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ABSTRACT 

Today, there is a world-wide competition between 
cable and satellite systems as reliable transmission 
media .Ten years of experience in the operation of 
communication satellites allow more accurate state
ments to be made on an optimum use from the viewpoint 
of planning, operation and economic efficiency. 

Sections 1 and 2 include not only a brief report on 
the growth rate of the telephone stations and the 
development of the intercontinental traffic but also 
a description of the operational and economical 
application of cable and satellite systems to main
tain an efficient intercontinental telecommunication 
service. 

Section 3 deals with the maritime satellite (MARSAT) 
system which is at present under development. It is 
shown that in the case of multiple access to the N 
satellite channels (all shore stations have access to 
the N satellite channels) a proper technical solution 
(no dual seizures on the operating and signalling 
channels) is only possible when the switching system 
is designed as a delay and loss system. Fig. 3.5-1 
shows the allocation of the number of waiting posi
tions to the number of satellite channels with given 
traffic parameters. 

The aim of the study outlined in Section 4 is a com
parison between the total costs of a satellite 
system and the costs of a terrestrial network which 
would meet the same demand for circuits but with 
conventional means. The annual costs per circuit 
kilometer, which are a specific value for each net
work, offer themselves for the cost comparison. 

1. DEVELOPMENT OF THE INTERCONTINENTAL TELECOMMUNI
CATION TRAFFIC 

The growth rate of telephone station.s on the five 
continents is plotted in Fig. 1-1 for a period of ten 
years. It throws some light on the development of the 
traffic between the areas under consideration. Apart 
from the number of existing tele~hones and their 
annual growth rate, the density (number of telephones 
per 100 inhabitants) is a measure for the growing use 
of the telephone in any country or continent. 

While the telephone density in North America, Europe 
and Australia is relatively high, it is still low in 
the countries of Africa and Asia (apart from Japan). 
Given a number of about 400 million telephone stations 
and a world population of about 4 . thousand millions 
the telephone density is 10 telephones per 100 in
habitants. In the last 15 years the annual growth 
rate of telephone stations was about 1 %. If for the 
next 10 years it is assumed to be also 7 %, the 
number of telephone stations will then amount to 800 
millions. It is very difficult to make estimates 
beyond this date because, in addition to the general 
economic development, the growth of the world popu
lation will be a major factor to be borne in mind. 
Moreover, it is practically impossible to make a 
fairly realistic assessment of the time at which the 
demand for telephone stations will be satisfied 
,(e.g. in 50 years) • 
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Fig. 1-1 
Telephone stations 
on the continents 
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The increase in the number of telephone calls from a 
country (the Federal Republic of Germany) to other 
continents is plotted in Fig. 1-2. All curves show 
the high rise of traffic during the last seven years. 
It is mainly to be attributed to the putting into 
service of more reliable transmission paths with high 
channel capacities (submarine cables and satellite 
links) and the simultaneous introduction of inter
national subscriber dialling. High increases of the 
traffic are chiefly to be expected to and from most 
of the developing countries. Compared with the number 
of calls to and from industrialized countries, the 
volume of traffic to and from developing countries is 
low so that centupling of the present traffic volume 
within the next 15-20 years will be possible, indeed. 
In the case of countries to which calls have for a 
number of years already been established by the 
subscribers, annual growth rates of about 10-20 % are 
realistio. The traffic flows between the individual 
continents can be estimated by combining the traffic 
foreoasts made by the individual countries. This in
formation il included in the Plan Books issued by the 
International Telecommunioation Union (ITU) (latest 
edition: World Plan Conference, Geneva, 1915). 
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2. COMPARISON OF CABLE AND SATELLITE LINKS 

2.1 ECONOMIC AND OPERATIONAL ASPECTS 

Once the number of circuits required has been deter
mined it has to be decided which transmission media 
shall be used to establish them. 

