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I INTRODUCTION

This memorandum* contains a description and llstlngs of
computer programs for plotting geographlcal and political-
featUres of the world or a specified portion of it, for plot-
ting spot- beam coverages from an earth- synchronous satellite
over the computer generated mass, and for plottlng polar
perspectlve views of the earth and earth-station antenna ele-
vation contours for a glven saiellite location. The programs

have been’ prepared 1n connectton with a project on Application -

of Communication Satellites to Lducatlonal Development. This
report is intended to be-a continuation of the work earlier
reported by Stagl and Singh. (1) _

A data tape was obtained from the Rand Corporation con-
taining a digitized map of the world Several programs have
been written utlllzlng this data tape. The first program,
called WORLDMAP, simply plots the tape as a map with axes and
grid llnee. The second program, called MINMAP, plots a speci-
fied part of the total map so that larger scale plots of a
siall area of interest can be obtalned The program described

in Memorandum 72/3(1) is used a8’ an overlay on these two plots.:

This program plots the locus of intersection of quadric cones
(narrow-beams from satellites) and a sphere (the earth).
A third programfﬁt{lizing'this data tape, called PERSPECT,

.. Plots a polar peyspective view of the earth and earth=-station -

-antenna’ elevation angle contours. This is-a view of the earth
as seen from a satellite in_the'geosynchronous orbit.- Using
a plot of this kind, one can make an overlay of the cross-
sectional_shape of the desired antenna beam and this overlay
will be valid over the entire plot of the earth. This program
is intended to facilitate determination of the area coverage
by satellite-borne shaped beam antennas. '

*The authors wish to acknowledge the assistance of Mr. Neil
Ostrander of the Rand. Corporation, Santa Monica in acquiring-
the computer tape containing the digitized map of the world.
They also wish to thank Mrs. Emily S. Pearce and Ms. Donna
Barnes for typing the various drafts and the final version
of the manuscript.
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'Also included in this memorandum is a.modified antenna
coverage program to be used to plot'the footprlnts produced
by the two of f-axis S-band ETV feeds on Appllcatlors Technology
--Satelllte -F (ATS-F). This program can also be used as an
overlay for WORLDMAP and MINMAP.

I1. DATA TAPE 1
The point coordinates a}e stored in strlngs, latitude,

longitude, latitude, longitude. ;“. . 0.0, 0.0. The range
‘”in'la titude is from -n/2 to n/2 (radlan measure), and the
longitude range is from -7 to m. The tape is formatted into -
24 blocks. The first block contalns 23 integers which spec1fy
the numbér of coordinate pairs in each of the following 23 '
blocks. Each of the following blocks contain a number of co-
ordinate strings. The strings are of variable length and all
strings end with a (0.0, 0.0) coordinate pair. bolitical |
boundaries are distinguishable from geographical boundaries
in the following Qay. Signal coordinate pairs appear at the
- beginning of groups of strinhgs. If the fiqst,coordinaté pair
-in a string is (4.0, 0‘0)'then that. string bnd all following
strlngs are gcographlcal boundarles until a strlng whose first
cocrdinate pair .is 8.0, 0.0) is encountered. This indicates
~that that string and}all following strings are political
boundaries until a string wliose first-coordinate pair is

(4 0,0.0) is encountered. .

The original tape obtained f£rom the Rand Corporatlon was
an 8 track 1600 bp1 tape. Since the IBM 360/50 installation
l at Washlngton University Computing Facilities has no facili-
‘ties for dealing with 1600 bpi tape, the data tape had to be
copied onto an*800 bpi (bits per inch) tape which is kept 1n,/
“the Washington Unlver51ty Computing Facilities. A card bapkup
was also obtained in case the tape is lost or 1nadvertently
modlfled




ITr, PLOTTING PROGRAMS

The first program wrltten to plot the data tape, called . |
WORLDMAP, does not take advantage of the ablllty to dlstlngulsh
between geographlcal and political boundaries. This is because

. the added programmlng complexity needed to dlStlﬂgUlSh political

boundaries from geographical boundaries on the Calcomp plotter
is not warranted by the use of the plot. "

Ba51cally the program reads the coordlnate strlngs from
the tape and connects the p01nty/§1th straight line segments,
The only problem is that the/boundary of Siberia "wraps around"
the end of the map and thoée strings that "wrap arOuhﬂﬂ’must .
be broken in order to avoid "retrdce" lines across the plot.
This is done by checking consecutlve p01nts{}h a string for a
separation of ov 2 rad1ans. If the separation ‘is greater
than.2'radian “the points are'assumed to "wrap around" the ends
of the map,//in thls case the strlng is broken there and plotted

. The.rm/aander of that string is treated as a new string.
h

) e input to the program, FACT, is a magnifying factor
for/the map. With an 1nput of FACT=1.0 a map 50 inches by

(26 inches will be drawn. Any number greater or less than 1.0

can be used but one should consider the size of the output
plot and the size of the paper avallable.- Flgure lis a
flowchart of the WORLDMAP program. A listing of the program
is included in Appendlx A,

" The second program writteh for this data tape, called
MINMAP, plots only a portion of .the total map. The inputs
to the program are the upper. and lower limits of the longitude
and latitude and the magnifying factor as for the WORLDMAP L

program. For this program, all points of each string are
checked against these limits. and either accepted or rejected
depending on whether or not they are within these boundaries.
' The size of this plot is somewhat dependent on the input
boundaries. The vertical axis is set at 10 inches. Using
this fact and the upper and lower llmlts on the latltude, a
‘scallng ractor is calculated. This scal%ng factor is then

R
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used, a\long with the upper and lower l?n'i‘ts.:\on_ the longitude,
to calculate the horizontal axis length. As in‘"\the‘.WQﬁLDMAP
program, the magnifving\fac:tor input can be used to change-
the sizé of the plot.. ‘\\ v .

'The computer prints out the values of the flrst long:.tude
value on the horizontal axis (FVX), the first value on the
latifude axis (FVY), and the scaling increment (DA) in degrees
per inch. These values. will be needed for proper scaling of
the antenna coverage program. _

A lJ.stlng of the program is J.ncluded in Appendix B.,_'

Figure 2 is a flowchart of the MINMAP program.

