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Preface

In, cmﬁpliancé ﬁitﬁ-the reciuést of the Govemmem of | the Démoc’:ratic Republfc of
Madagascar the Government of ]apan as a part of its overseas technical cooperation decided
to carty out a study on the construttton of the Southem Microwave System in Madagascar.

The Japan ‘lntematlonal quper_atlog -Agenc!-_  (JICA) sent a study team of .
10 expe}ts, headed By' Mr. Susumu Sato of the Radio Regulator} Bu’reau of tﬂc Ministry of
Posts & Telecommunications, to Madagascar for stay from July 24 to September 4, 1977,

and made 2 feaszblhty study on the project.

The field survey in Madagascar was carsied out very ssmoothly with extensive coopera-

ration of the Government of Mzid_agascér.
After careful review in Japan _oflthé ﬁnd'ings of the study this report has been finalized,
| !"since:ely hope that this report will contribute to the dgvélopmeﬁt_ of the telecommuni-
cation network in Madagascar,

and also to the social and economic development of

the lcountry and forther prfomote the friendly relationship between the two countries.

I should like to express my hearty gratitude to the officials concerned of the Govern-
ment of Madagascar for théir whole-hearted cooperation extended to the study team and to

all others participated in this study.

January, 1978

Mé%ﬂ_\__\

Shinsaku HOGEN

Prestdent

Japan International Cooperation
Agency







Secretéry General and Director
of Telecomnunications, PIT, with
members of the Survey Team

From right to left, Japanese
Ambassador Teruhiko NAKAMURA,
Secretary General RATOVONDRAHONA
Pascal, Survey Team Leader

S. SATO and Survey Team Member
T. DEGUCHI

The Government Officials of
Madagascar and Members of
Survey Team upon meeting on
the draft report.
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PART 1 SUMMARY






PART |  SUMMARY

1. General :

The project for the construction of the Southern Microwave System in Madagascar
is intended for the development of a telecommunication network in the Southern Area of
Madagascar which somehow lags behind the Northern Arca of the country in the field of
telecommunication. When cstablished, this microwave system will play an impdrtant role
in telecommunication in the country together with the existing Northern Microwave Systen.
The Government of the Democratic Republic of Madagascar requested the Japanese Govern-
ment for the implementation of necessary féasibility study for the construction of the micro-
wave system, and the Japanese Government, accepting the request, sent the **Feasibility Study
Team for the Project of_Coustructing the Southern Microwave Systemn in the Democratic
Republic of Madagascar” for a period of 43 days from July 24 to September 4, 1977, Survey
was conducted on such matters as telephone demand in the Southern Arca, conditions for the
sclection of station sites, ctc., on the basis of the microwave system route plan having been
prepared by the Government of Madagascar. The analysis of the results of the survey has
yiclded a  conclusion that the project is  feastble from both technical and economical
stand points. Described hercunder are the requirements set forth by the Government of

Madagascar for the project, the results of the survey, and recommendations.

2. Requirements Set out by the Government of Madagascar for the Southern Microwave
System o

The requircinents set out by the Government of Madagascar for the Southern Micro-
wave System ate stated in the documents prepared by the Governnent of Madagascar and are

mainly as follows.

{1} Route
Between Tananarive and Tulear via Fianarantsoa {approx. 950km)
To connect Tananarive and other nine cities on the route by telephone and to cover

15 citics along the route by television braodcasting. (See Fig, 1.)

{2) ‘Transmission capacity

Capable of transmitting 960 telephone channcls and one color television channel.

3. Results of Survey
(1)  Teleconununication circuit deinand
It can be estimated, by telephone demand forecast for the next 20 years after

“service-in on the basis of the recent tendency of the use of telephone, that the maxi-
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mum number of telephone channels to be required will be 500 and the above-
mentioned transmission capacity will be sufficient. Tt willalso be nceessary to establish
a network for sending television programs to some citics in the Southern Area in
connection with the Government’s plan for constructing television stations in these

cities.

{2} System design

To deterinine the technical details of the microwave system to be consteucted
toe meet the abm’e-lmcnlioned requireiments, system dcsign is requiréd. The system
design includes the selection of a suitable radio relay system and frequency band, site
selection, determination of system conﬁgﬂration of telephone and TV transmission

systems, and assessment of transmission performance, which are outlined below.

t) Radio relay system to be employed

- I¢ is understood, from. the study of the geographical conditions and the
disteibution of population along the route of the microwave system, that these
conditions of the Tananarive-Fiananarantsea section (approx. 410km) are
much different from those of the Fianarantsoa-Tulear section {approx. 540km)
That is, the former section is located on heights ranging 1000 to 1460 meters
in altitude, has a mild climate and includes cities having populations over ten
thousands, such as Auntsirabe and Awmbositra, which ate still surcounded by
straggling villages. The latter section is mostly in thinly-populated grassy plains
having savanna climate and has no particularly recognizable 'city but thosy.
It consideration of these circumstances, it may be right to eniploy a line-of sight
microwave system, which {eatures a shori-distamc telay and wideband trans-
mission, over the Tananarive-Fianarantsoa setion. However, the following two
different relay systems can be considered for the Fianarantsoa-Tulear section:
lincofsight system and over-horizon system, the latter of which is effective
when the transinission capacity is comparatively small and the hop distance
is considerably large. The Government of Madagascar had an idea of adopting
overhosizon system in the initial stage when the demand for television trans-
mission was not so strong. Which of the two relay methods is more suitable
than the other can not be decided simply but has to be deiermined in consi-
deration of the geographical ‘conditions of the microwave route, expenses for
the construction of the radio relay system, convenience of operation and main-
tenance, and the transmission performance of TV signal. In conclusion, these

two relay systems should be eimployed depending on the case, as follows.

a) When only telephone transmission is tequired, no significant difference
will be exibited between the two relay systems in the expenses for
construction and in operation and maintenance, In the case of over-
horizon relay system, the completion of civil work as scheduled is
considcred less risky.

N



b) When the transmission of both telephone and TV signals is intended,
line-ofsight relay system is more advantageous as it provides advan-
tages in the expenses for construction, transmission quality, and the
lexibility in system expansion.

2)  Frequency band _

Although the 4GHz and 6GHz frequency bands may be considered in
the case of line-ofsight telay system, the 4GHz band, which allows use of low-
power consumption equipment, is more suitable in consideration of geogra-
phical conditions of repeater stations, cte. In the case of over-horizon relay sys-
tem, the 2GHz bnad is recommended.

3)  Site selection

Selection of the locations of repeater stations has been made on the basis
of the route planned by the Government of Madagascar. The survey for site
selection, which included the onsite survey of not only the proposed sites on
the route but also many other possible locations, was conducted to examine
visibility for adjacent repeater stations, availability of existing station building
and commercial power, case of construction of access roads, availability of
space for the construction of station buildings and steel towers, and other
conditions. The survey has allowed the selection of such station locations
that can be considered most suitable. I particular, efforts were made in re-
ducing the number of repeater stations and the length of access road upon site
selection for the Fianarantsoa-Tulear section, which has allowed the selection
of such a line-ofsight route that can economically cope with over-horizon

relay system.

4) Number of radio systems

The number of radio systems to be incorporated in the microwave system
should be determined in consideration of future telephone demand, the flow of
TV programs between ci_t'ics, etc. Television program -transmission may be
achieved by the establishment of a dedicated microwave system or the use of
a stand-by microwave system and several variations can be eonsidered in circuit
configuration, It is neccessary, upon determining the system configuration,
to consider that (i} future transmission of TV programs to southern cities can
be estimated to be made mostly from Tananarive (chat is, “*down” transmission
will be much more frequent than “up” transmission), (ii) the probability of
occurrence of troubles can be said extremely small in consideration of the pre-
sent technical level of microwave communication technology, and (ifi} effec-
tive investinent should be made from the economical standpoint, It is con.
sidered most suitable, as the result of examination, to establish: one “up” and

“down” working telephone systemss one “down” working TV system; and



(3)

one *up” and “down” common-use stand-by systems. The “up” stand-by sys-
tem will be used for “up” TV transmission.

