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Abstract

This paper describes the conditions for frequency sharing between
satellite and terrestrial broadcasting systems.

In VHF. UHF band an interference from broadcasting satellite,
emission of which is directed toward some specified area arbitrarily
located in the world, may occur over hemisphere of the Earth, The
reduction in interference due to geog raphical separation between satellite
and terrestrial service areas is examined and the permissible field
strength at the surface of the Earth for satellite broadcasting is shown.

In 12 GHz band, since an interference from satellite to terrestrial systems
may be restricted within some extent of the local area concerned, the
conditions for frequency sharing with overlapping service areas between
broadcasting satellite service and the terrestrial se rvices, including
television broadcasting and radio relay systems for the studic-transmitter
link and the outside-broadcast link, are discussed.

1, Introduction

To assure frequency sharing between broadcasting satellite service and
terrestrial services, the two conditions mentioned below must be satisfied
simultaneously.

(1) Condition on which terrestrial services can be protected against
interferences from satellite emissions.

(2) Condition on which a satellite service can be protected against
interferences from terrestrial emissions.

The technical procedure of pursuing such conditions is different from one
another among HF, VHF- UHF, and SHF bands, mainly depending on radiation
patterns of the antennas used in satellite and terrestrial systems. In this
paper VHY. UHF and 12 GHz bands, a study of which has been requested by
CCIR on the feasibility of satellite broadcasting, are taken into consideration.

2. _Wanted-to-interfering signal ratio

An interference ratio can be expressed by the following equation, when a
wanted system is interfered with by "n" interfe ring systems,

(5 - & EE20 &

D
X LD, )ui Aui

where (C/X)A =wanted-to-interfering signal ratio at the input of the

receiver at location A,
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(P.F.D.}w, (P.F.D.}pi=power flux density of the wanted signal and of the i-th
unwanted signal, respectively, at location A,

Aw, Aui zeffective aperture of the receiving antenna to the wanted
gignal and to the i-th unwanted signal, respectively, at
location A.

It is understood that in the case of interference between satellite and terre strial
systems the following factors affect Equation (1}.

(1) Radiation pattern of satellite transmitting antenna
{2} Pointing accuracy of satellite transmitting antenna
(3) Radiation pattern of terrestrial transmitting antenna
(4) Radiation pattern of terrestrial receiving antenna
(5} Radiation pattern of earth-station receiving antenna
(6) Station-keeping accuracy of satellites

(7) Type of modulation used

(8) Polarization discrimination.

In calculating interference ratios acceptable values of the above mentioned terms
should be decided or assumed, as indicated in the following sections.

3. Interference contour and permissible ficld strength from broadcasting
satellite in VHF and UHF bands

It has already been reported that the geographical separation required for
protecting an earth-station receiver against interference from a terrestrial
broadcasting transmitter is in the order of seve ral hundred kilometers in VHF
and UHF bands.

In this section an attempt is made to clear the effect of interference from
a broadcasting satellite to a terrestrizl broadcasting receiver on a world wide

basis.
Two arbitrarily-selected locations on the earth, located at A (longitude dA'

latitude A a) and B (longitude ggn, latitudeA p) are taken to denote a geog raphical
centre in the terrestrial broadcasting service and in the satellite broadcasting
service respectively.

The interference ratio at location A, (C/X)A, can be expressed by Eq.(2)
derived from Eq.{!} on the assumption that there is only one satellite concerned.
Conseguently, the allowable field strength at location B from the satellite is

given by Eq.{3).

= - + +4 1 | I 2
(C/X), =Eq 4 - Eg g * (Ggp.na) *91(0-5""(sB-54) 2
= - . + R Ay P L 3
or Egn=Ep, (PRI +(Ggp_py * Fg0-9) (SB-SA) | (3)
where ESB . allowable field strength from the satellite at location B,
the centre of the service area (dB rel. 1uV m};
ETA . field strength of the terrestrial broadcasting service to

be protected at location A {dB rel. luV/m);
(P. R.)T . required protection ratio of terrestrial broadcasting wave
to satellite broadcasting wave (dB),

off-axis gain reduction of the satellite antenna in the

G
S(B-A) direction of location A (dB):

. tection ratio and the reduction in interference derived from these figures the

(2) 100 MHz
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GT(O-S) : f:ff-—axis' gain. reduction of the terrestrial receiving antenna
in the direction of the satellite (dB);