IV, ANTENNA COVERAGE PATTERNS USING DATA TAPE . R

The antenna coverage patcerns program of Memorandum 72/3
was modified for use with the WORLDMAP program. The mOdlfl-
cation, called ANTOVLY, J.ncludes an elJ.mJ.natJ.on of the port‘;.on
of the program that scales the coordJ.nates and draws the
axes,. .as, well as a redef:.n:.t_lon of the origin and scaling
factor to those:of the VORLDMAP program. The modified pro-
gram is ’listed'in Appendix C. When the programs ‘are run,
the map is first plotted. Then the antenna coverage patterns

are plotted over the map. The resultant plot shows explicitly ]

the areas covered by the antenna beams. .

The 1nputs to the program are the first longltude value
on th/e hor:.zontal axis, FX, the first latitude value onthe_
vertical axis, FY, the horlz,gntal scaling increment, DX, and
the vertical scaling increment, DY. The magnifying factor,
FACT, is also input. .

When used as an overlay to WORLDMAP, the inputs should
be: FX = ~180., FY = -90., DX = 7.2, DY = 6.923, for match:.ng
the size of ANTOVLY plot with the WORLDMAP." The magnlfy;ng
factor should be theisame as that used when WORLDMAP was run.

A sample of this type of output is shown -j.n Figure 3.
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The ANTOVLY program can ‘also-be used with the MINMAP o . . \
l o program.- When used in this way, the 1nputs should be:
{ . FX = FVX (output from MINMAP), FY = FVY (output from MINMAPx.
5 and DX. = DY = DA (output from MINMAP). The magnifying
factor should be the same:as that used when MINMApuwas .run.
A sample of this output is shown in Flgure 4. o

V. . POLAR PERSPECTIVE . R T
" The third program to use the data tape, called PERSPECT,

was written to prov1de a view of the earth as seen\from a’
satellite in an earth—synchronous orbit and to plot earth-

~ station antenna elevatlon angle contours. Using- a|plot of

b this kind, one can maké an overlay of. the.cross- seotlonal e
' :shape of the desired antenna beam and this overlay'would be

| \v_7 valid over the entire plot.. The angular beam. w1dth would be

proportlonal to the llnear scale of the plot.

il

Lo To realize this type of.. plot, a projection -is | f1rst made

| onto a sphere centered at the satellite as shown in Flgure 5.
The angle of the. horizon, RMAX, is flrst calculated A co-
ordinate string is then;read from the tape and the!angle R

is calculated for the first.point accordlng to the follow1ng
formula: I' A

I

i

o R . R'j?- ¢&%” [SJ.n(LTSS) Sln(YL) + Cos(LTSS) Cos (yL) Cos (XL)]
Y o : - , - / (1)

’

- .'where LlSSvis the subsatellite latitude, XL and Yﬂ are the:

'~ longitude. relative to the subsatellite longitude and the
‘latitude, respectively, of the point in questions. IE
"|RMAX-R]| < 30°. that is, if the first point of that string
is within 30°, of the hollzon, then the angle R is calculated
for each point of>the\str1ng according to equatlon (1) and it

. | is checked for visibility. If |RMAX-R| > 30°,; that is, if

:" ; the first point of that string is greater than 30° from the

horizon, it is checked for visibility. If -that point is
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R

. beyond the'horizon then all points of that string are assumed

to be beyond the horizon.

t

For the poxnts that are v1s1ble an angle T is calculated

wmm;accordlng to.the following. formulan o

Sin (R!) ]

=_Tan * [—
T S - ”os(R)

(2)

;;;;;;

g

A polar anéle about the subsatellite points is calculated

as follows:

L Cos (YL) Sin (XL) ' ]
Cos (LTSS) Sin(YL) - Sin{(LTSS) Cos(YL) Cos(XL)

(3)

U = Tan-l[

The Calcomp plotter uses Cartesian coordinates so these
polar co-ordinates must be changed to the plotter coordinates,
XP YP, as follows:

T-Sin (U)

XP

XYP

T.Cos (U) . (4)

An additional feature of this program is that it will:

draw the contours of constant elevation on the plot for any

_ set of input elevations.

The only-inputs necessary.for this program other than
the data tape are the subsatellite longitude and latitude,
the magnlfylng factor and the 'set of elevatlons for the con——"
stant elevation contours. Flgure 6 shows a plot of this type

.with'70°,,45° and 5° elevation contours. Flgure 7 is a

flowchart of the program.

Jaﬁe"program can handle any number of cases in one run.
The only llmltatlon is the amount of CPU time specified on
the job card. -On the IBM 360/50 system a s1ngle case takes
approximately 45 to 55 seconds, depending on subsatellite

- location and number of elevation contours to be drawn.

"

A listing of the program is included in Appendix D.




LONGITUDE =-120.000
LRTITUDE =0.000

Figuré 6. A Polar Perspecfive of the Earth-From A
: Satellite at 120°W Longitude and Earth-
Station Antenna Elevation Contours.
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VI.

{FOOTPRINTS OF ATS-F S-BAND ETV OFF-AXIS DUAL FEEDS
NASA's Applications Technology Satellite-F - (ATS-F),

. schedhled for launch in April, 1974, is going to test the

feasihility of the direct delivery of ETV signals to low
cost terminals in\the newly allocated 2500-2690 MHz band
in Alaska, Appalachian region, and the Rocky Mountain States.
The antenna coverage program, described earlier in- Section
IV, has been modified to plot the S-Band footprints produced
by the ATS-F spacecraft. :

The basic ATS-F spacecraft includes a prime focus feed
(2) The two ETV beams
are generated bi_the 30 foot dish onboard the spacecraft from
feeds which’tie~on the satellite North-South axis. Neither

complex having crossed-feed elements.

feed lies on the antenna boresight, the separation'between -
the boresight and the nearest feed being about 0.7 degree
and the beam separation being 1 degree. Since the beammidth
is also approximately one degree, the total coverage at any
one time consists of two footprints lying in approximately

a North-Sohth relationship, the exact arrangement depending
upon the subsatellite point and the boresight location.