5) Power supply
© Commericial power is available at most proposed repeater station sites
located north of Fianarantsoa but is not available at proposcd sites located

~west of Fianarantsoa but Tuleac.

a) When commercial power is avaitable:
A battery floating charge system will be employed for the stand-by

power systein.

b) When commercial power is not available:
If the requited power is lower than 700W, a charge-discharge system
using a dual engine gencrator is recommended. If the required power
exceeds 700W, a floating charge system of a dual engine generator is
recommended.

c} For stations located west of Fianarantsoa and requiring no large power,
a solar battery system is recammended, although sucvey on the amount
of insolation will be required for determining the specifications of
equipments and facilities to be employed.

_Operation and maintenance

in order to allow effective operation and muaintenance by as small number of

personnel as possible, the (ollowing should be taken into consideration,

(4)

1} In other, more general microwave sysfems, terminal stations are attended.
However, this microwave system has so many terminal stations and they should
be unattended as much as possible. Thus it is considered appropiiate that
unattended stations should be limited to Tananarive and four other terminal

stations.

2) Maintenance and operation of the microwave system will be performed
by one organization, which will handle both telephone and television.

Expenses for consiruction and term of construction
Six different cases of system configuration can be considered depending on the

nicthod of TV program transmission. The radio relay system to be employed may

be cither fully line-of sight er partially over-horicon type in each case. The expected

cxpenses for the construction of the microwave system are given in Table 1 for the

diffesent cases. The term expected to be required for completion of the microwave

system is 24 months.



Table 1 System Configurations and Construction Expenses

of FULL-LOS and PARTIAL-QI Systéms

(Unit: million yen)
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{5) Economical Evaluation

The expected internal ate of teturn of this project is 9.6%, which is satisfactory
for an infrastructure project. Although the balance at the time of starting the service
will be in “red,” it will turn to “black” § yéars ahcad. The accamulative balance
is expected to turn €o “black” 9 yéars ahead. Thus, this project can be said fairly
good on the whole.

(6) Conclusion _ .
Technical and economical study of this project has resulted in obraining a
conclusion that this project is sufficiently feasible.

Recommendations
In implementing this project, the following should be taken into consideration.

(1) Radio relay system to be adopted

When it is intended to achicve the transmission of telephone signals and TV
programs by a long-haul microwave system, it is desirable, from the standpoint of
national ccohomy, to construct telephone and TV transmission citcuits into a single
system. If such a unified system is employed, the full linc-ofsight system is more

advantageous on the whole.

{2)  System configuration _

1t is most recommendable to establish one “up’ and “down™ working telcphone
systems, one “down” working television system, and one“up” and *down” common-
use stand-by systcﬁls {while using the “up® stand-by system for “up” television

program transmission),

{(3)  Frequency band and others

In consideration of the present technical circumstances, the vse of the 4GHz
band is recommended so as to allow the adoption of low-power consumption radio
equipment, For some stations located west of Fianaranesoa, solar battesy system will

be used to cisure ease of maintenance and operation.

(4)  Operation and maintenance

For effective 'operation and maintenance, as many terminal stations should be
of unattended type as possible. Of the 27 stations, Tananarive and four other stations
will be attended (manned). It is uncconomical to perforn maintenance and operation
of telephone and television systems by different organizations. An organization
common to telephone and television will be much advantageous.



(5) Implementation of work
Whether the construction of this microwave system can be achieved cfficiently

and economically or not depends on whether civil work, such as construction of sta-
tion buildings, steel towers, access roads, cte., can be advanced as scheduled or not.
So, due care should be taken for supcrvision so that civil work should be progressed

smoothly.
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CHAPTER 1t INTRODUCTION

1-1 Purpose of Surﬁ'y

In the Northern Area of the Democratic Republic of M.ulag;:sc;ar,'th;at'is, in the area
north of Capital Tananarive, two major teleccommunication systems are working: the Tama-
marive-Tamatave-Dicgo  Suarex, microwave system constructed with ﬁlm Japan’s first credit
in yen to the covntry and the Tananarive-Majonga and Tananarive-Tamatave coaxial cable
lines.  In the atea south of Capital Tanamarive, the tciccmnnmnic;ﬁi:m situation is rather
poor and (mty two rudio systcins, that is, the VIIF .*.uul”—nl|)_;1(‘itycmnlnunicati(m system
between Tananarive and Fianarantsoa (;ip‘n;nx. fil_(lkm) and the HF-SSH sing]c—ch;u_uwl com-
munication system connecting ‘Tananarive and scvcr;n_l citics in the southeast caastal region,
are working in addition o the open-wire carrier systems layed between miajor cities. These
means of telecommunication provide no high performance characteristics in transmission
quality, signabtonoise ratio and system  reliability and, i addition,  will nor be able
to fill future teaffic demand sufficicutly. These circumstances have .dccc'cmtul development
in the Southern Arca of the country. Meanwhile, the Government of Madagascar regarded
the (lcvclumiwnt of a iclccmn:mmic;l_linn network in the Southern Arca as one of the most
important pt:licicé for establishing firm fuuml_:niun for the social development of the arca and
planned the Southern Microwave System Construction Project between Fananarive and Tulear
(approx. S40km). On the ather hand, the Government of Madagascar has repeatedly requested
the Japanese Government for a ceedit in yen since February 1975 for the completion of the
project. Under these circamstances, the survey including onsite survey for about 20 days
was conducted for 43 days from July 24th to September dth 1977 for the purpose of exa-

mining the feasibility of the microwave system projeet.

1-2 Qadine of Project

The microwave system will l_)c la){cd between -r;;lla_lmrivc and '.l‘ufcar via Fiane!_rants_ou,
as sct out in the “Scnﬁc of Wark™ prcb;_xrcd_ jointly by the P af Madagascar and ¢he jap.an—
cse survey team. Route scleetion is the foundation of the project ;m_(.l the basic route will be
determined in more detail by scfi;-ctilig station sites alony the rovte. Sitc.s..clcclim.i sht.aul‘d be
made in consideration of branching of telephone cireuits 1o neighboring citics along the route
and the adaptability of station sites to TV broadeasting stations as well if presentation of
television broadcasting scrvice to ncighboring small ¢ities along the route s desired, The
transmission éapacity of the microwave system will be determined by the teaffic forceast of
toll calls to be made by subscribers of the respective cities. The future plan of these telecom-
munication circuits and traffic demand forecast have been discussed by the Government of
Madagascar, which are described in the lollowing two documents submitted to the Japanese

sidce.



(1}  Proposition Technique pour le Systeme de Telecommunications par Faisceaux
Hertzicns Tananarive-Fianarantsoa-Tulear pour la Republique Malagache {Dee.
1975)

{Appendix 2)

(2) Renseignements generaux sur le projet de liaison Autananarivo-Fianarantsoa-
Tulear (Juily 1977)
{(Appendix 3)

Document (1} is prepared as of December 1975 and mainly covers the construction of tele-
phone citcuits. Document (2) is the latest document compiled through later adjustment in
the Government of Madagascar and describes the requirements of RTM for tetevision trans-

mission in concrete form as well as those of PTT. (See Fig. 1-1).

1-3  Outline of Survey

Site selection was conducted by the sutvey team on the basis of the gists of the above-
mentioned two documents and the intended objective has been fully achicved, allowing the
selection of such sites that will be most advantageous fromi the standpoints of both cconomy
and operation and maintenance. Meanwhile, demand forecast for the 20 years alter starting the
service in the required sections has been made on the basis of the fundamental recognition of
grasping the present cconomical activity conditions of the citics concerned as much as possible
by thoroughly examining existing telephone office facilitics and exchange conditions of respee-
tive citics. For the Fianarantsoa-Tulcar scction, linc-of-.sight and over-horizon relay systems
are considered, which are compared with ecach other from both technical and cconomicat
standpoints. Although onsite survey for ¢he expansion of the microwave system route to the
southeast coastal arca (Mananjary-Manakara-Fort Dauphin-Tulear) which the Government of
Madagascar is particularly interested in and which is not included in the survey by the present
sutvey team, [uture telephone demand that can be forecast in this area has been also consider-
ed upon estimating the [uture demand of the microwave systc.m. Also, consideration has been
given to the achievement of transmission through branching in the southcast coastal arca as

well,

-10 -
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CHAPTER 2 NECESSITY OF THE PROJECT iN MADAGASCAR

