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This is an examination of the problems related to the determination of the op-
timum elliptic orbit for Bulgaria. Graphs have been given of geostationary and
elliptic orbits with different longitudes of the apogee with respect to Sofia. The
authors have analysed the conditions for communication of the other participants
in the Interspuinik system when the satellite operates at an optimum orbit for
our country. Quantitative evaluations have been given of the conditions for
communication with an artificial earth satellite on elliptic and geostation-
ary orbits,

Intrbduction

One of the forthcoming objectives of Bulgaria is the construction of an earth
station (ES) for communications through artificial earth satellites (AES). In
her capacity of participant in the Infersputnik international system for satel-
lite communications, Bulgaria will operate with the.satellites of that system and
is interested in obtaining the optimum or near-optimum choice of the elliptic
orbit to be used. =

One basic variable parameter in the optimization of the conditions for ope-
ration with AES on an eiliptic orbit is the position of the orbital plane in rela-
tion to Bulgaria. The distance between the meridian of the orbit apogee A and
the latitude Ags of the ES determines the proximity of the plane of the elliptic
orbit.

The aim of our present work was to determine A4 in such 2 manner as to
obtlain optimum conditions for communication between the AES and the ES of
Bulgaria. 8

The optimum elliptic orbit is the one which ensures the following:

1. Maximum iime for communication performance with AES;

2. Minimum in size biological zone of the ES;

3. Minimum by-pass angle in a horizontal direction.

This results in improvement of the electromagnetic compatibility with RRL
operating or intended for operation in the band of joint operaticn with ES.

4. The noise temperature introduced through the aerial of the ES station
from the atmosphere should be minimal.
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Basic Dependences

The radius #, of the region of possible radio-communication between an ES and
an AES travelling atong an elliptic orbit of the Molniya-1 type is determined by
the dependence (Fig. 1}

(1) I. 'ro'__"i"g‘éﬁ"ﬁR‘

where 2a; is an arc angle of the radiovisibility
region from the satellite;

i—1, 2,..., n— points {rom the elliptic
orbit; and R is ihe average Earth radius
(6,370 km).

The angle y characterizes the range of vision
from an AES

Rcos gy

{2) Yy== arcsinR—Jr—H-m[grad]‘

where 2 v; is the span of the radiovisibilily apex
angle from an AES upon its travel along an el-
liptic orbit.

20l , is the width of the diagram of AES an-
tenna oriented for operation ata hali-power level.
According to [1}, 2€0°1 =20°,

Fig. 1

4 He=r—R

is the height of the satellite above the Earth’s surface; r; — radius vector of an i
point of the elliptic orbit where the satellite is to be found at the particular mo-
ment: and p; is the minimum angle of operation of the aerial of the ES above
the horizon,
In view of considerations for reducing the noise temperature of the aerial,
as introduced from the Earth, B;=6° :
. The dependence between the above angles is determined from

(59 = 90°(vi+B)) [grad)
and . 4
& B;:arccos.R+§ ** sin -y [grad].

Determining the Optimum Elliptic
Orbit for Buigaria

The town of Sofia (gesgraphic coordinates A=23° 'e.. 1. and ¢=43" n. 1.) was-se-

lected as the 'observation: poifit in determining the visibility of the satellife pass
along a certain elliptic orbit. The position of ihe sateilite in a vertical plane is
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determined by the angle above the horizon A°, while the direction toward the
horizon is determined by the azimuth angle &
The angle A® is determined by the dependence

[ AM s COSE—RIr ;
(7) A= arctgm =dre tg—sﬂ"" Igrady,

where r is the radius-veclor of the point at which ihe AES is to be found, and
€ is the geocentric angle between the point
of observation € (A, o) and the projection of
the satellite on the Earth’s surface N (Asat,
Psar). The angle @ determines the distance

T2, g - between the points C and ¥ by the dependence
Fsap for

, ©

- ®) 0= o+ R

; The angle @ is delermined from the
FiE 2 spherical triangle NCP (Fig. 2)
{9 ©=arccos [sin @ . sin @sa1-Cos © . COS gyt . COS AL] [grad],

where X and ¢ are the coordinates of the observation point;

Asar an1d Qeqt are geographical coordinates of the satellite projection:
(10} AL =Rt —A.

The azimuth angle £, taken in 3 North-Easl — South-West direction, is
determined from

{t1) : E=AA
when At is to the east of the meridian A=23"¢e. |. and from
(12 E=360"—AA

when A isto the West of the meridian A==23"¢. |., while A4 is determined from
the spherical {riangle NCP

- singg,, —sing . cos @
{13} 44 =arccos o - [grad).

