
itlca,ftrnN AcADEMY oF SclENeEs

PACE RESEARCH IN BULGARIA. 2

SoJia 1979

Crbits of Artificial Earth Satellites Used
in the .lntersputnik systern with optimum position
for Bulgaria

P. Stoyanoa, E. Alexandroaa

I nls ls
timum
elliptic
authors
in the Intersputnik system when the sa
our country. Quantitative evaluations
communication with an artificial earth satellite on elliptic and geostation-
ary orbits.

Introduction

One of the forthcoming objectives of Bulgaria is the construction of an earthstation (ES) for communications through- In
lcrpant ln the lntersp el_

.Bllgaria will operate nd
rnlng tne optlmum or tic

One basic variable parameter in the op
ration with AES on an elliptic orbii is the
fion to Bulgaria. The distince between the
the.latitude trss of the ES determines the,p
orbit.

The aim,of our present
obtain optimum conditions
Bulgaria.

work was to deterinine X,l in such a manner as to
for communication between the AES and the ES of

The-optimum elliptic orbit is the one which ensures the following:l. Maximum time for communication performance with AES; 
-'

re of the ES;
rizontal direction.

atibility with RRL
ration with ES.
of the ES station
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Basic Dependences

The radius 16 ol the legion of possible radio-communication between an ES and

an AES travelling ,r;;i:; iiript*l,rtif oi ttr. Molniya-1 type is determined bv

the dependence (Fig. l)

(l) ro:ffinR,

the horizon.
In view of considerations

as introduced from the Earth,
The dePendence between

where Zat \s an arc angle of the radiovisibility
regioq irom the satellite;'"''";li:'-i,t'.--. ., r'r - points irom the elliptic
orbii; lnJ' n is the average Earth radius

(6,370 km).
The angle 1 characterizes the range oi vision

from an AES

(2) ,,:ui..inffi&*[grad],

(3) v;<@[ Jn,

where 2 y; is the span of the radiovisibility 1p:,x
,n-gf" ttoin an AES upon its travel along an el-

liptic orbit."'"zoi'.l- 
ls the width of the diagram of AES an-

t.nnu oliJnted for operation at a half-power level'

According to [l], 2@[:Jr:20"'

(4) -Hsat:rr-R Fie l

is the heieht of the satellite above the Earth's surface; r; - radius vector of an I

;'"il;;'ii"#'"riipiil""iiif ;h.t; the satellite is to be found at the partieular mo-

ment; and B; is the ;i;i;;;ngi. oi 
"p"iation 

oi the aerial oi the Es above

lor reducing the noise temperature of the aerial,

F;>5"'
tire above angles is determined from

(5)

and

(6)

g.r:90i(r1f P) [grad]

prHsat
Fr:arccos5SR = sin;Y [grad].

Determining the OPtimum EliiPtie
Orbit for Bulgaria

23'e. l' and rP:43o n' l') was'se-

' the visibility .of the satellite pass

the s4tellite in a vertical plane is
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deterrnined b)' the angle above the horizon Ao, wlrile the direction toward thehorizon is detlrmined."by ttre ,rimutfi ungf" t. ' - '-'- -'l
The angle Ao is determined by the dipendence

A : arcts"ffi : arctg!9{il [grad],
(7)

rvhere r is the

c(t
Psat

a=0

l.i g. 2

radius-vector

P(North)

&7 --*---)

I

_\So______l>

lru r Equator

of the point at u,hich ilre AES is to be iound, and
@ i.s the geocentric angle between the point
ol observation C (I, q) and the projectibn of
the satellite on the Earth's .surface N (I*r,
(p.,t). T'he angle @ deternines the distance
between the points C and i/ by the clependence

(s) a:# . nR. .

The angle @ is determined from the
spherical triangle NCP (Fig, 2)

(9) @:arccos [gin,p.sin <p.u1f cos q. cos rp.,1. cos A],] [grad],
rvhere l. and rp are the coordinates of the observation point;

l'561 ?fld p561 3re geographical coorclinater or tti" iui.tiiid prolectic,n:
(lo) AL- Lsat-2u.