‘The spread of telephone in Madagascar is 3.8 sets per 1,000 persons as of the end of
1976, which is extremely siall when compared with those of developed countries such as the
USA (680 scts), Japan {360 sets), France (240 sets), ete., and, moreover, smaller than those of
developing African countries such as Algeria (10 sets}, Morocco (10 sets), Kenya (10 sets),
Kenya {10 sets), ete. Indeed, this is one of the causes which prevent Madagascar from making
cconomical development. Accordingly, the Government of Madagascar is making efforts for
the expansion of telephone nctworks in the countiy by positively introducing automatic
exchanges and constructing large-capacity toll transmission lines. This project has been plan-
ned, in a serics of Madagasca?s telecommunication development program, to link capital Tana-
narive with Fianarantsoa and Tulear or major citics in southern provinces by a large-capacity
microwave system. The Fianarantsoa and Tulear provinces have a population of about 3,200
thousand (which is about 38% of the national population) but toll calls between the provincial
capitals and Tananarive are handled by means of smali-capacity circuits of VHF, HF, and wire
systems which are not satisfactory in buth quality and quantity. Facilities have mostly super-
annvated and communication is often intcrrupted and cities in this area are often isolated in
rainy seasons or upon cncountering cyclones. At present the Government of.Madagascar
makes much of the development of Southern Area which rather lags the Northern Atea in
economical situation and it is necessary to improve the present telecommunication condition
in the Southern Arca. Thus, the imprementation of this project is every important. In addi-
tion, compl(;tion of this project will allow transmitting TV signal from Capital Tananarive to
cities in the Southern Arca, which will greatly contribute to the cultaral and educational deve-

lopments in the Southern Arca ofMadagascar.

—§7 -



CHAPTER 3 FORECAST OF TELECOMMUNICATION CIRCUIT DEMAND

3.1 Present Condition

The planned miceowave system will be constructed to connect cities along No. 7 Nation-
al Road and pass such provincial capitals as Fianarantsoa and Tulear. By this, the Fianarantsoa
Province having a population of 2,000 thousand and the Tulear Province having a population
of 1,200 thousand will be connected through Tananarive to the Northern Area, The Tanana-
rive-Fianarantsoa scction of No. 7 National Road is well-paved with excellent facilities of
transportation and the traffic is thick. Telephone calls between Tananarive and Fianarantsoa
are handled by means of over-horizon (OH) VHF systeins, requiring a waiting time of a few
minates. The Fianarantsoa-Thosy-Tulear section is also along the national road but mostly
unpaved. Although this scction of the national road aflows transportation in all seasons of
the year, the road condition is rather bad in some pa.rts and the trafflic speed in this section
is lower than a half of that in the Tananarive-Fianarantsoa section. Telecommunication in
this section is mostly by open-wire cariier system and partly by shortwave system, requiring
a waiting time of more than 15 minutes for connection. In addition, troubles in open wire and
open wire carrier systein are caused frequently in this scction. The present situation of the
telecommunication transniission between major cities, which will be covered by the Southern
Area Microwave System, is shown in Fig. 3-1. Icis Fianatantsoa that has the largest population
among cities along No. 7 National Road and it is Antsirabe that is well developed in town areas

and has active economical activities by large business companics,

3-2  Traffic for Circuit Demand Forecast

Although telephone wallic survey is not carried out periodically, traffic estimation in
the Southern Arca has been made by traffic tickets (for 2 months) of 1975, In the traffic sur-
vey conducted for che September and Ocrober, the total number of calls per day was calcula-
ted with cach of the two months assumed to contain 22 days and the busy hour traffic was
calculated with the bu.sy-hour concentration rate being 1/8. Traffic at cach location contains
all transit calls of adjacent offices. The result of the telephone traffic survey is shown in
Table 3-1. The estimated traffic obtained by this calculation can be considered an average

for two months and also an average for the year,
33 Forccast Method

Since the time sequence for traffic measurement in applicable sections was not obtained,

the following forecast method was cmpfoycrl,

- 13-
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3-3-1  Formwla fox Traf(ic Forecast

The annua! traffic increase to be caused during the period between the time of mea-
surement and the time for which forecast is to be made can be given by the following equation
assuming that the calling rate will not vary in near future and traffic between two cities is
proportional to the geometrical means of the rate of increase in the number of subscribers

of the respective offices.

ap = K(¥§1-52)"

where ap: Increase in traffic between two telephone offices

K : Coefficient for compensation for factors other than the
increase in the number of subscribers

51,82 :  Annual increases in number of subscribers at the two tele-
phone offices

n ¢ Number of years for which traffic fosecast is to be made

The rate of traffic increase will not remain the same bue will increase with the progress in the
development and economical activity in the Southern Area. The past annual traffic increases
of the respective offices are shown in Fig. 3-2. In the case of Tananarive affice, for example,
an annual increase of more than 7% was expecienced before 1971 and the expected annual

increase after 1985 is supposed to be 7% for each district.

3-32  Aunual Increase in Number of Telephone Subscribers at Respective Offices (S1 and
$2)

By examining the time system of telephone subscribers in the respective cities in

the past 10 years, the following results are obtained. {See Fig. 3-2).

Table 3-2  Annual Increase in Number of Telephone Subscribers at Respective Offices

____ Office __Annual increase
Tananarive 5.1%
Antsirabe 5.8%
Fianarantsoa 3.6%
Tulear 3.2%
(Fort-Dauphin) (2.6%)
(Mananjary) {2.6%)
{Manakara) {2.4%)
Remarks: Parctitheses { ) correspond to offices not covered by the present project,
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Tananarive district: 6%
Fianarantsoa district: 4%

(Southcast Coastal Area:  3%)

3-3-3  Coefficient K

tn addition to the traffic increase by the inctease in the number of subcribers, the

traffic increase ascribable to the development in service quality and the coefficicat of canver-

sion from average traffic of the year to traffic for equipment and circuit calculation arc con-

éidcred.

1)

2)

‘Traffic inerease ascribable to service improvement

In general, traffic increase is observed when the telephone system is changed

from a delay service system with considerable distortion and noise to an STD

(Subscriber Trunk Dialling) which provides high-quality service. The lower the
conventional service quality is, the more the traffic will increase by adoption of
a new system. The rate of traffic increase can be estimated from the past data

in Japan, as follows.

Tananarive-Fianarantsoa section in which the present service condition is com-
paratively good .. .. 1.54 (tines)
Fianarantsoa-Tulear section in which the present speech quality and connecting

service quality are ratherlow ... ... . ... PN 2,00 (times)

Coefficient of conversion from average traffic per year to traffic for equipment

and circuit calculation.

Traffic of 1975, which is used as the base for traffic forecast, is an average traffic
per year but traffic for circuit calculation must be an average value for a maxi-

nium of 30 days of a year. This coefficient of conversion is made 1.2.

From 1) and 2), we have

‘Tananarive-Fianarantsoa:

1.54 x'1.2=1.85

Fianarantsoa-Tulcar:

20x1.2=240

-2 -
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34  Forecast Demand

Forecast traffic obtained as per Paragraph 33 is given in Table 3-3. The demand to be
- caused four years after starting the service {1985) is set as the initial demand and that to be
caused in 2000 is set as the ultimate demand. Fig. 3-3 shows telephone circuit demand obtain-
ed from the erlang table (random calls) for a probabi:fity of loss of 0.01.

For tc]cgraph circuits, circuit demand is obtained by estimating the number of telegraph
subscribers in 1985 at each office. Demand forecast for the period of 1985 - 2000 is achieved
by assuming an annual traffic increase of 7%. Althdugh the Southcast Coastal Area will not
be covered by this project, the number of circuits to be connected with Fianarantsoa or Tulear

is given in consideration of futurc connection of the area to this microwave system.