As far as the costs are concerned, satellite links 
are particularly suitable for long lines carrying a 
small amount of traffic, whereas transoceanic high
capacity links, for instance, those in the Atlantic 
and Pacific areas are best established on submarine 
cable systems. Moreover, there is a range in which 
these two media compete with one another with regard 
to economy. The number of transit connections de
creases with the growing use of systems with demand
assigned circuits because these systems allow direct 
circuits to be provided between countries having a 
small volume of traffic. The number of HF links will 
likewise decrease more and more since they are going 
to be replaced by reliable satellite links (which 
are independent of the time of the day). The inter
continental telephone traffic outgoing from Frankfurt 
makes almost exclusive use of cable and satellite 
links. For this reason, there are hardly any BF links 
left for 'handling the telephone traffic. 

2.2 DIVERSIFICATION TO INCREASE RELIABILITY 

The decision as to whether cable or satellite cir
cuits shall be provided does not only depend on 
purely economic aspects but also on a number of other 
important factors. Diversification is to be aimed at 
wherever a transmission medium fails so that the 
telecommunication traffic can be kept up, at least 
with a lower grade of service. This is particularly 
true of relations with a high traffic volume. When 
smaller £lows o£ tra££ic are a££eoted by a £ault, use 
can be made of an alternative route, if required. At 
present, it is therefore internationally recommended 
that in the case of relations carrying a high amount 
o£ tra££io the latter is distributed among cable and 
satellite at a ratio of 1:1. Of course, this oan 
only be done when both transmission media are avail
able as is the case, for instance, between Europe and 
North America. 
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From the viewpoint of traffic theory,it is advisable 
in this event to distribute the circuits among about 
6 separate transmission paths having nearly the same 
capacity (e.g. 3 satellite paths and 3 cable paths). 
With a group of, say, 300 circuits, the number of 
circuits available when one transmission path fails 
during the busy period would decrease to 250. On this 
international section of the circuit the loss proba
bility would increase to about 15 %, a value which is 
just acceptable to the subscribers. Nowadays, it is 
not possible to provide such a large number of alter
native routes. Therefore,the C.C.I.T.T. (International 
Telegraph and Telephone Consultative Committee) re
commends not only a change-over to reserve and alter
native routing but also special operational measures 
to be taken in the event of failures. These measures 
include automatic announcements with instructions for 
the subscribers concerned and information to inter
national exchanges to establish their calls on other 
routes until the fault has been cleared. 

2.3 DETERMINATION OF THE OPTIMUM DATES FOR THE 
PUTTING INTO SERVICE OF CABLE AND SATELLITE 
SYSTEMS 

The predicted demand for circuits is satisfied by the 
provision of cable and satellite circuits (Fig.2.3-1). 
For this purpose, the number of circuits required 
according to the determined growth rate is made 
available at certain intervals (planning periods). 
Similar problems arise where a given demand is to be 
met by a well-timed step-by-step enlargement of the 
capacity. In the case of the intercontinental tele
communication network,the additional capacities of 
the submarine cable systems and the satellite systems 
ought not be utilized at the same time. However, if 
they are made available at the same time, the unused 
additional capacity available per planning period 
would be about twice as high as that for symmetri
cally staggered planning intervals. 
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The demand for circuits as a function of time obtains: 

where 
Nn - number o£ circuits required at the time t-n 

No - number of circuits at the time to 
r - annual growth rate of circuits in % 
n - assumed satellite life 

r 
1 +100 - q growth factor 
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The savings to be made when the additional capacity 
is not made available at the time to but at the time 

t..!l2 amount to 1.(N -N ). 2 n n 
'Z 

This .&ved capacity referred to the capacity Nn is 
assumed to be c • 

1 (' Ii -N ) 
~ , n !! 

2 
N 

n 

s 

1 .n --n-- - 2 (1-q 2) 
q 

Equation 2.~-2 has been· plotted in Fig. 2.~-2. 
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Fig . 2 . 3-2 S~lVing i n capaci t y per a nnum 
~c cord ing to Eq . 2 .~-2 

The dates of the putting into service, which result 
in the maximum saving in capacity, are determined 
below. 

