 
	• 

	.SBTTL ZSET NO CARRY ADD 
	---~-->o<..CA.I..L.__E_RQ.t:L£i1,£J..B.t\N ---CALL F: AD [I <1 SLIM , I TERM< I . ..!.).J..)_____________ ; WHERE ISUM IS 16-BIT INTEGER SUM 
	• 

	A 
	. 
	; 

	ITERM< I) IS A 16-B_ll__l.!!:)RQ_J_Q~~ SUMt1ED 
	, 

	_RAD.rL:__Airi,_I__...@.iR5L___;_ADIL..J'ERM TO SUML____
	4(R5.1J_@2

	-
	RTS F'C 
	-----------~AGE 
	.SBTTL ZSET DIGITAL TO ANALOG CONVERSION L_~~Ll,._Ef.:Q.tL[Of\J:F.;_f~N_ ---~.ALL___DTB_< I SCt~LE!_Jpj...Jll,...!_I_F_l_,.fiG_>__ ; WHERE !SCALE IS THE SCALED CROSS TRACK 
	e _______

	~ -------; l_GLSl.,._l_S___ THE_S.C.ALE[I_ GLIDE__ SLOF'E. ---------------------
	-

	~ ; !FLAG IS THE TO/FROM FLAG AND WAYPOINT WARNING APPENDIX B-3 
	-
	' _______________f'lU.Y______t;"'U 1-~-~ L• Li!:> ____ ~ _ _; M!,"J\'E__ GL H~E ~;LOF'E . TO . DT r-"1_ __ _ ____________ _ MOV @6 U.:5), FLAG ; MOVE TO/Ff·:OM A~!D WAFan rW TO D JA __________ _I\TS_____. ___ E'C_______________________________________ _ .PAGE _______________._srn.IL_ZS.£LJ:Jt)LJ __f:._NA.BL.E__ E( LLIE.S.I_____ ; CALL FROM FORTRAN ---CALL HENBIT<ISW> 
	• _______;__ _JJHEf~E_ISW .IS .TJiE._SIATUS_ OE. ..THLiiALT SWLI.CH______ -------
	-

	.
	, 
	____ HENBLT LMOV____ .@2.!R5)..,R0 _______;MOVE ISW _IQ_RO________ _ ~ BIT llOOOO,ZCS ;TEST FOR HALT SWITCH SET -------___BEa_____ l_$_______ --------------------------------MDV tlOOOO,ZCS ;ENABLE HALT 
	-

	> _____________________t1_QV____:t_l_, .@2_lFi~_)______J_SI;:T__J§W RTS PC _______ L tH~L T__Sw ITCH NQ_T_ __ SEJ_ .... ________ ~ 1$! MOV t-0,@2(R5) ;RESET ISW ---------RIS._____£c_________________ --.PAGE ) _t.SB.Jli_Z.S_E.L_nlSABLE__a_ALI _ ; CALL FROM FORTRAN ---CALL DISHLT _______D.ISHL.U_MQ.V____tO.UC.5__ii•lSABL.E._HALI___ --------______ ~ RTS PC ....F~GE ·------------
	-
	-

	.SBTTL ZSET TO-FROM WAYPOINT SWITCHES READ ~ ..-:::_______;_...E:EAD ( IWF~t.l.____ P WHERE IWPT IS A 16-BIT WORD CONTAINING THE FROM WAYPOINT ______;____ IN...JHLJ10S.L BYIE ..IE _ _I_o ______ 
	CALL_£0:0M._EORif\1\:'L..:::.::.:-_LALL_.If
	SI.DNI.EICA.NL 
	Bi'l.IL.ll
	Wa.YF~Ol.NJ

	~ 
	~ 
	~ 
	i 
	IN 
	THE 
	LEAST 
	SIGNIFICANT 
	BYTE • 

	TR
	---· 
	. 
	---
	-

	------
	-


	TR
	~--
	-


	TR
	TFREAD: 
	MDV 
	@11~4454,@2<R5> 
	;HOVE 
	TO-FROM 
	SWITCHES 
	TO 
	IWPT 

	) 
	) 
	________ 
	RI_S_____E:_C~___.__ __ 
	--------
	-


	TR
	.END 


	) 
	_________" ___ 
	" 
	~ 
	~-------· --~---------"----~--------
	-

	~ 
	_APPEND I X _.,B=-=4________"___-------
	-

	~
	-

	AA' 
	·-'" ____ -------------
	-

	] 
	BLOCK DATA IMPLICIT REAL*4<A-Z> INTEGER NAC
	] 

	COMMON /CNST/PI~RTD,OMF,AE,E2,0MF2,SGC,ERATE,PI2/DB2/AD<14,8) COMMON/NAC/NAC~TUY,TCY,TKC,DTC.DTU,TC,T,FDTU 
	] 

	DATA PI/3.14159265EO/,RTD/57.2957795EO/,PI2/6.2831853EO/
	DATA OMF/.996647220EO/,AE/6.378135E6/,NAC/O/ DATA E2/6.694317778E-3/,0MF2/.993305683EO/ DATA SGC/1.996499E7/,ERATE/7.292115147E-5/ END 
	] 

	]~ 
	] 
	] 
	] 
	APPENDIX C-1 
	f1 .. 
	.....
	rl 
	--------··----···-·· 
	-
	-
	-~ ;:!~S S': ::~: :::.."1 CMJ Hf.',~JDLE UP TO 8 SAT. IN THE HJF'!JT DATA '~ (;~-=:!JJK-=Z-1--------------------------------___ !NTEGER CONSTLC1),PERMUTC8),NAC,NUM,QNE SHJ_GL~~"'!EXDAt,_F~x__ ____________ -----------
	-------1-!"iPLICIL-5;[.;:..__-z,_ 
	--------'O.Gl.wi' 
	-

	COMMON/ELEV/ELC8),DIRCUC3),DIR<3>,EC3,3),DTC8,3) ________......,r· O~l ..U.l4J_, Lt, ILLOl'u.ALT_,_R.._____ COMMON/TIME/TDEL,TFIN,TSKIP/NUM/NUM/VIS/SINGL,ONE,FIX ________...._rOI"H'iOI'L' AZbLEU.-1 C 8 ):~ AZtH 8) /FLciG/J:.FLG! LEU&' IE'A..L.LJ___________ COMriOrl/F'OS/Lti T, I_ ON, AL T, F\/rJ~rC/NAC, TUY, TCY, TKC, DTC, DTU, TC, T, FttTU _____-..CD.iitiDI'-U.C.NST...(f~ 1 F\.TD.t OME ,_f1E.J E2.t.OMF21_SG.w ERf'iJEt.El2Ll1P.2/fillt 1.4 t. ~~)-LIStil ' 1 ( 24) 
	OUBLL.I::f-:ECl.Sl 

	_____________ CO.MrlON/DTX/_U, D <8,4), RBAR C8 )_' RM C8 21 DELR< B)_, H ( 4,_4_b_S:V_I S_{ a..L________ _ COMMON/SAT/S:4),!:fAC14) 
	----------------__ COMMON/Tl-Lq/Tl-lf\ _ __ _ ______ ---·----------------------------. 
	DIMENSION IDONTC24>,IDC24) 
	·--------c------------------------------·-----.. -------·-----·----------------·---------·------------
	-

	c INITIALIZE OUTPUT DEVICES 1,3,4 AND 6 . 
	~----WRITEC6r700) -----___ JJRITE..t5JJ_•.liL'------------------------------------CALL ASSIGNC1,,-1,'RDJ') -------WE.:l.J.E..C.5.~.Z6QL ________ 
	------. __ ---_WRITE ( 5,-ZOO )__ ______________ -----___________ 
	-
	-

	CALL ASSIGN<2,,-1) 5J..Z~_Q)__ READC5,750) CIDONTCI>,I=1,24) 
	WRI.I E_{ 

	____c________ -----c INITIALIZE VARIABLES 
	-

	"-----"'-------------
	-

	SINGL=.FALSE. 
	--------NUM..=__j__________•___________________________ 
	TC=O. ----------.ISCNT:::Q________ c 
	_______c__ .REAlL.TJ--lE_D~JE... OL COLL£C.I.IOt:LE.QJLTI:JLA.L'1ANAC ...BEl.NG.. .USEILA.S_lliE C NTH DAY OF THE YEAR c .. 
	c 10 WRITEC5,600,ERR=10) ___c.___ _f.\.EADi..5..1 5 Q_Cr LERR.=:.1..0..HLI_C____ REWIND 1 ________:t..50.C0_I1LC~oe.____ WRITEC2,500) DTC I ----c_________ -----------C READ AND SCALE ALMANIC DATA FROM DISK AND ESTABLISH THE ____c___NU.MBER. DE_SALL__U.SED_Il'LJHIS _..:iLliANAC •---------------­C ------·-2.0-R.EAD.C.L 619.,.END;;:3Q.,.ERR==20J__.l~SCN.T.-t.~1.J...)-­READC1,620,E~D=30rERR=20> CADCirNUM>,I=1,8) ___ J: SCNT:::: LS.CJH ±L_______ DO 21 I=1,24 _______________IF< IDONTf I) • EQ_t __1SCNI.L_GQ__I.Q_
	REBII.Cl 
	-