The azimuth angle f, laken in a North-East - sor_rilr-west direction,determined fronr

(l l) E:LA
when 1..^1 is to tlre east of the meridianl":28" e, L ancl from
(12) 6:360"-A.4
when l,r.1isto theWest of the nieridian l,:23"e. l.,rvhilc A,4 is cletermirred frolrthe spherical triangle NCp

(lB) /,4--arccos+#.#'_o 1grad1.

of the satellite lsar, gsat at any monent of itsit are determineel b), the geocentric proiection
. Figu_re 3 shorvs ilre geocentric projection"ot the
to [2], due account being taken dt ttre Earthis

The projection oi the.even ellip,tic trajector.lz is.a qontinuation of the odd onc
and has the position of the apogee l,'j:
(14) li:.rl+ 1,ggo. .i. . , .,

,, Figrrre.4.slto.rvs graphicallv presentedellipticorbitsu,iilr rlifferent longitudeof.tlrc.apogee 
LLtxl1, as- ihey arb 'seen from the r;i;;i;;"o'uiiurton pJini, Tnl.

p.osition-:of the satellite is defermined in relation to the rnoment of time in whichthe.AE-S.passes through.tlie perigee point (lo:00 til. . ,' 
"'-,
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Table I gives the basic quantities which are characteristic ol the .elliptic
orbit, namely: the radius-vector r, V" (the angle between the direction to the per'igee
and r), the radiovisibility zone lrom the satellite (o, ro) and the distance from the
observation point to the projection of the satellite on the Earth's surface (@, p)
lor the selected elliptic orbits u,ith different longitude of the apogee in function
of absolute time.

For the prlrpose of determining the duration of the session for communica-
tion with the AES, \r/e com-
pare thb visual zone of the
AES from (l) and the dis-
tance to the undersatellite
point from (8) (Table 1).

1. At p;ro (@>o) the
AES cannot "5ee" us with
its aerials. Our visibility
toward the satellite is deter-
mined by A from (7) and <t

from (ll) or (12), and de-
pends on the overlap angle
to the horizon. When it is
oossible to ensure a nini-
inum covering angle (g,oin:
5') for all orbits shown on
Fig. 4, we can follou, the
movement of the satellite
within an approximately I 1- i
hour sector. In order to re-
alize the comnrunication ses-
sion it is necessary to ad-
just the diagram of direct.
ed ooetation of the satel-

7no
t1 t.O'-vJ.a -:

50" 8 th
9 l0h

l0:l 0h30m

1r l1h

6 3h

52h
4 t h3orn

3 rh

rz l tnJum

13

-)u
/^o-ou

-Joo
"' -9oo -600 -3oo o 3oo 6o0 9oo,lsat

lite's aerial.
2 can be communication

rvith k sYst Y line P:ro al
D:5o ine on es the duration
6t ttre Table ained shori' that
upon using one AES travelling along an elliptic orbjt with diiferent positions
oi th" upog""e, the iotal time of the communica{ion session is a sum of tu,o variable
comnonents.'The dimensions of the biological zone of the ES ior protection from the ir-
radiation of the aerral within the microwave band for persons not professionally
involved in radiation and for the population is determined, as regarcls intensity,
at I pW/cm'? [3].

The size of itre biozone depends on the power oi the operating transmitters
,.-and on- the values of ,theoperative angles,in. horizontal and ver.tical directions.

The dimensions of the bioz6nes for the selected orbits at transmitter power Pi,
:lO kW, as well as the bypass angles from the aerial in,a horizontal direction,

-are given in Table 2: -- ''

ihe noise temperature of the aerial d from dry atmosphere)
.is significant to thb quality of ,the sig_na the satellite, whose va-
-lue is of the order oi 10--14 W//?rz. It angle ahove the horizon
' A"'at whrch the'aerial isbB6iatin$ '-- :..
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(15) r"^:ffiVT
according to [2]. This formula is valid for the 1+B GHz band and A>3+5". The
values of the noise temperature of the aerial, calculated for an angle, which is
the averaged value oi the angles at which the aerial of the ES operates during
most of the session for AES satellite communication, are plotted in Table 2.