These factors -have been programmed into the antenna

'_coverage program described in Section IV. The inputs to

the ATS-F S-Band ETV dual-feed coverage program (ATSFS) are

the subsatellite and boresight locations, beamwidth dimen-

sions and the plotting parameters. The plotting parameters

are FX, FY, DX, DY and FACT, all of which are described above.
The modified coverage program can be used to plot foot-

prints either over the WORLDMAP or the MINMAP. Figure 8

shows the footprints with a subsatellite location of 94°West

and boresight pointed towards 81°West and 37°North. A

listing of the program is included in Appendix E.
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APPENDIX A:

WORLDMAP PROGRAM




C

(]

e AL

LOu”

CA\A“

nCRLUYAP

CIMTASTICN (CURC(LS ?b),[“UF(lF"O)'PLYY(‘IQ) FLTY(CIQ)'\(”)

Call FLUISTiIHLF,1)0D)
SCALE RACTCR
HELL({S,1CC)Y $ACT
FCRYaT(Flea3)
"CALL FACTLR(FACT)
CALL SLCT(C.09=¢9.
FVX==23,141562¢C
FVY=FVXx /2.
CAX=2.%2.1415%26/5C.,
CAY=3.1410%4¢/20.

Fx==18C.,

Fy=-6C.

LXx=316C./50U.

CY=18C./20.

CALL PLCT(Z.0s2a5y22)

AxCES

CALL AXIS(CagCey 'LONGITUNE?
TUALL AX1S(CCeQaQy 1 ATITLNL ',
L;LL
SLabLl AxTs (s
ReAl(93) A
K=l “

£y=-2)

"RLAD COURDINATF HLCCK

1) REeC(n”)CCURY

gL L=1

1o I=1
IF(rCnrlt2*L- 1).Cr.4.))L L+l

37 PLTX(1)=CCCRO(2+L)
PLIY(I)=C(CRrRO(2%*L-1)

CiicLK FC2 END CF STRIANC
IF(FLTX(I). ‘weDe CoANT, PLTY(I)..
1F(TLTec)CGC TC 21

CiteCK FCR —18C TC +18C wWRaP A9CULANC
TESI=A3S{PLTX(])}-PLTX(T-1)})
[FITEST.CT.L 2. )bu TF 21

3L L=L¢+t
I=1¢]1"
ol 1L 2

«/ FLIX(D)
FLIY(T)
PLTX(T 4+
PLTY (141
NPIS=[-1 v i

DiAn STEING UF FCINTS -
CALL LOINE(PLTXyPLTYZANDTS

SJ L=L¢t]

IFlLLE.N(K))IGC ' TC 15
KzKbi "
IF(KLNETLZ)

1 197,C)

GC-TC 5

CALL FLCTHC.yCa,—2)
o [F(<.5T.23)6C T0O 90
GC Tu IC
cl FLTY(1)=Fyx ==
PLTY({)=FVY
FLTXUI#1)=(AX
PLIY(T+1)=CAY

" FILMED-FROM BEST AVAILABLE COPY

3 C n'C ,Cr‘u

Appendix A
WORLDMAP Program

-1-

,-",,‘30.,~C.,FX,DX)
12609504y FY,NY)
in<(:;c.‘-.,'erPITL“V'.G,Sn.,c.,Fx,hx)
U.y(.,'l“TITU"'"‘3'/0-9qn-9FY9”Y)

TF 47

e T :

e
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Appendix A
WORLDMAP Program -2- ————--

NF1S=1-]
Uaan STRINC CF FCINTS
CALL LINE{PLTXyPLTYZNPTS,145,C)
¢C TU 15
_ Su CALL FLOT(C.y2.,2)
C Coaan GSLIS LINES
© U0 4Y J=1,25.
X=ELGCAT(2%J-1)
NRIN=J=(J/2)% _
IF(NREYLEC.C) GJ TO 46
CALL ELCT(Xy0.,2)
CALL FLOCT X y2teye)
_ . ol 16 48 .
. b0 CALL FLOT(X42644%) °
. CALL PLECT(Xx30er2)
45  CONTIALE :
UC 4% $=1,13 ' ‘
Y=ELLAT(2%9~1) '
NREN=J=(J/2)%2
LFINREVLEL.D) GO TG 43
CALLL FLET(C.,Y,3) . .
CALL FLCT{SCuyYs2) ' \
6C 10 45 '
- 4 TALL PLCT(S0.,Y,3)
CALL FLCT(O.9Y,2)
4) CONYaANLE:S -
CALL FLCT(C.4C.1556G)
“ sT2F .
N

(@)
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" FILMED FROM BEST AVAILABLE COPY

-

[FINPTISLLT.CICC T 14

e

- P ! ' Append1x B:
‘ ' ' .. MINMA? Program
' VINMAP ' '
QEVENS [CN 1WUF(LOCC).rvwantlqu),m(2°).xa(.|~).vp(‘lt)
Cal L F'CI:HFLF.])‘”) :
CALL FLOT(0.4=2 945 ,4=7)
“Ru Al SCALE FACICR - '
RUYD (5,99) FACT
Sy FCRMATIFIULY)
CALL FACTULR(FACT)
CALL SLCT(1a9a5923) o .
LOMTE3, 1415526835/ 120 -
REeaAl SCULNCARIES TF MAF &
S REAI(S,LCG) XLL,y XUL, an Yul
LCU FCARVATI4F10.3) S
O FVX=XLI e .
Fvy=ylLlL 2 N
CAz(yYLL=YLL)/IC. . : '
A WhTTE(5920C) FVX, F\\,l..rncr o
< Cu fr0{~;\T(1X"FVX",Fl ’014‘1'F\IY"'F1C.~0,4X1 LAzt ,F1C .4y .
* A TFLLT= P L0 L 4) . | . -
g XuXL-()UL XLL) /L4 '
YAXU=10, '
ODRAn AXES .
CALL SXTIS(Ca4Cuy *LONCLTUNL Y, —..xng,h.,va.ta)
CALLEAXTS(CayCoay TLATTTUIE 90 ,YAXL GO0y FVY,DA)
CALL EXLSUCe oY XLy "LONCTTUDE Y40y XEXL 3y Cu g FUXylMp) - —-
CELL AX1S{XaXLyDay "LATITUDL ' y=8,YAXL Gr..FVY,FA)
SKLL=EXLLACONVTR _
Lf’CA CAYCCAVIK - ooe
SC XLL=XLL*CCAVIR ‘
YLLZYLL#*CCAVTR
YLL=YUL*CCAVIR °
KEES(3) N
OC IC K=1,23 >
o kERI(8) CCCRr _
AN YRES SR : -
1> NP=1 ¢ L
[F{CCCRL(28RL-T) e LT 4000 TC 11
NL=NL+] . .
Lo XFUNP)=CLCKD(2%NL) '
’ YE(NP)=CCORCI2®NL~1)
CrueCk FLR FAL CF STPING
LE(YPINP)oFCeO0o e ANDLYE(NF)LECLOJIGE TC 12
CLrHcCK TCR PCINT IN BCUNCS
JF(XF(NF) . LI.XLL)GC TO 12
LF(XP(NP).CT.XLLIGC TO 13 i
iFIYPINP)LLTLYLL)IGE TN 123
CIFLYPAAP)LGILYLL)IRC T 12
NL=MNL+1L -
NE=NP+1 : ‘
IFINLLLELNIK)IGS Tr 11 -
5C TC1C
le XFINP)=XLL
YP(AP) =YLL -
XF(NP+1)=UA
YE{NP#L1)=LA
NFT1S=NP-]1 - .
Ornnw STRING CF FCINTS