	-------_ . ____ NUM=NUM:t_L _________ 
	------··------------------
	-

	GO TO 20 -~---------------31 WRITEC5,570,ERR=31>NUM ------------READ--<-5~ 520, ERr.;;::3.1+NUM-------------------------­WRIT£(6,610> 
	.30--NUM=NUM-1.-----
	-

	----------------DO -60 -J=l-' ~WM ---------
	-

	ELVC1>=AD(1,J) ----·--------------£lV-( 2 ) =A [I< 2 ,.J i -------------------------------------1 "' ,~...,-·-·-~·-----____ [10 ·lO I=3,8 APPENDIX C-2 
	-

	E L V ( 5 ) = AI:1 ( 5 , J ) 
	---------WFU.'IE-'.6'6=).) L ( ELV <I.), !.:::;.1.,8 )_ --­
	• 

	·-----------
	-

	AD(9,J)=AD(5,J)**2 
	------~·· LLU...Q.r..J_L-:;.r:D_S(f.iD_(_J_,__J )·....~.-.__ 
	v 
	•

	AD<11rJ>=SINCADC3,J)) 
	_____.r~D..L12..~~.D.=COSCADG..~.J..D·--------·--------------­
	ADC13rJ)=SIN<ADC7rJ))
	__£Q_i1D .U....L.....J.) =SGCL LAD ( 5 I ...J l-*AD.C..9..1 J.j..J___ ----'--------------­
	• 

	c INPUT TH~ LAT,LON, AND ALTr OF THE DESIR~D POSITION, 
	_L. I O'L....W£S I AHILLAL...SDU.Tl:L..Ptfi:E-DEi:-1 OI£IL..B.Y.... Jl.__liE.GAI H-'E -h~U..________ 
	1

	c _____...._7...>o:..OJ:UTE <5 • _____ ------------------
	• 
	58Q.t.£RR""'='-'-7__,.0l...£)
	-

	NEXDAY=.FALS:::. 
	--------~EIX=.FALSE~·------------------~------------­
	• 

	LAT=39.5 
	__________LON=-.~7~4~.~~~·--------------------------------------------------
	-

	ALT=70.0 
	• 

	---~,.5.20J£R8=-ZQJJ:E..LOJL_________________________ 
	E.A.I!.t5 

	IF<IFLOW.EQ.l)GO TO 90 ______so_ ....... __
	• 
	WR.LT.£_(...5.r5

	1..L·).L.) --------------------------­READ(5,500.ERR=qo)LAT 
	___________....,_fi'..._EAitt5J. .50!.)! Efili=.8..0..2.Lill.'l...--------------------------­
	READC5,500,ERR=BO>ALT --------~9~Q__LAT=L~Ll~Ir~~-----------------------------------­
	LON=LON/RTD
	·-

	·------~CALL EMCQS~E_______________________ c 
	• 

	----~C,___E.C.E£ TAKES LAI z LO~JLJT RETURNS X, .LLZ__lli_U"'---V~t:"-=--:=.C..:....T.!-::O.!..!R_____ c
	~ 

	_________,CALL E.CE£ _________ --------------------------WRITE<5,530> 
	0 
	-

	-~----_JJJ 4 = 
	0 CALL LLA 10 100 I= 100 DIRCU<I>=UCI)/R 
	• 

	c 
	C THERE ARE TWO OPTIONS WHICH CAN BE ENTERED FOR IPATH C 1 T H l_S_!il_':,! ES___IJ:IE.....RI...S_E.:-3 ' F.: I.S.E.-4 , _f_f?t L,_l,_-4_,_t~_N D £ ~!.,_L-3_..IJ1'1ES,_______C OVER A RANGE OF DAYS INPUT BY THE USER AT THE PROMPTING OF THE C Pl="\OGRt"lM. -·-----
	0 
	-

	C 2 THIS GIVES THE ELV. AND AZM. OF THE SAT. ON THE DAY ENTERED BY _____,._____TH!;_!.) ~.E;;B_.__~ 1-:!j:;t:L 4___ 0 R_tiQR~-~r. T_._ft R_;:_l{;f, ~ +_B.!,._E;:_!__ _T H E __Qf.:.IJ MA_!,_Gr~OE_l~ 
	• 

	C GIVEN ALONG WITH THE CONSTELATION USED TO CALCULATE THE GDOP. 
	C~----------------------------------------------------------
	• 
	-

	READ<5,500,ERR=150>T 
	READC5,~QO~E~~R=150)_l.~F=I~N__________________________________________ READ(5,5QO,ERR=150)TDEL ·-----..!...RI;_~; D <5L;i99.J..f:.8_f_:_=t~Ql_r~.I U 
	• 

	RE~D(5,520,ERR=150)IPATH 
	I_F <IPATlhl;;;'J. 2)_W...F;_l.IE:J...6.L:;i~~-U.!JU.LDTC· -------------------­IF<IPATH.GT.l) GO TO 120 
	• 

	1~1~0~_WR!IE<5r59D~------------------------------------------­READ<5,500,~RR=110>FDTU 
	• 
	__________

	---------·.WFU.IE..l5..t..7_1_Q_)_ _____ .----------------------------
	-

	115 READC5,500,ERR=115)TSKIP
	-------120--i~z-I~~~~--:~~-:--;·>8~i~~~~-:{6g-)----------------
	• 
	-

	---------------_ lJRll£l...6.t.55Q LL_ WRITE (6,540)LAT,LQN,ALT'R'U DTU= <DlU·· :~. 0) *3640•). 0
	• . . --. ·----·--···· ···----------------
	-

	.. 
	TCY=CDTC-1.0)*86400.0+AMOD< fC,86400.0) ___ ----------.. JF Ot~_T.H •iJJ.•.:2)_QD 1~0 lAO______ -·--· __AP-P...,........ND·--,·v ,..=...,.--------------
	-

	6) F I X ::: • T !~ u [ • .c.N L A \.. ::> 
	r--"'"'1 
	-· 
	-·---·--------~4U ..LJlLL.V lSBLE ---··--·-----------·--·----·----------------------------~-----· GDOF'=-0.0 ------.DO 141..1::;1,4..... -----------------------------------141 CONSTLCI)=O 
	-

	-~CALL-.SATSEL-----­
	T=T+TDEL -----------------..IF< T ... LT.• 86-4~)0. 0) GO TO. 143.-----------------------·-------------------­IF<NEXDAY>GO TO 143 -----------_____ NEXD/'aY=.TfWE. _ -----------·--------·--------------------------· DTU=DTUt86400.0 ------. _.1..4.3 _It0 .. 141.0.1=1..~NUM -----------· -----·--·-----' WRITE(2,770) THR,IDCI),EL<I>,AZM<I> 
	-

	________ l.4_1_o__couT_ItH..l.E ________________________. __________ IF <T.LE.TFIN>GO TO 140 
	·-----_____ 142.. Wf\ITE(5_.72•),EE;:;:c-::142) _____________________________ READ(5,520,ERR=142>IC ----.--··----IF--U C--• NE •---0) GO:_ T0.....7 0 ---· --. ---------_--150 CALL CLOSE(2) 
	-

	------------;;;JS~.+TO£. ----------
	-

	500 FORMAT<G15.8) ----51-0-$:.0Fa·~.T-<~Nf~U!.-...!..-r~LMANAC..-IU\..TA.L-LAT.,.LD!L..ALI OF IIS.ER_~_.________ FDF:M~i T(I 5) -----5.3.0-f":..OR:i.AT.C~..IO ,_ ___TEEJALL-D£LIA-TJ..---Dilli.._~-540 FORMAT<2C1H ,4(5X,G15.8)/)) 55~ __EnF~MH.I tLlJ_12XL.:: y._,_:_L.O~~ LlL~L~ ttl,. T, , 15X' , RANGE: TIME= I 'G15.: DATE OF USE',F8.1,6X, ALMANAC DATE',F8.1) 
	---
	520 
	-
	,... 
	Ui:L.L.12
	555 FORMATC10X, 
	1 
	1 

	. _____5 6.Q_£0f\M;~IJ.._:____ I .IME.~·--: 4 8 x._,_ ~..ELE...'~TLONlll Z.I.M.Lilli~·L.__________ 
	1
	1

	570 FORMATC//,6X, THERE ARE ',I2, SATS IN THE DATA FILE.',;,gx, _____-l(:ElHEP THF ili.JdBE:.~ _DLSAT.S...._ID_BLl.JS._E...,.fi_-L>-----·---------580 FORMAT<' ENTER! LOCAL F'OSITION-1, OTHER POSITION-2') 
	1 
	1 
	1 
	-