35 Future Southern Telephone Network

A!tl.lough it is supposed, in the forecast circuit demand described in Paragraph 3-4,
4-wire toll exchange, which has heen atready intreduced at Tananarive, will be introduced
also at Fianarantosoa when a microwave link will be constructed in the Southeast Coastal
Area, establishment of high-usage traversal trunks at other offices is not considered. However,
the desirable future southern network will be as shown in Fig. 34. The tertiary and seﬁondaty
centers shown in lFig. 3-4 will perform switching of toll lines by 4-wire toll exchange, forming
a national ST network. Traversal trunks will be established in sections of more than 5 erlang
and at high usage. For the Mananjary-Fort Dauphin Southeast Coastal Area, branching will
be made at Fianarantsoa and the toll exchange of Fianacantsoa will be used to send calls
towards Tananarive and Tulear, Tulear will perform switching operation of offices adjacent
to Tulear. When a ditect transmission route is established between Morondava and Tananarive,
calls to/from Morondava will be sent thréugh the toll exchange in Tananarive. Other offices
shown in Fig. 3-4 (primary centers marked o) arc lowest-ranking toll exchange offices and send

information on charging, routing, necessary digit, etc., to neighboring end offices.
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CHAPTER 4  SYSTEM DESIGN

4-1  General
This chapter describes basic radio r'elay system selection, site selection based on the
system selection, conerete system design to be made for the route determined, and the trans-
mission quality of the system thus designed. For che long-haul transmission of telephone and
television sigpals, it is most economical from the national standpoint to employ a single wide-
band microwave route. System design is effected in consideration of this point.
' For the radio relay system between Fianarantsoa-Tulear, line-of-sight and over-horizon
systems have been selected and system désign has been niade for both systems by considering
that comparison shoold be made precisely since there is no large difference in superiority

between the two systems and the over-horizon system was proposed in the initial plan.

4-2  Basic System Selection
42-1  Selection of Radio Relay System

For the Tananarive~Fiainanarivc-Fianaran.isoaf[‘ulear radio relay system, the following
two plans can be considered il_\ consideration of circuit demand, geographical conditions,

locations of towns at which signals will be branched, ete.

Plan 1: Line-ofsight microwave system for the entire Tananarive-

Tulear section

Plan 2: Ling-o_f-sight microwave system for the Tananarive-Fianarantsoa

section and over-horizon system for Fianarantsoa-Tulear section

_ In the case of Plan 1, case of maintenance of the power supplies at places inconveni-
cntly situated will be lmportant It is ¢hen necessary to minimize the power consumption of
radio cquipment so as to facilitate use of small-capacity power supplies which ensure ease
of mamtenancc. Thus, a low-power consumption microwave systein is recommended. For the
transmissmn capacity, 960 channels for the Tananarive-Fianarantsoa section and 300 channels
for the FianarantsoaTulear scction may be sufficient if only tclephonc transmission is re-
quited. In cconsidecation of future color television signal transmission, however, it is recom-

mended to provide 960 channels over the entire Tananative-Tulear section.

In the case of Plan 2, the transmission capacity of the over-horizon system is limited,
by the prcscnt technical fevel, to approtlmately 300 channels. TV transmission also limited
to the monochrome TV signal. By considering these points and circuit demand, the trans-

mission capacity to be adopted will be 300 channels, Although the quadruple diversity system

_2 4



using frequency and space divetsit'y in combination has been generally used in over-horizon
radio relay systems, latest design is achieving system economy by reducing the number of
antennas to a half through adoption of angle diversity. Accordingly, a guadruple diversity sys-

tem using frequency and angle diversity in combination is selected for the system.

4.2.2  Selection of Working Frequency Band

In general, the higﬁer the frequency used in linc-ofsight microwave relay is, the
higher the probability of the occurrence of’ fading becomes but the smaller the equipment
becomes and the more advantageous in antenna gain and transmission band. In addition,
the use of a higher frequency band is advantagcous for avoiding interference with satellite
carth station. . The proposition of a 6GHz upper band in the initial plan may be ascribable
to these reasons.

However, the frequency of the low-power consumption microwave system is limited
to the 2 ~ 4GHz band for the time being because of the power efficiency of the transmitter
section.  In the Tananacive-Fianarantsoa séction, maintenance condition will be good and

“commercial power will be available at most stations and it will not be required to employ parti-
cularly low-power consumprion equigmént. in the Fianaramso&-Tu!ear section, however, it
is desirable to employ low-power consumiption equipment. System unification will be more
advantageous for econonmy, ease of maintenance, and reduction in power supply capacity.
Accordingly, the entire Tananarive Tulear section will be covered by a microwave refay system
of low-power consumption equipment using a single frequency band.

Which of the 2 or 4GHz band should be selécted must be discussed. In the case of
the 4GHz band, the antenna gain is higher and less transmitter dutPuf'power and less power
consumption will be required. The transmission capacity in the case of the 4GHz band is
generally larger than that in the case of the 2GHz band. Tt has been also determined that there
is no problem in interference with che satellite carth station. Thus, the 4GHz band (3.6
v 4.0GHz) has been selected as the frequency band of the l.inc-of-s.ight sys't:e'n.l.

In the case of the over-horizon systein, it is necéésat'y to sharpen the difectiéil'y of_
antenna as much as possible in order to improve propagation: distoition which will increase
with inceeased fransmission capauty, and thus the 2GHz band or a compatatwe(y higher

frequency band for over-horizon systcm is selected.
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4.2.3  Proposed Systems to be Compared

In this report, the following two plans are selected {or comparison as the result of

the above-mentioned examination.

Plan 1 - Tananarive-Tulé¢ar section :
' Line-of-sight microwave system over the entire section
Frequency range: 4GHz band
Transmission cé_pacity: . 960 channels
{(Plan 1 is abbreviated FULL-LOS plan.)

Plan 2: Tananarive-Fianarantsoa section _
Line-of sight microwave system in this section
Frequency range: AGHz band
Transmission capacity: 960 channels

Fianarantsoa-Tulear section

Over-horizon mictowave system  (using line-ofsight system
in the entrance portion)

Frequency range: - 2GHz band
Transmission capacity: 300 channels
Diversity: ' Quadruple dii'ersity using fre-

quency and angle diversity
in combination

(Plan 2 is abbreviated PARTIAL-OH plan.}

4-3  Site Selection
431 Principles of Site Selection

Site selection is made on the following principles.

(1} To meet the transmission quality set out by the CCIR recommendations.

{2}  Station sites should be locatéed along the trunk road so as to facilitate con-

struction and maintenance, and access roads should be as much short as pos-

sible.
(3) Number of repeater stations should be reduced for achicving economy.

(4)  Branching of telephone and television signals should be facilitate as planned.

(5)  Existing station facilitics should be utilized as much as possible,
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(6) Sufficient clearance should be acquired with a equivalent carth radius coe-
flicient of k = 2/3.

432 Result of Site Selection

By carrying out site selection on the above-méntioned principles on'the basis of the
original plan preparcd by the Government of Madagascar the {inal site selecuon plan has been
obtained as shown in the following dmwmgs and TabTe g S Lo

“Fig. 41 . FULLLOS Roite Plan

Fig. 4-2  PARTIAL OH Routc Plan

Table 4.1 Outlines of Station Sites

Appen&ix 4-1 Topographical Drawings and Snap Photographs of Respective

Photographs of Respective Sites
Appendix 4-2 Path Profiles
In partuular, efforts were made in reducing the number of repeater stations and

the length of access road upon site selection for the Fianarantsoa-Tulear section, which has

allowed the selection of such a line-ofssight route that can economically cope with over-
horizon relay system.
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-
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Table 4-1 Cﬁt]ines of Station Sites {FULL-LOS Route Plan)
_ AR) FULL-10S Plan
l“.osit fon . Access Read .
city g:u;: l-ong.: l. Lat. Altitode Wewly To be. ::ﬁ:t ’ ;?:-,:;y ??“din‘; Remarks
const.] repaired :
TANA T101 : (m} - (km} - = | con. Exist, Cox. 3km
TANA Tlo2 | 47°31°56"| 18°55°31| 1405 - - 20 Com, Exist.
f101 | 470260527 | 190220347 | 1640 - - 40 Com. -
o . .
AMBATO | T103 ' ' - - - Com. Exist. Cable 3km
102 | 47206730 | 1532116 1950 2.5 3.0 30 cém. ~
ANTS1 1104 42200430 | 19952041+ | 1650 - - 20 com. -
ANTSI Ti05 i - - - Com, Exist, Cox. Skm
R103 { 47¢05+16" | 2062526" 1673 - - 10 - -
rio4 | a7e16°26" 200334 03" 1625 - 1.0 50 Com. -
AMBO 106 | 47014731 | 20031051" 1300 - - 20 Com. Exist.
R105 | 47°10'44~ | 2004726 1813 1.5 - s ; .
r106 | 47715720 | 21016751 1422 1.0 - 20 - -
aMeoHI | 1107 - - 20 com. Exist.
FIANA ri08 | 47°04+29" | 21026143~ 1387 1.0 - 20 Com., -
Flaxa | 1109 - - - con. | ast. | cox. txm
FIANA T201 Same as TI02
FIANA F202 Same as TIDZ
" r2o1 | gers7raen 21°44r 08" 1400 3.0 - 10 = -
avaaravao] 1203 | 4evsercon |210se 1000 - - 20 - Exist.
r202 | 45042142 | 210560 21" 1350 4.0 - 20 - -
®203 | 4e+22'47~ |22001¢30" 1061 2.0 - 40 - -
, .
Hosy T204 46°02'é6" 22024%43" 1121 - - €0 : -
1HOSY 7205 46-01'{b' 22°2405 . 725 - - 20 - -
k204 | 45%33%18" f22730r37¢ 950 0.5 - 50 - -
5205 { 45001734 |22046042 1100 0.5 - 20 - -
R206 | 48°44r02~ |22749024- 875 - 1.5 45 - -
R207 44=07-30", 23°07+04" 191 1.5 1.0 45 : -
pron | 43050 a6~ |230210 330 306 - - 25 . -
TeLear | 1206 | 43020707~ (23021726~ i - - 30 kom . Exist.
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4.4 System Con ﬁgtirati()n and Equipment Performance