-1-

g



FILMED FROM BEST AVAILABLE COPY

CALL LINE(XPE,YP, hPT( 19yCyC)
I+ Aal=hL+])
IFINL.GT, h\K))Gd TC 12
TouL T 1S
13 AF(NP)=xLL
CYF(ANP)=YLL
KF{NP¢+L)=D2L
YF(NP+L)=D2
NFTS=AP-1
vinn STRING CF FCINTS
FE(APTSLTLZ2)CC T2 17
CALL L(’\E(XPyY.PQf\pTS'lQ\)"))
17 NL=NL4L
A=CCURL(2%NL)
Y=CCCRN(2=ANL-1) e
CaLLK FUR LANL CF STRINC
[IF{XeCTeCe e ANCoYFC.CIGC T 14
CreLK FLR PCINT IN PCUNTS
[F{x.LTXLL)GC TC 16
[F(XeCTXULICC TC 16
IF{Y.LTYLL)IGE TC V6
IF(Y.53T.YUL)CGC IC 16 ¢
AP=1 '
oC TJ 11
lo IFINLLLTON(R)ICE TC 17
1 CONTILIRGE
Unakw GRIC LINES o
LC ¢vU [=1,¢
Y=FLCAT(TI)
CALL FLCT(C.rY,3)
du CALL FLCT(XAXL,4Y,2) R
NX=INT(XAXL)
[F(FLOAT{NX) eEQ.XAXLINX= AX—I
CC 20 J=1leNAx
A=FLCAT(J)
CALL FLCT(X,0.¢2)
30 CALL FLCT(X410.42)
CALL FLCT(G.90.959S)
ST1QF
ENY)

~

Appendix B

MINMAP Program

-

-2-
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APPENDIX C: ANTOVLY PROGRAM




FILMED FROM BEST AVAILABLE COPY

Appendix C
ANTCVLY

IvMOLICIT REALYELA-Z)
KEAL¥3 CSINGLCOSyCSORTLCAISINGTARCCS,,CATAN .
INTSGER¥G NSTEP Sy ICT o Lo Ny NBLT L IFUCL4CCO) g NPT, NP2,NCR,L IR
~REAL*9 XF(S14),YF(514)
INT G234 S, Ll LK NFL
INTECER?4 FFT(Q)/'(',' L i RS L
INTESGLE®E CIGITUICI/ ML g 2 g " 0,040 (0 E0 a6 070,080,150 1121/
KUALBC LONETZ2 Do LaTUT22 1N o ¥CT o YOT 3 FXyFY DY "V, XS5,VSS
INTEGER [M,1P,AP
ve— INTZCER®4 JSYNM(D)
LATY TSYM/2,4,11,9,410/
UIFENSIC\ CE(LIC),CPS(8),*RWS(E)
AT CH4S/al9el0eSrlanlaS92095,.01C, /
LATé RAINS/elByelCyotsahéyaly l.!l 11.7/
CATA P11/, 141‘92(57‘E€7€?PG/:PE/3 GEC3/yNISY/Z 62604/
nN=C
KLAT(S,2C9) FXgrYyerXegli¥ X, TY
dud FCRMAT{EFIC.3)
CAaLL FLCTSUIBUF,4002)
{KcAT(S,201) FaCH
21 FURVATI(F10.2)
c CALL FACTCR(FACT)
CUNVIRZPIZ 180, ,
IM=CARSIN(KE/CIST)
ChHr=81.3*C{AVTIE
2 RoAT(5,GCC,eNY=1C00) NFELT
JCu FOCRMAT(TI1)
" DC i3 ONPL=LAPLT _
oL R3AD(S,5CCeNT=550)ITLENSS o DLCNCT NULATCT ,CINCR4NCELT
5C0 FCRYAT(5F9.23) ' T S
RLQP(Sv‘Cl)TPFIAl:RhIA Th2A8,L
Y01 FCRVAT(3F9.2,12) A
’ ENMT(Z2)=CICGTIT(L) ' : e
REATZ(S, FNT)(L?(I),I—I L) c

"

NCH=C
N=A ¢ - _
RRITE(RySCLIN, rLenes PL(\CT CLATCT,FCELT AW2¢ yAWYA, THITLL ¢
0lu FLRYAT(//'10ATA SET N1 ,I?/qx,'<up SAT LONG =1',F9. 3/
L 4%y '3CH SCHT LCNG = A/4X,'RCR SCHT LAT =1,F9,13/
o A%, 'TLCLIMNTICN = .rq 2/4X%, 'MVIN RVWLTH!,5X,'=1,FG, 2/
3 A%, 'NAX BNRDTHY 55X, "=, FO,3/4X, 'CRIENTLTICN =1,FfG )