4 L(SB—SA) =ﬂdif£.erence in path loss between two slant ranges, satellite
position to location B and A (dB).

In equations (2} and (3) accurate antenna pointing is assumed and an inter-
ference discrimination effect due to cross polarization between the terrestrial and
the satellite waves is neglected, because location A may be chosen at any arbitizr
place on the Earth. Another interference discrimination effect due to the patter Y
of the terrestrial receiving antenna is assumed to depend only on angle of zlevatfl
of the satellite.as seen from location A, since the half-power beamwidth of the o
antenna may be as much as 55° or more, The third term of equation (2}, (Gs(B +
GT(O..S) -I—AL(SB_SA }, which is defined here as the reduction in interference c—.':}-l}
me re.ly be decided by the orbital position of the geostationary satellite geogr’a hical
locations of the service area A and B, and antenna radiation patterns ;elating tI: -
G5(B.-A) and GT(O-S)- It can therefore be projecied on the globe viewed from the

geostationary satellite as an important parameter in estimating the coexistence of
both services,

) The expressions of the geometrical relationship with the location of sate-
1lite and terrestrial receivers are indicated in Appendix }, together with the

expression of the reduction in interference. The radiation patterns of the satellite

transm%tti?ng and the terrestrial receiving antennas are assumed by G(6)=1/{ 1+
(z0/8,)°- J‘and CCIR Rec.419 respectively, where 0 _is half-power beamwidth,

_Figure ! snows the contours of the reduction in interference at 800 MHz !
projected onto the Earth viewed from the satellite, corresponding to various
1oc-a.tions of the center of service area for satellite broadcasting, beamwidth of
which is assumed to be 4 degrees. Figure 2 shows the similar results in 100 MHz

Substituting into equation (3) the required level of Eq A+ the required pro-

allowable field strength from the satellite at location B can be determined
Table 1 gives some numerical results of-this.evaludtion appli:ed to ter.restrial
amplitude -modulation television and satellite frequency-modulation television
br.oadcasting in 800 MHz. Table 2 illustrates the evaluation on frequency-modul-
ation sound broadcasting for both terrestrial and satellite services at 100 MHz
The following conclusion can be derived from the above analysis. -

(1) 800 MHz

_For protection of a terrestrial amplitude -modulation television broad-
cat?tmg service at a geographical location {60 °E relative longitude, 45°N
latitude}, as one example, the allowable field strength for satellit; frequency-

" modulation television broadcasting centred at 0 °® relative longitude, 15°N
latitude, as an other example, can be evaluated as 45,5 dB rel, 1 ;V/m
wi_th _the illumination of a 4° satellite antenna beamwidth, Under this sityu-
ation, the interference ratio in other locations of the world can be found such
as C/X = 46.8 dB at the location of 50 °E relative longitude, 30 °N latitude.

The allowable field strength from a frequency-modulation sound broad- |
casting satellite centred at sub-satellite point becomes as low as 22 dB rel |
1 uV/m, as an example, with 10 * beamwidth illumination from the satellite

to prc-;tect terrestrial frequency-modulation sound broadcasting assumed
at 60 °E relative longitude, 45°N latitude,

Spec ia.l a.ttention should be paid to maintaining the accurdcy of satellite
antenna pointing with narrow beams to avoid world-wide inte fTerence effects
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from satellites. Although this global evaluation method may also be applied
to SH¥" band in principle, more rigorous considerations on local basis
would be suitable especially in 12 GHz band,

4. Conditions for frequency sharing in 12 GHz band

The area of interference between a terrestrial system and a satellite system
with overlapping service areas is discussed from the viewpoint of domestic use
in 12 GHz band.

The terrestrial systems considered are FM radio-relay systems for television
and AM-VSB television broadcasting systems, but not multi-channel telephony
systems since it is evident that sharing with multi-channel telephony systems is
not practicable. The systems dealt with in this paper are shown as follows.

(1} Broadcasting-satellite system in the 12 GHz band

it is assumed that the broadcasting satellite is to transmit the tele-
vision signal to the terminal stations in cable distribution systems,
whose type of reception is a kind of community reception. Frequency
modulation is chosen for the purpose of easy realization. The quality
of reception is aimed to be of primary grade which is roughly equivalent
to an unweighted signal-to-noise ratio of 39 dB, using a | m diameter
receiving antenna and a receiver noise figure of 5 dB at the terminal
stations, The power flux density at the surfaceé of the Earth is -103. 1
dBW/m? and the e.i.1.p. from the satellite is 70 dBW (See Table 3).