The geographic coordinates of the satellite hsate 9sai al any moment of its
movement along the elliptic orbit are determined by the geocentric projection
of the orbit on the Earth’s surface, Figure 3 shows the geocenftric projection of the
odd elliptic trajectory, according to [2], due account being taken of the Earth’s
rmovement.

The projection of the even elliptic trajectory is.a continuation of the odd one
and has the position of the apogee Ay

{14) AA =Rk 4 1809, -

Figure 4 shows graphically presented ellipticorbits with different longitude of
the apogee A, (A7), as they are seen from the selecled observation peint. The
positioniof the satetlite’is determined in relation to the nioment of lime in which
the AES passes through the perigee point (fo= 00 [V 8 &S SRR Tulh .
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Table 1 gives the basic quantities which are characteristic of the elliptic
orbit, namely: the radius-vector r, V¢ {the angle between the direction to the perigee
and r), the radiovisibility zone from the satetlite {u, r,) and the distance from the
observation poini to the projection of the satellite on the Earth's surface (6, p)
for the selected elliptic orbits with different longitude of the apogee in function
oi absolute time. o :

For the purpose of determining the duration of ihe session for communica-
tion with the AES, we com-
pate the visual zone of the

AES from (1) and {he dis- Psat s
tance to the undersatellite 80° I .
point from (8} (Table ). . 1,0700 - 7]6h

. At p>r, (B>0) the 7" o~
AES cannot “see’’ us with 500 |- SRfRe 3
its aerials. Our visibilily he® L 2 1hpEeah
toward the satellite is deler- Ha 10,108 3Gl e e TH3D
mined by A from (7) and & = T
from (1) or (12), and de- 25
pends on the overlap angle ) 230w I T2 01 b o

1o the horizon. When it is
possible to ensure a mini-
mum covering angle (Binin—
5% for all orbits shown on
Fig. 4, we can follow the
movemen{ of the satellite
within an approximately 11-
hour sector. In order iore-
alize the communication ses-
sion it is necessary io ad-
just the diagram of direct-  giq, 3

ed opetation of the salel-

lte’s aerial. )

2. At p<r. (@ <o) the AES satellite can be used to establish commusication
with member-country of the Intersputnik system. The boundary line p=r, at
R=5° and y=10°, plotted by a broken line on Fig. 4, determines the duration
of the communication session as shown in Table 2. The results obtained show that
upon using one AES travelling along an elliptic orbit with different positions
of the apogee, the total time of the communication session is a sum of two variable
componeiits. :

The dimensions of the biological zone of the ES for protection from the ir-
radiation of the aerial within the microwave band for persons not professionally
involved in radiation and for the population is determined, as regards intensity,
at i pW/em® [3].

The size of the biozone depends on the power ol the operating fransmitters

_and on the values of the operative angles in horizontal and vertical directions.
The dimensions of the biozones for the selected orbits al {ransmitter power Py,
=10 kW, as well as the bypass angles from the aerial in-a horizontal direction,
'am"given ST a Rl ad o Mgy oo e sis e e ey =

The noise temperature of the aerial Ty, (introduced from dry atmosphere)

“is significant to the qualily of the signal received from the satellite, whose va-
lise is of the order of 10" W/m? 1t depends on the angle above the horizon

" A°at which the gerialisoperafilg =~~~ T T T

i3
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(15) Tra=g g K]
according to {2]. This formula is valid for the 1 =8 GHz band and A>3+5° The
values of the noise temperature of the aerial, calculated for an angle, which is
the averaged value of the angles at which the aerial of the ES operates during
most of the session for AES satellite communication, are plotied in Table 2.
A comparison of all optimized quantilies in Table 2 shows that the ellip-
tic orbit with Aa==95" e. 1. and A3==856" w. 1. is oplimal both as regards the time
of the communication session through the AES and also as regards the other pa-
rameters: the bypass angle of the acrial in the horizontal plane is minimal, the
area of the biozone is alsc minimal and the noisc temperature of the aerial Ty,
is very close to the lowest calculaied value.

Geostationary Orbit

The vistbility of a geostationary sateilite {angles 4 and g} is determined with
formulae (7) to (13} for a satellite lravelling along an elliptic orbit, and for a
geostationary satellite @.,=0 and (9) it is as follows:

(186) ©—arccos {cos ¢ . cos AA] {grad].