	590 FOE:MA!_(~..Ef~tiHULIIiH-L ..DAI~-------------------­
	C 600 FORMATC///,6X,' DATE OF COLLECTION') ..~ECC-'-~12X1~ .ID<L L12X,_.!_1_NOT I 't?XJ..~.A.IE I '1 ?X. I SE.:A_~_13X. *'OMEQ',13X,'OME',12X,'MNOT') 
	Sl.O-EOf~i'fbi..(..2.XJ

	--------~t~.1~9-f~R~~!i~I~·~,)__________________________________________________ 
	620 FORMATC2C4E18.8,/)) 
	______6.3£LEOF:tifl.T_( 6.L.........____________________________ 640 FORMATC1H ,G16.7) -------'L·A~.r~>~F.DRfk~~(-'±L-'L)_____ ----------------710 FORMAT(' TSKIP? DEFAULT= TDEL') __..NlJE? ..J..-YES_O.:-Jl.~-~ATA FILE=') ---<7_4.0 FOBti AT \_'·_I.!_O__jO_L! _Wt•NT l O__EX.C..I.J.!.i;!_~_.f)__ qAl~~'=-I_E_{'lL M fi_~_"l_ 6_I:___p6I_?!_f N~MBERS<1,2, ••• ,24),DEFAULT=NO SATELLITE EXCLUDED)') ----~'"?-..5(L£0R~.i~I C2.413 -------------------760 FORMAT<'SENTER FILE S?EC FOR OUTF'UT,PLOT DATA FILE=') --------.::
	llL.8.GJ...
	-
	____
	220_FlJ.RMAll6.X~Ot:i.Ll
	-
	730 FORMAf('$ENTER FILE SPEC FOR INPUT,ALMANAC 
	n:_];!Ll.ti
	1LE? <SV 
	-

	...,....., FUNCTION ACO:=: ( X > 
	.-iJ 
	' 
	..:: 
	J 

	COMMON/CNST/PI,RTD c
	I 

	IF<X.EQ.O.>GO TO 15 ACOS=ATANCSQRT<l./CX*X>-1. >> IF<X.LT.O. >ACOS=PI-ACOS
	:] 

	I] ACOS=ACOS*RTD RETURN 
	15 ACOS='?O.O RETURN
	I 
	' 

	END 
	J~J 

	I 
	:] 
	: 
	I) 
	' 
	-~-] 
	.,J_. 
	-j·] 
	• 
	:] :] il :] ll 
	I] 
	APPENDIX C-5 
	il 1] 
	II 
	111 
	-~ 
	SUBROUTINE RANGE<I> DOUBLE PRECISION U(4) COMMON/SATIS<4>1DTX/U,D<8,4>,RC8>,RM<8>,DELR<8>,H<4,4> 
	l 

	c 
	R<I>=O. DO 5 ,.J=l, 3 D ( I , ,.J >=U <·-' >-S <..J > 
	1 

	5 R<I>=DCI,...l>*DCI,..J>+RCI> R<I >=SG"JRT < R <I > > D<I.4>=1.0
	c D<I , 4 >=R ( I > c R<I>=R<I>+UC4> c DELR<I>=D<I,4>•<RM<I>-R<I>>
	l 

	RETURN END 
	l 

	] 
	J 
	J --]
	_ 
	....

	II D 11 
	n 
	I] 
	ll 
	APPENDIX C-6 
	n 
	/SGDOP~ CALCULATES THE GDOP OF GIVEN FOUR SATELLITES 
	C 

	c ~::UBROUT I f·JE S:GDOP COMMON/DTX/U.D<8,4>,RBARC8>.RM!8),DELR<S>,H<4,4),RVIS<8> COMMON/HT/HT(4,4),P(4,4),N/THR/THR,GDOP DOUBLE PRECISION U<4> 
	c 
	N=4 C TRANSPOSE H IN HT DO 5 I=1,4 
	DO 5 ._1=1,4 5 HT<I,J>=H(J,I> C MULTIPLY H*HT=P &INVERT P MATRIX
	CALL MATMUL CALL MATI GDOP=P<1,1)+P(2,2>+P<3,3>+P<4,4> IF(GDOP.GE.O.O>GO TO 7
	] 

	WRITE<4,10>HT.P<1.1>.P<2,2),P(3,3>.P<4,4) GDOP=-GDOP 7 GDOP=SQRTCGDOP>10 FORMAT</ H MATRIX rs~.;,~<1X,4G13.6,/),/,/ TRACE VALUE/,/, <G14.6)) RETURN 
	l 
	l 

	END j 
	l 

	] 
	] 
	... 
	a 
	] 
	1 
	1 
	l 
	' 
	APPENDIX C-7 
	J 
	J 
	J J 
	c 

	J 
	_j 
	j 
	~] 
	~j 
	] 
	] 
	] 
	-·j· 
	l

	SUBROUTINE LLA 
	DOUBLE PRECISION S<4>,LAT,LON,ALT,R.W.S3,RT.Tl.T2,R2.CT1 IMPLICIT REAL*4<A-H,J-Z> COMMON/POS/LAT.LON.ALT,R/DTX/SCOMMON/CNST/PI,RTD,OMF.AE,E2.0MF2,SGC,ERATE 
	W=S<2>*S<2>+S<l>*S<1> 83=8(3)*8(3) 
	R=DSC!RT<R2> W=DSORT<W> LON=DATAN2CS<2>,SC1>>*RTD AE2=E2*AE LAT=SC3)/COMF2*W> Tl=l.EO+OMF2*LAT*LAT T2=DSQRT<Tl> T1=Tl*T2 LAT=LAT+Tl/CW*T1-AE2>*<<AE2*LAT)/T2-W*LAT+S(3)) LAT=DATAN<LAT>*RTD IF<R.GT.6.65E6>GO TO 20 > RETURN 
	ALT=R-AE/DSQRT<E2*S3/COMF2*R2>+1.EO

	20 Tl=DATAN2<S<3>,W> DO 25 1=1,2 CT1=DCOS<T1> T2=DATAN2<DSIN<Tl),QMF2*CT1>-Tl S3=AE*OMF2•AE/Cl.EO-E2*CT1*CT1> W=DSINCT2> ALT=DSC!RT<R2-S3*W*W>-DSQRTCS3)*DCOSCT2> W=ALT*W/R 
	25 Tl=T1-DATAN2CW.DSQRTC1.-W*W>> RETURN END 
	APPENDIX C-8 
	-~· ----·-------. --
	--------
	-

	ECEF 
	~] 
	SLIBROUTif.JE 

	IMPLICIT REAL*4CA-Z> DOUBLE PRECISION TU<4>,LAT,LrJN,ALT,XT,SLATCOMMON/CNST/PI,RTD,OMF,AE.E2,0MF2,SGC,ERATE COMMON/DTX/TU/POS/LAT,LON,ALT,XY c 
	:.] 

	SLAT=DSIN<LAT> XY=AE/DSQRTC1.EO-E2*SLAT*SLAT> TU<3>=<XY*OMF2+ALT>*SLAT
	XY=<XY+ALT>*DCOSCLAT> 
	;-] 

	... TUC1>=XY*DCOSCLON> 
	TU<2>=XY*DSINCLON> RETURN 
	END 
	J 
	;-, 
	~ 
	J 
	I] 
	APPENDIX C-9 
	!] l1 
	JJ 
	SUBROUTINE MATMUL COMMON/DTX/U,DC8,4),RBAR<S>,RMC8>,DELR<8>,G<4,4>,RVISC8> COMMON/HT/HC4,4),A(4,4> DOUBLE PRECISION UC4) c 
	DO 10 1=1,4 DO 10 ....1=1,4 TEMP=O.OEO DO 5 K=1,4 
	5 TEMP=TEMP+H<I.K>•G<K,..J> 
	10 A<I,..J>=TEMP RETURN END 
	] 
	• 
	] 
	l l l l l: 
	j 
	1: 
	APPENDIX C-10 
	...··IJl 
	Jil 
	~ 
	~J C 'MAT!' INVERTS AN A MATRIX AND SUBSTITUTES THE 
	C RESULTS BACK INTO THE A MATRIX. 
	~;UBROUTINE MAT!
	I] c 
	COMMON/HT/HTC4.4),A(4,4),N DIMENSION INDEX<4,2),!PVOTC4>,PIVOTC4>DATA ONE/1.0/,ZER0/0.0/
	[] 
	DET=1.0 C CLEAR IPVOT VECTOR
	DO 10 !=1,4 IPVOT<I>=O 10 CONTINUE 
	rJ 

	c
	1] 
	[tO 135 I=1, N C FOLLOWING 12 STATEMENTS FOR SEARCH FOR PIVOT ELEMENT T=ZERO[10 9 J=1, N 13 DO 23 K=1,N
	Ll 
	IF<IPVOT<J>-1>13,9.13 