The maximum area F of any rectangle in Fig. 2.~-' is 
determined by setting the derivation of F equal to 
zero. 

q2n 

qln.x) _____________ "". ""~~"'4~.:::....o::::_ir_ 

qn 

o 2n 

• (Ln (i-1).n+x) f - q -q . ·x 
~here i - 1,2,', ••••• 

ITC8 

Sav ing incapac ity 

with co inc idence 

of the pI anning 
periods 

Fig. 2. 3 - 3 

u _ tn (i-1)·n+x 
r q·X - q .x 

dJ' J.·n «i-1) ·n+x (i-1) ·n+x 1 ) di - q ' q + xq • nq 

dF di - 0 is : 

with 

~n (i-1)·n+x (i-1)·n+x 1 q q + xq • nq 

tn q 

n q 

tn x 
.9..-!..L 

- n q 

+ x·lnq) 

one .obtains 

(1 + x.lnq) 

It can be seen that the optimum date of putting into 
service depends only on the satellite life n and on q. 

'With the sam. satellite lives n the interval between 
, &Dd the opti.ua date ot putting into service in
crea.e. with increasing q towards n. Consequently, 
with q • 1.2 the optimua date of putting into service 
i. x - 4 7earl, i.e. it i. 0.5 year from the middle 
ot ~he interval ot 1 years. . 

The above interval increases likewise with the 
growing of n with constant q. 

~. THE MlRSAT MARITIME SATELLITE SYSTEM 

~.1 PRELIMINARY REMARKS 

Based on the technioal possibility of transmitting 
information via satellite, ships on the oceans shall 
be offered communication services similar to those 
made available to terrestrial subscribers. These 
..rvice. are divided into 

a) public telecommunication services and 
b) servioes for the safety of life at sea. 

In the case of a),the most important types of con
nections are 
- normal telephone connections 
- telephone connections for facsimile transmission 
- telephone connections for high-speed data trans-

mission (2400 bit/s) 
- teletype connections for low-speed data trans-

mission (50 bit/s). 

The services for the safety of life at sea (item b) 
oomprise 
- distress service 
- search and rescue servioe 
- warning servioe and 
- meteorological service. 
Nowadays, these servioes are already operated via 
radio but they can be made more reliable by the use 
of satellite communioations. 

The switching requirements which the teleoommunication 
administrations must lay down for the MARSAT system 
in the interest of their subscribers are described in 
brief as far as they are of ooncern to traffic theory. 
The following considerations are confined to the tele
phone service since an analogue procedure can be 
applied to the other servioes. 

,.2 THE MARSAT NETWORK 

Under the given teohnical boundary conditions three 
satellites are required to provide the ships every
where on the ooeans with the servioes indicated in ,.1. The' satellites will b. positioned over 

- the Atla.ntio 
- the Paoific and 
- the Indian Ocean, respectively. 

533-3 



To set up a telephone call from a subscriber ashore 
to a ship station,the following facilities are re
quired 

- shore station 
- satellite and 
- ship station. 

(See Fig. 3.2-1) 
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For financial reasons, the switching equipment nec
essary in the MARSAT network will be provided in the 
shore station. Telephone calls between ships (traffic 
within the MARSAT network) have therefore to be 
routed via a shore station. The ship-to-ship portion 
of the traffic is so small that the above solution 
is always most suitable with regard to costs. Fig. 
3.2-2 is a schematic diagram of the MARSAT network. 

A code, the so-called MARSAT code, is allocated to 
the MARSAT network. The MARSAT telephone number of a 
ship station comprises 

M1 M2 S X1 X2 X3 X4 X5 X6 
where M1 M~ - NARSAT code (81) 

S - ocean area code 

X1"'X6 - ship station identity 

~verlap Area 

~+ .... _PACI;IC--- - --- .... -,,-,..-,---

- ~ -t' '~::.~~~::::.---~-. ~ '~ ".... ~ 

---- ---- - --

--I Overlap Area 

Figure 3.2-2 : Network Structure 

It is assumed that in the event of a shore-ship oall 
the ocean area (ocean area code) is known to the 
subscriber ashore. If the position of the ship is 
determined automatically, ·it is not necessary to know 
the ocean area code. From the viewpoint of a sub-
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scriber ashore, the MARSAT network may be compared 
with a local network with three terminal exchanges. 
The number of subscribers to each terminal exchange 
changes currently according to the position of the 
ship. There are no "position" problems for the 
traffic originating aboard ships (about 80 % of the 
total traffic). When neglecting the 8mall amount of 
ship-to-ship traffic between ships on different 
oceans, the ocean areas can be regarded separately 
as has been done below. 