At a consiant height Hei=236,000 kin and constant distance r=Hq+R for
a geostationary sateilite, (7) becomes as follows:

1. C0s O—-0.15
(a7 A=arctg 2S00 [grad].

The angle AA for a geostationary satellite is determined from (13) and be-
comes

_ tgy
{18} A_arccoslzg@ .
The azimuth angle £ is determined from (11} and {12). Figure 5 shows a gra-
phically presented geostationary orbit with visibility from the selected obser-
vation point of Sefia. Broken lines show the intervals of possible position of a
geostationary AES in the Intersputnik sysem from 6 to 28° w. 1. and from 68 to
95° e, 1, [4]. The positions have been designated of a western satellite at 16° w. L.
and an eastern satellite at 68° e, 1. which have been established as fully satisfying
the needs of Buigaria 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 guantities.

Analysis of the Results Obtained

The visibility of the oplimum for our couniry elliptic orbit from several points
with changing latitudinal parameter — Moscow (858° n. 1.; 38° e, 1.), Novosi-
birsk (65° 1. 1.; 82° e. 1.}, Warsaw (62° n. 1.; 20° e. 1.), Ulan Bator (48° n. 1.;
107° e. 1.}, Sofia (43°n. 1.; 23°e. 1.}, and Cuba (22° n. 1.; 86° w. 1.) calculated
according to formulae {7} to (13), is shown on Fig. 6. Given below are the cal-
culated times for the communication sessioil.

The conclusion may be drawn from the above data and from Fig. 6 that the
conditions of operation oifered by this orbit are not unfavourable both as
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Communication time

Town 1si revolution 2nd revolution Total
Moscow & h 58 min 7 h 38 min 16 h 36 min
Novosibirsk % b 34 min 7h 16 h 34 min
Warsaw 8 h 38 min 7 {1 53 min 16 h 26 min
Ulan Bator ¢ h 50 min 6 h 12 min 16 h 02 min
Sofia 8 b 21 min 7 &t 42 min 16 h 03 min
Cuba — I¢ k 36 min 10 h 38 min

regards the duralion of ihe communicalion session and as regards the operating
anigle of the acrial. The data available warrant the conclusion that shifting to
the south results in a decrease in the period of the session.

The defermination of an elliptical orbit which is optimal for the countries
belonging to the Inferspuinik system has not been the object of the present work.

It can be seen from Fig. 5 that the ES in Sofia can esiablish communication
with geosfationary satellites at a minimum overlap angle foward the horizon
of 5°, above the meridians from 94.3% ¢. 1. o 48.3% w. [. which are visible in a ho-
rizontal plane in the directions from 103° to 257°. For the purpose of comparing
the changes in the conditions of operation with the above Western and Eastern
geostationary satellites from two points of different latifude, calculations
have been made for Sofia and Warsaw.

Eastern AES B Western AES
Losatlon 4° Tha [7k] ‘ hiozone [dea) A4° | Tpa [°K] | biozone [dea]
Sofla 237 8.2 1380 30.1 ‘ 5.0 1320
Warsaw 16.0 | %l 1425 244 6.05 1380

It is possible to conclude from the comparative data presented above that,
practically, the conditions of operation change only insignificantly with the
change in latitude:

Conelusion

The analysis of the results obtained shows that the optimum elliptic orbit for
Bulgaria is that with apogee of an even revolution over meridian 95° e. 1. and of
the odd one over meridian 85° w. 1.

For our latitude the geostationary satellites examined offer definitely bet-
ter conditions for communication through AES.
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Ontnmanpabe s HPB opbutst UC3,
HCIIONB30OBAHHLIE B CHCTEME JHTepCny TR

1. Cmosros, E. Axexcandposa

{(Peswowe)

PaccMOTpeHsl BONPOCH, CBSI3AHHBIE C ONPEAC/EHHEM ontamanbrol nas HPB 3a-
AunTHUecKoil op6uthl. ['paduueckn npejcTaB/ieHbl reocralHONapHas M VHI-
THYecKHe OpOHTH ¢ H3MEHEHHEM reorpacduuecKoil J0TOTH ¥ aROTER N0 OTHROMIEHUIO
k Couu. AnanusupoBakbl yCJIOBHS CBA3H € APYTHMH Y4acTHHKaMH B CHCTEME
JAuTepenyTHHK® B YCJOBHAX paGoThl €O CRHYTHHKOM H& onTUManBHCH AN
pamedl ‘crpansl opéute. [laHhl KOJHUECTBeHHBIE OLEHKH YCJIOBUIL CBASH CO CTIYTHY-
KaMu Ha SJJHITHUECKMX ¥ reocrauioHapHofi OpGHTaX. '
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