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SUMMARY

In the satellite communication area a
a primary concern is to obtain excellent
interconnection among the earth stations.
Phis paper utilizes the SS/FDMA technique

to provide such interconnectivity. ‘the wholé

frequency band is divided into n different

subbands by means of frilters and the requir-

‘ed interconnectivity is obtained by arrane.
ging the conneédtion ot these rilters of the
output beams in each of the n sub-bands.lf

each beam is required to be connected to all

other beams, a number of sub-bands equal to

the number of beams is required and a number

-of tilters equals to the square of the num-
ber of sub-bands is needed. These numbers

are mathematically derived starting to cons-
ider the transmission of traffic between iwo

spot -beams, three spot-beams, and n . spot-
beama. The work has been extended for disc-

usaing the situation when more than oné sou-

rce of trarfic are intended for different
spot beams simultenously. In this case a
distination code is transmitted with the
modulated signal in order to assigne the
required zone. At the satellite board, a
decoder mast be added before each channel=-
izeing filter. In this paper a practical
connection for a system operating on this
technique is introduced. This system indic-
ates a relative degree of simplification
and is considered more acceptable for mili-
tary purposes.

RESUME

Dans le domaine de communication par
satellite, il est important d'obtenir une
interconnexion excellente entre les sta-
tions terrestres.

Cet article expose l'exploitation de 1la
technique "SS/FDMA® afin d'obtenir cette
interconnexion. La bande de fréquence est
réparti en n sous-bandes différentes util-
isant des filtres. L'interconnexion est
réalisée en rangant la connexion de ces
filtres avec les faisceaux sortant dans
chaq'un des n sousbandes.

Si chaque faisceau doit-etre connecté a
tous les autres faisceauk, donc, on a besg-
oin d'un nombre de sous-bandes égal aun
nombre des filtwes est égal au carré du
nombre des sous-bandes. La dérivation de
cee nombres est donnée pour des nombres

de faisceaux différents.

L'article expose aussi la situation arr-
ivant dans le cas ou il y a plus qu'une
geule source de trafic destinées simultan-
ément aux faisceaux différents. Dans ce
cas- 12 , un code de destination est émis
accompagnant le signal modulé afin de all=-
ouner le zone demsndé,

Au satellite, un decodeur doit€tre placé
avant chaque filtre de canalisation. Le
systéme introduit, montre un degreé rela-
tive de simplicité , et conséquemment il
eat plus acceptable dans les applications
militaires.
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Abstract:

One of the most interesting problems
in satellite communication is the problem
of interconnection between various ground
stations belongs to the satellite. The aim
of this paper is to illustrate the possib-
ility of utilizing the FDMA technique for
pfoviding such excellent intercomnectivity.
The work hag been extended for discussing
the situation when more than ome source of
traffic are intended simultaneously for
different zones. 1o addition a practical
connection for a system operates on the
previous basis is introduced.

I- INTRODUCTION

In the satellite communication area
a primary concern is to obtain an excellent
interconnection among the earth stations
connected to the satellite. This paper dis-
cuss the utilization of the frequency divi-
gsion multiple access technique (FDMA) for
providing such interconnectivity. This 1is
done by dividing the whole frequency band
by means of channelizing filters into diff-
erent sub-bands, The required interconnect-
ivity is then obtained by arranging the co-
nnection of thege filters to the output be-
ams in each of the sub-bands, If each beam
is required to be connected to all other
beams, a number of sub-bands equal to the
number of beams are required while the num-
ber of channalizing filters needed in this
case will equal to the square of the number
of beams.
These numbers are mathematically derived
gtarting from considering that the connect-
ion is required between two zones, three
zones, and n zones. The work discuss also
the problem of interconnection especially
when more than one source of traffic are
intended for different ground stations sim-
ultenously. In this case a distination code
which is specified for each zone, is neces-
sarily transmitted with every modulated si-
gnal., of course this will requir to add be-
fore each filter in the satellite board a
decoder for detecting its suitable code of
distination. A pradtical connection of a
system operates on the previous technique
is introduced also in the work. For this

system the distination code .which is used
for assigning the required zone is sent with
the transmitted modulated signal to the sa-~
tellite board. There its correspondant dec-
oder will interchange the up-1link frequency
to the down-link frequency of the required
receiving zone, The suggested system provi-
des a relative degree of simplicity and is
suitable also for military purposes,

2« 3S5/FDMA technique :

Before discussing the SS/FDMA technig-
ue, it is better if we illustrate the main
problems envolving the utilization of the
TDMA, In case of SS/TDMA, the required int-
erconnectivity is provide by cyclically in-
ter-connecting the TDMA signals among beams
in a rapid sequence through the so called
microwaveswitch matrix (MSM), [3]. This me-
trix must be designed to be small in size
and power consumption with minimum in weight
Moreover, the switching speed, insertion
loss, and isolation between paths must be
congidered. For practical system designing
based on this technique, a redundant config-
uration of the MSM will be necessary to- imp-
rove the reliability of the system. For
SS/FDMA, as our concern is to provide (or ob
tain) an excellent intercomnectivity between
earth stations, the whole frequency band BT
is divided into n sub-bands Bl' 32""'Bni
i.e o
BT=§1 B; , i=1,2,...,n0.