4-4.1

Principles of System Configuration

(1)

(2)

System for welephone
1)  FULL-LOS plan

Baschand switching will be pcrforméd at Tananarive, Antsirabe, Fiana-
r'aint'so%\, thosy, and Tulcar (4 switching section configuration) in considera-
tion of site locations in Tananarive -Fianarantsoa-Tulear scction, number of
telephone circuit drops, radio relay system switching scection fength, cte
A modem will be installed at these four stations to modulate and demodulate
the entire bascband.

" Telephone branching and inscrtion at other stations will be made by
the leaking method since the number of circuits is rather small, thereby avoid-
ing transmission quality degradation and reducing required cxpcnscs for con-
struction. :

Branching to Ambositra and thosy will be by using 4GHz bands and of
300 channels. Other bran.ching radio sylstcm's will employ proper frequency

bands other than the frequency band of the main sysiem and have transmis-

‘sion capacity of 60 channels.

2} 'PARTIAL-OH plan

Since the three radio terminal stations in the over-horizan section are
located distant from their corresponding citics, cnitrance radio relay systems
will be required for connection. The transmission capacitics of these entrance
radio relay systems will cqually be 300 tcTchhonc channels or one manochrome
television channel in accotdance with that of the over-horizon system. The
frequency bands of these entrance radio relay systems will equally be the same
4GHz bﬁan.d’a_s the frequency band of the Tananarive-Fianarantsoa section.
Telephone braniching to Ambalavao and Sakaraha will be made by small-

capacity over-horizon relay systems.

~ System for television

1)  FULL-LOS plan

" Television signal will usually be transmitted from Tananarive and will
sfarccly be inserted from other citics. Accordingly, transmission in the
direction will be carried out by one microwave system dedicated for television
signal and transinission in the “up” direction will be carried out by onc stand-

by system, as shown in Chapter 8.
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Since it will not be necessary to perform bascband switching at the
four stations as will be r(;quircd in the case of telephone transmission, IF
switching will be employed to achicve cconomy and development in ¢rans-
mission quality. _

When the tclevision broadcasting station and microwave repeater sta-
tion arc scparate from cach other, they will be connected by an ST link or

coaxial cable.

2) . PARTIAL-OH plan |

Since such a stand by system as in the linc ofsight system will not be
provided in the over-horizon section, transmission of TV signal by a stand-
by system will not be achicvable, so that it will be necessary to expand the
radio relay system dedicated for TV transmission in both “'ap” and “‘down™
directions. _ _

Also, since it will not be achicvable to send both video and sound signals
simultancously as in line-ofsight refay, it will be necessary to send the sound
separately by tclcphénc system.

Since the frequency deviation in the over-horizon section should be
made smaller than that of linc-of-sight system to reduce waveform distortion,
connection of the two systems should b_c made in video band and not in IF
band. However, diversity combining in IF band should be adopted to trans-
mit wideband TV signal.

Principal factors such as teansmitter output power and noise figure

are made equal to those for telephone.

-(3) Supcrvi'sory and control system _

The supervisory and control system configuration will be closely related
with the radio relay system configuration and maintenance system,

[n the case of the FULL-LOS plan, it is necessary to make Tananarive,
Antisirabe, Fianarantsoa, and thosy, and Tulcar stations to be attended in
order to achicve cfficient maintenance and Operation,” However, it will not
be necessary to perfornm supervision of the systcm'at_all attended stations and
it is desirable to minimize the number of stations whicfn will perform super-
vision continuously, Accordingly, Tananative, Fianarantsoa and Tulear will be
made supetvisory statious and supcrvision of the entire system will be charged

to these three stations.
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(1)

In the casé of the PARTIAL-OH plan, the three OH radis relay stations

‘will be supervised r‘espectiécly. by Fianarantsoa, 'l"hosy, and Tulcar terminal

stations and will in principle, be designed to be unattended.

An orderwuc circuit. will be established bctwecn all related stations
s0 as to allow smooth functlonmg of the mamtenancc and opcratlon organiza-
tion. o

~ Transmission of supervisory and control signals and ordetwire telephone
signal will be made by using the lower baseband of the microwave system,
and in case the working system fails, changeover to the stand-by system will
be cffected. - _ _

It will be desirable to provide a circuit for supervision and control of
television b'foadcéstirlg stations of which maintenance will be performed
unattended so as to allow the central broadcasting station in Tananarive to
supervise and control all unattended stations concentratively. Of course, the
transmission path will be incorporated in the microwave system. It is rational
to put the boundary of responsibility between PTT and RTM on the input

terminal of the SVC and the cutput terminal of the SVS.

Selection of power supply system
1) When commercial power is available:

When commcrual power is avaxlablc, the * commerc:al power + battery
ﬂoatmg system in which the battery is charged by floating while the commer-
cial power is rectified and fed to the load will be used. One stand-by engine
will back up ﬂl_(: power system in the event of power failure. When the power
facilitics are to be acconmnoc]ai:cd in existing telephone office or a like, the

existing power facilities will be utilized as much as possible,

2) When commcrcla! powet is not avatlablc
As a rcsult of recent detelopmcnt of sohd -state radlo cqmpment powcer
consumption of microwave repeater stations has been much teduced.  Low-

power consumption cquipmenis will also be introduced to this niicrowave sys-

tem as well for achicving case of maintenance and economy of the power

supply. _ o , ,
Various typcs of pm»cr supply systcms have been dcxeloped For practi-

cal use to fccd loads of fess than several hundreds of watts in power consump-

tlon but followmg types w:ll be nost suitable for respective load power ranges

in cons:dcrauon of apnual cxpcnscs required.
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Power Supply System Load Power

o Solar battery type 6~60 watis
Thermo-gencrator type 60 ~250 watts

o “EG 1t batter'y éhargé!discharge" type 250~700 \Vat‘ts

o  “EG + battery ﬂoatihg” type more than 700 watis

The cstimated load powers of repeatér stations in line-of-sight sections where com-

mercial power will not be available are as follows,

o Simplé throughrepeater stations without branch
(7 stations):
95140 watts

o Thmtlghﬁrcpeater' stations with ‘branch and teriminal stations without carriet
teeminal equipment
{4 stations):
350600 watts

o Terminal stations with carrier terminal equipment
{3 stations):
8001500 watts

" Accordingly, the “EG + battery charge/discharge” type and “EG + battery floating”
type will be adopted in cases 2 and 3, respectively. Here, “EG + battery charge/discharge”
type is a power supply system in which the operating time of the engine generator is mini-
mized and power is fed from the battéry to the load while the engine generator stops opera-
tion, thereby extending the period of maintenance of the engine genérator and reducing the
fuel consumption. The period of the maintenance of the éngine generator is: every 6 months
for periodical maintenance and every 8 years ot so for overhaul.

