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€smax M €smin (JLIE3)
€smax — Tmax(Esmax, N) = & (7a)
€smin — Tmin(Esmin, N) = € (7b)
Me <ei<g, NULEMITFETL), MHFTEMGIETa). EXFIFRT, Nz H

Esmin = €mpo

2N 59 0] DA E A frese esLAAE BB IRIRGRESS T 5o/ N A PEE TR B

€s = E€smax X T €smax < & (3a)
€& = & XIT €smin <& < €smax (8b)
€s =&smin Xt €r < &smin (8¢)

5 4 B2 16 i 0 2

A DL R 2055 5 b 45 TR 26 B o RN AT 5 Y 45 FE 6 5 21 6 R 25 BidiE b 4k T2 7 1) 22 T)
[ B¢ /N FA E TR (SA) :

SA = arccos [cos € cos €5 cos(0y — Og) + sin € sin €g] 9)
XT38 2RI E I A — A [R5 s v 4k TR AR R A P TATRE
VE 1 — 5 4 AL B PR 8GR T A, 4% R it S em:

R+h 1+ Ny x107°(1 + AN /Ny )™
R+h 14 Ny x10°01 + AN/N,)"

€n = —arccos

(10)

A
h: i R&RIMER S E (km)
hy o SHERZRI S (km) (h>hy)
R: HizkpAe, €426 370 km.



14 ITU-R F.1249-3 &+

MRPEITU-R SF.765% T, emetl T R Hm AT (Ng =400 1 AN =—-68) 140
1, TMemiet X T RS EDEM (Ng=250 F1 AN = —30) B[R0 M . NiZigH,

Eml 2 8m20

SEhr b, HRE T MR B A LU R 2, R W 1L T B S e Al O HRC{EL PIT BEAH 2
MR FEIXFE—AMEDL R, FERR B = 0BT, HI A3 (10) it em Mlen fRIRUE T HE B fi
g, B, X JrR R R A BRI B . PRI, A esma K Trem, EARE RIL
em» HT ZHIOAOLLE A RO OS2I, AT REAAAETCIRE B BN AT REE . ERXFEILR, M
2l em Mem 1 SEFRBUE AT TH 5
TE 2 — IRAEITU-R SF.765 BRI F2, A NHAIA AT BRI E () -

Trex (€, h) = 1/[0.7885809 + 0.175963 h+ 0.0251620 h?
+£ (0.549056 + 0.0744484 h + 0.0101650 1) + &> (0.0187029 + 0.0143814 h)]  (11a)

Twin (&, N) = 1/[1.755698 +0.313461 h+ ¢ (0.815022 + 0.109154 h)
+¢% (0.0295668 + 0.0185682 h)] (11b)

A
e IS (B
h: R EE (km) .
X Te>em B e > e MIVEHIN, EAIATGRIEFR . AR SEERIE T RA7E LS
DAL AT A B i 2 5.
TE 3 - RITRE(Ta)l , REo)2 HhEL BT e N ER, 4208 HiE RS E R . BT,
TR (Ta) i) — DI R AR R, hesmex = max (e5, &) TENERFIIRE. 21T
JLRIEALLG, 27 B E RS
fiE T RE(To) B AT USRI i AEIXMIE LR, HIAGIE NL1Z N Esmin = max (e, €mp) o
TE 4 — KRR AR BS54 E TR R R T SRR P AE A BRI B S TR 4

B2
B %L
/******************************************************************************/
/* file name : drsang_b.c */
/* language : C */
/* function : Calculate separation angles between fixed service */
/*  transmitting antenna beams and the directions */
/* towards geostationary data relay satellites */

/******************************************************************************/

A — include files */
#include <stdio.h>
#include <math.h>
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#include <errno.h>
static double pi,rd,dr,eml,em2,a[3],b[3];
/* */
/* module : bending */
/* function : setup atmospheric bending characteristics */
/* in hO : antenna altitude (km) of the station above sea level */
/* h1 : altitude (km) of the local horizon (h0>=h1) */
/* out em1,2 : elevation angles towards the local horizon at maximum */
/* and minimum atmospheric bending (see eq.(8)) */
/* a,b : coefficients of atmospheric bending */
/*  at maximum and minimum atmospheric bending */
/* */
void  bending(hO,hl)