3.3 SWITCHING ARRANGEMENTS IN THE MARSAT NETWORK OF 
ONE OCEAN AREA 

Shore Station s ~ 

N 
~ 

N 
Sh i p Stat i ons 

Figure 3.3-1: Switching Networks 

Let us assume that the satellite has N telephone 
channels. In order to utilize these channels as much 
as possible, all shore stations and all ship stations 
shall have access to the N telephone channels. In 3.2 
it has been mentioned that the satellite shall not 
perform any switching function. Therefore, a switch
ing network (channel selector) giving access to all N 
satellite channels is needed for every shore station 
and every ship station (see Fig. 3.3-1). 

If the number of circuits in the group coming in at 
the shore end of the shore station 1 is determined in 
accordance with its traffic intensity (preferably 
B-1 %0) in general 

N> Ml 

provided that several shore stations are established. 

3.4 SWITCHING SYSTEM 

3.4.1 OCCUPANCY STORAGE, WAITING STORAGE AND SERVER 
DISCIPLINE 

For the following reasons, the switching system of 
the MARS AT network is designed as a combined delay 
and loss syste~. 

1) Free access to the satellite channels 
(signalling channels and/or operating channels) 
is not advisable because of the great delay 
(tL - 500 ms) and the dual seizures resulting 
therefrom. Hence, a telephone call is estab
lished in two steps, viz. 

- booking (input into the waiting 
storage) and 

- through connection 
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2) The satellitesavailable at the beginning will 
have a small number of channels. The use of 
a waiting storage allows a better utiliza
tion of the satellite channels. 

Within an ocean area the incoming calls shall be 
handled according to the fifo (first in, first out) 
server discipline. Moreover, no shore station shall 
be assigned special master functions, i.e. each sta
tion must know the occupancy condition of the satel
lite channels and the call bookings in the sequence 
of their arrival. For this purpose, each shore sta
tion will be provided with an occupancy storage and a 
waiting storage as well as a common signalling chan
nel which interconnects all shore stations. This 
signalling channel shall operate according to the 
TMDA principle, i.e. each shore station is assigned a 
time slot ts where it can perform control functions 
depending on the states of the occupancy storage and 
the waiting storage. If there are n shore stations,the 
length of the TDMA frame is 

t - n • t • c s 

In accordance with L-1-1,t is within 1 s. c 

3.4.2 SIGNALLING CHANNELS 

In section 3.4.1 mention has been made of a signalling 
channel, namely the common signalling channel which 
interconnects the shore stations, i.e. via which the 
switching equipment 

- switching networks of the n shore stations 
- waiting storage 
- occupancy storages of the n shore stations 

is controlled. The time slot ts of the common sig
nalling channel, which is assigned to a shore station 
1, consists of two sections ts 1 and te 2. In section 
t s ,1, which precedes section t: 2 in t1£e, the occu
pancy states of the occupancy storage and the waiting 
storage of shore station i is changed according to the 
occupancy states of the storages of shore station i-1 
(station i-1 is served before station i). Within the 
time slot t s ,2 of shore station i the latter can only 

- input one booking at a time into the waiting stor
age provided that there are free waiting positions, 

- connect through ~ call booked and input into the 
waiting storage by shore station i, when there is 
a free satellite channel and this is indioated by 
the occupancy storage and 

- release one oonnection. 

A common assignment channel, which assigns a free 
telephone channel to the ship station concerned, is 
required to control the switching network (channel 
selector). Identification of the calls . outgoing from 
the ship station is done by a common request channel 
operating according to the scanning principle. 

The common request channel must always be served by 
a shore station; this means that each shore station 
in the MARSAT network needs a common control. The 
latter is, however, restricted to the minimum because 
all satellite connections are four-wire connections, 
only the shore-ship connection of the request channel 
is established by one shore station, whereas the 
ship-ehore connection of the request channel is set up 
to all shore stations. These connections are used to 
inform all shore stations about the calls outgoing 
from the ship stations. Which of the shore stations 
has to through-connect the call outgoing from a ship 
station is indioated by the country code included in 
the selection information sent by the ship station. 