(2) Terrestrial radio-relay systems for television

The terrestrial radio-relay systems for television considered are
the studio-transmitter link (STL) and the outside-broadcast link (OBL})
which are operated by the broadcaster.

The required unweighted signal-to-noise ratio is 55 dB, so0 as not to
have a deteriorating effect on the quality of the system &s a whole., The
output power of an STL or an OBL is usually about 0.3-3 W and the
antenna diameter 0.6-3 metres. The required power flux-density of the
STL is -74.2 dBW/m?2 and the operating distance is about 22 km. The
power flux-density of the OBL is -73.2 ciBW/m2 at an operating distance
of 11 k. As the operating time for OBL is shorter than for STL the
system margin might be smaller. The 12 GHz band is used only for
the short-distance radio link due to the high transmission loss {See
Table 3).

{3) Terrestrial television broadcasting systems in the 12 GHz band

The standards of the system are considered to be the same as of the
present television broadcasting system and the type of modulation is
amplitude -modulation with vestigial sideband for the transmission of
many channels. The radius of the service area is assumed to be 15 km.
The required e.i.r.p. is 36 dBW and the power flux-density at the
fringe of the service area is -73.6 dBW/mZ, using a ! m diameter
receiving antenna and a noise figure of 7 dB for the_receiver, to get
the unweighted signal-to-noise ratio of 46,5 dB {See Table 3).

4.1 Interference from the satellite to the terrestrial systems

In 12 GHz band it is not necessary to take account of the antenna pattern of
the satellite, when the service areas of satellite and terrestrial systems are
overlapped. Instead, an entire radiation pattern of the terrestrial receiving
antenna could be taken into account for protection of the terrestrial service
against interferences from a satellite.
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In this case an expression of the interference ratio by Eq.(!) becomes as
follows, assuming one interference entry.

P.G
T-“TR-TT 47
(C/X) = _ A Yo (4)
A (P.F.D.)S-GTR_S A Lor. TR

where GTR. TT: gain of the terrestrial receiving antenna in the direction of
the terrestrial E_ransmi?ter,
GTR. 5: gain of the terrestrial receiving antenna in the direction of
the satellite, -
Lrr. 7R: path loss between the terrestrial transmitter and the te rrestrial
receiver, - - -
other symbols: see Table 3.

Now, (P.F.D. g in the FM-TV broadcasting satellite systermn has the following
relation with S/N and other parameters in the satellite down-link path,

-fm T8 Ms 5
(P.F.D.) = (R IMTEMsy s, 5
3 (3n:_m82.7& DS) (N s ( )

Replacing (C/X}A by the required protection ratio {P.R.)7 and substituting
Eq.(5) into Eq.(4}, then

3 .
- (=) 2
(P.R.)T (N}s =(37( .qs.mga _(L 1 ) 1 TR (6) -
Pr-Dg Grp oo R - fm. 75 RMs TT-TR  CTR-S
Denoting the left and right side terms of the above equation as VST’ we have
v - (P. R. )T_(S/N)S
sST= P D G o Tt {7

T-7§ "TR-TT

2 2 1 1
or V__ = {S—KM b A I Yoo 8
ST pfon 75. A2 Ms Lrr.Ttr" Crres ®

The parameter of interference contours {VgT) can be derived [rom Eq.{8) as
functions of the distance between the transmitter and the receiver in a terrestrial
system (Lp. pR}, and of the direction relating to azimuth and elevation angles
of the receiving antenna (GTg. g).

The geometrical relationship between satellite and terrestrial systems with over-
lapping service areas is shown in Appendix 2.

By using VgT in Eq.(7}, which depends only on primary system parameters that
should be decided in the link design,we can apply any value of Vg contours to
estimate an effect of interferences.

Fig. 3{(a) shows the area in which the broadcasting-satellite system interferes
with a terrestrial receiving station, using G = 30-20 log 6 {dB) as the expression
of the side lobe pattern of the terrestrial antenna. The satellite does not inter-
fere with the terrestrial receiver inside the curve of the required Vgp given in
the figure.

When applying this figure to the examples of an STL, an OBL and the terrestrial
broadcasting system, it is shown that STL. receivers within 50 km {rom the
transmitter are not affected for a protection ratio of 30 dB. As the actual
operating distance of STL and OBL is 22 km or less, the broadcasting~satellite
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system provokes no harmful interierence to terrestrial television radio-relay
systems.