double hO,hl;
{

double r=6378.0; /* earth radius (km) */

eml=-acos((r+h1)/(r+h0)*

(1+0.00040*pow(0.83,h1))/(1+0.00040*pow(0.83,h0)));
em2=-acos((r+h1)/(r+h0)*

(1+0.00025*pow(0.88,h1))/(1+0.00025*pow(0.88,h0)));
a[0]=(0.7885809+0.1759630*h0+0.0251620*h0*h0)*rd;
a[1]=(0.5490560+0.0744484*h0+0.0101650*h0*h0)*rd*rd,
a[2]=(0.0187029+0.0143814*h0)*rd*rd*rd;
b[0]=(1.7556980+0.3134610*h0)*rd,
b[1]=(0.8150220+0.1091540*h0)*rd*rd;
b[2]=(0.0295668+0.0185682*h0)*rd*rd*rd;

h

/* */
/* module : tmax,tmin,dtmax,dtmin */
/* function : calculate atmospheric bending in degree */
/*1in e : elevation angle (degree) */
/* out tmax : atmospheric bending (see eq.(11a)) */
/* dtmax : derivative of tmax */
/* tmin : atmospheric bending (see eq.(11b)) */
/* dtmin : derivative of tmin */
/* */
double tmax(e)

double e;
{return (1.0/(a[0]+e*(a[1]+a[2]*¢)));}

double dtmax(e)
double e;
{return (-(a[1]+2.0*a[2]*e)*pow(tmax(e),2.0));}

double tmin(e)
double e;
{return (1.0/(b[0]+e*(b[1]+b[2]*¢)));}
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double dtmin(e)
double e;
{return (-(b[1]+2.0*b[2]*e)*pow(tmin(e),2.0));}

/*

/* module : sangle

/* function : calculate separation angle in degrees

/* in slon : longitude of the data-relay satellite (radian)

/* ilat : northern or southern hemisphere

/* rlat : latitude of the radio-relay station (radian)

/* rlon : longitude of the radio-relay station (radian)

/* az0 : azimuth of the antenna beam (radian)

/* ¢0 : elevation angle of the antenna beam (radian)

/* hO : antenna altitude (km) of the station above sea level
/* out sa : separation angle

/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/

double sangle(slon,ilat,rlat,rlon,az0,e0,h0)
double slon,ilat,rlat,rlon,az0,e0,h0;

{

double delta,zeta,r1,arc,tanarc;

double azss,azs,ees,el,e2,esl,esmax,es2,esmin,es,sa;
double r=6378.14;  /* earth's equatorial radius */
double f=1/298.25; /* earth's flatness factor */
double rs=42164; /* orbit radius */

delta=rlon-slon;
if(cos(delta)<=0) {sa=500.0;goto end_sa;}

Jf— Determination of the satellite azimuth ---------------- */

zeta=atan(pow(1-f,2.0)*tan(rlat)); /* eq.(1)
rl=r*(1-f*pow(sin(zeta),2.0))+h0; /* eq.(2)
arc=acos(cos(zeta)*cos(delta));  /* eq.(3)

tanarc=tan(arc); if(tanarc<tan(zeta)) tanarc=tan(zeta);

if(tanarc==0.0) azss=0.0;

else azss=acos(tan(zeta)/tanarc);,
if((ilat>0)&&(sin(delta)>=0)) azs=azss+pi;
else if((ilat>0)&&(sin(delta)<0)) azs=pi-azss;
else if(sin(delta)>=0) azs=2*pi-azss;

else azs=azss;

/¥ - Determination of the satellite elevation
if(arc==0.0) ees=pi/2.0;
else ees=atan((cos(arc)-r1/rs)/sin(arc));
el=eml-tmax(eml);
e2=em2-tmin(em?2);
if(ees<el) {sa=500.0; go to end sa;}
else{
/¥ - solve eq.(7a), (see Note 3) ----- */

*/

*/

*/
/* eq.(4) */
/* eq.(5a) */
/* eq.(5b) */
/* eq.(5¢) */
/* eq.(5d) */
*/
/* eq.(6) */

es1=10.0;if(ees<eml) esmax=em]1; else esmax=ees;

while(fabs(esmax-es1)>1.0e-5){
esl=esmax;

esmax=es1-(esl-tmax(esl)-ees)/(1.0-dtmax(esl));