'.4.' MODE OF OPERATION 

Since fully automatic handling of the traffic is 
aimed at, through-oonnection or the calls shall, from 
the very beginning, be done fully automatically in 
order to avoid problems arising from the change-over 
from manual .switohing to rully automatic switohing. 
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3.5 TRAFFIC MODEL 

With a switching system as outlined in 3.4, the 
traffic model "delay and loss system" with the fifo 
server discipline is used for the traffic to be 
handled by the MARSAT network. 

1 WQ;,;.:; gur. 3.5-1 

J positions 

SQt~lIit. chQnn~ls 

The following is assumed for the traffic 

- Poisson input 
- infinite number of sources and 
- negative exponential holding time distribution. 

Thus the well-known formula obtains for 

- the average delay of the waiting calls 

- the delay probability 

Jt N [ (~SJ P(~O)= - • --. 1 - .eo N! N-A N 

- the delay probability 

(A. tJi 
i! 

- the 108S probability 

B = 

with 

= 
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---=~---"".-- • P.o 
N! • NS 

Nf 1L + 

Li! 
AN ._N_. [1 - (AN r+ 1 

] 
N! N- A 

i=O 

(see ~2-1).In equations 3.5-1 to 3.5-5 

A • traffic offered 
tm • mean holding time 
N - number of satellite channels 
s - number of vaiting positions 

In the rolloving diagram 

! - constant 
tm 

(3.5-1 ) 

(3.5-2 ) 

(3.5 - 3 ) 

(l5- 4 ) 

(3.5 - 5 ) 
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and A if - constant 

are plotted in the s,N plane for B-1 % and 
P (>t) - 1 %. On the understanding that the 
loss probability B-1 % and the probability 
that a call waits longer than t ,P (>t) - 1 ;" 
this diagram allows the number of the required 
waiting positions (s) to be determined if N 
and t are given. 

tm 

3.6 SUMMARY OF SECTION 3 

The striking features of the switching technique to 
be employed by the maritime satellite system under 
development are 

a) no shore station shall exercise special master 
functions; all shore stations shall be able to 
carry out the common control required, 
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b) the calls incoming at all shore stations shall be 
served according to the fifo discipline. 

The switching system is designed as a delay and loss 
system. From b) above follows that a common queue is 
needed. If requirement b) were relaxed and drawn up 
as follows 

b*) the calls incoming at ~ shore station shall be 
served according to the fifo discipline, 

it would be possible to design the switching system 
in a more economical manner. Compared with the total 
costs of the MARSAT system ,the costs of the switching 
system are low so that requirement b) is drawn up for 
the MARSAT system. In the case of b*),one would have 
a delay and loss system with n parallel queues and 
different traffic offers. This means a different 
grade of service for subscribers assigned to differ
ent shore stations. Moreover, there is not yet any 
analytical solution for the theoretical problem nn 
parallel queues with different amounts of traffic 
offered", i.e. the traffic parameters would have to 
be determined by means of simulation. 

ASSESSMENT OF COSTS INCURRED IN REGIONAL SATEL
LITE SYSTEM (EXAMPLE, EUROPEAN SATELLITE SYSTEM) 

GENERAL 

Cable satellite cost comparisons carried out to date 
were mainly concerned with point-to-point connections. 

Before a decision can be reached on the introduction 
of a regional satellite system,some fundamental prob
lems have to be clarified, viz. 

- size of the area to be covered 
- location of the traffic centres 
- existing telecommunication networks (cable and 

radio-relay links) 
- how many countries have to be served, one or a 

great number, e.g. Europe 
- is the country situated in the centre or at the 

periphery of the area to be covered. This question 
is decisive for the transit charges to be paid or 
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agreed upon for the present transmission media. 

A European Satellite System has to be fully integra
ted i~to the existing network operated semi or fully 
automatically. This requires economic aspects as well 
as a number of additional switching and transmission 
features to be taken into consideration, e.g. over
flow between groups of terrestrial and satellite cir
cuits with a change of the signalling system, avoid
ing multiple satellite hops, echo suppressor control, 
etc. 