For the terrestrial broadcasting system the protection ratio would be 45
dB and the required e.i. r.p, from the transmitting station would be 36 dBW.
Applying Fig. 3(a} to this case, it is shown that the satellite system provokes
no harmful interference to terrestrial receivers in the service area.

4.2 Interference from the terrestirial systems to the satellite system

The interference equation in this case includes a term of the radiation
pattern of the terrestrial transmitting antenna as {follows:

(P.F.D.)g- (T (Ps/2)2 Ng) . (9)
(C/X) . = R I —— TR
A .
P Grr.sr - Osr-1o- /L1 5B
where GTT SR’ gain of the terrestrial transmitting antenna in the direction of
the satellite earth-station receiver,
GSR- T gain of the satellite earth-station receiving antenna in the
direction of the terrestrial transmitter-
L'I‘T- SR’ path loss between the terrestrial transmitter and the satellite

earth-station receiver.

Replacing (C/X)A by the required protection ratio (P. R.)g and substituting
Eq.(5) into Eq.{9), then

P.R))-P!
(P.R.)g-Po :(k_ﬁ,.g_ms PP S N ) (10)
(5/M)g 3 ms? Srr-sr sr-rTr TSR
Denoting the left and right side terms of the above equation as VTS' we have
VTS:(p'R')S' P {11)
(5/N)g
or vTS=(&f"L~S"2Aﬁ§).(G ) ) (L gg) e (12)
3 Mg TT-SR "SR TT

The parameter of interference contours {Vpg) can be derived from Eq.(12), as
in the case of (VgT)} in Eq.(8), By using Vpgin Eq.(11). which depends only on
primary system parameters that should be decided in the link design, we can
apply any value of Vg contours to estimate an effect of interferences.

Figs. 3(b} & 3(c) show examples of an area in which a satellite emission is
interfered with by an emission from a terrestrial radio-relay system and a
terrestrial b'roadcasting transmitter respectively. The earth stations outside
the curve of the required Vg in the figures are not affected by the terrestrial
systems,

When applying these figures to the examples of an STL, and an OBL it is shown
that earth-station receivers within 1 to 100 km from the.STL or OBL transmitter
may be affected for a protection ratio of 30 dB. For the terrestrial broadcasting
system, it is also shown that earth-station receivers within 50 km from the
transmitter may be affected for a protection ratio of 30 dB.

4.3 Conclusion

The geographical conditions for the frequency sharing are summarized in
Table 4.

5.

781

Conclusion

Interference contours by a broadcasting satellite, which illuminates some

specific service area selected arbitrarily on the Earth, to terrestrial broad-
casting receivers. wnich locate in any service areas selected on the Earth,

are derived from the study for 800 and 100 MHz bands (Figs | & 2). The
permissible field strength from a broadcasting satellite is also shown (Tables

I & 2).

As for 12 GHz band the conditions for frequency sharing between the broadcast-
ing satellite and the terrestrial systems for AM-VSB television broadcasting,
studio-transmitter link, and outside-broadcast link are made clear {or the case
of overlapping service areas (Fig.3). As a conclusion, frequency sharing bet-
ween the above mentioned systems is only feasible on the condition of geographic-
ally shared basis (Table 4}.

TABLE |

Examples of allowable fisld strength for frequency- modulation
television broadcasting from ¢ satellite at BOOMHz

L.ocation 3 Protection | Location | Interference| E P
A T.A ratio B reduction S.B 5.8
$a [ xA [dB 0 v /m dB ¢8 [ 2B d8 B of tuy/my| 9B W/m?
50°E |30°N 70, (50) 45 0° o° 25.1 501 (30.1} -95.7 (-1157)
0° | t5°N 22.3 47.3(27.3) -98.5 (-118.5)
0° [30°N 2.3 [46.3(26.3) -99.5 (~19.5}
60°E [45° N 70, (50) 45 IOPE| 0° 19.7 .7 (24.7) -IOLE (=121 1)
30°E | I15°N 12.0 37.0 {17.0) -108.8 (-128 8}
TABLE 2
Examples of allowable field strength for frequency- modulation
Sound brogdcasting from o satellite at 100 MHz
Location E Protection Location [Interference E P
A T.A ratio B reduction 5.8 s.8
Alra |dB 2
¢ (rel. luv/my| 98 *8 | 2B 9B ®Brer tuy/my| BWm
20°E[3CPN 48, {54) 36, (52) o* | 0o° 4,6 6.6, ( 6.8) [-129.2, (-139.2)
50° E [30°N 8.7 ROT (10.7) [-125.1 (=135.1)
60°E [45°N 1o, 1 ga.l, (12.1) -[123.7, (-133.7})