}

if(ees<e2) esmin=em?2;
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else{
[* e solve eq.(7b), (see Note 3) ----- */
es2=10.0;if(ees<em2) esmin=em2; else esmin=ees;
while(fabs(esmin-es2)>1.0e-5){
es2=esmin,;
esmin=es2-(es2-tmin(es2)-ees)/(1.0-dtmin(es2));

}
if(esmax<=e() es=esmax; /* eq.(8a) */
else if(esmin<=e0) es=e0; /* eq.(8b) */
else es=esmin; /* eq.(8¢c) */
/¥ - Determination of the separation angle ---------- eq.(9) */
sa=rd*acos(cos(e0)*cos(es)*cos(az0-azs)+sin(e0)*sin(es));
end sa:
return sa;
h
/* */
/* main program  */
/* */
void  main()
{

double lonsat[32]={-174,-171,-170,-160,-139,-62,-49,
-46,-44,-41,-32,-16,-
12,10.6,16.4,16.8,21.5,47,59,77,80,85,89,90.75,95,113,121,133,160,171,176.8,177.5};
double sa[34];
char  str[1];
double ilat,latd,latm,lats,rlat;
double ilon,lond,lonm,lons,rlon;
double az0d,az0,e0d,e0,hOm,h0,h1m,hl;
double slon,samin;

int isat;

pi=4.0*atan(1.0); /* circular constant */
rd=180.0/pi; /* radian to degree */
dr=pi/180.0; /* degree to radian */
¥ —mmee Parameter input */
printf(""Parameters of the fixed service station \n");

input NS:

printf("Hemisphere of the station : northern or southern (N/S) ? \n");
scanf("%s",&str);

if(*str=="N'" || *str=="n") ilat=1;

else if(*str=="S' || *str=="s'") ilat=-1;

else go to input NS;

input LAT:

printf("LAT : latitude (degree,minute,second) ? \n");
scanf("%]le,% le,%le",&latd,&latm,&lats);
latd=ilat*(latd+1atm/60.0+lats/3600.0); rlat=fabs(latd*dr);
input EW:

printf("Longitude : east or west (E/W) ? \n");
scanf("%s",&str);

if(*str=="E' || *str=="¢") ilon=1.0;

else if(*str=="W' || *str=='w") ilon=-1.0;

17
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else go to input EW;

input LON:

printf("LON : longitude (degree,minute,second) ? \n");
scanf("%]le,%le,%le",&lond,&lonm,&lons);
lond=ilon*(lond+lonm/60.0+1ons/3600.0);rlon=lond*dr;
input AZ:

printf("AZO : antenna azimuth, clockwise from the North (degree) 7\n");
scanf("%]le",&az0d); az0=az0d*dr;

input_EO:

printf("EOQ : antenna elevation (degree) ? \n");
scanf("%le",&e0d); e0=e0d*dr;

input ALT:

printf("HO : antenna altitude (m) ? \n");
scanf("%]le",&h0m); hO=hOm/1 000.0;

printf("H1 : horizon altitude (m) ? \n");
scanf("%]le",&h1m); h1=h1m/1 000.0;

if(h1>h0) {printf("h1<=h0"); go to input ALT;}

A Calculations */

bending(hO,hl);

samin=1 000.0;

for(isat=0;isat<23;isat++){
slon=dr*lonsat[isat];
sa[isat]=sangle(slon,ilat,rlat,rlon,az0,e0,h0);
if(sa[isat]<samin) samin=sa[isat];

¥ —mmem Print separation angle */
printf("\nParameters of the fixed service station \n");
printf(" latitude : %7.2f (degree) \n",latd);
printf(" longitude : %7.2f (degree) \n",lond);
printf(" antenna azimuth : %7.2f (degree) \n",az0d);
printf(" antenna elevation : %7.2f (degree) \n",e0d);
printf(" antenna altitude : %7.0f (m) \n",hOm);
printf(" horizon altitude : %7.0f (m) \n",h1m);
printf("\nGeostationary data relay satellites \n");
printf(" No. Longitude Separation angle \n");
for(isat=0;isat<23;isat++){

printf("%5d %7.2f %7.2f \n",

isat+1,lonsat[isat],sa[isat]);

}

printf("Minimum separation angle = %7.2f (degree) \n",samin);
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