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e
¢, = arctan [(1 — f)2tan ] (1)
Ri = R(1 — fsin2{;) + h 2
BELTAGHEY (EE S B EFE T fUZ R RETD HUE:
Y = arccos (cos £1 €os d) (3)
WG, TE TP ERR N E V55 i 6 B 28 27 6 M os:
as = arccos (tan £, cot V) 4)

as = as + 180° M @M ss e TAb ek DA
A7 [ 52 MV 55 HL 6 P I i) (5a)

as = 180° — os M@ EN TAb R DA

A7 T[] 78 MV 55 L 6 AR T (5b)
as = 360° — os HlE @M G AL T R P2

A7 -8 52 MV 55 B 6 P I e (5¢)
os = ds MM S A AL TR R B2

A7 F 8 5 V. 55 HL 65 AR I I (5d)

4 T E A KR
B BUE AL R TITHRRL, 4% T 3T S E 55 i 67 2 2 RN (o) -

K ¥v-1
gg = arctan L (6)
Ksin¥

A

K =Rs/R;
Rs = 42164 km (HUIEFZ) .

NI RS A AL A BRI, 5 TR H R A -
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em: FELEITALA (os) AN TE V55 R 2k 1 LA 2 BOAHS TR0 i BRI 243
RIARZE T A A CRED

eme: £ LRI AL A (ois) A0 I RE M 55 R 28 14 1 FEE R S FR AR O K025 i e /NI
AL TT TR IR (LD .

PR 51020 R e TR m] WA -

- H‘ﬁ«gl =&mi1— Tmax(8m1’ h)ﬂ‘:DSZ =&m2— Tmin(8m2’ h) ° ﬁ%'fmax(gy h)ﬂ]’fmin(g’ h)ﬁj\%ﬂffﬁfﬁ
TP A eI R RS A /NS . EATREUER R A AEF2h 45

- #rer < 8é, M % 12 22 m] LLE UL ;

- el < 8 < g2, WA FLe 0] 740 H0Z L2 2 W LUE LI

— Beg<e, MERMRSATGEEN T, ZPEMETEEIN, FURLEEL

rrHE.
My < &, MR N IHTF T RE AT AT 4 505 KA oS i R IS R ) T Y

85max$|] Esmin (Jl_dx/£3) :
Esmax — Tmax(Esmax, N) = & (72)
€smin — Tmin (€smin, N) = & (7b)

Me1<el <g2, MBEMITRTD), 1R 7 LM Ta). AXMHEHT, Bz

Esmin = Em2o

12N 59 R] DA E AT freso e LR BB IRG BESS T e/ A PEE TR B

€ = &smax Xt ¥ Esmax < &r (8a)
& = & X esmin <& < €smax (8b)
€ = Esmin X} T €r < &min (8c)

5 7 1] 8% O 80 S

AT DA TR 2 SR b 55 R 28 S ORI 5 b 55 HL 65 5 S 1) ] 25 Bt 4k 12 7 17 22 1)
fRysRe /N FE TR B (SA) -

SA = arccos [cos g oS &5 cos(oy — o) + Sin g Sin & 9)
o sl 32 55— i ek T S A P
1 - G L2 PR B TR G, W% T it Heem:

R+ My 1+ Nox10°0 + AN/Ng)*

em = —arccos 5 ;
R+h 14 Ny x10°@ + AN/Np)

(10)
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v
h: ZuiREREREE (km)
hi: HHRZRRI RS (km) (h > hy)
R: HWERYAE, € &6 370 km.
RHEITU-R SF.765Z A5, emrg i 4 T R ARE Il (No =400 F1 AN =—68) IS I
f, Tem AT KA EANEH (No=250 F1 AN = —30) KA. NiZdg

€ml = €m2o

SEbr b, BRE T MM LR INEC BR AR LR R 2, RS A T B ema Rl ema (1 U PT BEAH 24
BRI, FEIXAE—AMEOL R, EMR DL = O & T, A (20) fithemaFlema I EUE 7] B8 5 1]
Bl @, X —VESH R RIRE . SR, A esmacK Tem, (HARE I
em1s, HHT AR A RS 52, A ReAPEAE CiEE B DAEM T REE . ERXMIEL T, M
1% emu Al ema 1) S R BB B AT 115
7 2 - HRARITU-R SF.765 BRIkt 2, A R ARl DRSS () -

Tmax (€, ) = 1/[0.7885809 + 0.175963 h + 0.0251620 h?
+ ¢ (0.549056 + 0.0744484 h + 0.0101650 h?) + £2 (0.0187029 + 0.0143814 h)]  (11a)