	IF<IPVOT<K>-1)43,23,81 43 ·S3 IROW=.J 
	Il 
	IF<ABSCT>-ABS<ACJ,K>>>S3.23.23 

	ICOL=K
	T=A(._I,K) 23 CONTINUE 9 CONTINUE
	rl 

	I] 
	IPVOT<IC:OL>=IPVOTCICOL>+1 C FOLLOWING 15 STATEMENTS PUT PIVOT ELEMENT ON DIAGONAL IF<IROW-ICOL)73.109,7373 DET=-DET DO 12 L=1,N T=A<IROW.L> ACIROW,L>~ACICOL.L> 12 A<ICOL.L>=T ~ 
	I1 
	Il 

	109 INDEX<I,1>=IROW INDEX<I.Z>=ICOL
	I] PIVOT<I>=A<ICOL,ICOL> 
	DET=DET*PIVOT<I> C FOLLOWING 6 STATEMENTS TO DIVIDE PIVOT ROW BYC PIVOT ELEMENT 
	D 

	A<IC:OL.ICOL>=ONE DO 205 L=1,N 205 A<ICOL,L>=ACICOL,L>IPIVOT<I> 
	Il 

	C FOLLOWING 10 STATEMENTS TO REDUCE NON-PIVOT ROWS DO 135 LI=l,N IF<LI-ICOL>21.135,21 
	D 

	21 T=A<LI,ICOL> 
	A<LI,ICOL>=ZERO DO 89 L=l,N89 A<LI,L>=A<LI.L>-A<ICOL.Lf*T 
	D 

	APPENDIX C-11
	(]\ 
	J 135 CONTINUE 
	C FOLLOWING 11 STATEMENTS TO INTERCHANGE COLUMNS DO 3 I=l,NL=N-I+1 IF<INDEXCL,1>-INDEX<L.2>>19.3,19 19 JROW=INDEX<L,l> JCOL=INDEX<L,2) 
	I 

	DO 549 K=l,N T=A<K,JROW> A<K,JROW>=ACK,JCOL> 
	I 
	J 

	A<K,JCOL>=T 549 CONTINUE 3 CONTINUE 81 RETURN
	END 
	J 

	J ,] 
	J 
	] 
	] 
	] 
	l ] 
	l 
	]
	-

	APPENDIX C-12 j ~ 
	j 

	........... 
	~J 
	'1 j 
	c 
	, 
	}l

	"j 'j ] l 
	1 -l 
	j 
	l j l l 
	1 
	::::UBROUT I NE ::::A TGEtJ IMPLICIT REAL*4CA-Z> INTEGER I,NAC DOUBLE PRECISION 
	TK,EK,OGA.RK 

	.COMMON/POS/TK.EK,OGA.RK/NAC/NAC,TUY,TCY,TKC,DTC,DTU,TC,T COMMON/CNST/PI,RTD,OMF,AE,E2,0MF2,SGC,ERATE,PI2 COMMON/SAT/X.Y,Z,MK,ECC,TOE,INOT,NRATE,SRAD,OMEO,OME.MNOT,R,CINO, 
	*SINO,COME,SOME,C 
	TKC=TC-TOE TK=TUY-TCY+TKC OGA=OMEO+CNRATE-ERATE>*TK-ERATE*TOE MK=MNOT+C*TK 
	6 IF<MK.GE.-PI2>GO TO 7 MK=MK+F'I2 GO TO 6 
	7 IF<MK.LE.PI2>GO TO 8 MK=MK-PI2 ·GO TO 7 
	8 EK=MK+ECC•SIN<MK> DO 10 1=1,4 CO$E=DCOSCEK> 
	SINE=D::::IN<E~() 
	TK= 1 • -ECC*C0:3E 
	10 EK=EK-CEK-MK-ECC*SINE>ITK COSE=CCOSE-ECC>ITK SINE=SQRTC1.-ECC*ECC>*SINE/TK EK=COSE*COME-SINE*SOME MK=SINE*COME+COSE*SOME SINE:=2.*MK*EK COSE=2.*EK*EK-1. RK=TK*R 
	X=R~<*EK 
	Y=RK*MK Z=Y*SINO EK=CINO*Y SINE=DSIN<Ot3A> COSE=OCOSCOGA> Y=X*SINE+EK*COSE X=X*COSE-EK*SINE RETURN END 
	1 
	1 
	' 

	APPEND I X C-13 
	~---
	-

	---··-·-------------------
	-

	~---------------------------------
	-

	-------5\.IBROUT l NE ~ATSEL-------­
	RE~lt4CA-H,L-Z) ) NT E GfH-PE f:l•i liT ( S) , I~AC' NUM' CONS"f L ( 8 ). -----------------­C:Clm10H/ELEV/EL(S) ,DIRCU(~:) ,DJB<3) sEC~-:,:-:> 
	lMPllClT 

	_ ... PRE{; 1 S l ON ll <4 >_, L/\ "I 'LON, t-.1. T , R.. ---·-·(:(HIM(Ifl/Fl AG I JF l (:, l FLAG, J f'ATH/1{ tl!·i/NUI~ ;·rHF:/1HR, TGDOP COm'iOII/t-.ztrl/El Y <S> 'Allol<O) /SAT /S <4) , DA <14) -----------------____ {:Cim1(1H /POS/L 1""1 'lON, AL T, H/NAC:/N f..C:, TUY, ·r C:Y, ·n-~C:' DTC: 'DTU \ l(:, T 'FDTU 
	L'tlliP.LE 
	-

	.C:CHHICJil/ C:NS TI F'l 'FaDs ONF, t-d~ 'E2, CJ)-lF 2, 5G C , E f:AT£ /DE:2/f-.)) ( 14 d.:) t.l SHUIH2t C:Citi~i(lll/t T X/ll 'D (S, 4 > 'RDAR <e.) 'f·\H (!;) , DE u;: ([q 'l-1< 4 "'>'f.:VI SH•> 
	1 

	)f(JFLAG.LT.4>GO TO 149 -----lFCJFLf-.(:;.EQ.4>C>O .TO .148--
	-

	c 
	---C---MORE-THAIL4-SAT --VI SBLE ,_ SELECT -OF' T 1 ~1AL--C.;l)(IP 
	c 
	---~C .CLE/"I'Lf'E1H'1UT _\'E.CTOR------­
	C ~ .-______[I(J.l4(L_}.;::1 ,NUH-------
	-

	1-"'Ef:MUT ( 1) =Et ---------1-4~ .c.:mn 1NLIE~:.-=-------C 
	-

	----...C.---SELECT-HlGHEST...SA.J-----------------------------­
	C 
	~h= l -------u(l.. .l41-2-l=2,NUM-­lFCEL<J> .LT.a.O>GO TO 1412 
	_______\-:;:J+.l.-lF<EL<PERMUT(l)) .GE. EL(]))GO TO 1413 -------PERHU1 <J) =PEmtU~L( !.> ------------------------­
	-

	PE.RMUl<l>=l __)f.CELCPEFmUl CJll...LT. 0.• (;))_J_;;..J~l---(-\{1 TO l412 
	-

	----1413.f'EF:~1ULCJ.L=:.l------·----------------------
	-

	1412 <:WH l NLIE 
	JFClFLA~.E~.J) GO TO 1414 ______WIU TE <.5., 6£.(1 >NW1 s.J \IFLAG, PERMUT 
	c 
	c SE.LEC.;L..fcE!!.LGD(ae_____________ --------------~ 
	c 
	-------1414-r•0-142_J=1 ,., __________________ 
	1 4 2 H<1 , J >a: IHP E P. ~tll T ( 1 ) ' J ) (.:[tOP.= 1 • OE 1(I _ __ --------· C:ONSlL ( 1) =PE r--:~1LIT ( l) 
	1 L-= IFLt-.<"l:: 2__ [t(l 1 4 ;~ <,• I= 2 ' l l ----llF=l--t l ______ ---------llL=lFLAG-1 
	-

	__________ [10 14~£.; l L:: _J IF' Ill___________________ 
	l l lF•=) )·tl ___[t{l 14~7 _11 J=ll l E.d FLAG----·---­[•{1 14~f.•.1= j '4 ----------lH2s~l>==[l(f'EJ\NLITCl) ,J) -------------------1-f< :-: , ~t> :: J) ( f'EF: l•lll T <l l ) , J ) 
	----------
	-


	~:.{-:JJOP 
	(:t-,Ll 

	1426 IH 4, .l> :· D ( f'E ~~~lliT ( ll I> , J) ·--------------APPEND J)L__!:_:-J_4_________ 
	---·----C ------. Wr:l 11: <l., 7!"lCrJ F'EFmUT <1) \1:-Er-:MUT ( l) ,f'ERMVT Cll J ,p£RY.lll ( lllJ, TGD(IP _ 
	• 

	c 
	v ----------..lF (C.;p(IP.LE.l{-\[I(IF') -GO. TO .1427------­
	-··...·---------··-
	-