In the case of a simple through-repéafer station without branch, it can be undes-
stood that the thermo generatar type is most economical in conisideration of the above-men-
tioned applicable range. However, this type of power supply involves ciifficu]ty in procure-
ment and transportation of réquiréd fuel when compared with typés‘ifsing an engine gerator.
In the case of using an enginie generator, only ene time of fuel transportation is required
a year, whereas the thermo generator type requires 16 fransport nine {in the case of 100

watts power consumption) bonibs containing 500kg fiiel (approx. 1 ton in gross weight).
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Accordingly, it is recommended to employ the solar battery type, which'is slightly
high in annual cost but requires no fuel transportation, at stations-of which power coﬁsump-
tion is less than 100 watts and which are inconveniently situated. With the recent technical
progress of solar battery, the cost of solar battery is lowering and the service life of solar
battery is being improved. In the sections under consideration, insolation is comparatwely
large and economical design will be allowed. In addition, no fuel replenishment is required
and maintenance of s;-ations can be carried out l.)y' foot p@itfo‘ to the stations, pbésilﬁly requir-
ing no expense for construction and mairitenance of access roads.” Furthermore, winen"ex’pa.nd'-
ing the microwave system in future to areas where construction of roads is not eésy. the
adoption of solar battery systemn w:ll be md:speusab]e. It is very significant, therefure to
be well acquainted with solar battety system. ‘

On the other hand, the problems to be discussed upon adopting sofar battéry system

are as follows.

i} Since no meteorological observatory is located near proposed repeater stations,

accurate insolation data necessary for design is not achievable.
i) Estimation of annual insolation variation may sometimes be difficulk.

‘Accordingly, it is necessary to acquire msolatton data at proposcd sites for about one
year prior to the adoption of solar battery system, grasp the refationship. betwecn the data
obtained thus and that ob(alned at a nearby meleoro!oglcal obscrvatory, reflect tlle relation-
ship thus obtained upon des:gn and provide a sinall-capacity portabie engine and a charger for
a countermeasure against unetpectcd decrease in the solar energy or increase in load upon
patrol _

As the resulc of the above-mentioned e\cammauon sefccnon of power supp]y systemns

will be made on the following principles.

i) “EG + battery floating” type
For stations of more than 708 watts in power consumption (3 stations).
Although station T-204 is less than 700 watts in power consumption, it is
included in the stations ta employ this type of power supply, since it is sup-
posed that the total power consumption increases by the use of television

broadcast equipment.
ii)  “EG 4 battery chargefdischarge” type

For stations of less than 700 watts in power consumption (8 stations), exclud-

ing those stations of cast iii}.
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iii) - Solar battery type

For stations of less than 100 watts in power consumption and inconveniently
situated (3 stations). .

Ho“ever, thc adopnon of solar battcry type wnli be ﬁnalfy detetmmed by exammmg

the result of mso]auon survey at sntes

In thc followmg paragraphs therefore, descnptlon is gwen on the assumpuon of

mdudmg solar battery type power supply in the “EG + battery charge,’dlscharge" type power

supply for convenience’s sake.

442
1)

Concretc System Conf'gurauon and Equipment Performance

System configuration and equipment performance of FULL LOS Radlo Relay
System

A system configuration of the FULL-LOS radio relay system is shown in Flg

4-3. For. the reason described in Chapter 8, this radio relay system will comprise
two “down” working systems, one “down” stand-by system, one “up” working
system, and one “up” stand- by system. The “up” and “down" working No. 1 sys-
tem will be used for telephone transmission and the “down” working No. 2 system
and “up” stand-by system for tele\nsmn transmission, The “up” transmission of tele-
vision signal w1ll be made to Tananarive without branchmg at any station on the
way, and brauchmg will be conducted in the “down® system. ln order to dhungunsh
the portions to be added for TV transrmssion thick Jines are used i in Flg 4-3.

Table 4.2 gives the methods of branchmg telephone and TV Slgnals for reference
sake. Described heseunder are performance to be set for major eqmpmcnts of the
FULL-LOS radio system. The transmission performance descnbcd in Paragraph 4-5

is calcuhtcd fr0111 these values
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.. ‘Transmitter-receiver = -

2

1) Frequénc}
2) Transmission Eapacit)'
3) if'?ue-ialeati'ng method
, 4).  Transmitter output
5) Noise factor
6} AGCrange: .
7} SQL level -
8)  Amplitude response
9) Grou;; :dé!af characteristic
10) Inputfoutput impedance
11) IF output
12) Frequency stability
13)  Supply voltage
14} Amlﬁient temperat.ure
15) Power consum'pt_i_o_,n
Modem
Sy _Typé of modulation
‘Ba‘seband width

43—

4GHz band _
{as per CCIR Rec. 382-2)

960 telephone channels or one color TV

. channel and 3 sound channels

Heterodyne repeating
0.5 or 1.0 watts

4.5 or 6.5dB

5048

-75~-80dBm

Deviation:  less than 0.44B over
+10MHe range -

Deviation: less than 3ns over
+ 10MH:z tange

VSWR: - less than 1.03 over
: +10MHz range

70MHz, +4dBin
759, unbalanced

104

'—_2'4\!_110% _

-0 v 45C

fess than 20 watts

M

60 ~ 4188KHz {Telephone)

- 0 A 6MHz (Television)



3) Frequency deviation 200 kHz/CH (Telephone)
: 8MHzp-p (without emphasis in the case of
T :
4)  Emphasis ' as per CCIR Recommendation
5) Bascband inputfoutput levels | l.nput: ~45dBr
Output: ~20dBr

{in the case of teléphcne)

laput/Output: tVpp
(in the casc of TV)

6} IF frequency and input/output level 70MHz

+4dBm
7}  Modulation Iinearit.y less than 2% over 16MHz
8) Demodulation lingarity less than 2% over 16KHz
9) Freéuency stability 70MHz +5KHz
10) Suppjy‘ voltage 24V £10%
-11)  Ambieat temperature 0~45°C
Antenna Feedey
1) Antenna gain | 4m diameter: 41.0dB
3.3m diameter:  39.5dB
2)  Input/Output impedance VSWR: less than 1.08
3)  Feeder transmission loss 0.03dB/m |
4)  Feeder impednace VSWR: less than 1.05

{2)

System configuration and equipment performance of PERTIAL-OH Radio
System | :

_ Fig, 4;4'shows a system configuration of the PARTIAL-OH radio relay sys-
tem. The system configuration of the Tananarive-Fianarantsoa seéction is the same
as that of the FULL-LOS system and is omitted. (To be accurate, the R106-T108-
Ti09section is directiy coupicd with R106-T109} The OH section comprises one *up”
and “down” telephane systems and ane “up” and “down” TV systems and the por-
tions to be added for TV use arc shown by thick lines in Fig. 4-4. The methods of

branching telephone and TV signals are given in Table 4-3 for reference’s sake.

— 44



Legend for Fig. 4-3

T: ' Transmitter

R: . ‘ Receiver

M: : Modulator

D: Demodulator

+: Switcher

MUX: ‘ . Multiple.x .

SVC: Sound and Vidcd(jombincf '
SVS: | . Sound and Video St;parator
CON: . IF combiner for space diversity
Dfl: 1 Drop and lnse;tioﬁ equipment (for telcphone)
SG.TR: Supergroup Tra.n_slator

SW/D: TV branching equipment

TIR: TransmitterfReceiver for branch use

Rematks:  Thick lines show portions to be added for TV transmission use.
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Table 4-2 Methods of Branching Telephone and Television Signalé (fULL-LOS'plan)

Branching Hetho&

Site ‘g ‘ :
tf B : U

Code City © ranch Telephone Television

R101 | Ambatolampy By installing MUX in the Coaxial cablé will be used
station and dropping signal for leading into broadcast-
to voice channel, 200 pair ing station, -
cables will be led to PTT
telephone office.

R102 | Ambohibary Coﬁnectioh'ﬁith-TV trans-

: Antanifotsy — mitter in the same station,

Sambaina _ : i
7104 | antsirabe Coaxial cable of 6 inch Connection with TV trans-
Betafo {960 channels in capacity) mitter ‘in thg same station.
' will be used for lead-in : '
to T105.

R104 Ambositra - Microwave.syétem of 4AGHz Connecﬁidh with TV trans-
(300 channels in capacity) mitter in the same station.
will be used for lead-in o
to T106.