Tmin (5, ) = 1/ [1.755698 + 0.313461 h + ¢ (0.815022 + 0.109154 h)
+ 2 (0.0295668 + 0.0185682 h)] (11b)

iR
e A D
h: R (km)
X Te > em B e > em MBI, EFIATRIEFI . A REIERRIE 7 RAE LS
AL AT A i 52 5
TE 3 — MR RE(Ta) iy, BRI Mh LR A &g R, AAUE R ISIE R . FTEL, R
JIRE(Ta) i) — T R APl — 3 RNE, Plesmax = max (e, eqg) fENERIVIMEE. 2L
IERNE, 27 R B
fE T RE (7o) R PSR U5 AEIXFPIR LT, BTG S 1% s min = MaX (el, £5,0) o
T 4 — WRYEA PR 55 A L8] B8 (0 TH SN URE e E A PR A ()5 BN BB 25 1
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B 21K
M FRH
/******************************************************************************/
[* 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 */

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

[*emeee include files ------------m-m-mmmmm e s */
#include <stdio.h>
#include <math.h>
#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)) */
I* a,b : coefficients of atmospheric bending */
[* at maximum and minimum atmospheric bending */
/* ___________________________________________________________________ e */
void  bending(h0,h1)

double hO,h1;
{

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)*d;
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:

}

P e I
/* module : tmax,tmin,dtmax,dtmin */
/* function : calculate atmospheric bending in degree */
/*in e : elevation angle (degree) */
[* out tmax : atmospheric bending (see eq.(11a)) */

/* dtmax : derivative of tmax */
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[* 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]*e)));}
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]*€)));}
double dtmin(e)

double e;

{return (-(b[1]+2.0*b[2]*e)*pow(tmin(e),2.0));}
/* _________________________________________________________________________________________________ ___-k/
/* 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 */
/* ____________________________________________________ e */

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;}

[* - Determination of the satellite azimuth ---------------- */
zeta=atan(pow(1-f,2.0)*tan(rlat)); /* eq.(1) */
ri=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); I* eq.(4) */
if((ilat>0)&&(sin(delta)>=0)) azs=azss+pi; I* eq.(5a) */
else if((ilat>0)&&(sin(delta)<0)) azs=pi-azss; /* eq.(5b) */
else if(sin(delta)>=0) azs=2*pi-azss; * eq.(5c¢) */
else azs=azss; /* eq.(5d) */

[* eeeee Determination of the satellite elevation ------------------------ */
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if(arc==0.0) ees=pi/2.0;
else ees=atan((cos(arc)-r1/rs)/sin(arc)); I* eq.(6) */
el=eml-tmax(em1l);
e2=em2-tmin(em2);
if(ees<el) {sa=500.0; goto end_sa;}
else{
[* —---- solve eq.(7a), (see Note 3) ----- */
es1=10.0;if(ees<eml) esmax=em1l; 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=em2;
else{
[* - 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<=e0) es=esmax; I* eq.(8a) */
else if(esmin<=e0) es=e0; /* eq.(8b) */
else es=esmin; /* eq.(8c) */
[* —---- 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;
}
}
K e e e */
/* main program  */
/* ________________________________________________________________________________________ */

void  main()

double lonsat[]={-174,-171,-170,-167.5,-164.2,-160,-139,-62,-49,
-46,-44,-41,-32,-16,-
12,9,10.6,16.4,16.8,20.4,21.5,47,59,77,80,85,89,90.75,95,113,121,133,160,167,171,176.8,177.5};
const int nsat=sizeof lonsat / sizeof lonsat[0];
double sa[sizeof lonsat / sizeof lonsat[0]];
char  str[1];
double ilat,latd,latm,lats,rlat;
double ilon,lond,lonm,lons,rlon;
double az0d,az0,e0d,e0,h0M,h0,h1m,h1;
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 */
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[* —---- Parameter iNPUt ------=-==== oo */
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 goto input_NS;

input_LAT:

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

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

iIf(*str=="E' || *str=="¢") ilon=1.0;

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

else goto input_EW;

input_LON:

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

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

input_EO:

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

input_ ALT:

printf("HO : antenna altitude (m) ? \n");
scanf("%le",&h0m); h0=h0m/1000.0;

printf("H1 : horizon altitude (m) ? \n");
scanf("%le",&h1m); h1=h1m/1000.0;

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

[* - Calculations ------=-======mm e */

bending(h0,h1);

samin=1000.0;

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

[* —---- Print separation angle ------------==--=-mmmsmmmm e */
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",h0m);

printf(" horizon altitude : %7.0f (m) \n",h1m);
printf("\nGeostationary data relay satellites \n");
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printf(" No. Longitude Separation angle \n");

for(isat=0;isat<nsat;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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