	(.;[•0f'::"l (..:[tOP ----(:(INSTL (~) =PER~tliT (J )....____ --
	• 
	-

	(:(lt·$1 L <3> =f'ERJtllll ( J J) ---· (:(&N51 L <4 >=F'EfaiUT ( J 11 )---------------1427 (:(INlHHIE 
	• 
	-

	-------1o\28 C.:(IWT l HUE---·------1429 {:(INT HHIE • ___________,.\=4---------------('0 TO J 495 ----C--------·-------------------
	-
	-
	-

	C OHLf 4 SAl VJSlBLE1 SELECT THE 4 AND FJNt THEIR GDOP ---C--------------·-·· ---------------------------
	.. 
	-

	148 ·' ..l=(l IJ(L14l;~=, l=l,NUt1-----------------------------­
	• 

	lFCEL()).Ll.~.a)G0 TO 1485 
	------~1,.\:::JJ+-S 
	• 

	[t(l 1 4 t: 4 ..h= 1 ' 4 
	---·--i 484-IH ..
	lJ, J) a:p (..1-....J)·---------------------------­
	PE Rl•llll <..1..1) =l ----l-485 .t:cmT l UliE.---------------------------­
	• C 
	---C--Flt~D--HH.;HESl--Sf,T-----MAI~E-OUTPUT -UN)F0Rt4---------­C 
	• 

	--------CONSlL C1) :::PERMUT-C1-l.-----------------------
	-

	1)(I 14 (: (; l =2 s 4 lF CEI. ((;(INSTL <l >) ~ .. GE. -El CF•ERMU-TC J).).)(-.:0-T0-14&7 CnNSTL<l>=CONSTLC1)' -------(:(aNSTl (l >::PEIU1UT (J )--------------------------­(.;(1 10 J488 ----1487-(:{aNSTI-<l ).:::f'ER.tUT-C-1 ).... 
	o" -----
	0 

	1488 (:(aNTlfHIE ---------)F ( l Fl. f,(.;. EQ. J ..t) GO TO -14Sb 
	• 

	WRJTE<5s670)NLI"sJJ,JFLAG,PERMU1 --~~:(.;[I(IF' --·---(.;[I(IP:: "( (-\[I(IP
	1486-.(:I.LL 
	-

	• __ ,,(I 10.1495-----------------------------· 
	149 lFClFLA6.EQ.0) GO TO 1496 
	• 

	J;1---------------~------------------------------
	-

	I•O 14'S'J l=l ,NU" l F ( E L (J ) • L l . (a. (I) GO T 0 -1491--------------------­PEFmUT ( ..t) =I 
	• 

	__________:~b; J+l--
	-

	1491 (:ONT l NliE 
	• 

	---C-----------------------'------------
	-

	C FIND HlGHEST SAT 
	---C.-
	-

	CONSTL<1>~PER~UTC1)
	-·----lF ( lFlt~b • EQ. -1 >GO..T0.---1-49~---------·---,,~(__ DO 150 J=2,)FLAG • ------------lFCEL(C:(INSTL<l)) .• GE. -EL<f'ERMUTCJ)))(->(1 TO J5El1 (:(aNS'fL <1) =CClNSTL ( 1) 
	• 