LLaVERT FROM DECRL = S TC RIDTIANS
INCA=DINCRACLAVTR
LONCFR=(CLOCNCT=-DLCNSS)IACCNVTR
TLATZTR=CLATCTI*CCANVIR
CELY=CLELT*CCNVTE
dhl=bWwlA2CCAVTIR/Z .0
bh2s8W2AFCCAVIR/Z.D
THETA=TRETAL*CCNVTR . :
C ChneCK FLR BCRESICGHFT LCCATICN IN RANCE CF SATELLITF
- AL-CARCCS(LC[S(LCVFTF)*FFCS(lATCTR+nFLT))
IF(ALLLE.CEKIGC TE 21
2y WRITe(€&,4CC)
tu) FCR¥LT(IKHO, 'BCR:=SICHT LCCATICA lS NrT IN RANCE CF SATFLLITE,!
GC 146 1t
C CudPLTE VEGTCR FRCM SATELLITE TC.HORFSICHET LOCCATICN
- ¢1r REC=REACCCSILATCTIR)IFCSINILONCTR) ) {

(g

ANTOVLY Program -1-

/)




FILMED FROM BEST AVAILABLE COPY

Appendix C
ANTOVLY Program -2-

CISTSCCCSITELT)-FESCCCSULATCTRIFCACSILONCTR)
DSIST*CSIN(CELTY+RC#STIAN(LETOTH)
USCRTIRSX2#24RCSY2IZ4RS 232 )
uﬂ'-dA SSIN(RERCSINLALY/ZRSY)
EL=((PL/2.0)=(2L4Gav))/CCAVTIR
wRITE(C,200G) EL-
26V FC4~Al(4X.'ELE»ATIC&',6X.ﬂ—' FG.2)
LENCM=ISIRT(RSX®H2 4RCYRD7 )
PITCH=CAQS IN(RSX/CENC™)
KLLL=DATANLRSZ/DENEN])
LPOL (P LTTM) .
CR=CCUstiCLL) - L
SP=35IN(FITCH) : P
COOR=TOEIN(RLLL)
12 J0 2& K=1l,L : e

[
S

€ I~ <
1] n ||

I\(/‘In

NCB=ANL?+] e
: LC3=L-K¢] ) -
O InwIERFTLATE FCR IELATIVE FEAMWIETEH
DC & J=1,8 7 }

LF(SE(LCB)-CES(II)EvTHE
[ FEW=RBAS(I) .~

[ FUR
3 CONTANLE
/ "Jl'u"l
= RRaz(CRILCR)I=-CBSIJIII A (RPRS (J)=kPWS{JIINV/(NBS(II-CPS(JL))
. 1 +RIWS(J])

) A=XSMAACTAN(In1 2R W)
B=RSMAITAN(EW2?RER)
alPhiz=alp ey
ALFR2=PW2A%2En
NSTEPS=(236C.2/CINCR)+]
BMaSTF=CALFRASRSK , .
LDC 1C ICT=1,NSTCPS ‘\
JETAN=(ICT-1)%INCR
ANG=oCcTAN+THETA .
. UM=1.0/CSCRT((ECOS (EETANY/A)## 2+ (CSINIRETAN)/R)#%7)
C CuMPLTE N-TF M VECTCR FRCM SATFLLITE TC LCCLS CN E£RTE
) ANPX=RSMBCK*SP+UMRCOCS(ANG) #CP-UMKBSIN(ANG) *#SR%SP
MAPY=ASM#CIICP UM MCCS{ANC) #SP-UV*TSINIENC) #SR2 (P
MAPZ=RSNESR4LNIDSIN(ANG) 2CR .
FANX=MNFX e e s
MNYSMNPY#SLCTSICELT )4MNPZRCSIN(CELT)
MNZ=MNFY*(-CSIN(CELT) )+ MNP 2IFECSIOELT)
BA=CARCCS (MAY/CSCRT(NMAX2AZ4NANY*224NNZ%%Z))
IF(EN.TT.BMIGC TC 3C
CAN=FI-CARSINIRSIN(BN)I®CTIST/RF)
UN=P [~ (AN+CA) -
MAL = u:caI(aEv¢z+(1srav2—z.#RFwn1<1¢rcr<(tN))
CENCM=NSCRT (MAFX2%Z4NNFY2%2)
FLTCHAN=IAKSIN(MNFX/NENCM)
RCLLN=CATAN(NFZ/DENCM)Y. |
C CUMFULIE N-Tk VI(TOR FRCM CFNTLR CF EARTH e Lnrus I
REL = MNt*CC(S(RCLLg)*DSIN(PITCFN)
REJ=OlSTRCCCSICELT)-VAL % crs(crLth)»rrc<(Ptrr+N)
KoK =MALECSIN(RCLULN) = 1S TR SIh("LLT)
GC Tu 40 L ,
[F N=~TH ¥ VECICR NCES NUT INTERSFCT EARTE CCNMPLYE VECTOW
FCM CUNTER CF FARTE TC FGRIZCN SEEN RY SATELLITF
1) TAUN=CARCCS(MNZ/CSORT(MNX*3Z4MN72%2))

o

29

.
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Appendix C
ANTOVLY Program -3-

S LF(MAX LT CoCITALN==-TALN
RET=RE#CCCSIE¥)=CSIN(TAUN)
PEJERe (~COCSICLLTIRCSINIAM)=FSIN(OLLTISCCNS(AVIRCCOS (T4 LN )
RESEREP(=CSIN(CELT)SCSIMN(BYI+CCCSINFLTISCCOS(AV)SLOCS(TAYUN))
Qs CEN=USCHT(FEL#824RE Jt22)
TOLuAPLT Y LONSLTULE S oNE LPTaTURT CCCREINATES
LAT(LCTY=SACLUDATANIRFE/LEN)/CCAVIRY
lo LUNCICT)=SACULGCARSIN(REI/CCAY/NCAVTRACLINSS)
WRL L {40 1CCIL 3 (LERY ynLERL s LFHD?
tud FOIWAT(Ll=33X 4 %AT 2 ,F4, 1, T LFYEL S /43, 'MAX RVWITH= ¢ ,FE€ 3/

IS AXy "N N ANWIOTE= V,FE2//
Sy LONTLTUTN E g 7Y gt LATTITLI L Y JEX Jt (CECRFEES) X, P (CFARFES)
3 /) '

