





loss at 2 GHz i1s much lower than that at higher
frequencies, coaxial cables can be used as feeders
instead of waveguide feeders and the installation
becomes easter and nealer.

The initial cost of equipment operating at 2 GHz
ts about 209 less than those operating at higher
frequencies. In short, 2 GHz band is a betier
choice for light density routes or for spur
routes and it is thus the most suitable frequency
band for the Asmara-Massawa radio link,

Transmission Quality of the System

The spccifieations as to tramsmission quality
and operation continuity which should be met by
radio telephone and television systems intended for
public service have been established by the Interna-
tional Telecommunication Union (I.T.U.). These
standards, which are the result of a compromise
between cost and quality requirements apply to
the present state of the art and are the starting
points for the design of both equipment and systems.
The International Telecommunication Union is the
body charged by the United Nations to secure agree-
ment and understanding in the {ield of international
communications, Its technieal functions are under-
taken by the Internationai Radio Consultative Com-
mittee (C.C.TI.R.) and the International Telcgraph and
Telephone  Consultative  Committee (C.C.LT.T.)
which are the bodies responsible for the study of
technical questions related 10 radio and line commu-
nication. The rapid growth of international commun-
ication requires standardization of system perfor-
mance. In practice, this is achicved by using the
recommendations of the C.C.LLR. and C.C.I.T.T. as
the bases for performance planning not only for in-
ternational links but alsoe for each component
section of the national system,

Planning Values

Tre planning was based on the C.C.LLR, Re-
commendation 395-1. Oslo, 1966. It contains three
requirements supplementing each other for the
weighted noise power in any telephone chamnel of
a radio relay system. The three requirements for the
noise values in the 60 km total length of our system
ate:

Non-fade Mean Noise Power: The average noise
power shall not exceed 380 pW in any hour.

Mean Noise Power with Fading: The one-minute
mcan noise power shall not exceed 380 pW for
more than 209 of any month when the fading is
Severe.

System Transmission Failure: As a planning obje-
ctive, the one minute mean noise powcr may not
exceed 47,500 pW for a time percentage not larger
than ( 280 km/2500 km) X 0.1%, of any month.

Calculation of Signal-to-Noise Ratio

The method of approach to the practical pro-
blem of calculating the signal to noise ratio of a
path is given below. The example quoted is the

60 km path between Asmara and Massawa 2GH,
system. In the calculation the following equipment
and circuit parameters have been applied:

Frequency: 2 GH,

Transmitter power: 0.5 watt = 3.0 dbw
Parabolic antennae: 3m diameter, aerial gain
(2x33dB) = 66dB

Feeder — total length 80 metres
Bandwidth —= 12 Mc/s

Audio bandwidth — 3.1 kcfs

Receiver noise factor - 10 dB

Number of channels — 120
Modulation = Frequency modulation
Frequency deviation: 200 kcfs r.m.s,

{(a) Path Loss

The freec spaec path attenuation is given by
the following formula:

(47d )2
A
—20fog 4 —20 leg d {(m) — 20 log A (m)
-20log (4-3.14) + 201log d {m)—20 log A {m)
22dB - 20 log d{(m) — 20 log A (m)
Where:
Lp  free space attenuation in decibels

A = Wave length in metres
d = Hop length in metres

Therefore the free space loss of 60 km at 2GH,
as caleulated using the above fromula 1s 134dB.

L, —10log

(b} Fceder losses {Lg)

This is the attenuation introduced by trans-
mission lines or wave guides feeding the antennae.
The feeder cable used for the Asmara-Massawa
radio relay system is 50 ohms styroflex coaxial cabic
with 0.045 dB/metre attenuation, For the total §0 m
feeder length the losses incurred will be 3.6 dB.

(c) Miscellaneous losses(Ln)

The branching network consisting of Filters,
isolators and eirculators is assumed to have a loss
of about 3 dB for transmit end plus receive end.

Received Signat Level (P,)

Referring to the above factors, we may express
as gains the power output of the transmitter relative
to 1 watl. and the relative gains of the transmitter and
recciving parabolic reflectors, whilst as losses we
have the attenuation of the free space path as well
as the feeder and miscellaneous equipment losses.
These values are as follows:

Transmitter power.....—3.0 dB

Antennae gains. ... 66.0 dB

Path loss (free space) o 1340 dB

Feeder losses v o woe e 3.6 dB

Miscellaneous losses v v e . 3.0 OB
Total +63.0dB 140.6 dB
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