	--------(:(aWf..Tl ( 1) =F'Em1UT ( 1)----------(.;(1 TO l5(a 
	• 
	-

	----15<:• 1 (:(tNS T l. ( J ) ::: f'E RMliT ( I)-·----·-------
	·---------
	-


	~~~~ (:(lt-.tT l tHIE 8 -----1495 (:t-.LL HCiliRS -·· ---·-------------------------­
	1

	WRJTEC~,563)THRtCCELCI>tA2MCl>>ti~1tNUH) 
	··------·~ lFCJFLA~-4)1497•1499,1498
	1497 ~!JU 1 E <(., 6~·~·) C 1 :.Ulll'. <COt~s·rL CI>>~ 1=1, J FL~G) 
	e 

	APPENDIX C-15
	f' 1 oil C) 7 Ll t:• t "II: (;!. • .c.,c;o:, \ ( r· rttJ C:. T I ( 1 \ • 1 ,... t • 1 C I .a'-'\ 
	-
	i4~S lFL/\Ci"'o\ _____________ -----------------------------------·-----~-----___________________ _ 
	--------------

	!499 WRITE(~,6~0) CJSNUM<CO«STLCI>>•lcltlfL~G>tGPOP --------C J499 Wf~lTE<btl·5C.> cc:crw;.lLCl) ,];:1 tlFI.#.G) tGPOf'--------------------------------149~. r:t:TliRN -------5£~5. FCtRMAl <I' 2X, F7.• 4, ~.>:, 7 (f6.• 2,1 Xa F~.~ t3X )_)_.___ 
	-

	·-------
	-

	65(-t F(Imil\1 <:!X' 4 <J3' 2 X> 'F8, 2) 
	---·--·-655 HtF:~\1'~1 <;.?X' 4 C l 3, 2 X) ) -----------------------------------·--------668 FOAMAT<' ER~OR: JFLAG NE J IN LOOP l413'tlt' NUMt J, >FLAG't/t3I~ \'lSlBlE SATS',SI3> ---·-----------------------------·----670 FORMhl<' ERRORr IFLAG HE JJ JH LOOP J4S5') ----..75(L F-ORMAl. (I!X • ~hl-f'EF:fliUTAT lONS '.3X.... 4-U 3t-::~) .,ff. ..2l----------­END 
	-
	-------*'''' 
	-

	·--------
	-

	------;;
	-

	·-----·--·---------------------------------------------· 
	APPENDIX C-16 
	;. 
	··------------------~------------------~-----------------------------------------
	-

	l 
	SUBROUTINE VISBLE IMPLICIT REAL•4CA-H,K-Z> COMMON/ELEV/EL<S>.DIRCUC3>.DIR<3>,EC3.3>.Y<8,3>INTEGER NAC,NUM,K,N,ONE LOGICAL SINGL,FIX COMMON/VIS/SINGL,ONE.FIX/NUM/NUM/SAT/SC4),DAC14> DOUBLE PRECISION LAT,LON,ALT,R,UC4>
	l 
	1 

	J 
	J 
	· 

	COMMON/AZM/ELVCS>,AZM<S>IFLAG/IFLG,IFLAG,I~ATH 
	COMMON/POS/LAT.LON,ALT.R/NAC/NAC,TUY,TCY,TKC,DTC,DTU,TC,T,FDTU COMMON/CNST/PI.RTD,OMF,AE,E2.0MF2,SGC,ERATE/DB2/ADC14,8>COMMON/DTX/U,DC8,4>,RBAR<S>,RMC8),DELRCS>,HC4,4>,RVIS<8> c 
	l 

	c THE LOGICAL VARIABLE SINGL INDICATES THE NUMBER 0~ SAT POSITIONSc TO BE CALCULATED; FALSE=ALL SATS, TRUE=l SAT -THE SAT c NUMBER GIVEN BY THE VARIABLE ONE c IFLG=IFLAGK=1 N=NUM IFLAG=O
	1 
	] 

	TUY=DTU+AMOD<T.86400.0> IFCFIX .AND. T .GE. 86400.0>TUY=TUY+86400.0 IF<.NOT. SINGL>GO TO 10
	] 

	K=ONE 
	] 

	N=ONE 10 DO 14 I=K,N DO 11 ,.J= 1 , 14 
	11 DA CJ)=AD C._1, I > -CALL SATGEN -CALL RANGE< I > 
	J 
	1 

	EL< I >=0. 
	DO 12 .J=l, :::: 
	D<I,J>=-DCI,J)/CRBAR(I>~U<4>>
	12 EL<I>=ELCI>+DIRCU<J>*D<I,.J> EL<I>=ACOSCEL<I>> EL<I>=90.-EL<I> IF<EL<I>.GE.O.O>IFLAG=IFLAG+l 
	] 

	~~ ,JF<IPATH.NE.2>GO TO 14 DO 13 II=1,3 V<I,II>=O.O
	DO 13 III=1,3 13 V<I.II>=Y<I,II>+S<III>*ECII,III> V C J_, 3 >=Y <I , 3 >-AE
	] 

	SV=SQRTCY(I.l~*Y<I,l>+YCI.2>*Y<I,2>> 
	] 

	ELVCI>=ATAN2<Y<J,3),SY>*RTD ·AZMCI>=ATAN2<Y<I.t>,YCI,2>>*RTD IF<AZM<I >.LT. 0. >AZM< I >=AZM< I >+360.0 
	3 

	14 CONTI NLIE IF<SINGL>IFLAG=IFLG RETURNEND 
	rl 

	~ 
	:1 
	._....--·---·-· 
	APPENDIX C-17 
	-
	~J 
	~1 c 
	c ROUTINE TO CONVERT SECONDS TO HOURS MIN SEC SUBROUTINE HOURSCOMMON/THR/THR/NAC/NAC,TUY,TCY,TKC.DTC,DTU,TC,TMIN,FDTU INTEGER*4 HR,MIN,SEC c 
	:·] 

	THR=CTMIN/3600.0)+.00005HR=INT<THR> THR=<THR-HR>*60 MIN=INTCTHR> 
	.l 
	j 

	THR=<THR-MIN>*60 SEC=INT<THR> THR=HR+<MIN*.Ol>+<SEC*.OOOl>+.OOOOS 
	-J 

	RETURN 
	END 
	-·1 
	.] 
	"J 
	j 
	:J 
	.J 
	~1 
	~J 
	~] 
	_j 
	~] 
	~]""·
	APPENDIX C-18 
	.. 

	~1 
	.. 
	··--· 
	·--------···· 

	1 C ROUTINE FOR USE IN DETERMINING AZIMUTH 
	c 
	SUBROUTINE ENCOSE 
	COMMON/ELEV/EL<S>,DIRCUC3>,DIR<3>,E<3,3>,DT<S,3>
	J 
	IMPLICIT REAL*4<A-H,K-Z> DOUBLE PRECISION LAT,LON,ALT,RCOMMON/POS/LAT.LON,ALT,R 
	j 

	c SN=DSIN<LON> CN=DCOS<LON> 
	J 

	ST=DSIN<LAT> CT=DCOS<LAT> E<1.,1>=-SNE<1,2>=CN E<1,3>=0.0 E(2,1>=-CN*STEC2.2>=-SN*ST
	J 

	E(2,3>=CT E<3,1>=CN*CT E(3,2>=SN*CT
	J 

	EC3,3>=ST RETURN END 
	j 

	Il 
	ll Il Il Il ll 
	11 
	APPENDIX C-19
	11 
	I] 
	!:"~ 
	• 
	• 
	• 
	"' 
	• 
	.. 
	I 
	• • 
	---------··-------------------~-------------,.---------------------------------------------------~-
	-

	------------------· -------------
	-

	-----C-ROUTINE 10 DETERHINE UP TJME AND f.•OWN TlME OF 4 SAT---·-------------­C 
	--------StJBROllllNE \'JSTJM ----------------------­DOUBLE PREClSION LATtLONtALTsRsU(4) -----~--... COfriMOH/IWN/IWt-1/FLAG/ IFLG' I FLAG' Jf'ATH----------------·--------------­(:0fr1 H 0 I l I N A C: ltlf~ C , TLl \' ' TCY , T K C ' r> TC: , ItTU , T t , T ' F D Tll --------... comwr:I E. L E \'IEL ( t.) , D I R C U c:::> ' Dlf:C 3 > l E C;:, ~:) 'll"( C8' 3) -----------__ __ _ 
	C:(IM~10ti/LINP.ITlT2(2) tTEMPC2sB> sJ::lSEslfH2> ,HlOsSH•NsiPNTRt __ :tl UF:EE, FOUF: djEC:T ( 2 l /T I t1E /TDEL, 1 F J N, TSt~H' ------------------c:cJMMOJl/PTX/ti,DCBt4> tRBAfH8> sf·m<i;) tDEl.RCS> tfH4•4> tRVlS(li) ------·---·--·-_.{:(IMI-1(111/\' I S/:Sl NGL 'ONE/F'OS/LAT tL (lfh ALT ,r-.: ----· -----·---L(I(-iltt.L :SJ(.;fl(2,e·> tRISEsTWOsSlNC•l,THREEsFOtiR ---------.. ltHEGEH ONE s0CURC2L-·------------------------------BEAL 1 H'l<~·s5) _______ .J~C-tlll\'ALENCE CTJ MC l 'l) sDATE) 'CT ltH2, 1 J, T 
	-
	-
	-

	c 
	______ c __ THE LOGlC:AI. VABJAE:LES ARE USED lN. "fHE FCtlLCtHIUG .MAUNERL__ C SlGN -AN INDICATOR OF THE :SIGN OF THE SAT ELEVATJON C ----··---.FALSE=NEGAT I VE ~ TRUE==t=·{IS 1'f 1VE______________________ 
	C RJSE -AN INDICATOR OF WHAT CONI·JTlOH THE lHTERPOLATIOH C ________ SUF:F:OUT I NE SHCtliLD f:E LO(H.:I Nf; FOR-------------_____ FALSE~A FALLING CONDlTION• A POSITIVE TO NEGATJ\ 
	C -

	---.wC--------·-----------· .TRAN$ l T l ON --------··· --
	-

	C 
	C 
	C 
	-TE:UE=A 
	RlSlNC..; 
	C:ONDlTHHlt 
	A 
	NEGATIVE 
	TO 
	PO~.J-riYE 

	----lBANSITlON 
	----lBANSITlON 
	---
	-


	TWO 
	TWO 
	-AN 
	INDICATOR 
	THAT 
	TUO 
	RISE 
	OR 
	FALL 
	CONDITIONS 
	OF 

	_lfHEF:EST HAPPENED 
	_lfHEF:EST HAPPENED 
	lN THE. S
	AME .(tUE.HOtiF:.lNTf.IWAL 