A comparison of all optimized quantities in Table 2 shows that the ellip-
tic orbit with l.l:95' e. l. and l.i:85'w. f . is optimal both as regarcls the time
of the communication session through the AES and also as regards the other pa-
rameters: the bypass angle of the aerial in the horizontal plane is minimal, the
area of the biozone is also minimal and the noise temperature of the aerial Tru
is very close to the lowest calculated value,

Geostationary Orbit

The visibility of a geostationary satellite (angles zi and g) is determined with
formulae (7) to (13) for a satellite travelling along an elliptic orbit, and for a
geostationary satellite gsat:0 and (9) it is as follows:

(16) @:arccos (cos rp. cos A1,l [grad].

At a constant height 11.,t:36,000 km and constant distance r:.[/.ut#R for
a geostationary satellite, (7) becomes as follows:

(17)

The angle AA for a

comes

(lB)

cos @-0.15A:arctg ""'a1# [grad].

geostationary satellite is determined from (13) and be-

,4:arccosllqe l .
I'tg (/l

The azimuth angle f is determined from (11) and (12). Figure 5 shows a gra-
phically presented geostationary orbit with visibility from the selected obser-
vation point of Sofia. Broken lines show the intervals oi possible oosition oi a
geostationary AES in the Intersputnik sysem from 6 to 2Bd w. 1. and from 68 to
95'e. l. [a]. The positions have been designated of a western satellite at 10'w. l.
and an eastern satellite at 68" e. l. which have been established as fully satisfying
the needs of Bulgaria for communications over an AES with all countries in the
world. For the purpose of comparison, Table 2 contains the values corresponding
to the optimizing quantities.

Analysis of the Results Obtaine

The visibility of the optimum for our country elliptic orbit from several points
with changing latitudinal parameter __ Moscow (56'n. l.; 38" e. 1.), Novosi-
birsk (55" n. 1.; 82" e. l.), Warsaw (52'n. l.; 20" e. l.), Ulan Bator (48" n. l.;
107'e. l.), Sofia (43'n, l.; 23'e. 1.), and Cuba (22" n. l.; 80" w. l.) calculated
according to formulae (7) to (13), is shown on Fig. 6. Girren below are the cal-
culated times for the communication session.

The conclusion may be drawn from the above data and from Fig. 6 that the
conditions of operation offered by this orbit are' not unfavourable both as
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lst revolutlon

Communication time

Moscow
Novosibirsk
Warsaw
Ulan Bator
SoIia
Cuba

8h58min
thS4min
8h33min
t h 50 miri
8h21 min

7 h 38'min
7h
7h53mtn
6h12min
7h42min

l0 h 36 min

16 h 36 min
16 h 34 min
16 h 26 min
16 h 02 min
16 h 03 mln
l0 h 36 min

regards-tlie duration of the comnunication session and as regards the operating
angle of the aerial. The data available warrant the conclusi-on that shiiting to
the south results in a decrease in the period of the sessiotl.

The deterrnination of an elliBtical orbit which is oBtimal for the countries
belonging to t he Interspqlnik sysiem has not been the object of the present work.

It can be seen frorn Fig, 5 that the ES in Sotia can establish communication
with geostationary satellites at a minimum o\rerlap angle toward the horizon
of 5o, abovetherneridians fron 94.3'e. L to 48.3" w.-1. vrhich are visible in a ho=
rizontal plane in- the directions fron 103" to 257". For the pui'pose oi comparing
the changes in the conditions of operation with the above \Mestern and Eastern
geostationary satellites; Irom two points of different latituele, calculations
have been made for Sofia rnd Warsaw.

Eastern AES Western AES
Locatlon

blozone Idca) Tna ["k] | btozone [dca1

Sofia
Warsaw

30.1
24.4

E.o | ,rro6.05 I 1380

I.t is poss.ible to conclude from the comparative data presented above that,
practically,. the conditions of operation ch-ange only insignificanily with the
change in latitude;

Conclusion

The analysig_ of the results obtained shows that the optimum elliptic orbit for
Bulgaria is that with apogee of an even revolution over meridian gb. e. t. ana oi
the odd one over meridian 85" w. 1.

For our latitude the geostationary satellites examined offer definitely bet-
ter conditions for comnunication through AES,
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