R106 Anbatomahasoa Radiator will be used:in Antenna and reflector for
microwave system {60 channelsi telephone branching use
in capacity) for lead-in will be used in microwave
to PTT telephone office. system £or lead-in to PTT

telephone office and then
connecting the signal to
broadcasting station by
coaxial:cable,

$108 Fianarantsoa | 6 pairs of COaxial'éable Coaxial ¢able will be used

' (960 channels in capacity} _for lead-in to broadcasting
will be used for lead-in -station.
to T109. D :

r201 Ambalavao UHF systeém (60 chanhéis in Microwave éyStem will be
capacity) will be used for used for lead-in to local
léad-in to PTT office. broadcasting station.

204 Thosy Microwave system of 4GHz Conneétibn with TV trans-
{300 channels in capacity} mitter in thé samé¢ station.
will be used for lead-in
to T205.

R206| Sakaraha UHF system (60 channels in 'Miéfoﬁaﬁe syétem will be
capacity) will be used for used for lead-in to local
lead-in to PPT office. bréadgaégzhg'gtation.

R207| Route ‘Branching by leaking. Branching by IF connection.

branching - : -' ' '

—~ 50~



Legeild for Fig; 44

LOS-Radio Relay System -

s T C K “Transmitter
! R_ X : Receiver
M; . Modulator

D . : Demodulator
_{_ . For Switcher

OH-Radio Relay Systéin

PA: . High Power Amplifier
EX: _ Exciter __
LNA: Low Noise Anﬁpli_ﬁer ::

~ CONV: | : ~ Down Converter ‘

. _ COMB: SR ~ IF or Baseband Combiner

’ Mi)X;_ . Multiplex _

: SVC: : Sound and Video Combiner
SVS: “Sound and Video Separator -
D/I: Droﬁ and Insertion cquipment

) {for telephone system)

"SG.TR: Supergroup Translator

CB: Carrier Brdadcasting Translator
TR | _ Transmitter and Receiver for branch use

Remarks: qu_lip:fnents shown by thick lines ate those to be added for TV transmission.
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Table 4-3 Methods of Branching Telephone and TﬁlevisiOn Signals {PARTIAL-OHplan}

Remarks: The Tananarive-Fianarantsoa section

is omitted,

Braiiching Method ' ]
Site City of Branch '
Code Telephoné _ Television
aT-202 Ambalavaa A small-capacity OH Broadcasting service will
: system of 2GHz (24 be performed by receiving
channels in capaeity) program signal from
will be used for lead-in Fianarantsoa Broadcasting
to PTT télephone office. | Station and retransmitting
it.
F

0T-203 1 lhosy _ A line-of-sight of 4GHz Connection with TV trans-
(300 channels in capacity)] mitter in the same station.
will be used for lead-in
to 0T-204,

—

OT-205 | Sakaraha A small-capacity OH A line-of~sight microwave
system of 2GhHz (24 system will be used for
channels in capacity) = | lead-in to local broadcast-
will be used for lead-in | ing station.
to PTT telephone office.

0oT-205 Route Branching by leaking, Branching by IF connection.

Lgbranching

;{55._



‘the performance to be set for the major equipments of the OH system
in the PARTIAL-OH radio relay system ate given hercunder. The transmission per-
formance of the OH system described in Paragraph 4-5 is obtained from these values.

Transmitter Receiver

1) Frequency

2)  Transmission capacity

3) Diversity method

4) Transmitter output

5)  Output impedance

6) ‘Fransmitter bandwidih

7)  Transmitter frequency stability

8) Receiver noise factor

9)  Receiver input impedance -
10) IF outpu.t frequency and level
11)  Receiver bandwidth
12}  Receiver frequency stability
13} Supply voltage
14)  Ambient temperature

Madem

1) ‘Typeof modulation

2)  Baseband frequency range

3) Phase deviation

4) Empﬁasis

2GHz band B
(as per CCIR Rec. 283-2)

300 telephone channel or one monochrome
TV channel

Quadruple dwerslty bL usmg frequency and
angle diversity in combination

1IKW

 VSWR: less than 1.3

14MH:

1079
Yess than 2.54B
VSWR: less than 1.2

70MHz
+4dBm

.14MHz

10 5
AC 2001220\1 ta%, 3 phases

g~45° C

M

60~1300KHz {Telephone)
60Hz~6MHz (Television)

0.3 tad!channel {Telephone)
4MHazp-p {Television, without emphasis)

as per CCIR Recommendation

~56-



(3)

3)

6)

7)

8)
9)
10)

Bascband input/Output levels

IF frequency and input/output
levels

Modem linearity

- Frequency stability

Supply voltage

Ambient temperature

Antenna Feeder

1)

2)

3)
4}

Anténna diameter and gain '

Type of antenna

Input: = -45dBr

-Output:  -20dBr

{Telephone) -

Input/Gutput: 1Vp-p
(Television) :

+4dBim

“léss than 5% over £ 3 MHz

70MHz £5KHz

<24V 210%

0~v45° C

16m:  47dB
19m: 494D :

Double-polarized type with feed horn for

veyti__cal_ angle diversity

Feeder loss

mpedance

0.02dB/m

VSWR: * less than 1.2

System configuration and equipment specifications of supervisory and con-

trol system

The supervisory and controf system is composed of the following six circuits.

1)

2) _3

3)
1)
5}

6}

Supervisory circuit for radio system

Supervisory and control circuit for unattended television broadcast’

facilities

Switching control circuit for radio system

Onnibus orderwire circuit for unattended station

Express orderwire circuit for telephone

Express orderwire circuit for TV

. Y



Legend for Figs; 4-5 and 4-6

@ Attended terminal station

o) Unattended terminal station
® Unattended through repeater station
o Repeater station location

(in general}

[] Supervising/controlling station

{Master station)
Toll exchange office

Attended television broadcasting

atation

| Unattended television broadcasting

station
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| The conﬁgurattons of the abowe mentloned citeuits of the FULL-LOS and

PARTIAL OH plans are shown in Flgs 4-5 and 4.6, respectively. The 1 major eqmp

ment performances required for the supervisory and control system are as follows.

Supervisory C_:rcmt for Ragllo System

1) - Number of superéised stations: “more than 10

2) Number of supcnéiéory_items: . more than 32items/station
3} . Signal transmission bandwidth: 4KHz

4) Sign#l-t’o-noise ratio: more than 30dB

Supervisory _a"hc'l Control Circuit for Unattended .
Television Broadcast Facilities

1) © Number of supervised stations: more than 10

2)  Number of supervisory items: .r'nor'e than 10

3) Number of control items: more than 5

4)  Signal transmissidﬁ bandwidth: 4KHz

5) Signal-to-nois'e ratio: more than 304B

'Switching Contcol Circuit for Radio System

1) Nuﬁxber_of systems o be switched:  more than 3 working systems
2)  Switching control time: less than 5ms

3)  Switching time: less than 5as

4) . Branc.h switching method: Fc;lloxv—up switching

S) Swttchmg methcd Pilo.t aﬁd noise switching

6) Signal transmission bandmdth 20kHz |

7) . Signal-to-noise ratio: : more than 30dB

(4)

Configuration and equlpment performance of power supp]y facilities

“Fhe powet supply systems of the respective repeater stations are determined
on the principles specifi e_d in Paragraph 4-4-1 (4) “Selection of power supply sys-

tems,” as shown in Tables 4-4 and 4-5. The power capacities of the power supply
facilities of the respective stations are also given in the Tables, The configurations
and outline of operation of the respective power supply systems ate given in the

succeeding pages.