	c SlNGL -AN INDICATOR TO THE VJSB~E SUB~OUTJNE AS TO THE NLJMBEH OF-~AT f'(I~.J T I 01~~ NEEDED_JQ _f:E CALCULATED __ -TRUE=Of~E SAT F'(ISITIOth THE SAT F'CI~.JTICIN WA/fJED }!._GIVEN BY-TH£ .VALL'E ..OF--THE-\'AIUABL£_(1NE c -FALSE=ALL THE ~AT PO~JTIONS ---~-----ll{fiEE...~_AN INDICATOB .THAT. f-. -RIS£. _(If_ .H1POF\TM~CE. OCC:UF:Ert_____ c FRm1 A COWH T I 01~ OF Of~ f. Uf' ·· "fHRO~ AWAY F l RST TIME .VALUE .FOLINJ)__ -----------c FOUR -f.~N lNDICATOH THAT f.. RISE OF C:ONC:ERN (IC:CLIF:ED FROI" ---'~---
	c 
	-

	TSKl P= l s~:l F'*1 DEL _lfLG=..E!___ DATE=(Dlll/86400.0)+1.0 _______WIUTE(6,1)Df-1TEsFDTU. ----------------­WRITE<6t2)LAT,LON ________W(U TEU.·-~ 3) WIU TE u., 4 > 
	---------~lNGLE.~~ALSE~--------~-----------------------------------
	-

	3€> lHREE=.FALSE, -----------_FOUR=. FALSE ... 
	RlSE=.lRUE. . 
	-----------"U-!0=. F1-.LSE o-------r 
	-
	C 

	C-CLEI..F!.. T l t1 .MATRJ ~----· -C ONLY CLEAR VARIABLES THAT WILL BE TESTED LATER -----C--------.------·-------------------------·-------
	-
	-

	£10 9(1 ) I: 2' 5 ·r I ~1 ( 1 , ~) =€t, (1 _______________________af>.PJ:"~,m 1v. r-?n 
	(I(:liB ( ;! ) c: 1 l f'NT R:: 1 -------------­
	)f(3hlFLG>l56•105t100 
	-HHiLCt..LL-\'l SBLE----­(:I;ll l USERT ------lf-<3-l fl.AC>> 1~9, lH•'-2101~5 11MCJ,~)=1000000,0 
	-

	l 1=1(a()(l(l(l(l, .(1 _
	(.;0 TO JS5 
	.. 

	llMCl•~>~=H•<•<•<•OO.(t ____
	-11.(1 ..

	= 
	1,

	1(1(1(1(1(10. (1 • __ao.To-1sa c ---C -THEF:E-ARE-~LSATS --UP-~ c 
	-
	-

	___:.____-120 -l=T+TDEL--------------·--
	-

	JFCT .GT.86409.>GO TO 23a • ----C:ALL-VlSBLE-----------------Jf(3-JFLAG>J4a,t30t190 ------13EL C:ALL -1 USERT---
	-
	-

	• GO TO 120 c C RISE-4 
	• ----C----140 lFCJPNlR .EQ. 2>JPNTR=O ----lPNTR~lPNTR+l---­---------------(:ALL 1NSERT ---------RlSE;:, TF:UE .. ---------C:ALL l NTERP --T JtHOc:lln<2J ,3) ""THCI')----------146 TWO=.FALSE. 
	-
	-
	-
	-

	-----l=T+TS~:IP-----------------------­0 lFCT .~T. S6499.0>GO TO 230 --------C:ALL-\.'lSBLE----·-------­--· ----------------lfCIFl~G .Gr:. 4)G0 TO 155 --(:ALL -JNSERT---------------------­
	• 

	JFCIFlAG .Ll. 3>TWO=.TRUE. -------147--l=T--TDEL-----C:ALL V l SBLE 
	• 
	-

	----lf-<4-lFLAG> 1.4S, 148• 14'l---------148 lFCIPNlR .E~. 2)JPNTR=O----------l f'NTR::) PNTR-t-1---------(:ALL JNSERT -------lF<IFLAG .en. 4)THREE=. TRUE.--------­)FCIFLAG .Gl. 5>FOUR=.TRUE. 
	• 
	-
	• 
	-

	--------IUSE=. FALSE •------------­-------·-------
	-

	lFCJPNlR .EQ. 2)IPNTR=O -------Jf-"NTR::) PNTR-tl---------------------------------· 
	• 

	(-iO TO 161 -----C ---------------------------------------------------------------t ~: ) : = 1C•(t (~ (t(l(l • (I 
	• 
	-
	1 4 9 l I M ( 1 

	-------·----"!.JLlf(. 1 ';!) ~ 1 (•U(r(,(l(l ..~L­rt ::Hr(tl•(c(t(t, ·:1 ----------15~•--'r:..:.T·~-oH~I.----------------------------­-------------------------~ r (·r •:.;y. -5(~4((). O> GO TO ?.30 ------------<=M t v~·;;m.i~ ----------------------------------------------­~. r: Cl n .•;,~;-.·-·r • .1\ ><W TO 16<• ·:.._----1!~· -\~A~-:. -) •t>r.H.s:---------------------------------------·-
	• 
	-
	1 
	• 
	-

	• 
	• 
	• 
	(>\t TO ~ 1 .)~1 ---------1;·~---LPH ~ ~ ..!) .: l ~t(l(s(l()(l.f.) _____ ------------·-------------------------------___ 7.. TIM(1.,:.')•1(t(IEtE199.E1'' -·· ·'"· ' · -... •· ··--· .... •· • ···~ ..... ·-• ···--··
	-
	-


	~ 
	~ 
	Ttc::J(J(l(l(l(l(l,(t (;t-.L L. \.' l ~.Bl F 
	-APPENDIX 
	C-21-
	-

	---
	-

	·· 
	-----------------------
	-



	c 
	--160 Jf(JFLI-.G .LT. :!l)Tl.!O=.TRUE. JF<IPN1R .EQ. 2)1PHTR=a 
	v ------------lf'NTRcJPNTR+L__ ··---
	----
	-


	IU SE::. FALSE,
	0 
	---------CALL l NSERT ------------------------------------------_ lbl CI.LL lUlEF:P ..1 l M <OC:liiH 2 > , 4 >=TH (!)_______
	'0 
	{t(:llr: ( ;! ) == (ICUn ( 2) +1 -------__Jf" (. Nlll •.. HJO> GO TO ..180 
	.. 
	-----

	c
	0 
	___c_fALL-.3 .HI'~ lN __THE_SMtE HOUB-INTE~VAL../>.S ..FALL-:...4 
	OC:CUP.ED 

	c 
	----__ TIMCOC:liiH1J ,5)~=.JHC2>·---------------------­l2=DECTC2) 
	--~c-. 5....._____________ c 
	______t.;o __r.o 

	-C--LOOt:.. FOR--FALL-:-3 OR-Rl SE-4·----------------------­
	C I) ------180 T=T+lDEL--, )f(T .~T. 96409.0)G0 TO 230. 
	-

	------~o-85-CALLV 1SBLL--------------------------­
	)f(3-lFLAG)l40,139s190 
	• 

	~~-~~------------------------------------------------
	-

	C FALL-3 
	c 
	190 lFCIPNTR .EO. 2)JPNTR=O 
	------------lPNTR=lPNTR~---------------------------------------
	-

	fU SE=. FALSE. C:c\LL--1 NSEF!T------"---------------------------­(:c\LL J NTERP 
	-------ll~1COCLIIHLl,5)_:;;_TJlCJ--~-----------------------
	-

	0 
	12=DEC1 (l > ----..c;~05--HWc: .. Ef..LSE.__________ 
	11=T2-T1 
	------lF.tl-1.-....Ll---E'.El>-Tl~~Tl----------------------­lFCTl .~T. 3bae.~>GO TO 2e6 TlM ( OCLIIH 1 )_, ~J-=El •.E~•----------------------
	• 
	-

	11 MCOC:l'I::C 1>~ 5) =Et, Et ______(.;Q.._ T0_-~0.7__·----------------------------
	-

	206 OCUR<1>=0CUR<1)+1
	• 

	----207-Jf. C 1 EL(..;__ .._LJ._._,2).()Q_ JQ__ 22..,______________________ 
	(.;{1 TO ~12 
	• c 
	210 lFCIFLAG .LT. 2)G0 TO 225----212--l==l-+-TDE.L------------------____:____________ 864~e.O>GO TO 23$ ------tALL_\'lSBLE. -------------------------­
	• 
	• 
	lF<T ,6T. 

	lF(2-lFLAG>~20,211s224 
	-----'~1 L.C~LLJ..NSERI------------------------­(.;0 TO ~12 
	• 

	----220. fUSE=. ·riWE,_ lFCIPNTR .EQ, 2)JPNTR=a 
	-------__ ) f'NT f-~:: l PNT R+ t ___ ----------------
	-

	)f(lFLAG .GT. 3>TWO=.TRUE. 
	(.:ALL .. .1 NSERT 
	""-·-----

	----·· 
	(:t"'LL .l NlERP 
	• 

	---__ lH1COtllt=:<1>,2J=THC1L___ ----
	-

	ll=DEC:l<l> ____ JfC."NO"f •. lWOJGO TO .180-----·---
	-------
	-


	·
	-

	----------~·-1 .,-,,~ ....-........... , ·~~-..... "' ... ,----------------------
	-

	{<\(l TO ) .o\6 --------C---------------------------------------------
	-

	• 224 <:ALL l NSERT l' C-----------
	---------· 

	C LESS THAH 2 SATS UP ------C---· -------225 T=T+TDEl. 
	e 
	-

	---------lfCT .• C..;T. &b40~~-~~)-G0--TO 23v------------------­(:t.LL \' l SBLE 
	• 

	--------lf.<l FI.1-. () • E0. 0) FOUR= • TRUE-----
	-

	lf<2-lflAG>~27,228•226 
	• --------226 C:t-..LL l USERT ------·------------------­-------------------JFCJFL~~ .NE. ~>FOUR=.FALSE. ----------C-iO TO ~;.!5 ------------------------------------