VL 20 [=LyNSTEFS
WRIT=(64,2CC) LCN(IY,LAT(T)
L\;J }'CQVA"(].H ,ch F9 3'()’ FQ . ’,
i IFALAANCE) oLT o= 18Ca) LCNT)=3€6C 4L ONLT)
LFALONCI) JLToFX) LCALI)=EX
sFLLCNED) G CTaiX) LEN(T)=FX
IF(LATUI) LT FY) LAT(])=FY
LFLLAT(I).CTLENILAT(T)=FY
su CONTLNLE
CONVIR=SNGLICOAVTR) ,
XCT={SASL(CLCNCT)I=-FX)}/NX
YCT=(SNGL(CLATCT)I=FY)/"Y "4

‘. CALL SYMHUL(XCT YCT, 0,14, ISY”(h).F.. 1)
C RYN N | CLC?f‘If\MEc CF LCCLs
ad=1
. 50 1P=]
i To LRCAUSTLONCINMHL)-LONIIV)) AT ICCOICC TC 7C
37 XPULIPI=LONLIM) ’

YP(IR)-LAI(IN)
Iv=IMe]
1P21P+]
IF{INM.LELNSIEFS)ICC TC 47 ;
XE(1P)=FX : -
XP(LiPel)=0X
YPe(ipP)=Fy
SYPLIP+1)=DY L
NP=[pP=-1 -
CALL LINE(XFyYEZAP,1,0,0) i
ve T¢ 22 )
40 1F({IVe:QNSTEPS)ICC TC 37
vl 1C 31 :
1y XPUIF)=LCN(IM) . : /
YPU{LP)=LATC(IM) ' '
AFLIP+1)=FX
XF(IP+2)=CX
YP(IP+1l)=FY
YP(IP+2)=CY
LALL LINE(XPF, YP.lP'lpO C)
Iv=lredl
GC 18 52
22 CUNTINLE ,
XES=(SNGLILLONSS)-FX) /X
YSS=(SANCL{-COELT)=FY)}/CY :
25 CALL SYNACLIXSS,,YSS,0,21,ISYM(N)4C.uap~-1)
vad CALL FLCI(&S.'—l.'£~)
6C 10 2

V .
] . .
4 : . . . -




L
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LLUSE FLOTTAEF |
leed ALl FLCT(C.':.’Q)(;)
ARIT-(E,€CL)
aCL FCR¥AT('CPLCYITAPE CLCSER')
SICF
EN)

31

Appendix C
ANTCVLY Program
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APPENDIX D: PERSPECT PROGRAM

32




[

<

tuu

4u

éJd

“"FILMED FROM BEST AVAILABLE COPY

Appendix D
PERSPECT Program -1-

Frtsy it

SJIMENSICN TXWFILCSCIyCOORDILIDZ4) G N(Z7T) 3 XF(S1c ), YO (3]12)
CIVMINSICN Igtlo)

REAL#S LASS,LLTSS

FEAL®Y LASSH

SETY F1,S/5.14136264€.€61¢€¢ ,
CALL FLCTSUIELF,100C) ) e
CALL FLLT(Ce9=23.5,4=2) .. o
Reac(S,400) FoCT AN s g
FCIVAT(F 10.3) . ~_ . .7
CALL FACTCR(FACT)

CELL FLCT(LZaylbay23)

CON\TR=FI/130,

TVAY=ARSIN(L./8)

FVsCen

CA=CUNVTR

RMAX=CSC,*CONVIR=-TMAX

RizdT SUBSATILLITL CCCRPINATES

REAJ(S g1 CCoENI=LCIIILASS,LTSS

F[QVAT(EFLC 2)

LASSE=LNSS*CCNV TR

Ltllc‘LTSb*LCNVTF

SINI=SINIOELTIR)

CCSC=CCS{IeLT1%)

REATLIIN

k=1

FzAC(S)YCLCRU

L=1

[=1

EFEZCZNT(20L=1) o Ch b )L =L *]

YL=oLCR0(22L-1)

XL=CCCRD(2*L)-LNSSR

SINLT=SIN(YL) ‘

CCSLT=CCS(YL)

SINLN=SIN({XL)

CCSLA=CCS(xtL)

CCy?= <IAD*\I\LT*CLSC*CCSLT*CCSLA

RzAWTS(CLSK)

SlFzRVAX=-K

IS FIRST PCINT [N STRING WITHIN 30 CECREFS CF WCRIZCN?
IF(ABSICIF).LY,.S235GEQ)GC - TC 20

FIRST PCINT >30 [ECRIZS FRCM FCRIZCN...

vee IS IT VISIBLE? <

IF(CIF.CTL.CLICC YC 10

L=L¢1

6C 1L *0

FIRST FCINT <3C CECRFES FRCNM FERIZCN .

eee CHECK EACK FCINT FCR VISIRPILITY.
IF(CIF.CT.C.IGL T 0

NCT VISIRLE...ChECK AEXT PCINT

L=L+l . -
IFLCLCROLZAL=1) eBQ N JANEJCOCRC(2%L)LEC.CLIAC TC €2
YL=CLCRD{2#L~-1)

»L=CCCRC(2#L)-LNSSE

SINLT=SIN{YL)

CLSLT=CCS(YL)

SINLN=SIN(XL)




FILMED FROM BEST AVAILABLE COPY

Appendix D
PERSPECT Program -2-

CCSLN=CCSUaL) -
COSR=CINE*SINLT+CCSTeCCSLTSCCSLA
K=a+*CCS{CUSR)
ClFzrmM2X-x
¢C 1IC 20

S VIS{4LieaeCheTK PeXT ¥CINT

70 T=ATAN(SIil<)/{>-CCSR))

L=ATAAP(CISLTSSININ CCSO*SINLT=STINCECCSLTROCSLY)
PPLL)=TaS N (L)
YF(L)=t1=CCs U
I=1¢.
L=L+, -
IFLCUTRUIEML=1 ) el JoCo o ANTCFTQr {221 ) ECL.NLICY TC 52
yL=Colvutzsi-1)
XL=CCC<0(22L)—LNSSE
SINET=3INC(YL)
CCSLT=CCStyYL)
SINLR=SIN(XL)
COCSULAN=CCSIXL)
'C("'s'hﬂ#SlkLTf(C‘F‘fFQlT*CESl\
=ASCOS(CASE)
lF RV AX=R -
lF(Clr.GT.u.)CC LEn K
L=t -1 :