Y



Table 4-4 Power Supply Systems and

Their Capacities (FULL-LOS System)

- o ,Required Power (ﬁ) Type of Capacity
City Site — Power - — e
- Code BpC AC Supply | EG(XVA) { RECT(A) | BATT(AH)
TANA 101 | 2460 3000 CoM 30 300 1800
TANA T102 340 3000 coM " 10 50 300
rLO1 [ 930 30600 coM 15 150 700
AMBATO TL03| 40 - coM - 50 100
rio2| 220 4000 con 10 50 200
ANTSI t104 | 450 4000 CoM 10 100 400
ANTST 7105 | 1240 3000 coM 15 150 900
R103 95 3000 c/p 10 50 400
R104 | 440 4000 COM 10 100 400
AMBO 7106 | 1200 3000 CoM 15 150 200
' R105 95 3000 c/p 10 50 400
R106 | 410 3000 /o 15 150 1400
AMBOHI mo7| 820 4000 coM 15 100 600
FIANA T108 490 3000 coM 10 100 400
FIANA T109 | 2350 1000 coM 20 300 1700
FIANA T201 Same as TL09
FIANA T202 Same as T108
R201 [ 430 3000 c/p 15 150 1400
aMatAavao | T203| 820 1000 FLOAT 15 100 . 600
R202 95 3000 e/t 10 50 400
R203 95 3000 et | 10 50 400
1HOSY T204 | 550 4000 FLOAT 10 100 400
THOSY 1205 | ‘1350 3000 FLOAT 15 200 1000
r204 [ 140 3000 c/D 10 100 500
r205| 100 | 3000 e/t | 10 50 400
R206 | 420 3000 ©/p '1% - 200 1500
r207 | © 370 - 3000 c/D 15 - - 150 1300
R208 95 3000 ¢/p 10 . .50 - 400
TULEAR - T206] 1700 . 3000 CcOM . 20 . 200 1200

Remarks: COM: commercial power

C/D: EG + battery charge/dischirge type

* Stations éxpected to intréduce solar battery system

(Estimated solar battery capacity: 900 ~1000 watts. . =~

Estimated battery capacity: necesséry'zoeo AH,)

—d 2

FLOAT: EG + battery floating type




Power Supply Systems and Their Capacities (PARTI&L-OH System}

Table 4-5
[ | requirea power (w) |Type of Capacity
city Site POWeY -

e 00§e pC AC L?upply EG(KVA) RECT(A) .1 BATT(AB)
TANA o1} 2460 | 3000 COM: 3 300 1800
TANA pr0z| 340 3000 oM 10 50 300

RIOL 930 1 3000 oM 15 150 700
AMBATO 1103 w0 - coM - 50 100
R102 220 4000 COM 10 S0 200
ANTSI 7104 450 4000 coM 10 100 400
ANTST T105 | 1240 3000 cOM 15 150 200
R103 95 3000 c/p 10 50 400
R104 440 4000 - COM 10 100 - 400
AMBO T106 | 1200 3000 coM 15 150 200
R104 95 | 3000 /D 10 50 400
R106 1650 23000 - PLoﬁT' 40 © 200 1200
AMBOHI 07 | 820 4000 com 15 100 600
FLANA o6 | 2530 | 3000 | cou 30 300 1800
FIANA 0T261 Same as T108
FIANA oTF202 |- Same as R106
AVYBALAVAO _oszj 1400 3000 FLOAT 15 200 1000
1Hosy.sg or204] 1360 43000 - | FLOAT - 50 200 1000
THOSY or205| 1350 3000 FLOAT 15 200 1000
or206| 1460 23000 FLOAT 40 200 1100
OR201 95 3000 ¢/D 10 50 400
TULEAR 01207 | 1700 3000 L__COM 20 200 1200

Remarkst OOM: commercial power

- '¢/Dt EG + battery charge/discharge type

FIOAT: EG + battery floating type

—§3-




“Commercial Power + Battery Floating” Type |

“Commeicial Power f——
L

5 AC.. LOAD

=
)

REG

> DB LoAD

-

i BATT
- i
CONT

Outline of operation

1} Usually, the power rectified from the commercial power is fed to the load while
the battery is floating-charged
2)

When the commetcial power fails, the engine generator automatically starts operat-

ing and the power is fed to the load while perforfning floating charge of the battery
3) '

operation, and the condition of 1) above is restored

4)

When the commercial power recovers, the engine generator automatically stops

When the commercial power fails and the engine generator also fails, power is fed

from the battery to the load. The holding tire of the battery is 10 hours

5) -

A circuit for penodtca]ly (every week or s0) checklng the engme generator for
normality by compulsory start should be provided.

—d A



“EG + Battery Floating Charge” Type

EG o —— = AC LOAD

REG |—————+ DC LOAD

BATT -

§—{F-{qqk—;-_

Outline of operation

1)  Usually, power is fed to the foad by operating two engine generators alternately

(in shifts of one day) while performing floating charge of the battery.

"2} When both engine generators fail, power is fed from the ba’t’ter.y. The Batte;y
holding time is 10 hours. L R

3y In the case of the OH system, the capacity of the AC load is large and usually

three engine generators should be provided for operation in shifts of one day.

-45~



“EG + Battery Charge{Discharge” Type

» AC LOAD
. » DC LOAD
"Afl
'nB.“ lafl -"b"

BATT

Outline of operation

1) The engine generator “A” operates and battery *“a» is charged while battery “b»

supplies power to the load.

2) Battery “b” continues discharging even after completion of charging of battery
. “a” and, after completion of discharging, is automatically swit¢hed over to battery

“a," which will then supply poxiver to the load,

3) . The engine generator “B” operates and batteryb” is charged, while battery “a”

supplies power to the load.

By repeating the above steps in turn, power is fed to the load. In case the engine ge.né-
rator of oné system fails, the cngine generator of the other system is switched on to
operate instead. 120% equalized cﬁarge is performed by approx. 12 hours. 100%

discharge is performed by 72 hours. The program is automatically controlled by ¢he

control equipment.

—66~



“Solar Battery" Type

Solar Battely .
Reverse- Current Block Diode.

l<— I 1 Rb(i R .OAD |

T RATT

EXT Input _ :L_

Outline of opesation

1) While rec.eiving the rays i_)f the sfln(., power is fed to the load while the battery

isicharged_ through the reverse-current block diode,

2) Duting night or when sufficient insolation is not avaitable, power is fed from the

battety to the load.

3)  When it is feared that the ‘_oad voltage may be out of spec., it is possibie to charge
the battery through the EXT inpit terminal,

4) The required output of the solar battery is estimated to be less than 10 times the

‘load power in the case of the insolation condition in thosy and the required capaclty_
of the battery is estimated to be less than 2000AH.

.
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(5) Conf'gurat:on and equipment petformance of carrier terminal equipment

The configuration of the carrier telephone terminal equipment which will
accommodates telephone and tc!cgraph circuits is shown in Fig. 4-7. The major
equipment performance of the carrier telephone tcrmmal eqmpment to be used in

the microwave system are as fo]lows

1) Channel trans!a.tor (CH-TR)
a)  Frequency allocation
as per CCITT Green Book G-211
b} Level and impede;nc‘e {CH side)
4W send: -1dBr~-16dBr
4W receive: - -6dBr~+8dBr
600%2, balanced (both scnd and ecceive sides)
c) Level and impedance (G side) |
.Scn_d out: ;.-".37dBr
Receive in: -30dBr
7552, balanced (both send and receive sides)
d)  Attenuation disto.rtion, carrice leak, linearity, and crosgtalk
as per CCITT Green Book G-222 |
e) 1‘§tal noise.. |
as pe.f CCITT Green Book G-222
f) Signalliﬁg system and {requency
3825Hz.tone on idle
2)  Group irzi;lslatcr (C-’FR)
-a] Frequency allocation
as per CCITT érgcn Book Q-2'33 '
| b)  Leveland ifllpgdaHCe {G Stdc) .
: Send m o | f—j?dﬁ_r
Receive out: . - -30dBr

759, balanced (both send and receive sides)

=70~



3)

d)

f)

Level and impedance (SG side)
Send out: © 35dBr
Receive int " -30dBr
750 unbalanced {both send and receive srdcs)

Atlen‘uatibn distortion

| 'Devlauon in basrc groupband is fess than 0. SdB
{both send and ru:ene sides)

Devi.ation in channel band is less than 0.25dB
{both send and receive sides)

_Cmsstélk |

Bqﬂl far- and near-cnd crosstalk at 84KHz are more than
7048

Total noise

as per CCFTT Green Book G-é??

Supergroup translator (SG-TR)

a}

”b)

d)

Frequency allocation -

as per CCITT Green Book G-423, Fig. 5.

Level and impedance (SG side)

Send in: ’ -35dBr
Receive out: © -30dBr -
7502, unbalanced (both send and reccive sides)

. Attenuation distortion .

less than 1.0dB iu'ba_sic supergroup band
Crosstalk

Both far- and near-end crosstalk at 412KHz are mote than
7048 .

Total noise

as per CCITT Green Book G-222

-71-
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