	• 
	-
	-

	227 ·r 1-if\El:=. l R\JE. 
	------------(.;(J TO. ;_.;-_,a_ ___ 228 F OUP.::. F t~L SE. • ----------(:1\LL l USERT--­(.;(1 TO &..'12 
	-----C----e C NEW DAY -----C--------
	-
	-

	23~1 l FLG= l FLAG _)f_(JfLC·i .. GE •. 4lTHlCOCUR(2) •4>=H•OO~I0(1.-----­lf(JFL~ .GE. 3)TJM<OCUR(1),5)=l~~OOO~. 
	·--
	-----

	--------N::1------------------------------------------------lF<OC:llr-:<1> .EQ. 1 .AND. 0CUF:<2> .En. l)GO TO 24(1 
	• 
	-

	-N=OCUn ( U------1FCOCLIR(2) .GT. OCUR<l>>N=OCURC2)lF-< N-.•-f.Q. b> N=5---' ) .EC.t. (a,() .Aill). TIMUh3> .EQ.().Et)N=N-1 -240 l·!f:ITEU.,5)T)~t(1 •1> •TIM<1-•2>-•T·l!rt(1,3)-,"rJM(J •4> •lHH1-t5~-----­0 lF<N .<'l. 1)(..;(1 TO 260 ----.250-raT lt=rn U+ eo4 El (1, (l.. ~----•• 5>RETURN ---~--I•ATE=DA"JE+ 1 .. EL---
	• 
	-
	0 
	JF<TlK<f-.h2
	-
	lF<ABS<DAlE-FDTLI>.LT 
	-

	·r=E•. --------('0 T0---3Et-----------------
	-

	0 c 
	----C... LOGlC. f'(lH OUTPUT-F0R)1A.T--­C --260 IHt-3~)(1 -1 ;::2 ,N---
	• 
	-

	J F ( T I 11 0 t 2 > •NE • E• • 0 • AND • T I M (J t ~) • NE • E• • (l) WR J T E <t., 7 >·r JfH ) , ~) t *-lllti <-J, :·:) •T J M C I, 4), TIM ( J ,5)----------------r---c 
	• 
	-

	l-f--C T J14 Cl '2>--. NE-..-_(1. 0 --· All D •. T JM C J., 3) -, EC" r -~E•. Ea) WR J T E ( ~, S >·r J M 0 , 2)-t *TlM<J,5) ---'C-------------------------.. ---------lf<TJM<l•2> .EC'-l. (1.0 .AND. TJM<Js3) .NE. ~.(I)~IIUTE(t,,t;)"JlM(),~l),:t:T lift (I,~).----------
	• 
	-
	-
	• ---·-C·-----
	-

	------------30(-t-(;(lNT 1 tHIE----------
	-

	----C -. 
	• 

	l F(Im1 A·r <~'\ X ' ' M=' f·'FW X JH S E ANJ) FAll. T1111E!"· F R {I)I ' ' Ft .•(I ' ' ' T 0 ' t Ft. •(t ) 4 FOR~IA 1 ( "(1' , 4 X' "DA 1 [' '7 X, 'I~ I SE-~·:' , 8 X , 'R1SE-4' '.SX • ---------------------­t'fALL-4',8Xt"FALL-3',/) 
	• 

	---------------2 For-:•1A1 ( li·W, 4 X t "F OJ~ LAT 1 'tF ~. 2, "-LOlli 'tFr.. 2) ----------------· 3 f(lf{lrlt'il(lH(•d</Xt'VlSIBLE f.\T El DEC,REE H{!Rl2CIN") 5 FCarmr..1 (I' 4 X' F~.• ~ ~ 4 X, F 8. I! d:.X 'FP.. ~!,~.X,\= f',. 2, f,):., F8. ~ >--------------------
	• 
	-

	FO~MAl<l4XsFC.2,6l•FS.2,bX,F8.~,6X,F~.2) F(IF:~II-\l(l4Xtf=f,.2,34X,F8.2) -------------·---------------------------APPENDIX C-21 
	7 
	8 
	-

	J 
	] 
	c 

	C ROUTINE TO INSERT THE NEW SAT DATA INTO THE WORK MATRIX 
	c
	SUBROUTINE INSERT COMMON/ELEV/EL<8>,DIRCU<3>,DIR<3>,E<3,3),DT<8,3> . COMMON/LINR/T1T2C2J,TEMPC2,8J,RISE,TH<2>,TWO,SIGN,IPNTR, 
	] 

	*THREE/NUM/NUMCOMMON/NAC/NAC,TUY,TCY,TKC,DTC.DTU,TC,T,FDTU LOGICAL SIGN<2,S),RISE,TWO,THREE 
	] 

	DO 100 I=l,NUM
	l 
	c 

	SIGN<IPNTR,I>=.FALSE. IF<EL<I> .GE. O.O>SIGN<IPNTR,I>=.TRUE.TEMPCIPNTR,IJ=EL<I> 
	] 

	100 CONTINUE T1T2<IPNTR>=T RETURN
	END ]' 
	] 

	] ] ] ] J J u D 
	~ 
	C-2~ 
	APPENDIX 

	c 
	I 

	c ROUTINE TO LINERALY INTERPOLATE THE RISE AND FALL TIMES OF 2~TS 
	(: 
	I 

	SUBROUTINE INTERP COMMON/NUM/NUM/FLAG/IFLG.IFLAG,IPATH COMMON/NAC/NAC,TUY.TCY,TKC,DTC,DTU,TC,T,FDTU COMMON/POS/LAT.LON,ALT,R/TIME/TDEL,TFIN,TSKIP
	COMMON/ELEV/EL<8>,DIRCUC3>,DIRC3>,E<3,3),DTC8,3) COMMON/LINR/T1T2<2>,TEMPC2,8),RISE,THC2>,TWO,SIGN,IPNTR, *THREE,FOUR,DECT<2>1THR/THR/VIS/SINGL,ONE
	I 

	COMMON/DTX/U,DC8,4>,RBAR<8>,RM<8>,DELR<8>,H<4,4>,RVISC8> LOGICAL SIGNC2,8>,RISE,TWO,SINGL,SGN(3,8>,THREE,FOUR INTEGER ONE,SATNUMCS> 
	I 

	REAL WORK(4,8),TIMES<8> DOUBLE PRECISION LAT,LON,ALT.R,UC4> c 
	IFLG=IFLAG KCIIJNT=O IP=l 
	IFCT1T2<2> .GT. T1T2<1>>IP=2DO 100 I=l,NUM 
	I 

	IF<<SIGNC1.I) .AND. SIGNC2.I>> .OR. <.NOT. SIGN(1,I> .AND •• NOT. *SIGNC2,I>>>GO TO 100
	IFCRISE .AND•• NOT. SIGN<IP,I)>GO TO 100 IFC.NOT. RISE .AND. SIGNCIP,I>}GO TO 100 KOUNT=•<OUNT+ 1 
	) 

	SATNUMCKOUNT>=I WORKC1,KOUNT>=TEMPC1,I> WORKC2,KOUNT>=TEMPC2,I> SGNC1,KOUNT>=SIGNC1;I>
	j 
	' 

	SGNC2,KOUNT>=SIGNC2,I> SGNC3,KOUNT>=.FALSE. WORKC3,KOUNT>=T1T2<1>
	) 

	WORKC4,KOUNT>=T1T2<2> 
	] 

	100 CONTINUE SINGL=. TRUE'. L=KOUNT+l 
	1 

	IFCL .GT.6>GO TO 300 DO 200 I=L,8 TIMES<I>=lOOOOO.O 
	1 

	SATNUM<I>=O 200 CONTINLIE 300 DO 600 I=l,KOUNT
	M=O 
	.1 

	IFC.NOT. RISE>GO TO 320 IFCWORKCIPNTR,I> .LT. 0.8 .AND. WORK<IPNTR,I> .GE. O.O>GO TO 310 GO TO 350
	310 TIMESCI>=WORK<IPNTR+2,J> GO TO 600 
	] 

	320 IFCWORK<IPNTR,I> .GT. -0.8 .AND. WORKCIPNTR,I> .LE. O.O>GO TO 310350 DO 500 K=1,3 
	] 

	[] 
	(] 
	APPENDIX C-25 
	ONE=SATNUM<I> 
	IF<M .NE. l>GO TO 360 
	M=O 
	IP=3 
	IF<WORK(4,I> .GT. WORK<3,I>>IP=4 
	Wl=WORK<l,I> 
	W2=WORK<2,I> 
	IF<Wl .LT. O.O>Wl=-Wl 
	IFCW2 .LT. O.O>W2=-W2 
	FUDGE=30.0: 
	IF<IP .EQ. 4>FUDGE=-FUDGE 
	IF<Wl .GT. W2>T=WORK<4.I>+FUDGE 
	IF<Wl .LT. W2>T=WORKC3.I>-FUDGE 
	GO TO 380 
	360 T=<WORK<2, I >*WORKC3, I >-WOR~~< 1, I >*WORKC4, I> >I <WOR1<.<2, I >.-WORK< 1, I>.> -· 380 CALL VISBLE 
	L=1 
	s·GN (3, I>=. FALSE. 
	IFCELCSATNUMCI>> .GE. O.O>SGNC3,I>=.TRUE. 
	IF < < SGN <2, I > • AND. SGN <3, I > > • OR. < • NOT. SGN <2, I > • AND. • NO.T. 
	*SGtH 3, I>> >L=2 
	LL=L+2 
	WORK<L,I>=EL<SATNUM<I>> 
	WORK< L..L, I> =T 
	A=WORK<3,I>-WORK<4,I> 
	IF<A .LT.O.O>A=-A 
	SGN(L,I>=SGN(3,I> 
	IF<.NOT. RISE>GO TO 400 
	IF<<A .LE. 30.0 .OR. EL<ONE> .LT. 0.8) .AND. EL<SATNUMCI>> .GE. 
	*O.O>GO TO 575 
	GO TO 500 _ 
	400 IF< <A • LE. 30. 0 • OR. EL <ONE> • GT. -0. 8 > • AND. EL <SATNUM <I > > • LE. 
	*O.O>GO TO 575 
	500 CONTINUE 
	M=M+1 
	IF<.NOT. RISE>GO TO 550 
	IF<A .GT. 30.0 .OR. EL<SATNUM<I>> .LT. O.O>GO TO 350 
	GO TO 575 
	550 IF<A .GT. 30.0 .OR. ELCSATNUM<I» .GT. O.O>GO TO ~:50 
	575 TIMES<I>=T 
	600 CONTINUE 
	SINGL=.FALSE. 
	N=O 
	650 N=N+1 
	1) 
	660 T=TIMES< 

	K=1 
	IF<KOUNT .EQ.1)G0 TO 800 
	DO 700 1=2.KOUNT 
	IF<T .LT. TIMES<I>>GO TO 700 
	K=I 
	T=TIMES<I> 
	I I I I I I 
	.....-,. 
	-----·-·····-----
	-

	APPENDIX C-26 
	• 
	700 CONTINUE 
	:.::oo m::cr<N >=T CALL HOUR:::: TH<N>=THR IF<.NOT. THREE>GO TO 850 TIMES<K>=lOOOOO.O THREE=. FALSE. GO TO 660 
	850 IF<.NOT. FOUR>GO TO 950 TIMES<K>=lOOOOO.O FOUR=. F AL ~::;E. GO TO 660 
	950 T=T1T2CIPNTR> IF<N .EQ. 2 .OR •• NOT. TWO>RETURN TIMES<K>=lOOOOO.O GO TO 650 END· 
	l] 
	]] 
	APPENDIX C-27 
	··--~------·--··
	-
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