€y XP(I)=Fv
»PLI+1)=CA
YF(T)=Fvy
YP(1¢]1)=CA
NFTS=[-1

™ FLCY STRENG
CALL LINE(XP,YP3APTS,1,6,C)

€J L=L¢l
sF(L.LLLNLKDIIGT 10 1C
K=K¢}

- IF(K.LEL.23)0U TY 3C ‘

c LRAw HCR1ZCN e
OC S0 J=1,7% -
BETA=S,#(J-L)*CCHYTIF
XP(J)=TNMAX® TS {aFTa)

SO YPLU)=TMAXSSINARETA) :
XP(J+l)=Fv S L e
XP(J+2)=Da T~ ’
YP(ot1)=FV . A
YP{J+2)=CaA
CALL LINC(XP,YP,73,1,2,C)

CALL Q\NBI:L(U-'0-!-?-0'1'Co'—1)
c LkAn CCNSTANT ELEVATICN CCNTCURS

KeAZ(5,200U) NTS

20U FLR¥AT(I1)
IF(NTSL.EC.OYGC TC €A
R:AJ(5.300)(:L(l).l=\.NlS)

JCu FCRMAT(YFS,.2)
DC S€ K=1,NTs
AEN32={G0.+ELE(K))IXCONVTP
ANGLZASSINC(SINCANG2)/S)
CC S5 <=1,73
BETA=S,%#(J-1)%CCAVTF
XPLJ)=ANCLI*CCS(BETA) ' .

So YFUI)=ANGL*SIN{BETA)




g

leey
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A2(2¢l)=Fy
XP{o+2)=C4

YP{ +l)=Fv

YP{.l+2)=CA

CALL LIANL(XPyYF,73,41,C,0)

YN=ANGL1/CA+.0S

caLt MINMBER (UG YN 3 o 21 FLIK) 40, p=1)

CENTIALL

caLt SYMBLL =132y =100y Z21y 'LONGITUPE =0 ,Canll)

CaLl ALMa x(€GG, .‘;99.'.?lvlh55v.co_v’)__
cart SYVMEZL(-1a32,- 10382, LATTIURYE = Canll)
CALL ALMRrr({$S5S, 196 C e 12y LT1SS,0.47)

CALL PLCTI(2)44Cas—3)

HEWINY F

oC 1y ¢

CALL FLCT(Z2Ue1-1%.,€99)

S10F

=hNS
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FILMED FROM BEST AVAILXBLE COPY

Appendix E

ATS-F Dual-Feed Program -1-
A1S-FS

INPLICIY REAL®*B(A-2)

REAL#*S DSIN,CCOS,DSCRT,CARSIN,CARCCS,CATAN

INTEGER24 NSTEPS,ICT, I N,NPLT,IBUF(10C0),NP1,NP2,NCR,LDR
REAL®4 FX,FY,DX,0DY )

|
1
INTEGER#4 JyJl,L+K
| - © INTEGER#4 FNT(4)/' (', YyFT.3T,0 )/ |
INTEGER®4 CIGITUL0D /7 1% 920,30 ,%4% 'S5, %€ ' 7%,'€*,'9','10"/
REAL#4 LCN(722),LAT(T722),N1,XCT,YCT : 1
INTEGER 1
REAL#8 RCLLL,ANGDIF (2)
DIMENSICN CB(1C) 40BS(8),RBWS(8)
CtTA CES/ l'oZ'oS 1.'1 5 3o'ao'lc /
CATA RBWS/el8ye269040e5€9eTelerle2Tela?/
] CATA P1/3.141592€5358$793C0/,RE/3.96C3/,CIST/2. 62604/
’ REAC(5,99) FACT
S3 FCRNAT(F10.3) C
N=C | =~
NPLT=(
CCNVTR=PI/180.
ANGCIF(1)=.5%CCNVTR
- ANGCIF(2)=-.5%CCNVTR . : :
; BM=CARSIN(RE/DIST) '
+ CFK=81.3%CCAVIR
L REAC(5,5004END=1000)0LCNSSDLCNCT, CLATCY,DINCR,D0ELT
500 FCRNAT(5F9.3)
REAC(S5,501) BW1A,BW2A :
501 FCRFAT(2F9.3) - . , |

N=N+1
-WRITE(6+600)NsDLCNSS, DLCNCT CLATCT,CDELT,BW2A,BW1A,THETAL
60J FCRMAT(//*1DATA SET NO. *,12/74X,*SUB SAT LONG =',F9,.3/
1 4X,*BOR SGHT LCNG =',F9.3/4X,*'BCR SGFT LAY ="F9.3/
"2 4%, 'CECLIMNATION - ".F9 374Xy *MIN RMWCTH®ySX,'=',FG.3/
3 4),'MAX BMRDTH®' 45X s'=1,F9.3/4X, 'OCRIENTATICN =',fS.3)
C CCNVERT FROM DECREES TC RADIANS
INCR=CINCR*CCAVTR -