The division of the whole bandwidth is obt-
ained by means of filters at the board of
gatellite. Hence, each beam of traffic will
be assigned for its suitable sub-band w.r.t
both the frequency and the proper srrangem-
ent of the connection of filter to the out-
put received beam., As said before, if one
beam is required to be connected with the
other (n-1) beanms, n? filters are needed.
For better illustration of the necessary
number of sub-bands and filters which prov-
ide the required interconnectivity. Fig. (1)
shows the possible ways of connecting the
traffic among ground stations (zones). From
thisg fig. we can see that each zone or spot
beam (i.e the earth stations belongs to the
satellite, each contains the transmitter
and receiver equipments with their artenmas)



847 L\/

UTILIZATION OF SATELLITE FOR DETERMINING THE ROUTE

OF THE TRAFFIC

Sattelite

T
f) ceaan Zosen
L 9 Y %y A Y,

Fig. (1) Possible ways of connection
between ground stutions,

is represented by (x; yi). where, x;
is the total transmitted traffic from the
i-th zone and Yi is the total received traf-
fic by the i-th zone. consider now the conn-
ection between two zones only, then two bea-
ms will be required for the transmission and
reception for both zones, Denote these beams
as(xl R Yl) and (x2 . Yz)’ then according to
fig, (1), the possible ways of connection can
be tabulated as shown in table (1)

to Y Y
from 1 2
X Fii1 | P
L Foy | Fa1

Table(l) possible ways of connection
between(xl » ¥;) and(x, , Y2)

It is easy to see from table (1) that the

number of beams and the number of sub-bands
required for performing this connection are
equal to two,while the needed number of ch-
annelizing filters(F;;) is four. similarly
for three spot beams: (x1 , Yl)’(xz ) Y, )

and (13, YB),the possible ways of connection
between them are summerized in table (2),
from which we see that both the number of
beams and the number of sub-bands are 3,
while the number of required channelizing

to | Y, | Y, | ¥,
from
% Fia | P2 Fi3
o Fa1 | Fa2 Fa3
3 P3| F2 | P33

Table(2) ways of connection between
three zones.

fiiters are 9. For n spot beams:(xl R Yl),
(x5 » Y5), ees,(X,, ¥ ), the possible ways
of connection is given in table (3). From

this table we can see that both the number

to
X | Fra| Prp | eoe e Fin
L | Forx|Fop| =« - Fon
% Fnl Fn2 L ] L ] [ ] an M

Table (3) connection between n number
of zones,

of beams and the number of sub-bands are eq-
ual to n, while the number of channelizing
filters are n2 « when more than one traffic
source are intended for different zones at
the same time, then the probdlem of intercon-
nectivity will be rather compliéated. In
order to overcome such difficulty a specific
digtination code is sent simultaneously with
each modulated signal for the assignment of
the correct zone. In this case we must add
before each channelizing filter, at the sat-~

ellite board, a decoder which detect the
correct distination code and to shift the
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frequency from the up-link to the frequency
of the down-link of the received zone,

3~-SYSTEM DESCRIPTIOR

The resulting obtained signal by summ-
ing the transmitted signal and the destina-
tion code is transmitted to the required
zone through satellite channels employing
different decoders and filters, as shown in
Fig.(2). The decoders are used to detect or
recover the code which accompanwy with the tr-
ansmitted signal. Hence the required signal
will be correctly passed through the channe-
lizing filter to the desired zone. For furt-
her illustiration, consider the communication
between the three zones e, h and g with ope~
rating frequencies fe N fh and fg respectiv-
ely. when zone e transmits signals for h and

|6, [ D2} *- Decoders -- - | 0, |

F F; see Filterg + o ¢ |Fp

~ ~

} 1 A

Ll |
Vi) \r —~— e e o0
Mod] Sit)

Treang, | + - Rec.
theo-
der

Fig,2 Simplified scheme of SS/FDMA
system (transmitter of one
ground station is shown)

g simuitaneously, the h decoder will detect
the distination code only and the signal fr-
equency fe is converted to the down-link fr-
equency of zone h, thus the communication is
completed through the h~filter to the h-zone.
In the same time the g-decoder will similar-
ly detect its specific code only, thus the
coumunication is done also between e and g.
In fig.2 the transmitting receiving stations
are represented by up and down links., The

base-band signal v(t) is applied to the mod-
ulator (AM,FM or PM) and the output signal
S(t) added to the specific code is transmit-
ted to the satellite through a beam antenna.
The encoder at the transmitting station is
used to produce a destination code which will
be added to the modulated signal through a
summing circuit. All other stations will tr-
ansmitt to the satellite by the same way.The
decoders at satellite board recevers their

. corregpondance code and the required shift

of frequency is done.
4~ CONCLUSION:

-SS/FDMA technique provide the necessary
and required interconnection among the grou-
nd stations connected to the satellite., This
is done by using a number of channelizing
filters equales to0 the square of the number
of the traffic beams. The specific destinat-
ion code added to each transmitted signal
will provide the possibility of correct con-
nection and also the necessary security. The
suggested system is considered more suitable
for military purposes.
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