The aim of this study is a relative cost comparison 
between the total costs of a satellite system and the 
costs of a terrestrial network which would satisfy 
the same circuit requirement as the satellite system 
but with conventional transmission media. A terres
trial network defined in this way is referred to be
low as the terrestrial reference network. A suitable 
basis for the comparison of costs is the annual costs 
per circuit kilometer, which represent a specific, 
characteristic value for each network. To determine 
these specific costs for the satellite network, the 
network of the sa telli tesystem is thought to be a 
hypothetical equivalent terrestrial network whose 
total costs are the same as those of the satellite 
network. 

S 
On these assumptions the annual costs bs (cct.km.year) 
of one circuit kilometer can be determined for the 
hypothetical equivalent network. These costs apply 
also to the corresponding equivalent-cost satellite 
system and represent a characteristic value for a 
comparison of costs with the terrestrial reference 
value. For the terrestrial reference network an aver-
age cost factor t can, on the basis 

aT (cct.kIn.year) 
of experience, be given as reference value for the 
comparison of costs. The ratio of the total costs of 
the satellite network (KS) to the total costs of the 
reference network (KT) is the same as the correspond
ing specific cost factors: KS _ bS • This cost ratio 

Xii aT 
is a gauge for the economic efficiency of the satel-
lite system. 

4.2 BASIC PRINCIPLES FOR THE COST COMPARISON 

In the annual costs KS, the costs of the entire sat
ellite system (space segment + earth segment) are 
quoted. Apart from the costs of n earth stations the 
earth segment comprises the circuit-dependent costs 
of the access lines from the international exchanges 
to the earth stations and tt~e transmission and swi tch-
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ing adaptation measures. The relative cost comparison 
can be based on the following: 

- all costs accruing both from the satellite system 
and the terrestrial reference network are not taken 
into account, 

- for the specific costs (aT) of the terrestrial re
ference network gfr are quoted for one circuit, 

km· year 
on lines similar to the transit rate, 

- savings in investments for terrestrial lines by 
using a satellite system are not taken 'into account 
for the following reason: The effects of routing 
part of the traffic via the satellite on the in
vestments for the terrestrial network can vary con
siderably in the individual countries. In a country 
with a strongly intermeshed long-distance network 
with diverse routing by cable and radio-relay links, 
the capacity which, in theory, can be saved by 
switching lines to the satellite route is, related 
to the individual lines, negligible and does not 
bring any savings in investments especially when 
the investments for the long-term coverage of the 
demand (20 years) for telecommunication links have 
already been made. On the other hand, things may be 
different in the case of countries where long-dis
tance traffic is concentrated on a few lines and 
new investments are now necessary. This question is, 
however, not to be taken into account in the re
lative cost comparison because of the differences 
in importance attached to it, 

- for all investments the annual costs are calculated 
for the service life of the satellite system from 
1980 - 1990, 

- the calculations are made with three different 
interest rates (8 %, 10 %, 14 %). 

4.3 COST DETERMINANTS TO BE BORNE IN MIND ' FOR THE 
COST COMPARISON 

The following assumptions are made for the system 
under study 

- capacity of the system; up to 10,000 circuits 

- earth stations: by 1980 there will be n (21) earth 
stations with TDMA and DSI equip
ment. 

4.3.1 INVESTMENTS AND ANNUAL COSTS OF THE SPACE 
SEGMENT 

The annual costs of the space segment (KR) are made up 
of the following cost elements: 

A - annual costsof planned launches (rockets + 
aatell1 tes) 

B - annual costs of telemetry and command (TCC) 
equipment 

C - annual share of costs for developing satellites 
of the subsequent system 

D - annual operating costs of the TCC station 
E - annual expenses of the operating organization 
KR - A + B + C + D + E (million I) 

4.3.2 INVESTMENTS FOR,AND ANNUAL COSTS OF,THE EARTH 
SEGMENT 

The annual costs of the earth segment consist of the 
annual fixed costs (KE) of the earth stations and the 
circuit-dependent costs (VE). 