Values in brackets correspond to stersophonic sound broadcasting

M Geographical conditions for frequency sharing in 12 GH2

Angle of elevation of satellite: 40 °

Interfering Interfered-with Geographical condition
system system

Satellite Terrestrial Sharing iz generally feasible

broadcasting radio-relay system,

for television
and broadcasting

Ter_restrial Broadcasting- Earth-station receivers should

radio-relay satellite be separated by more than | to

nyste-m.s for systems 100 km from the terrestrial

television transmitter, depending on the
direction of the earth-station
receiver

Terrestrial Broadcasting - Earth.station receivers should

broadcasting satellite be separated by more than 50

systems km from terrestrial transmitting

stations
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i : TABLE 3 Examples of 12 GHz systems
i Studio- Terrestrial | Satellite
: Symbol transmitter OBL broad- broad-
Pt link casting casting
m ¢ FM-modulation Type of modulation FM FM | AM-VSB FM
index.
{fm: highest baseband Radio frequency channel 25 25 6 30
frequency width {MHz)
P'I: T ransmitter output 3 0.3 100 1400
power (W)
Di_an::eter of trans- 2 1 Fan beam 1
mitting antenna{m)
P e.i.r.p. from
T . 50 34 38 70
{a}Cant i : i "
transmitter (dBW) Ptre of sarvica aroa: O rel tongitude, ¢ Laftud fc) Centre of service orea: O rei, longitude, 30PN latitude
Noise figure of :
. 15 15 7 5
receiver (dB) -
X H G =
g D Diameter of receiving 2 ) . | , - e ‘\‘\\.\‘
antenna (m} A /Il".’ o ‘.“
(/M) Unweighted signal-to- o s w0 | 5gt ZQN SN\
E- noise ratio (dB) . i ] I"..“.(f%ﬁ
i Mg Rain margin (d8) 26 15 15 7 l!..‘_,.!!k‘-/"'
Percentage of time for ke |
o which rain margin is 99.95 99.95 99.9 99.929
e exceeded
s Transmission ‘
L: distance (km) 22 It 15 39000 :
Maximum power flux
density at receiving (2) Lo
(P.F, D) R 2 -48.2 -58.2 -58.6 -93.1 ! {b) Contre of sorvi e i} h e
5 point (4B W/m®) &) E lafitade " 9180 :0% rel.longituds, IS {a Qentra of sarvico ares: 3C°E sel fongituge, 15 N
s : titude " !
i Minimum power flux o U AP P A S L
Hi . 5 ! . 000 200 4.00 600
; ‘H density at receiving -74.2 -73.2 -73.6 103. l.( ) : angieof i G{de 500) Qo0
i peint (dB W/m?2) : FIGURE | CONTOURS OF R view {degree
: EARTH VIEWED B oy IN INTERFERENGE AT 800 MHz PROJECTED GNTO THE
P . iold) OM THE SATELL [TE
ol rotection ratio Satellite position: 0° relative Jongitude
qi (P.R. )T against satellite 30 30 45 Beamwidtlz of satellite antanng :4°{ sarvice aren hatcheg)
! interference (dB) A
Protection ratio against W A
; : (P, R.)S terrestrial system 30 : / 4"‘-“-'
il interference {dB) ) " 1048
Iy £ : Boltzman's Isolation for{5} %yﬁt i 3
ii conatant. protecting terrestrial i1l 12.1 25.5 %M A \“b{{s’\' N )
\ system (dB IIII NSRBI R N X
e (dD) i lée\.gg:@k\ N
3 . -beam angle of ter- {l’”’l”’ i ‘\ AR R
Ié 'I‘S. Systern noisge restrial antenna re- 1.0 2.0 6.2 ! s&s&k CTERNAN %\‘\“‘““
! tempe rature. s . . eFSF | 307 208 bl Lo
quired for above isol- ‘\‘\“\\ ws% 3¢ a0° sdadro
ation {degrees) \\\\\‘ ‘\\.\ ANANN RN N
‘ ‘&Q\ WAy '
i i I
s dater st | | | WNSR177)
| efficiency. \ \ A ]
h A Wavelength. Elevation angle of < - 40 \\\\"\!\k’\:t\a%}\h\‘:&ﬂﬂryl/ll
4 satellite (degrees) \\\hEE§”///
NS
(1} the value equivalent to the weighted signal-to-noise ratio of 55 dB. "\.:_‘ __‘;/_/;7
(2)-(5) the following reiation exists, {5) = (2) - (3) + (4). =
(6} value at the edge of the service area. 0% 200 4po b0 800 10
SubscTipt T or § attached to symbols is the expression for terrestrial or satellite system. Fio2 CONTO Angle of view (degrecs)
- - - - g URS OF REDUCTION IN INTERFERENCE AT 100 M
Centre of ONTO THE EARTH VIEWED FROM THE SATELLITE At PROJECTED
entre of service arga: [ ; o
Beamwidth of satelite un!mnu-.rel. :'g’:g""d"' O latitude -
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Direction towardd satel Lite Direction fowirds satellits
Vgr=(P. R-)T*‘S’?‘)S{E’T"G’m(dﬂl Vig=(PR1g+{P)~ (5/Ng (dB)
{RR_)T: protection ratio for terrestrial, system {P. R)g:protection ratlo for satellite system
{S/N)g urweightad signal-to-noise ratio of safellite system (Pl output powar of terrestrial transmitter
(E)T: e.i. 1. p. of terrestrial transmitter Terrestrial recaiver is situgtedon the (P-line
(G)TR:ontanm gain of the terrestrial, receiver