LCNCTR=(DLCACT—DLCNSS ) #CCNVIR.
LATCTR=CLATCT#CCAVTR
~ - DELT=CCELT*CCNVTR
BR1=BWLA*CCAVTR/2.0
) BW2=BW2A*CCAVTR/2.0
C CHECK FCR BCRESIGHT LOCATION IN RANGE CF SATELLITE -
AL=CARCOS{CCCS (LCNCTR)*CCOS (LATCTR#CELT))
IF(AL.LE.CHK)GO TO 21
20 WRITE(6+400) |
400 FCRMAT(LHO,'BORESIGHT LOCATION IS NOT\IN RANGE OF SATELLITE.'/)
60 1C 1
C COMPLTE VECTOR FRCM SATELLITE TQ BORESIGKT LCCATICN
21 RSX=RE*DCOS(LATCTR)*DS IN(LONCTR) ‘
RSY=DIST#DCCS(DELT)-RE#CCOS(LATCTRI*CCCS (LONCTR)
RSZ=DIST*DSIN(DELT ) +RE*DSINILATCTR)
REM=DSQRT(RSX##2 +RSY##2+RSI#%2)
GEM=CARSIN(RE*DSIN{AL)/RSN)
EL=((PI/2.0)-(AL+GAM) ) /CONVTR
WRITE(6,300) EL :
300 FCRMAT(4Xs ELEVATICN® +€X4'=1,F9.3) .
DENCM=DSQRT(RSX*%#2 +RSY*%2)
PITCH=CARS IN(RS X/DENCM)
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_, al-Feed Program -2-
~ RCLL1=DATAN{RSZ/CEANCM) ’
~  DC 31 1d=1,2
| . - RCLL=RCLLL*ANGCIF(IJ)
. , CP=CCCS(PITCH)
CR=CCCS(RCLL)
SF=CSIN(PITCH)
SR=CSIN(RCLL) .
NPLI=NPLT+]
[FINPLT.GT.1)GO TO 15
C FIRST PLCT, OPEN PLOTTAPE ANC SET CRIGIN
CALL FACTOR(FACT)
CALL PLOTS(IBUF,1000)
15 CCNTINUE
A=R SMACTAN(BK])
_ B=RSM*CTAN(BW2)
[ ALFH1=8W1A
’ ALF+2=BW2A
' uM=A
IF(1J.EQ.2)UN=B"
NSTEPS=(360.0/0INCR) +1
DC 10 ICT1=1,NSTEPS
BETAN=(ICT-1)*INCR
ANG=BETAN
C COMPLTE N-TH M VECTOR FRCM SATELLITE TYC LCCL< CN EARTH
MNP X=RSM#CR*SP+UM®DCCS(ANG) *CP-UM*DSIN(ANG) #SR%SP
MAPY=RSMSCRICP+UNSDCOSIANG)#SP-UNCSIN (ANG) #SR*CP
MNP Z=RSM*SR+UM¥DSIN(ANG)*CR
MAX=MNPX :
MNY= NNPY*DCCS(CELT)ONNPZ*DSIN(CELT) .
NNZ=MNPY*(-DSIN(DELT))+MNPZ*CCCS(CELT) : Py
BA= CARCCS(FNY/DSGRT(th‘*2+MNY“24PNZ**¢))
IF(BN.GT.BM)IGO TO 30 .
- CAN=FI-DARSIN(CSIN(BN)*DIST/RE) .
DN=P I~ (BA+CN)
MAL=CSCRT(RE#*224DIST#22-2, *RE*DIST*CCCS(CN))
DENCM=0SCRT(MNPX**2 +MNPY*%2)
PITCHN=DARSIN(MNPX/DENCM)
RCLLN=DATAN(MNPZ/BENCM)
C COMPLTE N-TH VECTOR FRCM CENTER QF EARTH TC LOCUS
. REI=MNU*CCCS(RCLLN)*O0SIN(PITCHN)
REJ=DIST#0COS{OELT )—MNL*DCCS(RCLLN)*CCOS(PITCHN)
' REK-NAL*DSIN(RCLLN)—DIST*DSIN(DELI)
GC T1C 40°
"IF N—TH M VECTCR DOES NOT INTERSECT EART+ CCMPUTE VECTOR
" FRCM CENTER OF EARTH TC FORIZCN SEEN BY SATELLITE
30 TAUN= CARCDS(MNZ/CSQRT(NNX**Z*FNZ“Z))
. - IF(MNX.LT.0.0) TAUN=-TAUN
REI=RE*CCOS(BN)*DSIN(TAUN) o
REJ=RE#*(-DCOS(OELT)*DSIN(BM)-DSIN(DELT)*CCOS(BM)*CCCS(TAUN) ) j
REK= RE*(—DSIN(DELT)*DSIN(BH)&CCDS(DELT)*CCOS(BN)*CCOS(TAUN))
40 CEN=DSCRT(REI##2+4REJ**2)
C CCMPLTE LCNGITUDE AND LATITUDE COORCINATES
LAT(ICT)=SNGLIDATAN(REK/DEN)/CCNVTR)
10 LENCICT)=SNGL(CARSIN(REI/OEN)/CCANVTR4CLCASS)
CG 80 I=1,NSTEFS v,
ceme B0 MRITE(E+200) LONCTID)LLAT(I)
200 FORMAT(1H 4y4X¢F9.3,6X,F9,.3)
- FX'—'-ISI.
Fy=C.

T
’

[N =)

;hiﬂfng.fff_—;
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C)=‘0.
0Y=4.,
ANFI=NSTEPS+1
NP2=NSTEPS+2
LCN(NPL)=FX
LCMNEAP2) =0DX
LAT(NP1)=FY
LAT(NP2)=DY

C PLUT CCGRCINATES CF LOCLS
CALL LINE(LCN,LAT, NSTEPS,I.O'O)

311 CCNTINUE
© CALL PLET(35.y-1.422)
6C 1C 1
10C0 IF(NPLTY.LE.C) GO TO 1001 °
C CLOSE FLOTTAPE
"~ CALL PLCT(0.0,C.Cy999)
1001 WRITE(&5700) APLT -
7CQ FCRMAT( '"INUNBER OF PLCTS FRCDUCEC =7,12)

S10F
END
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INPUT FORMATS

RN

ANTOVLY .

- 1. FX, FY, FY, DY
2. Magnification Factor
3. Number of beams
4. SS long, BS long, BS lat,’
Circumference increment,
Declination
- 5. Orientation, BWi, BW2,
_ # of DB levels
6. DB levels ‘ I
repeat 4,5 & 6 for'eabhﬂbean;/um
MINMAP | !
1.. Magnification Factor "/
2. XLL, XUL, YLL, DUL’ o
WORLDMAP /
1, Magnification Factor f
PERSPECT } -~
1. Magnification Factor
2. 8s long, SS lat
3. # of constant elevation
contours :
4. Const. elev. contours -
repeat 2,3 & 4 for/égch case
-/
- ATSFS 7

1. Magnification Féctorf

2. ss lohg, BS lohg, BS lat,
Circumferénce increment,
Declination

3. BWl, BwWpR

\
\

4F10.3
F10.3
‘11

SF9.3

3F9.3,
nF7.3

F10.3
4F10.3

Fl10.3

 F10.3

F10.3

Il

nF5.3

F10.3

5F9. 3

2F9.3

I2