4.3.2.1 INVESTMENTS FOR,AND ANNUAL COSTS (KE) OF,THE 
EARTH STATIONS 

The technical equipment with transmitters and re
ceivers and the amount o£ ' redundant equipment envi
saged influence the investments for the earth station 
to a considerable extent. 
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Capital or operating costs of 

- receiving equipment 
- transmitting equipment 
- supervisory equipment 
- operation, automatic change-over to reserve 
- installation, measuring equipment, no-break power 

supply 
- management 
- TDMA and DSI eq~ipment 

annual operating cost (staff costs included) of the 
earth stations. 

4.3.2.2 CIRCUIT-DEPENDENT ANNUAL COSTS OF THE EARTH 
SEGMENT 

In the cost comparison with a terrestrial network all 
additional costs for a satellite circuit, which do 
not accrue when the circuit is routed in the terres
trial network, must also be considered. 

Additional annual costs accrue at each end of the 
circuit for the following equipment and measures: 

H : access line from the international exchange to 
the earth station 

I : echo suppressor 

K : multiplex equipment at the earth station (in the 
case of TDMA up to channel level) 

L : PCM channel coder (for converting the analogue 
signal) 

M : adaptation of the switching equipment. 

For the additional costs per satellite circuit: 

VE - 2 • (H + I + K + L + M) _....l'L....._ 
cct·year 

It is advisable to indicate also the annual costs per 
circuit for the access lines • 

4.4 COST COMPARISON CALCULATION 

4.4.1 BASES FOR THE CALCULATION 

The cost comparison calculation is based on the in
formation and definitions explained in section 4.2. 
The individual cost elements have been dealt with in 
section 4.3. 

The total annual costs (KS) of the satellite system 
can be obtained from the following equation: 

KS - annual total costs of the satellite system 

~ - annual costs of the space segment 

KE - annual fixed costs of the earth segment 

VE - annual costs per satellite circuit (section 
4.3.2.3) 

N - number of circuits routed via the satellite. 

The costs K correspond to the annual costs of the 
hypothetica~ equivalent terrestrial network: 

KS - Lm·N.bS (y;!r) (4.4.1-2) 

Lm a :;;~~~:t~~!fh!=~i!:~:!~ ~; ~~: ~!~~:!~:i!~ ;~~ 
ference network 

N - number of circuits 

bS • oost of a circuit in the hypothetical equivalent 
terrestrial network per km and per annum 

(cct.~.year) 
Lm is caloulated as follows: 

For determining the average length of the circuits it 
is necessary to weight the distance between the earth 
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stations according to the number of circuits provided 
between them. The number of circuits indicated in the 
traffic matrix for 1980 is taken as a basis for the 
assessment. 

The weighted average length Im of the circuits ter
minating in a certain earth station A is 

n-1 
L li . Ci 

1 i-1 
m n-1 

L Ci i-1 

where 

li - distance between the earth station A and the 
distant station 

Ci - number of circuits between A and the distant 
station. 

The average value Lm is the sum of the individual Im 
(a total of n) divided by the number n. 

From (4.4.1-1) and (4.4.1-2) it follows that 

(y!ar) 

For the terrestrial reference network defined in 
section 4.1, the following costs accrue: 

KT - costa of the terrestrial reference network 

N - number of circuits 

aT - annual costs per circuit/per km/ per annum 
( S in the terrestrial reference 
cct.km.year) 

network. 

From (4.4.1-2) and (4.4.1-4) it follows that 

The cost ratio between the satellite system and the 
terrestrial reference network is the same as the 
kilometric costs of a circuit in the respective n,t
works. 

The average value of the costs per circuit kilometer 
during the 11-year service life of the system (bSm ) 
are important for the assessment of the economic 
efficiency of the satellite system. 

The corresponding average cost ratio for the service 
life of the system is 

The average costs of a satellite oircuit are con
siderably influenced by the utilization of capacity 
(i.e. by the increase of satellite circuits in the 
individual years), especially at the beginning. The 
possibilities of aohieving a relatively high degree 
of utilization in the initial period are, however, 
substantially restricted by the difficulties in the 
introduction of a new satellite system. 

For the examples concerned, the average coat ratio 
KS 

(X-)m varies as a function of the rate of interest 

ana the increase in the number of satellite circuits 
between 4.9:1 and ~.7:1. 
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