(2) AREA INWHICH A SATELLITE SYSTEM INTERFERES WITH A f__l?l AREA N WHICH A TERRESTRIAL SYSTEM INTERFERES
TERRESTRIAL SYSTEM WiTH A SATELLITE SYSTEM
(The terrestrial receiver inside the curve of required Vo1 has {The earth receiving station cufside the curve of required
no harmful interference) - - Vg has noharmful intarference)

Termrastrial broadcasting sysiam(v.rs=2?d3)

Vrg=(PR. )s+(E)T - (S/N)S {dB)
(E}1+ 8.1.1. p. of terresirial transmitter
of (€} AREA W WHICH A TERRESTRIAL BROADCASTING SYSTEM

100K TO00K INTERFERES WITH A SATELLITE SYSTEM

{The earth receiving station outside the curve of reculred Vig
has no harmful interference)

120° Fre : [2GHz

AngT; of elevation : 40°
Diameter of earth-station receiving antenna : I m
Heignt of terrestrial. tronsmitting antenna : 75m
A:Tarrestrial transmitter

B:Bistange {m)

180°
Direction toward satellite

FIGURE 3
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Appendix | Equation for determing geometrical relationship with the
locations of satellite and terrestrial receivers

Equation defining the terms in question.
. Relative longitude of satellite Sj:¢s]
Terms in question (Relctive longitude and latitude of
terrestrial receiving point Ri:gri, Al

Angle subtended from satelliteSj to| o . o1 -2 R®=2 . .. .
two recelving points Riand Rj: gij | F1=C08 (LIHL-RR A2 L. L)

Elevation angle of satellite Sj seen . -if Lo, . . - ]
from terrestrial recelving point €ji=v/2-Cos [( i) {1+F) C““”'“'J'C“""‘F}}
Ri: ejl
Altitude of geostationary satellite Lo = 3576L4 (km)
Radius of the Earth Ro = 6378.4(km)
Maximum slant range Lmox = Lo ]fl+ 2-F = 41454.3 (km) _
F = Ro/lo=0.17836, Q=2F(I+F)=0.42034
Slant ronge between satellite Sj Lij= Lo JHQ- [t Costéri-bs})-Cos i 1
arnd terrestrial receiving point
Ri: Lij
Distance between two recelving Tij:F- Lo-JE-{I -sinAxi-sinaj-Cosxi- Coskj-Cos(wj-Orl)}
points Riand Rj: Tij
North pole
Ri
g} \
ij
Aj
/ R a\i. %
4 =0° |
( Reference « orj
meridian ) ¢rj
S 20" ¢sj
s
\,0
Sj
Ge Earth
osfaf"ﬂna
safe”“e
- Orbi South pole

The reductian in interfarence [R.1.) con now be given by the following
equations, using the nofations in Equation 2 and Appendix 2:

(RI} =G5 p)* C1(p.) * Blis-say
i 28] \3.7 .
where 6o =10 Log [ <280, Jteey, g1 & 17.3)
GT(O-SJ =0 .('dBJ, (if €ji& 20%
= 0.49-€ji -8{dB), {if 20°¢ €ji £60°)
=16 (dB), {ifeji2 60°)

AL(SB—SAJ = 2. Lij{dB) - 2 L)j{dB}, (O AL(SB-SA)< 1.3}
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Appendix 2 Equotion for determining geometrical reLotions:hip ber\-feen
sateliite and terrestrigl systems with overlapping service areas

Terms in gquastion

Equation defining the terms in question

terrgstriel transmitter ond satellite: &

Angle subtendsd from terrestrial receiver to Cos € = CosBe- Cos¢- Cos ¥+SinBe- Sind
terrestrial fransmitter and sotellite: §
Angle subtended from earth-station receiver to Cos § = CosBe- CosQSR- Cos w+SInee-Sin¢sR

Angle subtended from terrestrial transmitter to
terrestrial and earth- station receivers: &

Cos 8 = Cosé pp Cosbgp Cos{¥- ?R)*'Sin@TR-SIm)SR

Elevation angle of satellite sean from terrestrial
receiver.

Distance between terrestrial transmitter and
satel[ite,

Angle subtended from the center of the Earth to
satellite and terrestrial tronsmitter: p.

Distance between terrestrial transmitter and
receiver. :

Elevation angle of satallite seen from terrestrial
transmitter.

Distance befween the center or the Earth and
satellite.

Elevation angle of terrestrial antenna seen
from terrestrial receiver.

Azimuth of terrestrial receiver from transmittar.

Bo=BeT~ H1+R0SInBeT)- Ry Sinp- L.Cos¥
Rla- Ry-Cos@eT

Ry= - Ry:SindeT + »/ RE- RS, Cos®@eT

(2, re. Rt .
Cosp—(RS+ HO R[)/(ERS Ro)

¥ (Reference azimuth: direction towards terrestrial
transmitter from satellite)

SotelLite

smitter

Terrestrial tran

7
TR &
Terrestrial /

receiver

S

Center of
the eorth

Center of the earth

Satel Lite §SR

¥sp

earth-station recaiver

1,

787

OPTIMIZATION STUDY OF THE SATELLITE BROADCASTING
SYSTEM FOR TELEVISION

Takehiro IZUMI* and Jun SHIMAOKA#*

Abstract

When introducing the broadcasting from space, a careful study of the
system optimization should be intensively carried out to make its advantages
clear, bearing in mind the present state and development plan of the ter-
restrial telecommunication and broadcasting networks,

This paper mainly describes economic aspect of a satellite broadcasting
system to find optimum combination of a terrestrial rebroadcasting system
and a direct community receiving system from satellite.

First, system scale of satellite is optimized in connection with the figure
of merit G/T of receivers, then system costs of one country-one satellite
system and omnibus satellite system {one satellite to be operated by many
countries) have been compared with cost of the terrestrial mic rowave network
system, attaining nationwide full coverage in the country concerned.

A preliminary model for estimating a coverage to be attained by rebroad-
casting stations was derived by using the empirical demographic method,
and criterion how to combine rebroadcasting and direct community reception
in the broadcasting satellite system was described.

Introduction

In the developing as well as developed countries, television broadcast has been

recognized as one of the useful means for an education and national development.
As a huge amount of installation cost is required over a long period for accomplish-
ing the nationwide full coverage by the terrestrial networks, broadcast from space
might be effective and economical so far as a country with a large territory is con-
cerned,

Since expenses required for satellite broadcasting are not small, however, it

is important to pursue the possibility of introduction of satellite from a long range
view and to promote smooth connection between the effective utilization of the satel-
lite and the present and future broadcasting systems.

The following is some of the basic items relating to the condition under which

introduction of satellite broadcasting system might be preferable,

able broadcasting satellite among the countries concerned, and the mission objectives

(a) Existing terrestrial telecommunication and broadcasting networks and
their development plan,

{b) Geographical features such as a territorial area, shape and terrain,

(¢) Sociclogical aspects such as population, population density, racial dis-
tribution,

(d) Technical and economic feasibility of satellite systern including receivers.

There may be considerable differences in the system requirements for prefer-

and roles of the broadcasting satellite system would depend upon individuality of each
countxry (or each region),

At the beginning of planning the introduction of satellite into broadcasting,
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